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I

We live in an interconnected world. Every day, increasing flows of goods, information and individuals strengthen 
the links among companies and nations. This scenario is reinforced everyday by the rising prosperity and 
participation of emerging economies, and by the dissemination of digital technologies. Aiming at an effective 
participation in todays’ interconnected production contexts requires the development of specific knowledge 
that can inform managerial practice for taking full advantage of the existing opportunities. To this end 
academic conferences are privileged forums for the dissemination of the most recent and relevant research, 
theories and practices. 

The ICIEOM-CIO-IIIE 2015, “XXI International Conference on Industrial Engineering and Operations 
Management”, “9th International Conference on Industrial Engineering and Industrial Management” (XIX 
Congreso de Ingeniería de Organización) and “International IIE Conference 2015” called for contributions 
under the moto “Engineering Systems and Networks: the way ahead for industrial engineering and operations 
management”. An impressive number of 353 submissions were received, addressing a multidisciplinary 
range of industrial engineering and operations management topics, and creating a rich setting for three 
Conference days of vibrant debate. A total of 200 of such submissions were selected for presentation at 
the Conference, after a rigorous process of selection, review and feedback to authors. This book presents 
160 of these articles. A selection of 40 papers was gathered for publication in the series of Lecture Notes in 
Management and Industrial Engineering.

The Organizing and Scientific Committees of ICIEOM-CIO-IIE 2015 express their gratefulness to all the authors, 
invited speakers and to the members of the Program Committee who have generously committed their time 
and expertise in the rigorous process of revision of the submitted manuscripts, and provided key ingredients 
to set up a conference of very high standards, built on the experience of previous editions of ICIEOM, CIO and 
IIIE.

Marlene Amorim (Conference Chair) 

Carlos Ferreira (Chair of the Scientific Committee)

Foreword
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This joint conference is a result of an agreement between ADINGOR (Asociación para el Desarrollo de la 
Ingeniería de Organización), ABEPRO (Associação Brasileira de Engenharia de Produção) and IIE (Institute 
of Industrial Engineers). In 2015 the Conference took place at the University of Aveiro (Portugal) from July 
6th-8th.

The University of Aveiro was founded in 1973, and quickly became one of the most dynamic and innovative 
universities in Portugal. Ranked in top 50 young universities in the world, Aveiro offers an international 
environment, acknowledged for excellence in education and research, and appreciated for its welcoming 
culture.  

The moto of ICIEOM-CIO-IIIE 2015 International Conference was “Engineering Systems and Networks: the 
way ahead for industrial engineering and operations management”. The Conference aims to provide a forum 
to disseminate, to all branches of industry, information on the most recent and relevant research, theories 
and practices in Industrial Engineering, Management and Operations. To this end, ICIEOM-CIO-IIIE promotes 
links between researchers and practitioners from different branches, in order to enhance an interdisciplinary 
perspective of industrial engineering and management. 

ICIEOM-CIO-IIIE 2015 received a total of 353 submissions, of which 200 were presented in the Conference 
after a rigorous process of selection, review and feedback to authors, therefore providing the key ingredients 
to set up a conference of very high standards, built on the experience of previous editions of ICIEOM, CIO and 
IIE conferences.

CONFERENCE AREAS
STRATEGY AND ENTERPRENEURSHIP 
OR, MODELLING AND SIMULATION 
LOGISTICS, PRODUCTION AND INFORMATION SYSTEMS
QUALITY AND PRODUCT MANAGEMENT 
KNOWLEDGE AND PROJECT MANAGEMENT 
SERVICE SYSTEMS 
EDUCATION

ICIEOM-CIO-IIIE International Conference 2015

III
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The program of ICIEOM-CIO-IIIE 2015 included a set of plenary sessions that counted with the presence of 
acknowledged scholars, and the presentation of recent research results and debates in the field of Industrial 
Engineering and Management.
The keynote sessions provided moments of rich debate and prospective thought about the research 
challenges in the field, therefore contributing to the quality and excellence standards of the Conference.
The Scientific Committee of ICIEO-CIO-IIIE would like to express again its gratefulness to the invited speakers 
who generously joined the Conference, sharing their recent work development and warmly engaging in the 
academic discussion.

Prof. Jan Godsell (University of Warwick)
“Can OM Scholars Have It All?: The way ahead for scholarship in OM”

Professor Godsell’s career has been split between both industry and academia, and she is currently a Professor 
of Operations and Supply Chain Strategy at WMG. She has worked for ICI/Zeneca Pharmaceuticals and Dyson, 
reaching the senior management level in both Supply Chain and Operations Management functions. She is 
a Chartered Engineer and Member of the IMechE. She is on the board and scientific committee of EurOMA 
(European Operations Management Association), the cabinet of the UK roundtable of CSCMP (Council of 
Supply Chain Management Professionals) and the manufacturing steering committee of the IMechE. She 
is on the editorial board of 3 journals, including the International Journal of Operations and Production 
Management, and she is an advocate for improving the uptake of STEM subjects by school children.

Prof. Rui Sousa (Catholic University of Portugal)
“Operations Management in the Digital Economy”

Rui Sousa holds a PhD from London Business School and is Professor of Operations Management at 
the Catholic University of Portugal, School of Economics and Management (Porto). His research has 
won several accolades and has been published in leading international journals, including the Journal of 
Operations Management, Production and Operations Management, Decision Sciences, International Journal 
of Operations & Production Management and the Journal of Service Research. Rui serves on a number of 
Editorial Review Boards (e.g., JOM, IJOPM) and is member of the Scientific Council of Social Sciences of 
the Foundation for Science and Technology (Portugal). In the School of Economics and Management, he is 
President of the Scientific Council, Director of the MSc in Service Management and Director of the Service 
Management Lab (SLab). He has taught at the London Business School, London School of Economics, the 
European Institute for Advanced Studies in Management (EIASM, Brussels) and several Portuguese business 
schools. His present research interests include service operations, digital economy and operations strategy.

Keynote Speakers
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The program of ICIEOM-CIO-IIIE 2015 included a set of plenary sessions that counted with the presence of 
editors from key journals in the field of Industrial Engineering and Management.
The Meet the Editors sessions provided an important opportunity to debate key aspects of the academic 
publication process. Thoughts were shared about the key areas for research and publication, as well as 
about the authoring and publishing processes and evolving requirements.
The Meet the Editors sessions offered important and enlightening moments that promoted a rich sharing of 
knowledge and practices among scholars.
The Scientific Committee of ICIEO-CIO-IIIE would like to express again its gratefulness to the invited Editors 
who generously joined the Conference, sharing their expertise and warmly engaging in the academic 
conversation.

Ron Askin
Ronald G. Askin is Professor and Director of the School of Computing, Informatics, and Decision Systems 
Engineering at Arizona State University. He received a BS in Industrial Engineering from Lehigh University, 
and an MS in Operations Research and a Ph.D. in Industrial and Systems Engineering from Georgia Institute 
of Technology. Dr. Askin is a member of INFORMS, SME, ASEE and a Fellow of the IIE. He was General Chair 
of the 2012 INFORMS Annual Meeting and currently serves as Editor-in-Chief of IIE Transactions. Dr. Askin 
has served as the Chair of the IIE Council of Fellows, Chair of the Council of Industrial Engineering Academic 
Department Heads and Chair of the INFORMS Manufacturing and Service Operations Management Society. 
He has authored over 120 publications on the application of operations research and statistical methods to 
the design and analysis of integrated production control systems. His awards include an NSF Presidential 
Young Investigator Award, the Shingo Prize for Excellence in Manufacturing Research, the Eugene L. Grant 
Award from The Engineering Economist, the IIE Transactions on Design and Manufacturing Best Paper Award 
(twice) and the IIE Transactions Development and Applications Award. He is also a two-time recipient of the 
IIE Joint Publishers Book-of-the-Year Award.

Alexandre Dolgui
Alexandre Dolgui is the Editor-in-Chief of the International Journal of Production Research–IJPR (Taylor & 
Francis). Professor of the École Nationale Supérieure des Mines de Saint-Étienne, received the distinction 
of Full Professor of Exceptional Class. Member of diverse professional associations like IIE, IFPR and AIM, 
Dolgui is Deputy Director of CNRS Laboratory LIMOS–UMR 6158 and of the Henry Fayol Institute, where is 
the Head of the MSc and PhD programs since 2011. Former Editor of IEEE Transactions (2005-2008), IJSS 
(2006-2009) and Omega (2010-2013). Member of Editorial Board of 18 international journals (e.g. IJPE, IJMTM 
and others).

Meet the Editors
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The program of ICIEOM-CIO-IIIE 2015 included a set of plenary sessions that counted with the presence 
of Industry Professionals from leading companies, and with important expertise in the field of Industrial 
Engineering and Management.
The Meet the Industry Professionals sessions provided an important opportunity to bring together Industrial 
Engineering and Management Professionals and Academicians to share their views about the key areas for 
research and development of Industrial Engineering and Management Knowledge.
The Scientific Committee of ICIEO-CIO-IIIE would like to express again its gratefulness to the invited Industry 
Professionals who generously joined the Conference, sharing their expertise and engaging in a rich and 
vibrant debate with the community of researchers.

João Gunter Amaral
Board Member of Sonae MC

João has over 20 years IT experience working in different business sectors including Manufacturing, Services 
and Retail. After a four-year period as IT Director at Leica Camera AG in Portugal, leading the implementation 
of SAP at Leica’s industrial unit in Portugal, João joined Sonae in 2001. After successfully managing several 
workstreams of Sonae’s ERP implementation, João developed and managed Sonae’s ERP Competence Center.
In 2006 João was appointed Head of Innovation, role that he accumulated with his previous role of Business 
Partner for Sonae’s food retail business leading the implementing of several innovation projects, in tight 
articulation with the different Business Units.
In 2013 João cumulatively assumed responsibility for Continuous Improvement at Sonae.
In 2014 João was nominated Board Member of Sonae MC assuming the responsibility of Logistics and 
Production Units.

Sandra Augusto
Logistic’s Director-Volkswagen Autoeuropa

Born in Lisbon in 1971, studied Eletrotecnical Engineering in the ISEL. In April, 1994 started to work in the 
Autoeuropa. She started in the Production Planning as responsible for Investment Projects in equipment and 
infrastructure. In 1998 reached the first management position having gone through two years of coordination 
and supervision teams. I took that time responsibility for the Scheduling Department and Technical changes 
to the product in the Product Engineering. In 1999, Autoeuropa became 100% Volkswagen and the department 
began to be integrated into the logis- tics area with the name Pre Series. In 2000 embraced a new experience 
as Assistant to the Director of the Factory. In 2003 she finished her MBA and in 2004 returned to the Logistics 
Pre Series for the launch of EOS. In 2006 started to manage the Supply Chain and cumulatively since Nov. 
2008 also the Internal Logistics. In March 2011 she took the current role.

Meet the Industry Professionals
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The following papers presented at ICIEOM-CIO-IIIE 2015 were selected for publication in Lecture Notes 
in Management and Industrial Engineering (Springer)

STRATEGY AND ENTERPRENEURSHIP

SYSTEMATIC ANALYSIS OF ECONOMIC VIABILITY WITH STOCHASTIC APPROACH: A PROPOSAL 
FOR INVESTMENT
José Donizetti de Lima, Marcelo Trentin, Gilson Adamczuk Oliveira, Dayse Regina Batistus and Dalmarino Setti

LOGISTICS, PRODUCTION AND INFORMATION SYSTEMS 

A DECISION SUPPORT FRAMEWORK FOR PRODUCTION FLOW COORDINATION USING SUPPLY CHAIN 
MANAGEMENT PRACTICES, ORDERING SYSTEMS AND MODELING TECHNIQUES
Wagner de Barros Neto, Laisa Caroline de Paiva Gomes, Maico Roris Severino and Moacir Godinho Filho

PRODUCTIVITY IMPROVEMENT, CONSIDERING LEGAL CONDITIONS AND JUST IN TIME PRINCIPLES 
IN THE MIXED-MODEL SEQUENCING PROBLEM 
Joaquín Bautista, Rocío Alfaro-Pozo and Cristina Batalla-García

LEAN PRODUCTION SYSTEMS DEPLOYMENT AND MONITORING USING DISCRETE-EVENT SIMULATION 
Cristina Machado Guimarães, Samuel Moniz and Alexandra Marques

EXPLAINING ALLIANCE SUCCESS FACTORS IN SPANISH FOOD & BEVERAGE SUPPLY CHAIN: CASE ANALYSIS
Jesús Morcillo and Alfonso Duran Heras

PROPOSAL OF A FRAMEWORK FOR ASSESSING ENVIRONMENTAL PERFORMANCE OF SUPPLY CHAINS
Cristovao Silva, Luis Ferreira and Susana Azevedo

A REFERENCE FRAMEWORK TO DESIGN INVENTORY POLICIES USING A FILL RATE CRITERION IN LOST 
SALES CONTEXTS 
Eugenia Babiloni, Ester Guijarro and Manuel Cardós Carboneras

A NONLINEAR INTEGER PROGRAMMING MODEL FOR WAREHOUSING SUSTAINABLE LOGISTICS
Francesco Boenzi, Salvatore Digiesi, Francesco Facchini, Giorgio Mossa and Giovanni Mummolo

ROOT CAUSE IDENTIFICATION OF EXISTING BARRIERS DETECTED BY PEOPLE WITH DISABILITIES 
IN AIR TRANSPORT
Ivan Garcia-Miranda and Alfonso Duran Heras

SUSTAINABLE SUPPLY CHAIN MANAGEMENT: A CASE STUDY 
Cláudia Silva

INTEROPERABILITY FRAMEWORKS IN PUBLIC ADMINISTRATION DOMAIN: FOCUS ON ENTERPRISE 
ASSESSMENT 
Alexandre Castro, Jose Cestari, Eduardo Rocha Loures, Edson Pinheiro de Lima and Eduardo Alves Portela Santos

USING BIG DATA FOR COMPETITIVE DIMENSIONS IMPROVEMENT IN A TELCO COMPANY
Rafael Novo and José Neves

MAIN FACTORS AFFECTING THE DEVELOPMENT OF INTERORGANIZATIONAL PARTNERSHIPS 
IN BIODIESEL SUPPLY CHAIN IN BRAZIL 
Eliene Cristina Barros Ribeiro, António Carrizo Moreira, Luis Ferreira, Leonardo Leocádio Coelho de Souza and Aldara da Silva César

A MODEL THAT INTEGRATES DIRECT AND REVERSE FLOWS IN OMNICHANNEL LOGISTICS NETWORKS 
Eva Ponce-Cueto, Javier Guerrero-Lorente and Edgar E. Blanco

DIFFERENTIATION OF THE DIFFICULTY LEVEL OF SUPPLY CHAIN MANAGEMENT INTEGRATION 
ACTIONS 
Fernanda Arantes, Maria Leite and Antonio Cezar Bornia

VSM ANALYSIS OF NATURAL CORK STOPPERS INDUSTRIAL PROCESS
Tatiana M. Pinho, Daniel Campos, J. Boaventura-Cunha, Americo Azevedo and A. Paulo Moreira
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TRANSPORT KPIS FOR SUPPLY CHAIN IMPROVEMENT. A LITERATURE ANALYSIS
Pablo Domínguez Caamaño, Jesus Garcia Arca, José Carlos Prado Prado and Arturo J. Fernández González

ESTABLISHING A LINK BETWEEN LEAN PRACTICES AND CORPORATE SUSTAINABILITY 
Paulo Vaz and Cristovao Silva

DEPLOYING “PACKAGING LOGISTICS” IN PAPER NAPKINS 
Jesus Garcia Arca, A. Trinidad Gonzalez-Portela Garrido and José Carlos Prado Prado

HOW TO DESIGN AN EFFICIENT AND SUSTAINABLE BOX? 
Jesus Garcia Arca, A. Trinidad Gonzalez-Portela Garrido, José Antonio Comesaña Benavides and José Carlos Prado Prado

SPARE PARTS INVENTORY MANAGEMENT USING QUANTITATIVE AND QUALITATIVE CLASSIFICATION 
Fernanda Oliveira and Clara Bento Vaz

A GREEDY PRIMAL-DUAL TYPE HEURISTIC TO SELECT AN INVENTORY CONTROL POLICY
Nazanin Esmaili, Bryan Norman and Jayant Rajgopal

CONTRIBUTION OF LEAN PRINCIPLES IN THE INFORMATION SYSTEMS DEVELOPMENT: AN EXPERIENCE 
BASED ON A PRACTICAL CASE
Joana Pereira and Leonor Teixeira

DATA-DRIVEN SKU DIFFERENTIATION FRAMEWORK FOR SUPPLY CHAIN MANAGEMENT
Alexander Kharlamov, Luis Ferreira and Janet Godsell

WASTE TYPES IN PEOPLE PROCESSING SERVICES
José Dinis-Carvalho, Rui M. Lima, Andromeda Menezes and Marlene Amorim

OR, MODELING AND SIMULATION 

TOWARDS INCREASING SUSTAINABILITY IN LARGE URBAN MOBILITY ATTRACTORS
Jesús Muñuzuri, Luis Onieva, Jose Guadix and Elena Barbadilla

FORECASTING CLOUD COMPUTING: PRODUCING A TECHNOLOGICAL PROFILE
Iñaki Bildosola, Rosa Río-Belver, Ernesto Cilleruelo and Javier Gavilanes-Trapote

MODELLING THE STRATEGIES ALIGNMENT PROCESS IN THE COLLABORATIVE NETWORK CONTEXT
Beatriz Andres and Raúl Poler

THE ROLE OF COMPLEXITY AND FLEXIBILITY OF THE INSTANCE IN THE JOINT SOLUTION APPROACH
Raul Pulido, Álvaro García-Sánchez, Alessandro Brun and Miguel Ortega-Mier

STOCK MARKET FIRM VALUE EFFECTS OF RESEARCH & DEVELOPMENT EXPENDITURES IN THE OIL 
& GAS INDUSTRY  
Eduardo Pontual Ribeiro, Willian Almeida and Rosemarie Broker Bone

ANALYSIS AND SIMULATION OF A CORK TRANSFORMATION SYSTEM
Jorge Teles, Rui Borges Lopes and Ana Luísa Ramos

DISCOVERING BAYESIAN NETWORKS USING PROCESS MINING: AN APPLICATION IN MANUFACTURING
Rolando Jacyr Kurscheidt Netto, Eduardo Alves Portela Santos, Eduardo Rocha Loures and Jose Eduardo Pécora Junior

QUALITY AND PRODUCT MANAGEMENT

INFORMATION QUALITY IN COMPANIES COMMITTED TO TQM
Marta Zarraga-Rodriguez, Manuel Suárez-Barraza, M. Jesús Alvarez, Elisabeth Viles and Carmen Jaca

PERFORMANCE MEASUREMENT SYSTEMS FOR DESIGNING AND MANAGING INTEROPERABILITY 
PERFORMANCE MEASURES: A LITERATURE ANALYSIS
Alexandre Castro, Jose Cestari, Eduardo Rocha Loures, Edson Pinheiro de Lima and Eduardo Alves Portela Santos
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KNOWLEDGE AND PROJECT MANAGEMENT 

CHARACTERISING KNOWLEDGE WORKERS’ JOB POSITIONS
Ana Moreno Romero, Eva Ponce-Cueto and Ruth Carrasco-Gallego

SERVICE SYSTEMS

THERMAL COMFORT FIELD STUDY BASED ON ADAPTIVE COMFORT THEORY IN NON-RESIDENTIAL 
BUILDINGS 
Elena Barbadilla, Jose Guadix, Pablo Aparicio Ruiz and Pablo Cortés

EDUCATION 

THE SKATE MANUFACTURING COMPANY: A TEACHING CASE ON PRODUCTION PLANNING AND CONTROL
Marco A Mesquita, Leonel J Girotti and João V Tomotani

AGENTS PLAYING THE BEER GAME: SOLVING THE PRODUCTION DILEMMA THROUGH 
THE DRUM-BUFFER-ROPE METHODOLOGY
José Costas, Borja Ponte, David de la Fuente, Jesús Lozano and José Parreño

ORGANIZATIONAL ENGINEERING: THE EMERGING STAGE OF INDUSTRIAL ENGINEERING 
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BPMN for a Costing Model 
Conception 
 
Araújo MB1, Rodrigues Filho BA1, Gonçalves RF1 
 
 
Abstract: This study was conducted to map and model the business processes of the HEI (Higher 
Education Institutions). It aims to show the importance of business processes modeling as a precondition 
for information system design. It shows the concepts of Activity-Based Costing (ABC) and its update, the 
TDABC (Time-Driven Activity-Based Costing), to support the development of a costing system for 
public universities. For the modeling of business processes, it was used the BPMN (Business Process 
Management Notation). It can be conclude that public processes implemented in public services are both 
complex and bureaucratic, mainly due to regulations. A bidding procedure of acquisition materials or 
services demand eight sectors activities. The contribution of this study was the presentation of a business 
process modeling should be applied to public service for the optimization of resources. This research 
presents the normal flow of bids, but in practice there is some variation. 
 
Keywords: business modeling, costing, business processes management, BPMN, TDABC. 
 
 

 
 
1 Introduction 
 
The responsibility of a public university comprises besides teaching, also research and extension 
activities. As part of the public administration, as other entities are under excessive rules and regulations, 
either in Brazil or in the United Kingdom, as shown by some researches (Andrews and Boyne, 2014). 
   In addition to legal enforcement, public expenditure control is necessary for a proper allocation of key 
resources in areas of the Brazilian government (Araújo, 2011). In Brazil, all spent conducted by the 
Public Administration needs to be approved by the legislature through an annual budget law. 
   Beyond control, it is necessary to analyze the quality of public spending. Therefore, institutions need to 
know the costs of their activities. Among the various methods of costing international public universities 
have adopted ABC (activity-based costing) (European University Association, 2008). 
   Before implementing a costing system in any organization, it is necessary to know and organize all 
processes and activities. The allocation of costs in areas with different products or services may lead the 
manager to a decision based on false information. 
   The present study aims to show the importance of understanding and the model of the business 
processes and how a business modeling tool can help to build a costing system model for public 
universities. 
A case study was used to allow an exemplification of the processes to be modelled. Therefore, at the 
Federal Institute of Education, Science and Technology of São Paulo, we sought to understand 
bureaucratic complexity to the development of a costing system applied to public universities. We use in 
this paper the BPMN (Business Process Management Notation) to be the language adopted by the OMG 
(Object Management Group) as the standard language of business process modeling and adopted by many 
analysts (Recker, 2010). 
   This article is structured into 4 parts: Section 2 provides a literature review. Section 3 provides an 
overview of the methodology. Section 4 provide a modeling business processes and it establishes the 
requirements that were presented by the Dean of Administration for notation and the tool used to define 
business processes and presents an analysis for solutions to be implemented for the development of a 
costing system. Finally, Section 5 summarizes the work presented and draws some conclusions about its 
development. 
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2 Literature review 
 
Activity-Based Costing (ABC) is a costing system developed in 1988 by Robin Cooper and Robert 
Kaplan, in order to allocate indirect costs to objects through cost drivers. It highlights three rules for their 
use. First, the concentration of expensive resources. Second, the emphasis on resources whose con-
sumption varies significantly by product and type of product. Third, the concentration resources whose 
demand patterns are uncorrelated with traditional measures of hand direct manpower allocation, with the 
material processing time (Kaplan and Cooper, 1998). 
   Kaplan and Cooper (1998) define the activity-based costing as an economic map of the expenses and 
the organization's profitability based on organizational activities. This costing system offers companies an 
economic map of its operation showing the existing and the projected cost of activities and business 
processes that, in turn, explains the cost and profitability of each product, service, and customer 
operation. 
   Cropper and Cook (2000) conducted a study on the implementation of the costing system based on 
activities in UK universities in the second half of the 1990's and concluded that the deployment occurred 
in a slow, even with pressure from donors and government. 
   The implementation of ABC involves time and resources. It requires organizational changes and 
employee acceptance. It also requires investments in information technology and materials for data 
collection. Even with all the human, material and physical implantation it does not guarantee satisfactory 
results in the short term (Roztocki et al, 2004). 
   TDABC simplifies the costing process, eliminating the need to interview employees and search for cost 
allocation of resources to activities before allocating them to cost objects (applications, products and 
customers). The new model assigns resource costs directly to the cost objects, using an elegant structure 
that requires only two sets of estimates, none of which is difficult to obtain (Kaplan and Anderson, 2007). 
   In a literature review were identified thirty-six empirical contributions using TDABC over the period 
2004-2012. This costing methods was applied in logistics, manufacturing, services, healthcare, hospitality 
and services nonprofit with potential benefits (Siguenza-Guzman et al, 2013). Among other applications 
are identified in university libraries (Pernot et al, 2007; Siguenza-Guzman et al, 2014). There are also 
applications in private schools (Yilmaz et al, 2013). This shows the concern in offering products or 
services with quality and fair prices. 
   Whatever the cost methodology the company needs to know your business processes. In this context, 
Business Process Management (BPM) can assist in the process knowledge and documentation of all 
processes, activities and procedures of the organization. 
   BPM has two main intellectual antecedents. The first is research Deming (1952) and Shewhart (1986) 
on statistical process control, and the precursor of Six Sigma, improving and managements of processes. 
The other antecedent is the concept of reengineering business processes (Hammer, 1990; Hammer and 
Champy, 1993), which has positive and negative points, but interdependent. 
   BPM is a management discipline that integrates strategies and objectives of an organization with 
customer expectations and needs, by focusing on processes, end to end. This methodology encompasses 
strategies, objectives, culture, organizational structures, roles, policies, methods and technologies to 
analyze, design, implement, manage performance, process and establish governance processes (ABPMP, 
2013). 
    A process model is a visual representation of the sequential flow and logic control of a set of activities 
or related actions. The process modeling is used to obtain a graphical representation of a current and/or 
future process within an organization (IIBA, 2009). The business analysis is a precondition for 
information systems design and development, in order that it can reduces amount of problems of 
misunderstanding between the business areas and the IT team. The Business Analysis Body of 
Knowledge (BABoK) presents many techniques to understand business needs, business requirements 
elicitation and business process modeling (IIBA, 2009). 
   There is several languages notation for modeling process: BPMN, Flowchart, EPC (Event-driven 
Process Chain), UML (Unified Modeling Language), IDEF (Integrated Definition Language) and VSM 
(Value Stream Mapping). 
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   BPMN is a standard diagramming business processes created by the BPMI (Business Process 
Management Initiative), which was later incorporated into the OMG, a group which sets standards for 
information systems. This notation presents a set of symbols for modeling BPD (Business Process 
Diagram) of different aspects of business processes. As in most of ratings, the symbols describe clearly 
defined relationships, such as activity flow and order of precedence. 
   BPEL (Business Process Execution Language) is a workflow-oriented composition model that brings a 
central piece in the heavily modularized SOC (Service-Oriented Computing) model (Khoshkbarforoushha 
et al, 2014). The origins of BPEL come from the WSFL (Web Services Flow Language) and XLANG, 
IBM and Microsoft respectively. It is serialized into XML and points to a schedule following the 
programming approach on a large scale. 
   BPMN has long been used lately as it offers advantages over other forms of business process modeling. 
Modeling is the set of activities involved in creating representations of business processes. The purpose of 
modeling is to create a representation of the complete way process and needs of its operation (ABPMP, 
2013). BPMN is a language that facilitates communication between the organization and its stakeholders. 
   BPMN, for example, successfully helps in mapping business processes (Torres et al, 2011) because the 
layout combines other elements like actors, events and results. It can be used for modeling, from simple 
processes such as in complex processes for any type of organization. 
   For García-Dominguez and Medina (2012) BPMN must be used for approval of detailed designs. It 
should be used in repetitive and process with little variation as well as the activity description. In their 
study, they concluded that that kind of layout can not model existing objects and their transitions. 
However, when an agility and iteration in the process design is required, suggest the use of Value Stream 
Mapping (VSM). This tool was designed to identify problems and also to improve to create plans for 
waste reduction. 
 
 
3 Methodology 
 
The research method uses case study approach combined with Business Analysis techniques from 
BABoK to modeling the business process for information system design. 
   The study of this paper object is to show the complexity of the bidding process in public service to 
purchase goods and services. We use through business process modeling technique by BPMN notation. 
Through knowledge of the process it can be reconfigured to optimize human, material and financial 
resources. This will calculate the cost of idleness and implementation of TDABC. 
   The case study approach, defined by Yin (2014) as a research strategy that seeks to examine, in deep, a 
phenomenon within its context, to identify the business needs related with the costing process. 
   Data collection was performed by participant observation, involved also interviews with employees and 
internal documents of the organization, to understand the process context. The documental analysis was 
based on material provided by the institution, through management reports, institutional development 
plan, as well as information available on the Federal Institute of Education, Science and Technology of 
São Paulo (IFSP) website. From the information collected it was possible to expose in detail the current 
flow mapped process. However, research in loco revealed some changes in the bidding flow of the 
studied institution. 
 
 
4 Results 
 
All Brazilian Public Administration entities are required by law to conduct bidding. This requirement 
comes from the Federal Law No. 8666, known as the law of tenders and contracts and Law No. 10,520, 
which introduced another form of bidding, the trading session. 
   To carry out any spending in the public sector is still necessary, the approval by the Legislature, 
materialized in an annual budget law. It is estimated revenues and fixed expenses for the following year. 
   A simple process of purchasing goods and services demand activities of eight different sectors in this 
organization. Followed the bureaucratic proceeding, we make the payment to the supplier or service 
provider, extinguishing the financial obligation. BPMN is a helpful, because it showed a versatility to 
model the different situations of the acquisition of goods and services. These modeling applications 
generate BPMS (Business Process Management Systems). They has allowed a proper programming of 
the costing system. 
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   It was analyzed the convenience and the opportunity of purchasing a physical or a service, introducing 
yourself a bidding process, following the steps of the Figure 1 diagram: 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
BPMN of bidding procedure. 
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   The process of procurement of goods and services was modeled. From there, he was the use of at least 
seventeen employees. Each acquisition has a handheld unit cost of direct work of two hundred thirty-nine 
dollars in 2014. Table 1 shows the costs of each activity and the time spent, we ask in interviews, and 
salary queries: 
 
 
Table 1  
Direct labor cost. 
 
 

Area Resources Unitary 
cost / h 

Activity Spending 
time (h) 

Total USD 

Budget Worker 1 12.91 Available budget 1.0 12.91 

 Worker 2 6.51 Reserve budget 1.0 6.51 

Accountancy Worker 1 7.55 Encodes spending 0.5 3.78 

 Worker 2 14.21 Monitors agreement 0.5 7.10 

Acquisition Worker 1 8.86 Draft notice 1.0 8.86 

Attorneyship Worker 1 51.76 Legality test 1.0 51.76 

Biddings Worker 1 12.91 Eletronic trading 8.0 103.29 

 Worker 2 6.01 Endorses supplier 0.5 3.00 

 Worker 3 7.31 Analyses agreement 0.5 3.66 

 Worker 4 6.51 Convalidates agreement 0.5 3.25 

Compliance Worker 1 9.50 Conformity 1.5 14.24 

Agreement Worker 1 8.86 Agreement formalizes 1.0 8.86 

Financial Worker 1 5.81 Commitment of pay 0.4 2.32 

 Worker 2 6.97 Document tax 0.2 1.39 

 Worker 3 6.97 Recognizes spending 0.3 2.09 

 Worker 4 7.55 Convalidates 0.4 3.02 

 Worker 5 14.21 Payment 0.2 2.84 

 

Total 
17 - - 18.5 238.89 

 
 
 
5 Conclusion 
 
For both public and private HEI, resources are necessary to acquire efficiency. Therefore, they need to 
know their costs. The article has shown the importance of understanding the business processes for 
building a cost model for public universities. Therefore, we conducted a case study on the IFSP, where 
BPMN methodology was conducted to model their processes. TDABC is presented as a new form of 
funding, and more simplified applications in relation to ABC. Currently, we study the reduction of waste, 
whether of resources or time. 
   In case analyzed, a simple process of acquisition materials and services demand activities of eight 
different sectors. These factors are mainly due to internal rules and legal regulations. To know details of 
each of the processes of any organization is necessary to map them. Therefore, BPMN is a notation easy 
to understand. The contribution of this study was the presentation of a business process modeling should 
be applied to public service for the optimization of resources. This research has the limiting factor some 
variations in bidding flow of the studied institution. As a future work it will be continued in the definition 
of the systems requirements to perform the development of a costing software for HEI. 
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The Importance of Cost Management  
in a Manufacturing Company of  
Hydroelectric Plants - a case study 
 
Mello MF1, Santos AB2 
 
 
Abstract: Changes in the global market happen at all times and the update of the companies must be 
constant and rapid, thus it is necessary that managers are aware of the current status of the organization 
and its projects, mainly in cost sector. This paper aims to demonstrate the importance of cost 
managements and proposes a design methodology, through an applicative program for an appropriate 
management of costs in the studied company.  The research occurred in the hydro sector on an assembly 
company of hydroelectric plants in the state of Rio Grande do Sul, Brazil. The survey results showed the 
importance of cost control in each project and this topic is part of the company financial policy. The 
results of this study show that a methodological structuring of cost control is vital for managers to have 
reports at hand in a proper sequence information, that is relevant to make decisions. 
 
Keywords: Costs; Cost Management; Project Management. 
 
 

 
 
1 Introduction 
Currently, the market is increasingly competitive and companies that seek to be competitive need to 
improve and control their processes increasingly. According to Bornia (2010), to achieve this 
improvement in the productive system, the modern company has some peculiarities that distinguish it 
from the traditional ones, among them stand out the continuous process of improvement, combating 
waste and the implementation of the philosophy of total quality. As a result, companies must learn what 
they are doing, who they are working for and must also control how much they are doing. The quality and 
the control interfere directly in the success of the project. 
   The lack of a cost management system can affect profits and business processes. Thus, this study aims 
to demonstrate the importance of cost management as well as develop a methodology for the organization 
to better manage their projects and their cost structures. The company researched here is a company 
engaged in the provision of electro-mechanical assembly services in hydroelectric plants. 
   The management and costs are always factors that stand out in organizations because of the important 
role that they transmit and result. Increasingly, the highlight of these areas is growing and becoming 
important for the proper performance of the company. Practices that consider the alignment of these two 
terms need to be applied in organizations. 
   The study aims to show information relating to costs, cost management and project management, and 
may provide a basis for companies to develop strategies to have a more competitive profile market. The 
study also aims to provide information on the cost structure through the development of a specific 
applicative in the project of setting up hydroelectric power generation plants in the company researched. 
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2 Theoretical Fundament 
 
This chapter contains a theoretical framework authors that supported the preparation of this article. 
 
 
2.1 Costs 
 
For the planning and execution of a project, the building company needs to have its costs well defined 
and delimited. Cost is the portion of the expense that is applied in the production or in any other function. 
Cost is the value accepted by the buyer for buying a specific good or is the sum of all aggregate values of 
a product since its acquisition until it reaches the marketing stage (Dutra, 2010). 
   The concept of costs need to be made explicit to everyone who is part of the project. Everyone needs to 
know that any expense applied in production or in any other function within the project is characterized 
as cost. The wrong quantification of costs can hurt and damage the project and its management. Setting 
costs is a serious and critical task within the project, as it may result in injury or increase the profit for the 
enterprise. 
   Since the studies of the draft paper, the characterization of the costs must be set. This categorization 
allows the understanding of how costs are divided and must be applied in the Project. The four (4) main 
cost settings are studied. They are the direct, indirect, fixed and variable costs. 
   The direct costs to Dutra (2010) are the ones that can be directly appropriate to each type of good or 
organ at the time of its occurrence, that is, it is connected directly to each type of good or cost function. 
The direct costs of a project, according to Barbosa (2009) can be easily identified and quantified from 
necessary resources to carry out the project activities. They are directly attributed to the work of the 
project and therefore do not require apportionment to be allocated to projects. 
   According to Dutra (2010), the indirect cost is unable to segregate the portion pertaining to each 
product or different service at the time of application of the cost. Such separation is performed later by a 
special criterium called apportionment. This cost can be apportioned in different ways and the adequacy 
of the same depends on the branch to which the company operates and its needs, so it is an analysis of the 
best cost allocation. 
   Fixed costs are those that are always present in the production but which do not have variations. These 
costs that do not vary with production, such as the location of the generators in the work, will not change, 
regardless of the type of service or the same schedule. This cost will be the same throughout the period of 
the work.   
   On the other hand, variable costs are characterized as those that vary with the volume produced or the 
performed activity. The variable cost increases as the production increases and decreases when the 
production decreases. It is directly proportional to project activities in a given period. An example of 
variable cost in a power plant assembly is the working force cost. 
   In plant assembly projects it is impossible not to have ownership costs, which is separation by cost 
center. To Kamada (2013), cost center is the categorization of costs. This categorization should be 
consistent with the budget. The categorization is intended to show where costs are being accumulated. 
 
 
2.2 Management of costs 
 
Companies are in constant pursuit of management and cost control, this is a primordial factor in 
competitiveness and in strategic positioning in the market. According to Wernke (2004), the strategic cost 
management should observe, identify and analyze the cost determinants, observe the factors that actually 
cause the costs, called cost drivers, providing the form that reflects the most precise reality of the 
situation. This concept is undoubtedly very important for the strategic management of any company, 
clearly showing that it is necessary to know the factors that cause losses. 
   According Shank and Govindarjan (2001), strategic cost management consists of these three pillars: 
value chain; strategic positioning and cost drivers. These factors contribute to the success of cost 
management in the project. The cost management should involve and give emphasis to projects that can 
consistently provide added and superior values to your customer, achieving these results by means of 
coordination and management of the cost flow. The same author also states that administrators need to 
monitor the performance of their companies and, therefore, must rely on relevant management 
information regarding to the costs and also reports that there are reliable sources of subsidies to optimize 
cost management. He recommends that, in order to facilitate the use and analysis of management 
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information reports, the administrators must have available a proper sequence of information that is 
relevant to make decisions. 
   According to PMBOK® Guide (2008), cost management in a project involves three processes: 
estimating the costs, determining the budget and cost control. These three steps are closely linked, aiming 
to provide knowledge to analyze and to manage all the costs involved in the project. 
 
 
2.3 Projects of management 
 
The project management involves knowledge, skills, tools and techniques to carry out the project 
activities in order to achieve its goal and to meet the requirements (PMBOK, 2008). The project 
management is an essential part to achieve success in the project. 
   For Vargas (2009), the main features of a project are the individuality and staging of the project as well 
as the complexity and uncertainty. The project staging indicates the beginning and the end of the activity. 
It only happens when the end of the stated objectives are achieved. Each project creates a service or 
product that generates individuality. Several hydroelectric plants can be built with the same number of 
machines and the same generate capacity but each plant will be unique because each one is in different 
conditions, has a different complexity and the uncertainties and risks that surround each one are different. 
The effort of the work can be already known, the enterprise may already have well defined processes, but 
the individuality of the project, generates risks and uncertainties in the project practice. 
   The project is born with their particular life cycle. According to PMBOK® (2008), the life cycle of a 
project has four phases: 

- Project start: it is the phase that involves the project beginning, the knowledge of the 
 project scope. 
- Organization and preparation: it is necessary, at this stage, to create the project 
management plan. At this stage, all the preparation in order to start the project 
happens, such as planning. 
- Working and project execution: at this stage, everything that was planned is 
 provided/delivered. 
- Project closure: this is the phase of demobilization of all resources, it happens only 
 when the goal has been achieved and every delivery documentation and project 
archiving is held. 

   The entire project foresees risks but with well aligned planning it is possible to minimize these risks by 
ensuring that quality assurance can happen to processes with methodologies and well-defined planning. 
 
 
3 Methodologial Procedures 
 
This work was carried out in three steps: 
   The first step was exploratory, where the determination of the study, the study of bibliographic 
references and construction of the project occurred. The second stage of is the fieldwork where we 
collected data, documents on the case and all possible and necessary information. In the third stage the 
analysis and interpretation of data, resulting in the submission of a report, was held.  
   The data collection in this research universe occurred through contact with employees, explaining the 
research objectives. Documents and company reports, needed for this work were obtained by direct 
contact with the responsible areas, when the research objectives and importance were explained. 
   The data were analyzed using content analysis technique, which according to Bardin (2009) is to 
deepen the understanding of the data collected. Thus, reports, documents or other documentation were 
treated as a basis for the presentation of results 
   The research was based on a service company, located in Passo Fundo, RS state, Brazil. The capital of 
the company is private and closed, with national origin, working in the hydromechanical assembly sector 
for hydroelectric plants. 
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4 Results 
 
Five projects were analyzed within the company. For this work, the so-called projects C and D will be 
described. 
   The projects C and D were planned and carried out using the same river, and the two project 
characteristics, both physical space and facilities, nearly identical. Both projects are located by Uruguay 
River, near the town of Belém, in Pará state. Each plant has an installed capacity of 35 MW and its annual 
output is 180,057 MWh. These two projects have helped develop the city and the region's economy, 
influencing the Power supply for two more cities. Once they have nearly identical characteristics they 
were controlled together. These projects had the scope of two turbines, two generators and a substation. It 
was also in the scope of providing tools, supplies, labor and all the support to its employees. The total 
time was 13 months each project, but that deadline was extended to 17 months. The value of each project 
was US$ 2,000,000.00 (two million dollars). The data analysis of these two projects was carried out 
jointly because of their the similarities. 
   Demonstrating the company weakness in relation to cost management, these projects were controlled in 
only one worksheet where the costs of the two projects were released together. In these projects, it was 
identified that the greatest resource allocation was the largest investment that the company needs to take 
to complete a project, which is the labor. About 69% of which was invested by the company was in direct 
labor. This high value was obtained due to the high costs that the company needs to pay and the 
significant value in overtime paid to employees. Other costs include as a higher percentage for the two 
projects, the following categories: location of third party equipment such as cranes and trucks, food for 
breakfast, lunch and dinner and hosting indirect work employees. These categories contributed 
significantly to this percentage. 
   The other cost that had an influence on the final result was material consumption, which is widely used 
throughout the project. Materials with higher costs were categorized as: outsourcing, purchase of 
consumption material and the material used in weld. However, it was not possible to identify some of 
these categories as there was not much information in the worksheet. These two projects had a negative 
total result of 20.9% of the total value of the project because of the lack of a proper system of cost 
management. 
   One can see that after the analyzes that the major barriers faced in this company is the lack of financial 
control because, in every Project, the company started and finished projects with quality in its production 
and success in the assembly. The project is always finalized, even when lack customer support. This 
completion happens without analyzing what brings competitive and profitable advantages for the 
company. Even with the lack of control, you can see that the profitability of some projects is negative, 
dramatically undermining the financial health of the company. 
   To finish these analyses, an applicative in the software program Access was studied developed 
throughout the duration of that work. It can help control all costs involved in the project. The same was 
based on all the needs that a small or large project needs, and consists of a database in which all relevant 
project information are inserted. 
 
  
4.1 Applicative program developed for the management of costs. 
 
The application is composed of eight main interfaces requiring to be fed with the requested information. 
In five of these interfaces filling is only required when starting a new work after the start and the filling is 
not needed for the continuous feeding, making it easier for the user to complete the two other fields. The 
eighth field is for the generation of reports. This applicative can be used in various projects. 

- Main menu: the main menu consists of eight buttons, the left side is composed of 
buttons Supplier, Customer, Cost and Cost Center and Report. These buttons are 
located on the left side because they use the same database for various works, once 
registered is in the applicative database, and when it is necessary to use it in other 
projects, it is already filled. 
- Customer registration: all necessary information from the client to the control, as an 
encoding for the same, its corporate name, trade name and its company juridical 
number (CNPJ number, in Brazil) are in this icon. This detail of each client needs to 
happen because the same platform can control several projects of different customers. 
This registration also influences the release of data in other interfaces for better 
identification and organization. 
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- Providers: the vendor item contains: vendor code, Tax ID, Company Name, Trade 
Name, City and Contact. Center of costs: one of the basis for the success of this 
application, the Cost Center, contains: Cost Center Code, Level 1, Level 2, Level 3 
and Description. The cost center is something in the application that should not be 
changed by the user because he needs to be aware of the cost centers, inserting the 
item correctly in the appropriate center. Along with this basis one can take the 
necessary information for future budgets and for the good result of the work control. 
- Specification of the construction/project: in the item ‘works’, it is necessary to 
release all relevant information to the project like: work code, work number (this item 
is the number used in the entire company), customer, proposal number, contract 
number, total term, working time, time and date of commissioning and mobilization. 
- Budget: this item includes the work number, cost center and the total amount 
budgeted for that cost center. The data for filling the budgeted item is based on the 
last budget by the commercial sector. 
- Carried out: it must be released in the ‘Carried out’, the structure (cost center), plot 
number, value of the portion, invoice number and the supplier. 
- Reports: this item demonstrates the visual project management. You can print 
individual reports for each cost center and a general report per project, to know the 
status of the project, making a comparison of what was budgeted with what was 
carried out. 

   So that the application can be used efficiently, it was created a list of technical instructions. These 
technical instructions contain information about each interface that the user will use and also provide 
information about cost centers, thus facilitating the use of the applicative. Thus, users will find it easier 
and have more knowledge at the time of filling of fields under their responsibilities. 
 
 
5 Conclusion 
 
At the end of this work, it is important that the evidence raised in the survey are in line with the overall 
objective of the study. The aim of this study was to design a cost control methodology that would assist in 
cost management and in the management of the company projects. Together with the creation of 
application demonstrated in this work, the main objective is achieved, as evidenced during the 
development of this work that the company needed this tool to improve its project management with an 
appropriate cost control. 
   The provision of information to sectors through reports using the visual management model will surely 
bring a contribution to the company because the trend is that employees become more involved with the 
processes, viewing points that may occur contributing cost rationalization in this way with a most 
appropriate magement of the costs in the projects. 
   In the step preceding the implementation, it is recommended the involvement of all the technical parts 
of the company to understand and to use the application, so that in this way, everyone can have access to 
the information generated by the applicative. It is also recommended for everyone to have access to 
information, make tables in the sectors involved with the fortnightly reports that the applicative generates. 
Increasing the purpose of the applicative is to improve the cost management and to develop visual 
management inside the company. 
   Is also important to note that the analysis of the results of this study shows that a methodological 
structuring of cost control is vital for administrators to have reports at hand in an appropriate sequence of 
information that is relevant for their decision makings. 
   Finally, even considering the limitations of this paper, it is evident the importance of an appropriate cost 
control system, helping improve the management process and also the company finance. 
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Integrated Management of  
Operations, Human Resources  
and Innovation: a Strategic  
Approach for Developing  
Sustainableand Competitive  
Business 
 
Mejías AM1, Pardo JE2, Garrido N3, Paz E4 
 
 
Abstract: As a result of a broad analysis of the literature, the knowledge of three key management fields 
involved in sustainable development: operations/supply chain, human resources and innovations, is 
linked. This paper sets out to present a theoretical framework for contributing to answering the questions 
“what”, “who” and “how” should companies do to develop competitive and sustainable business. This 
framework is illustrated through the analysis of IKEA and INDITEX as exemplary case studies. Taking 
into account the individual and the comparative study of these companies, some lessons are drawn to 
promote an anticipatory or, even, an innovation-based sustainable strategic behaviour in SME companies, 
supported by human resources and operations management. 
 
Keywords: Human resources, innovation; supply chain management; sustainable strategy; Sustainability. 
 
 

 
 
1 Introduction 
 
Since the concept of sustainable development was defined by the Bruntland report as “development that 
meets the needs of the present without compromising the ability of future generations to meet their own 
needs” (WCED, 1987), the question of how to compete in changing markets while contributing to 
sustainable development is the most demanding challenge that all the companies must face. 
  
   From the academic perspective, there has been a growing body of research of sustainable operations 
management and, widely, of the interdisciplinary field of sustainable supply chain management. The 
application of the sustainability concept to the SCM (SSCM) is defined “…as the strategic, transparent 
integration and achievement of an organization’s social, systemic coordination of key inter-organizational 
business processes for improving the environmental, and economic goals in the long-term economic 
performance of the individual company and its supply chains” (Carter and Rogers, 2008, p. 368). In this 
framework, two more recent approaches have emerged in the literature. The first approach, related to the 
human resources field, has been labelled as sustainable human resource management and, widely, of the 
interdisciplinary field of sustainable supply chain management. 
 
   The application of the sustainability concept to the SCM (SSCM) is defined “…as the strategic, 
transparent integration and achievement of an organization’s social, systemic coordination of key inter-
organizational business processes for improving the environmental, and economic goals in the long-term 
economic performance of the individual company and its supply chains” (Carter and Rogers, 2008,          
p. 368). In this framework, two more recent approaches have emerged in the literature. The first 
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approach, related to the human resources field, has been labelled as sustainable human resource 
management (SHRM). The literature on SHRM has been developed over the last decade and explicitly 
acknowledges the impact of HRM on financial, social and ecological/environmental outcomes (Kramar, 
2014). The second approach deals with the importance that companies give, especially small and medium 
size (SMEs), to directing their business activities toward sustainability through innovation (Innovation 
Management-IM) (Klewitz and Hansen, 2014). 
 
   In practice, increasing pressures from governments and other stakeholder groups have encouraged large 
firms to address the integration of sustainability into their strategy and management, as demonstrated by 
their public annual reports. However, the research into the extent to which companies are embedding the 
sustainable approach in their model business and what innovations are being developed by model firms 
for improving their sustainability performance, is still limited (Morali and Searcy, 2013). 
 
   This paper sets out to link this knowledge in order to answer the questions “what”, “who” and “how” 
should companies do to develop competitive and sustainable business. With this objective in mind, a 
theoretical framework is designed, linking the main elements that characterize sustainability in the three 
research fields (SSCM, SHRM and SIM). We then move on to illustrate this framework through the 
analysis of IKEA and INDITEX as exemplary case studies. Taking into account the individual and 
comparative study of these companies, some lessons are drawn to promote an anticipatory or, even, an 
innovation-based sustainable strategic behaviour in SME companies, supported by human resources and 
operations management. 
 
 
2 Design of the Theoretical Framework 
 
This section describes the methodology used in this research. We then synthesize the main issues that 
characterize sustainability in the research fields of management. Finally, the integrated theoretical 
framework is defined. 
 
 
2.1 Methodology Research 
 
The methodology research of this work is based on two lines. Firstly, this paper is based on a systematic 
literature review (Denyer and Tranfield, 2009) of papers which, in turn, have applied this methodology to 
analyze the relationships between SCM, the HRM and the IM, and sustainability. Secondly, the 
theoretical framework proposed is illustrated through the case study methodology. We thus build on 
Eisenhardt and Graebner (2007) to present the case study as a research strategy that creates theoretical 
constructs and/or midrange theory. For the case studies, a qualitative content analysis technique has been 
applied for generating valid and reliable findings of published reports in terms of two exemplary 
companies. 
 
  
2.2 Sustainability and SCM, HRM and IM 
 
In order to be as synthetic as possible, our literature review is illustrated by three condensing papers on 
the three fields of study. The research on sustainability and SCM is gathered from Garrido and Mejías 
(2014). In this paper, the authors identified and analysed 10 systematic literature reviews papers in the 
2000-2013 timeframe. The main contribution of this paper is to collect the knowledge in the SSCM field 
in order to highlight the gaps and to identify future lines of research that allow for the development of the 
SSCM concept from a theoretical and practical point of view. 
  
  The research on sustainability and HRM is gathered from Kramar (2014). This author categorizes the 
literature on SHRM into three groups in terms of their outcomes. The group “Capability reproduction”  
focuses on the internal impacts of HRM policies; the group “Promoting social and environmental health” 
emphasizes external outcomes, including ecological and/or social and human outcomes; the group 
“connections”, the most interesting for our research, examines the interrelationships between 
management practices, including HRM and organizational outcomes, which include environmental and 
social outcomes. 
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   The research on sustainability and IM is condensed in the systematic review by Klewitz and Hansen 
(2014). These authors identify two major building blocks in this field: the strategic sustainability 
behaviour (resistant, reactive, anticipatory, innovation-based and sustainability-rooted) and the 
sustainability-innovation practices and innovation types (process, product and organizational innovation). 
In this framework, they finally propose an integrated model specifically oriented towards SMEs. Table 1 
shows the key ideas that characterize sustainability in the three areas of management analysed but, also, 
the ideas proposed in the literature of each area about the other one, i.e., the interaction between the areas 
in developing sustainability. 
 
 
Table 1  
Sustainability in SCM, HRM, IM and interaction between them. 
 
 

Interaction Sust. SCM Sust. HRM Sust. IM 

SCM        
literature 

Integration of the Triple 
Bottom Line (TBL) of 
sustainability into SC.  
Logistics is a   critical area    
for improvements.                                 
Development of measures to 
explore and test sustainability 
across SC.                                                     
SCM challenges: Costs, 
Complexity, 
Operationalization,      
Uncertainties and Mindset   
and cultural changes. 

Connection between managerial 
components and sustainability 
efforts to better understand its 
influence.                                
Top management must become 
committed. Visual picture of 
their SC, benchmarking each 
area of the SC against other 
firms.                                      
The role of SC relationships.     
A more multidisciplinary 
approach.  

New approaches in 
linking knowledge          
to SSCM practices. 
Supplier involvement  
in sustainable new 
products development.                
To define the role of 
non-economic 
stakeholders on SC 
processes.     

HRM      
literature 

HRM is more than just     
managing employees.                     
It also involves managing     
sub-contractors and people   
on non-employment contract.          
Also possibly managing      
other organisations in the            
production of goods and     
services. 

The CEO provides legitimacy    
to HRM policies. Middle 
managers for the implement-
tation of HRM policies and  
plans and for developing 
employee commitment. HR 
policies need to be perceived         
as fair and be understood by 
employees.                                 
Other factors: cultural and 
structural changes in developing 
effective HRM systems, 
employee involvement and 
making HRM departments 
accessible.  

Sustainable HRM:         
a new approach to 
managing people, by 
identifying broader 
purposes for HRM, 
through its recognition 
of the complexities         
of workplace dynamics 
and the recognition         
of the need to avoid 
negative impacts of 
HRM practices. 

IM           
literature 

Process innovation: to 
redesign operations within      
the SC to produce goods and 
services by using less 
resources, managing non-
product output effectively      
and increasing the eco-
efficiency of production 
activities. Cleaner production. 
Product innovation: eco-
design, life-cycle analysis, 
packaging, fair-trade and 
organic products, eco-label,… 

Organizational structures 
(introduction of 
environmental/CSR depart-
ments, teams or cross-functional 
units and committees), health 
and safety, code of conduct, 
employee development and 
training, employee engagement 
in sustainable/CSR activities, 
stakeholder management. 
Redesign of the company´s 
innovation process: integrating 
new innovation principles and 
interaction with external actors. 

Strategic sustainability 
behaviour: Resistant 
(ignorance); Reactive 
(cause costs); 
Anticipatory (reduce 
costs); Innovation-based 
(contribute to market 
success); Sustainability-
rooted (core business).  
Sustainable 
entrepreneurship. 
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2.3 The Theoretical Framework 
 
Taking into account the main ideas compiled in Table 1, Figure 1 proposes a theoretical framework 
linking the main elements that characterize sustainability in the three research fields. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Integrated Sustainable Management of Operations,  
Human Resources and Innovation. 
 
 
3 The Case Studies 
 
For this research, we selected the company INDITEX, one of the largest fashion retail groups in the world 
and the company IKEA, the largest furniture retailer group in the world. Both companies have a 
recognized high commitment to sustainability, which forms the basis of all their business decisions. 
 
   Based on their latest annual reports (2013), this is especially interesting because of the accessibility and 
the amount of information available, reflecting what top management in companies believes are the 
important corporate issues for stakeholders, and on this background, an individual and comparative 
analysis of the theoretical framework proposed has been developed and synthesized in Tables 2 and 3. 
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Table 2  
The sustainable Model by INDITEX and IKEA (Part I).   
 

Key elements INDITEX IKEA Joint Assessment 

Relationships with 
stakeholders         
Regulations           
Needs & Expectations 
Knowledge 

Joint work with other 
companies, unions and 
the rest of civil society 
to mediate with 
governments on the 
modification of laws 
and practices that 
might breach human 
rights. Dialogue with 
and commitment to 
Stakeholders. Joint 
research and 
development 
programmes with 
universities and other 
stakeholders for 
improving 
sustainability. 

Collaboration with   
governments in 
resources management 
supporting the 
introduction of 
regulations (i.e. forest 
conservation and by 
ensuring the legality of 
the timber used in 
Europe, USA, China…). 
Working and joining 
forces with other 
partnerships for 
sustainable resources. 
The IKEA Foundation 
as a projects framework. 

High commitment in 
compliance with the 
regulations, but also 
promoters of changes 
and fair regulations. 
INDITEX: special 
emphasis on compliance 
with standards.      
Committees, auditors, 
monitoring groups for 
supporting and 
developing innovative 
programs (INDITEX: 
emphasizes the role of 
Universities; IKEA: the 
role of NGOs). 

Culture, Governance 
and Capacities 

Creating value   
beyond strict   
financial profitability. 
Transparency, 
information and 
regulations on 
Governance.    
Training and workers 
participation for 
capacity building. 
 
 

The values are the 
foundations of the work. 
Team spirit and 
enthusiasm are key 
factors in     its culture. 
Sustainable governance 
and management, 
business ethics and 
public policy. Learning 
as the process of 
developing competence. 

Values and ethics on the 
basis of their business 
models. Transparency 
and sharing information.      
Clear principles of   
governance.            
Training (INDITEX) 
and learning (IKEA)   
for capacity building. 

Strategies, Politics  
and Practices 

Strategic plan for 
stable and sustainable 
SC 2014-2018.  
Politics involves all  
the functional areas. 
Continuous 
improvement and 
innovation in applying 
the best sustainable 
practices. New 
technologies as drivers. 

People and planet 
positive strategy 2020. 
Politics involves all    
the functional areas. 
Continuous 
improvement and 
innovation in applying 
the best sustainable 
practices. New 
technologies as drivers. 

Business strategies 
clearly based on 
sustainability 
(economic, social        
and environmental): 
sustainability-rooted 
behavior. INDITEX: 
main focus on activities; 
IKEA: special focus on 
the market (“inspire 
people to live a more 
sustainable life at 
home”). 
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Table 3  
The sustainable Model by INDITEX and IKEA (Part II). 
 
 

Key elements INDITEX IKEA Joint Assessment 

SHRM “To encourage the 
professional and 
personal growth of 
employees with the 
development of the 
business”.   Training, 
retention and 
promotion of talent. 
Prevention of 
occupational risks. 
Integration and equal 
opportunities. 
Volunteer force. 

“We grow IKEA by 
giving all our co-
workers the opportunity 
to develop, learn and 
take on challenging 
tasks”.   Talent 
management, leadership 
and diversity and 
inclusion, learning 
health and safety, 
workplace. Co-workers 
campaigns. 

INDITEX: “ongoing 
development of 
teams´motivation”, 
SHRM approach.  
IKEA: “a great place to 
work”; people 
management approach. 
A co-worker survey 
conducted by an 
independent 
organization. 

SIM 
 
 
 
 
 
 
 
 
 
 
SSCM 

Green design 
(sustainable fibres and 
ecolabel). The Ready 
to Manufacture 
programme is the first 
worldwide to prevent 
the inclusion or 
production of 
undesired substances 
during product 
manufacturing 
(consequence of the 
technological 
processes or the  
quality of chemical 
substances). 
Efficient use of 
resources through the 
SC (water, energy, raw 
materials). Eco-stores 
and logistics. Risk 
management. Codes   
of conduct. 

Understanding our 
customers’ daily lives is 
important if we are to 
enable them to live more 
sustainably.               
The sustainability 
product scorecard: 
sustainable sources, 
renewable, reused and 
recycled materials, 
energy use in 
production…). Products 
that enable customers to 
reduce, water, energy 
and waste at home. 
Idem: greening the 
processes (water, 
energy, wood, 
cotton…). Sustainable 
buildings and transport. 
Risk management. 
Codes of conduct. 
 

INDITEX, process 
innovation: Pioneering 
programs and standards 
through cooperative 
research programmes.                      
IKEA, product 
innovation: solutions for 
a more sustainable life at 
home.                      
Both, organizational 
innovation: structures, 
relationships with 
suppliers, understanding 
the role of all 
stakeholders. 
Holistic approach of 
sustainability in SC 
operations. Important 
efforts for extending 
sustainability operations 
and codes of conduct to 
more than just direct 
suppliers. 

Performance TBL Indicators + GRI TBL Indicators + GRI Growth and welfare. 
 
 
 
4 Discussion and conclusions 
 
It is not easy to synthesize all the approaches, strategies, areas of activity, programmes and initiatives that 
explain the business models of the two companies analysed. We have tried to highlight the main elements 
of their extensive public reports in order to compare the models of both companies with the theoretical 
framework proposed. Both companies show a total concordance with the framework proposed, which 
integrated all the key findings in the sustainability literature research. Therefore, these companies allow 
us to develop theories and better understand the gaps and challenges proposed. However, undoubtedly, 
the main result of this analysis is to learn “what, who and how” these companies do for developing a 
successful and sustainable business. Both companies operate in difficult markets, where globalization, 
social and environmental impacts of their activities and the high amount of resources consumed, force 
these companies to work hard in order to respond to regulations, needs and expectations. 
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   Inditex shows a great level of commitment, defining sustainability as the starting point of its decision-
making processes. The stability and the support on sustainable standards (more of them developed by its 
collaboration) are strengths in its sustainable model of SC. The lack of an employee survey or the lack of 
perception of costumers about the sustainability of the company may be the main weaknesses. Ikea 
operates in more uncertain market conditions because of the economic crisis. But the company has 
focused its strategy on four cornerstones: growth, sustainability, people and lower costs. The philosophy: 
With more than 680 million visitors to the IKEA Group stores worldwide and one billion visitors to 
IKEA.com, even the small changes that our customers make will add up to a big impact. Integrated 
management of operations, HR and innovation is a strategic approach, but a common concern of the 
companies is to extend the sustainable principles to more than just direct suppliers. 
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Developing a Strategic Expansion  
Plan for the Manufacturing  
Industrial Sector in Kuwait 
 
Nounou A1 
 
 
Abstract: Developing the industrial manufacturing sector in Kuwait can be having several merits. It can 
offer employment opportunities, and accordingly reduce the burden of the social support, enhance other 
sectors of the economy, supply strategic commodities, and offer a room for applied research. 
Nevertheless, a well guided development of the industry needs to go through the phases of conceptual-
lization, planning and realization in sequence. Based on a previous study of the conceptualization, the 
present study is focusing on the planning. The study overviews some of the important industrial figures in 
Kuwait and discusses the elements of the plan. A general scheme for the expansion plan is then presented. 
The study also presents improvements and changes that should be brought to these elements. 
Accordingly, a scenario of the expansion plan is presented based on the prioritization of the different 
manufacturing sectors regarding their strategic importance and performance. Finally, related discussions 
are conducted. 
 
Keywords: Kuwait, Manufacturing Industry, Development, Strategic Expansion Plan. 
 
 

 
 
1 Introduction 
 
The development of the manufacturing industry in Kuwait can be significantly contributing to the overall 
development of Kuwait. Resulting employment opportunities can partially replace the need for public 
employment opportunities and might reduce the burden of social support costs. It can ensure the 
availability of strategic products, ranging from basic food commodities to defense products and can 
provide industrial equipment supporting other sectors like agriculture and construction. Moreover, it can 
collaborate with academia resulting in research and development activities that can be, themselves, 
among the drivers of the development of the manufacturing industry.  
   For the development of the industry to be well guided, it needs to go through the three sequential 
phases; conceptualization, planning and realization. In (Nounou A, 2015) it is focused on the 
conceptualization where a SWOT analysis for the manufacturing industrial sector is conducted and an 
industrial model for Kuwait is proposed. An industrial macro-model is interpreted in which the state is 
taking the lead, the Industrial Bank of Kuwait is the key player in the financial system and is aiming at 
evolving an industrial structure composed of growing industrial sectors composed of large companies as 
well as SMEs.  In the same study an industrial micro-model (on an enterprise level) is proposed 
suggesting that industrial enterprises produce innovative licensed items (the product) using semi-
automated processes (the process) for the regional market (the market).  The present study is handling the 
planning phase and is benefiting from the aforementioned interpretations. The main objective is to come 
up with a general scheme for the industry expansion plan as well as a scenario illustrating its application. 
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2 Overview of Important Industrial Figures in Kuwait 
 
In the following, figures describing the size as well as the performance of the industrial sectors are 
presented. Table 1 identifies the size of the 8 industrial sectors in terms of number of industrial plants, 
investment and labor. 
 
 
Table 1  
The sizes of the industrial sectors in terms of number  
of industrial plants, investment and labor* 
 
 

Sector No. of 
industrial plants 

Investment  
(mn KWD) Labor 

1 Food, Beverages & Tobacco 91 455 22,788 
2 Textiles, Clothing & Leather Products 21 24 1,868 
3 Wood & Wood Products, Furniture 64 38 3,884 
4 Paper, Paper Products, Printing & Publishing 68 207 6,972 
5 Chemicals, Petroleum Products, Coal, Rubber & Plastic 167 1,981 18,585 
6 Non-Metallic Minerals Except Petrol 160 463 13,061 
7 Metal Products, Machinery & Equipment 204 1,043 31,688 
8 Other Manufacturing Industries 16 72 1,942 

Total 791 4,283 100,788   
*: data based on (Public Authority for Industry, 2013). 
 
 
   In the following it will be referred to the sector by numbers from 1 to 8 as shown in Table 1. In the 
strategic expansion plan, it will only be focused on sectors 1 to 7 due to the variety of industries in sector 
8. Table 2 is presenting the data for the profit rate, the ratio of investment to labor, percentage of idle 
capacity and percentage of exports in production which can be considered as parameters reflecting the 
performance of the sectors. 
 
 
Table 2  
Data for four selected performance indicators* 
 
 

Sector Profit rate (%) 
Ratio of investment 

to Labor 
(KWD/Labor) 

Idle capacity 
in 2010 (%) 

Percentage of exports in 
production (%) 

1 2.6 11,339 59.4 35.6 
2 33.7 11,369 43.7 32.8 
3 40.4 9,136 42.9 4.2 
4 52.8 26,280 34 13 
5 69.2 94,170 46.7 54.4 
6 48.7 38,608 42.2 12.8 
7 40.8 26,595 34.5 11.1 
8 61.1 41,531 58.3 37.8 

 
*: data from (Kuwait University and Public Authority for Industry, 2011).  
 
 
3 Developing a General Scheme for the Strategic Expansion Plan 
 
The development plan will involve three elements; expansion of the manufacturing industrial sectors 
which represents the physical growth, improvement of the global ranking of the competitiveness criteria 
which represents the development of the industrial environment and reducing the idle capacity of the 
existing plants which focuses on the utilization of the current capacities. Meanwhile, the plan will be 
based on the annual targeted investment of KWD 505 mn in the manufacturing sector as per the 
governmental development plan 2010/2011- 2013/2014 (Supreme Council for Planning and 
Development, 2010). 
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3.1 The Expansion of the Manufacturing Industrial Sectors 
 
Based on Table 1, the average investment in a facility is KWD 5 mn with average labor of 127. For an 
annual investment budget of KWD 500 mn, 100 new plants are to be established resulting in 500 plants 
each 5 years. A labor force of 12,700 would be required annually accounting for 63,500 each 5 years. 
These figures can be used for a general expansion plan based on averages. Based on data in (Kuwait 
University and Public Authority for Industry, 2011) and assuming average plant sizes for the size ranges 
in Table 3, the weighted average plant size is approx. 6,000 m². Consequently, the space required each 
year is 600,000 m² and 3,000,000 m² each 5 years. Establishment of industrial zones can be based on the 
above with a ratio of industrial plot sizes as in Table 3. 
 
 
Table 3  
Numbers, percentages and ratios of industrial plants sizes* 
 
 

Size of industrial plant (m²) < 1,000 1,000 - 5,000 5,000 - 10,000 > 10,000 
Assumed average size m² 500 2,500 7,500 15,000 

Number of industrial plants * 52 480 94 123 
Percentage (%) 7 64 13 16 

Approximated ratio 1 9 2 2 
 
*: data based on (Kuwait University and Public Authority for Industry, 2011)  
 
 
   If the ratio of space acquired by industrial plots to the total space in an industrial zone is 1:2, then one 
new industrial zone would have a space of 6,000,000 m². An average industrial plant and a typical 
industrial zone needed each 5 years are represented in Table 4. 
 
  
Table 4  
An average industrial plant and a typical industrial zone. 
 
 

          An average industrial plant            A typical industrial zone for five years plan 
Investment KWD 5 mn  

Labor 127 
employees 

Space 6,000 m² 
 

Total space 6,000,000 m² 
m² Industrial space 3,000,000 m² 
m² Ratio of number of plots 

< 1,000 m² 1 
1,000 to 5,000 m² 9 

5,000 to 10,000 m² 2 
> 10,000 m² 2 

 

 
 
 
3.2 Improving the Global Ranking of the Competitiveness Criteria 
 
It is suggested to focus in the plan on the criteria; starting a business, registering property, getting credit, 
trading across borders and dealing with construction permits. These criteria are based on World Bank 
ranking of competitiveness of a country out of 189 countries (Global Finance, 2015). It is proposed that 
improving the rank of these criteria to be targeted and to be a part of the expansion plan. 
 
 
3.3 Reducing the Idle Capacity of the Existing Industrial Plants 
 
While expanding the industrial sector and adding new facilities, utilization of the existing capacities stays 
to be a necessity. Table 2 is presenting the percentage of idle capacity for the industrial sectors in 2010. It 
is proposed that target minimum attainable values for this parameter should be set and included in the 
plan. 
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4 A Scenario for the Strategic Expansion Plan Based on Prioritization                             
of Industrial Sectors 
 
In the following a scenario of the expansion plan based on prioritization of the industrial sectors accor-
ding to their strategic importance and performance is presented. 
 
 
4.1 Prioritization of the Individual Existing Sectors 
 
The strategic importance and the performance parameters in Table 2 are the criteria used for prioritization 
of the sectors. Regarding the strategic importance, the sectors 1 and 5 were ranked as highest (3), sectors 
6 and 7 medium (2) and the rest as lowest (1). The values of the criteria are divided by the highest value 
and multiplied by 5 to have a score out of 5 (for the idle capacity, through dividing the lowest value by 
the individual values and multiplication by 5). An overall performance score is calculated as an average 
of the four performance criteria. In Table 5 an overall score is calculated as an average of the strategic 
importance and the overall performance scores then leveraged values of the industrial sectors were 
calculated through multiplying the potential sectors (above 2.5) by 2. Based on the sum of the leveraged 
values, the share of each sector in the expansion plan is identified and finally the sector expansion bud-
gets are calculated by multiplying these percentages by the assumed annual investment of KWD 500 mn. 
 
Table 5  
Overall performance scores and calculation of the expansion budgets. 
 

Sector Overall 
score 

Leverage of 
potential 
sectors 

Share in the 
expansion 

budget 

Annual sector 
Expansion 

 (mn KWD) 
1 3.4 6.7 20% 98 
2 2.1 2.1 6% 30 
3 1.8 1.8 5% 26 
4 2.3 2.3 7% 33 
5 4.8 9.7 28% 140 
6 3.0 6.0 17% 87 
7 2.9 5.9 17% 85 
  Sum Total Total 
  34.4 100% 501 

 
 
 
4.2 The Expansion of the Manufacturing Industrial Sectors  
 
Based on the data in Table 1, the average investment per plant for each sector and the number of added 
plants and their labor and space requirements are calculated as in Table 6. The annual expansion in terms 
of number of plants, total space and total labor needed are calculated. The same parameters for a five-year 
expansion plan are calculated through multiplication by 5 as represented in Figures 1 to 4. 
 
Table 6  
The annual expansion of the industrial sectors. 
 

Sector 
Investment 

/industrial plant 
(mn KWD) 

No. of 
industrial 

plants 
(rounded) 

Labor per 
industrial 

plant 
(rounded) 

Space per 
industrial 

plant 

Space  
required  
per year 

Labor  
required  
per year 

1 5 20 250 5,838 114,231 4,892 
2 1 30 89 3,717 113,073 2,707 
3 1 26 61 3,181 84,107 1,613 
4 3 11 103 3,937 43,407 1,136 
5 12 12 111 5,985 70,028 1,299 
6 3 29 82 5,116 148,557 2,381 
7 5 17 155 4,793 81,884 2,648 
 Total 145  Total 655,289 16,676 
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4.3 Reducing the Idle Capacity of the Existing Industrial Plants 
 
The minimum attainable value for the idle capacity is proposed to be 10% for all industrial sectors and to 
be achieved stepwise with equal increments each five-year plan. The target values for the five-year plans 
are presented in Figures 1 to 4. 
 
 
4.4 Improving the Global Ranking of the Competitiveness Criteria 
 
It is proposed to improve Kuwait’s rank for the selected criteria in the global ranking to be at the edge of 
the best 25% (rank 47 out of 189 countries) by the year 2035 also stepwise with equal increments of 
improvement each five-year plan.   
   The scenario for the strategic expansion plan based on prioritization of industrial sectors is presented in 
Figures 1 to 4. 
 
 
5 Discussions 
 
The previous discussion focused on the existing industrial sectors meanwhile other manufacturing 
opportunities should be identified and studied. The strategic expansion plan, presented in Figures 1 to 4, 
projects the increase in industrial plants, labor force and industrial zones as well as the improvement of 
the global ranking of the competitiveness criteria and the reduction of the idle capacities in terms of five-
year plans. Accordingly, the number of industrial plants is to reach 3,241 and the labor force is to amount 
to 434,308 employees by 2035.The structure of the strategic expansion plan offers unlimited planning 
opportunities and allows further interpretations. It lays out the needed infrastructural investments and 
helps in interpreting labor needs for each sector. This can help in forecasting the academic and vocal 
educational needs with relevance to the expansion of the different sectors. Targeting improving the global 
ranking of the competitiveness criteria is to focus on the strategic and procedural related issues and aim at 
resolving them. Based on the challenges the industry would face, research programs can be planned on a 
long term. In addition to the planning aspect, the strategic expansion plan can be considered a tool for 
monitoring and control where the values shown in the plan can be used as KPIs guiding the 
implementation (realization) phase. 
 
  
6 Conclusions 
 
In the study, an overview of the important industrial figures in Kuwait is conducted. A general scheme for 
strategic expansion plan is then suggested followed by a scenario based on prioritization of the industrial 
sectors according to their strategic importance and performance. Finally, possible further interpretations 
based on the strategic expansion plan were discussed. 
 
 
!
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
The expansion plan 2015-2020. 

Investment in industrial 
plants = KWD 2.5 bn 

2015-2020 

Added Total 
725 1,516 

 
Added Total 
83,380 184,168 

 Added 
1 

 

Competitiveness criteria Ranking out of 189 countries 
Starting a business 126 
Registering Property 79 
Getting credit 109 
Trading across borders  96 
Dealing with Construction Permits 112 
  Sector Idle capacity (%) Added investment (mn KWD) 
1 47 489 
2 35 152 
3 35 132 
4 28 165 
5 38 702 
6 34 436 
7 28 427 
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Fig.2  
The expansion plan 2020-2025. 
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Fig.3  
The expansion plan 2025-2030. 
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Fig.4  
The expansion plan 2030-2035. 

Investment in industrial 
plants = KWD 2.5 bn 

2020-2025 

Added Total 
725 2,241 

 
Added Total 
83,380 267,548 

 Added 
1 

 

Competitiveness criteria Ranking out of 189 countries 
Starting a business 100 
Registering Property 69 
Getting credit 89 
Trading across borders  80 
Dealing with Construction Permits 90 
  Sector Idle capacity (%) Added investment (mn KWD) 
1 35 489 
2 27 152 
3 26 132 
4 22 165 
5 28 702 
6 26 436 
7 22 427 

 

Investment in industrial 
plants = KWD 2.5 bn 

2025-2030 

Added Total 
725 2,966 

 
Added Total 
83,380 350,928 

 Added 
1 

 

Competitiveness criteria Ranking out of 189 countries 
Starting a business 73 
Registering Property 58 
Getting credit 68 
Trading across borders  63 
Dealing with Construction Permits 69 
  Sector Idle capacity (%) Added investment (mn KWD) 
1 22 489 
2 18 152 
3 18 132 
4 16 165 
5 19 702 
6 18 436 
7 16 427 

 

Investment in industrial 
plants = KWD 2.5 bn  

2030-2035 

Added Total 
725 3,241 

 
Added Total 
83,380 434,308 

 Added 
1 

 

Competitiveness criteria Ranking out of 189 countries 
Starting a business 47 
Registering Property 47 
Getting credit 47 
Trading across borders  47 
Dealing with Construction Permits 47 
  Sector Idle capacity (%) Added investment (mn KWD) 
1 10 489 
2 10 152 
3 10 132 
4 10 165 
5 10 702 
6 10 436 
7 10 427 
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Social Behavior of Brazilian  
Organizations: An analysis of  
isomorphism mechanism 
 
Bogo, Adelaide M1, Schmitt, Alan C2, Henning, Elisa3, Menegotto, Margarete LA4 
 
Abstract: Man's behavior is determined by variables that are commonly understood as needs and 
motives. Human behavior is closely related to motivation to meet needs and, according to Maslow, these 
needs are built on a hierarchy composed of five groups, which are physiological, safety, love/belonging, 
esteem and self-actualization. Based on the above, this study aims to analyze the social behavior of 
Brazilian organizations and the existing isomorphism in these practices. The sample consists of 
companies listed on the ISE-BOVESPA stock market and the data were collected in the 2012 Sustaina-
bility Reports. Is use Content Analysis technique and descriptive statistics. The results indicate a 
concentration of actions on the need for safety and the existence of coercive and normative isomorphism 
in social activities. 
 
Keywords: Isomorphism; Human Needs; Corporate Social Responsibility. 
 
 

 
 
1 Introduction 
 
Brazil is a large country with social problems still to be solved (IBGE, 2013), this the brazilian social 
environment is characterized by great economic inequality between individuals, with a large portion of 
society living in poverty and misery (Griesse, 2007), this causes the humanitarian reasons are the main 
impulses to the adoption of social practices by organizations (Reis, 2007). The behavior of organizations 
concerning the choices of social actions to be performed can originate from an institutionalized 
environment which in turn can lead to the homogenization of social practices, as explained by Meyer and 
Rowan (1977). Furthermore, DiMaggio and Powell (1983) explain that the concept that best captures the 
homogenization process among organizations is isomorphism.  
   Considering that man's behavior is motivated by the fulfillment of five basic needs, which are 
physiological, safety, love/belonging, esteem and self-actualization (Chiavenato, 2003; Hersey & 
Blanchard, 1988; Maslow, 1987), and organizations undertake social actions to meet those needs, it’s 
possible to identify in what kind of need the actions are concentrated and also the existence of 
institutionalized isomorphism in the environment. Based on the above, this study analyzes the social and 
isomorphic behavior of Brazilian organizations with regard to their social actions. By social behavior, we 
mean the set of actions that aim to fulfill basic human needs, which raises the following question: How 
has the social behavior of Brazilian organizations been performing relative to the homogenization of 
social practices? This study is empirical, exploratory research, with a qualitative approach and using 
Content Analysis to and descriptive statistics to analyse data. 
   The population includes all companies listed on the ISE/BOVESPA (BOVESPA, 2014), for a total of 
40 organizations. The data will be taken from the Sustainability Reports (SR) for 2012.  
   This study may contribute to new directions of social actions, new ways to organize themselves in order 
to achieve higher goals in a country or even understand why strategically organizations develop social 
actions. It can also contribute in research aimed to management controls, the image of the organization, 
accountability and Institutionalism Theory. This article is structured into seven sections. The first section 
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introduces corporate social responsibility. The second addresses isomorphism. The third presents 
Maslow's hierarchy of needs. The fourth presents the current Brazilian scenario and corporate social 
responsibility practices by organizations. The fifth section explains the methodological process, the data 
and the data analysis. The sixth section presents the discussion and the seventh has the conclusion. 
 
 
2 Corporate Social Responsibility 
 
The notion that companies should be socially responsible has its origin in the idea that today we live in a 
world where 20% of the rich own 86% of the gross national product, a single country consumes 23% of 
the world's energy supply and the U.S. and Europe account for 65% of the world's wealth creation 
(Blowfield & Murray, 2011). Corporate Social Responsibiliy (CSR), which can be understood as a 
continuous process of the organization that aims to constantly monitor the environment (social, political, 
economic and legal) in which the organization operates and its relations with this environment (L'Etang, 
1995). CSR is based on the premise that the organization needs to behave in a socially responsible way 
(Asif, Searcy, Zutshi, & Fisscher, 2013; Schaltegger & Wagner, 2006) and Carroll (1979) defines social 
responsibility as obligations of the organization and should involve four three-dimensional categories of 
business performance integration: economic, legal, ethical and discretionary. It can also be seen with a 
clearly articulated set of policies and practices that are well communicated and reflect corporate 
responsibility for some of the great benefits to society (Falck & Heblich, 2007; Matten & Moon, 2008), 
and increasing corporate image and meeting accountability (Gray, Owen, & Maunders, 1988), or as an 
ideological movement to consolidate the power of organizations (Banerjee, 2008). Culture, another kind 
of motivations to organizations practices social responsibility, correspond a set of rules that guide the 
behavior and attitudes of most interest and meaning to people in the organization (Alvesson, 1993; 
(Hofstede, 2003; Schein, 2004). So we can understand CSR as social behavior of the organization that is 
aimed at fulfilling basic human needs and which results from some conditions of the environment. 
 
 
3 Isomorphism in Social Practices 
 
Institution (Burns & Scapens, 2000), is a prevalent and permanent form of thought or action which is 
involved in the habits of a group or the customs of a person. As such, when organizations realize that they 
have an institutionalized environment, they tend to homogenize their organizational practices because 
they understand that this mechanism allows them to increase their chances of survival (Fennell, 1980; 
Meyer & Rowan, 1977).  
   The homogenization process stems from the need to legitimize the organization (DiMaggio & Powell, 
1983; Kondra & Hurst, 2009), and the concept that best captures the homogenization among 
organizations is called isomorphism (DiMaggio & Powell, 1983). Isomorphism is driven by the survival 
instincts of organizations leading them to strategic and/or operational changes (Fennell, 1980; Meyer & 
Rowan, 1977). The isomorphic process among organizations happens based on three mechanisms: 
coercive, mimetic and normative (DiMaggio & Powell, 1983). The coercive process stems from political 
influence and legitimacy problems, the mimetic behavior comes from the standardization of behavior as 
well as responses to environmental uncertainties, and the normative mechanism comes from the 
professionalization of the environment (DiMaggio & Powell, 1983).  
   Considering that each organization operates in its own business sector, organizations end up adopting 
the CSR practices of its environment and these are perceived and appropriated by their target audience 
(Aerts, Cormier, & Magnan, 2006; Shah, 2011). Campbell (2007) found that socially responsible 
behavior has a strong relationship with the level of competition. To summarize, we can see that the 
business sector, society, the local community and the country itself where the organization is based exert 
pressures on the organization that may compromise its survival (Meyer & Rowan, 1977). 
 
  
4 Human Needs 
 
Maslow (1987) stating that the individual is an integrated being, an organized whole and that motivation 
is of the individual and not of a part of him. In turn, Hersey and Blanchard (1988) state that behavior is 
usually motivated by a desire to achieve some goal. The individual is motivated from needs created by 
him, consciously or unconsciously, and that when one need is satisfied, another one emerges (Maslow, 
1987). 
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   The needs identified by Maslow (1987) comprise five hierarchical groups, which are physiological, 
safety, love/belonging, esteem and finally self-actualization. Hartley (2010), based on Maslow, presents 
the needs in five ordered groups according to their power, with physiology being first, the second is the 
need for safety, the third is the need for love and sense of belonging, the fourth self-esteem and finally 
self-actualization.  
   The physiological needs relate to two principles, homeostasis and appetite (Maslow, 1987), safety needs 
include situations that give security and stability, livelihood, family and assets, threat protection and 
escape from danger. The social needs include association, participation, acceptance, friendship, affection, 
love and family. Esteem needs are related to the way the individual is seen and evaluated, and involve 
self-assessment, self-confidence, social approval, respect and status, among others. Finally, self-
actualization needs are related to the realization of one's own potential and continuous self-development 
(Hartley, 2010; Maslow, 1987). Some social studies that seek to find the satisfaction of the needs of 
individuals and the community, such as enabling people to take advantage of their own abilities, are the 
object of as yet unresolved issues (Dover, 2011). In short, the social actions that organizations conduct 
may not yet completely fulfill the needs of the human being, and we should have some thoughts on the 
social behavior of organizations. 
 
 
5 Social Reality in Brazil 
 
Brazil is a country with great social inequality (Barros, Henrique & Mendonça, 2000). Even with a wealth 
of natural resources and potential for development, its growth has been uneven and unequal, a factor that 
takes part of its population into poverty (Griesse, 2007). Based on this characteristic of social inequality, 
some NGOs have emerged in order to help Brazilian organizations with their social actions (Griesse, 
2007).  
   An interesting feature about the fight against poverty in Brazil is the participation of the government, 
community groups and private organizations, which together can build a new model of actions (Young, 
2004). Because of the multidimensionality of poverty and inequality, actions and policy implementations 
that improve the living conditions and well-being are necessary (IBGE, 2013). There is a range of 
unresolved situations in Brazil involving access to public health, low quality of education, access to 
housing, populations concentrated in large cities, social inequality, violence and social exclusion that end 
up aggravating Brazilian social problems (Francisco, 2014). Given the above, it is clear that social 
problems in Brazil remain, and that social inequality still exists even with the dedication of private 
organizations and community groups. 
 
 
6 Methodology 
 
This empirical study is exploratory and brings a qualitative analysis of the social actions of Brazilian 
organizations. We intend to identify in which human needs social actions are concentrated and to know 
whether there is homogeneous behavior between organizations in order to find which isomorphic 
mechanism is most prevalent. The analysis techniques used in this study include content analysis (Bardin, 
2014) and descriptive statistics to identify isomorphism practices and relate them to coercion, mimetic 
and normative mechanisms (DiMaggio & Powell, 1983). 
a) Population and Sample - organizations listed in the ISEBOVESPA, 37 organizations were selected. 
Some organizations were excluded from the sample, either for not having disclosed the 2012 SR, or 
because the organization was part of a conglomerate with other companies already included, and 
therefore the SR was the same (BOVESPA, 2013). 
b) Data - taken from the 2012 Sustainability Report. Was analyzed the nature of social actions disclosed 
in the groups Labor Practices and Decent Work (LPDW), Human Rights (HR) and Society (SO), whose 
categories are listed in the GRI (GRI., 2011) 
c) Description of the methodological process - Initially, the categories were organized as parent and 
child categories (Bardin, 2014). Parent categories were defined based on the GRI Technical Manual 
(GRI, 2011), so three parent categories were created: Labor Practices and Decent Work (LPDW), Human 
Rights (HR) and Society (SO). Responsibility for the Product was excluded from the group since the 
information had no consistency or homogeneity in the reports.  
   Then, for each of the parent categories, child categories were built adopting the same structure of 
human needs presented by Maslow: physiological, safety, social, self-esteem and self-actualization. The 
data were recorded as follows: a) To analyze the most prevalent isomorphic mechanism (which are 
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reported in Table 02); b) To analyze the actions that fulfill human needs, participation in the group (which 
is reported in Table 01). Table 01 shows the relative frequency of the actions by parent category and sub-
categories. 
 
 
6.1 Analysis of Results   
 
As indicate above, in the Table 1 will be analyzed the actions realized of human need by sectors and in 
the Table 2 will be analyzed the prevalent isomorphism mechanisms. 
   a) Labor Practices and Decent Work - There is a concentration of actions for the need for safety. But 
for the physiological needs no organization dedicated any attention, just as with self-actualization. 
However, for the social and self-esteem needs, there are few investments. For safety, the 
programs/projects are directed toward family health and education. For social needs, the focus is on social 
inclusion, adaptation of the individual in society after retirement and sports activities outside the 
company. And self-esteem actions are geared towards valuing the individual through awards. 
   Analyzing from the perspective of isomorphism, based on Table 01 and considering the types of actions 
carried out by organizations with their workforce, there is a predominance of the coercive mechanism. 
The normative and mimetic mechanisms are present, however, to be certain which of the two has 
prevalence is only possible if we enter into the decision-making process. 
   The most common coercive actions identified in the included analytical research on LPDW, concerning 
the employment relationship, involve the employment contract or civil service admission exam, internal 
safety activities in accordance with the workplace safety group, meetings regarding workplace safety and 
programs such as the emergency brigade. There are also actions regarding workplace health resulting 
from occupational health programs such as hearing conservation, PPE, respiratory protection programs, 
biosafety and ergonomics. 
   The most common normative and/or mimetic actions involve training and education for employees 
focused on technical and professional qualifications, at the three levels of education: technical, 
undergraduate and graduate, either in the classroom or through distance learning. Most undergraduate and 
graduate programs receive financial assistance from the organization, in the form of a scholarship. There 
are also programs aimed at internships, apprenticeships and trainee programs. Whether or not they come 
out of the PCMSO, there are programs focused on workers' health and they are usually extended to 
include their dependents. Most of them deal with physical and mental health, smoking, alcohol and drugs, 
chronic diseases, women's health, pregnancy, healthy eating, sex and visual and/or hearing impairment. 
   In the areas of career and employee compensation, there are also normative aspects in the behavior of 
the organizations. It was found that it is common practice among organizations to establish meritocracy 
programs to do employee promotions, usually with performance evaluation programs that link the 
progression and compensation to performance. Some companies use profit sharing as an additional form 
of compensation and in some cases link this to job performance, as is the case at the management and 
executive levels. It is also a common practice to establish the job and salary plan, independent of any 
evaluation for performance or merit. 
 
 
Table 01  
Actions and Relative Frequency by Organizations. 
 
 
 
 
 
 
 

 
 
 
 
 

ACTIONS GROUP SITUATION FREQUENCY PERCENTAGE
LPDWPhysiological No 37 100
LPDWSafety Yes 37 100
LPDWLove/belonging Yes 8 21,6
LPDWEsteem Yes 2 5,4
LPDWSelf-actualization No 37 100
HRPhysiological Yes 1 2,7
HRSafety yes 2 5,4
HRLove/belonging yes 2 5,4
HREsteem No 37 100
HRSelf-actualization No 37 100
SOPhysiological yes 10 27
SOSafety yes 36 97,3
SOLove/belonging yes 21 56,8
SOEsteem yes 1 2,7
SOSelf-actualization No 37 100
LPDW%&%Labor%Practices%and%Decent%Work
HR%&%Human%Rights
SO%&%Society
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   b) Human Rights - There are actions for safety and social needs, both with 5.4%. For isomorphism, 
based on Table 01, it was not possible to identify the predominant mechanism since the sample has a 
small number of actions done in this social aspect. In this social aspect in human rights, the actions focus 
on gender diversity, ethnicity, age, religion, sexual orientation and people with disabilities. There are also 
programs aimed at vaccination, wellness, youth entering the job market, recognition of the struggle for 
land and respect for indigenous peoples and traditional communities, this last one including the 
resettlement of land. 
   c) Society - There is a focus on actions aimed at safety, with 97.3%, followed by social actions, with 
56.8%, then physiological actions, with 27%, and self-esteem with 2.7%. In isomorphic terms, in Table 
01 we see mimetic behavior between organizations. Viewed analytically, the actions may not represent 
mimetic behavior because this study did not do research on decision-making in the choice of actions. 
However, if we look at the industry's behavior as well as companies listed on the ISEBOVESPA, it 
appears that there is mimetism between organizations, since all focus their actions on safety and social 
needs. Few investin in physiological and almost none invests in self-esteem and self-actualization. The 
actions aimed at safety involve primary education programs, technical courses for young people, 
participation in social programs like apprenticeships, digital inclusion, entrepreneurship, sports, arts, 
theater, volunteering, training, underprivileged communities, blood donations, support for adolescents 
and children with cancer, environmental education, supporting social organizations, technical coopera-
tion, financial education, undergraduate and graduate scholarships, accessibility, support/donations to 
youth councils, support for projects and reintegration into society. For social needs, actions are geared 
towards the arts, cinema, theater, traditional festivals, music, cultural events, restoration work, 
citizenship, volunteering, biking, sports competitions, contests with prizes and social gatherings. Actions 
to meet physiological needs mostly include food donations to social organizations, pediatric cancer care 
programs, infant feeding, vaccination, blood donation and examination campaigns, Christmas campaigns, 
emergency programs, pediatric and family health and cooperative actions. The Table 02 present by sector 
the action groups in which organizations carry out their social responsibility. 
 
 
Table 02  
Participation in Social Actions by Sector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
   Table 02 identifies the social behavior of the sectors. Analyzing vertically, we can see that the 'Safety' 
item receives the most attention from the organizations, where in LPDW, 100% of the sectors have 
actions and in 'Society', 94% of the sectors have actions. The other need worth mentioning is the 
physiological which has a total of 53% of sectors investing in this need. Analyzing this table horizontally, 
it appears that the sectors with the greatest diversity of actions in the SO parent category are 'Non-
Cyclical Consumption/ Personal Products' and 'Cleaning, Financial and Other/Financial Intermediaries' 
with a concentration in 'Safety,' 'Social' and 'Self-esteem' in three parent categories (LPDW, HR and SO). 

P S l$b E S$a P S l$b E S$a P S l$b E S$a
Industrial Goods/Machines and Equipment x x x
Industrial Goods/Transport Materials x x
Non-cyclic Basic/Processed Foods x x x
Non-cyclic consumption/Prod. Personal Cleansing x x x x x x x
Construction and Transport./Constr. and Engineering x x x
Construction and Transportation/Transport x x x
Non-cyclic consumption/Health x x x x
Finance and Others/Financial Intermediaries x x x x x x x
Finance and Others/Insurance x x
Finance and Others/Miscellaneous Financ Services x x x x
 Basic Materials/Wood and Paper x x x x
Basic Materials/Mining x x x x
Basic Materials/Chemicals x x x
Basic Materials/Metallurgy x x
Telecom/Land-line Telephony x x x x x
Telecom/Mobile Telephony x x x x
Public Utilities/Water and Sanitation x x x x
Public Utilities/Electrical Energy x x x x
Percentage results 0% 100% 29% 12% 0% 6% 12% 12% 0% 0% 53% 94% 65% 6% 0%
LPDW - Labor Practice and Decent Work
HR - Hurman Rights
SO - Society

S,-,Safety
L-b,-,Love/belonging

E,-,Esteem
S-a-,Self-actualization

LPDW HR SO
SECTOR

P,-,Psycological
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The sectors 'Telecommunications/Land Lines' and 'Public Utilities/Water Sanitation' are concentrated on 
actions aimed at meeting physiological, safety, social and self-esteem needs and are concentrated in the 
'Society' parent category.  
   The 'Public Utility/Electrical Energy' sector has actions to meet safety and social needs and they are 
concentrated in the parent categories LPDW and SO. In other sectors, there is a concentration of actions 
aimed at meeting the needs of safety, then social needs.  They are concentrated only in the SO parent 
category. It was also found that all sectors except Industrial Goods/Machines and Equipment have social 
actions aimed at safety needs. Analyzing the isomorphic behavior of the sectors, we can see homogeni-
zation in ‘safety’ in both LPDW and SO. In LPDW the isomorphism can be coercive and can have origin 
in the strong work legislation in the country and in the SO the isomorphism can be mimetic and can have 
origin in institutionalized practice. 
 
 
7 Discussion 
 
In order to analyze the social and isomorphic behavior of brazilian organizations regarding the social 
actions carried out in view of basic human needs, the initial question that was defined was 'How has the 
social behavior of Brazilian organizations been presented regarding the homogenization of social 
practice?' The data indicate that, in terms of fulfilling human needs, the highest concentration of actions is 
found in the 'Safety' item, then comes 'Social' item followed by 'Physiological' needs. The other part of 
the question regarding the homogenizing characteristics, observed in Table 02, is the coercive 
isomorphism in the actions geared toward the safety need in the LPDW parent category in 100% of the 
organizations. In the HR parent category, there is insufficient evidence to support the isomorphic 
mechanism as predominant. And in the SO parent category, there is an indication of the mimetic 
mechanism. It can be observed that 94% of the sectors have actions in 'Safety,' 65% in 'Social' and 53% in 
'Physiological.'  
   As shown in Table 02, there is a concentration of actions in 'Social' and 'Safety' and this may happen 
due to the social characteristics of the country which, as the IBGE shows, still has many social problems 
to be solved. Thus, the concentration of actions in these two needs may indicate mimetic behavior 
motivated by the current situation in Brazil. We noticed that only a few sectors have actions in the 
physiological need, which are transport, non-cyclical consumption, financial, basic materials, 
telephony/telecommunications and water and sanitation.  
   Considering that one of the objectives of this work is to identify isomorphic aspects in activities of 
social responsibility in brazilian organizations, it was found that isomorphism is present in the behavior 
of organizations both in the activities for internal audiences and external audiences. For internal 
audiences, the behavior is expressed most prominently in safety activities in LPDW. This characteristic 
may occur due to the strongly established regulatory pressure in the country. For external audiences, the 
behavior is expressed more intensely in the safety activities in SO and this feature can occur due to the 
social reality of the country. The concentration of activities in safety and social needs may reflect a 
maturing of organizations and society, and the fact that some actions are conducted in partnership can 
also reflect a major advance in the concept of organized teamwork. 
 
  
8 Conclusion 
 
Considering the goal of this research, the data collected from the Sustainability Reports allow us to 
assume with a relative safety margin that there is isomorphism in brazilian organizations, particularly in 
the coercive and normative aspects of social activities for internal audiences. In actions aimed at external 
audiences targeted to meet human needs, there was a concentration of safety and social items, and this 
behavior may represent a practice of mimetism in the organizations. We identified a difficulty in 
understanding whether every action stems from a normative pressure or it is a question of the 
organization opting for mimetism, given that the research did not enter into the internal processes of 
decision-making.  
   The difficulty of accurately understanding the difference between an action that meets the physiological 
need or the safety need, or between safety and social is a limitation of the research. The difficulty in 
understanding the nature and its essence may be related to the multidisciplinary quality of corporate 
social responsibility (Aguinis & Glavas, 2012), or even a short description of the project, or a project 
including actions that meet more than one need. From the evidence in this study, it can be assumed that 
organizations can reflect on the effectiveness of their actions if they look at society holistically. They can, 
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based on this view, organize themselves together to effectively meet the needs of human beings. They can 
make intensive use of management accounting and, because of this, organize themselves differently than 
they do today, in a way that is more appropriate for transparency and comparative analyses. The dynamic 
process of organizing society assumes constant change and adaptation and for this reason, studies that 
shed light on social issues can be helpful. 
   New research can be developed based on this study, such as understanding why actions for 
physiological needs are still done in a country like Brazil, or why organizations focus their actions on 
safety. Another option for further study could be to understand the reasons for the decisions of the 
organizations in the choices of actions, how the accounting is done in internal procedures for corporate 
social responsibility, how social issues are embedded in the organization's strategy or in management 
controls. Finally, an ethnographic or etymological study could be performed, or a history of the actions to 
verify their evolution, both by organizations and sectors in Brazil. 
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Strategic decisions: an approach  
to the implementation of the  
Production Strategy in farms  
producing soybean 
 
Leitner CP1, Sznitowski AM2, Baggenstos S3, Perini A C4, Oliveira T S5 
 
 
Abstract: The content of the production strategy includes certain levels of planning, where are observed 
the competitive priorities and on this basis, two types of decisions: the structural and infrastructural. It 
was with scope on these decision levels that the study was developed having as object farmers who grow 
soybeans of the Campo Novo dos Parecis City (Brazil). For this was done field research with application 
of questionnaires to the farmers on their decision process involving structural and infrastructural 
decisions in the past four years. With the questionnaire it was sought to: understand the operation of the 
farm, identify the profile of rural properties, and identify in which factors of structural and infrastructural 
decisions the farmers spent more efforts in the period 2010 to 2014. The results showed that in recent 
harvests, when compared to investments in structure, farmers did more investments in infrastructure, 
which enables them to sustain the competitiveness of rural enterprises. 
 
Keywords: Farmers; Rural properties; Structural Decisions; Infrastructural Decisions. 
 
 

 
 
1 Introduction 
 
In today's world the Brazil stands as agricultural barn. Has 22% of productive land in the world, makes 
use of high technology and agribusiness sector efficient and competitive internationally. The state of 
Mato Grosso in the national context is the state with the highest profit sharing obtained by the production 
chain of grains, such as quotes Mato Grosso Economy Agricultural Institute (IMEA, 2012). According to 
the Ministry of Agriculture, Farming and Supply (MAPA, 2014), increased productivity is associated to 
technological advances, the management and efficiency of producers and market guarantee, mainly 
because soybeans are an essential component in manufactured of animal feed, and their increasing use in 
food. For Pozzobon (2006) the evolution of the agricultural sector performance is the result of 
modernization of rural activity, but the changes resulting from that modernization led to new 
requirements in the management of agricultural properties. He also mentions that the farms make little 
use of question practical and coherent strategies for the agricultural market.  
   There are several studies of strategic decisions in several areas, but there is still a shortage of studies on 
strategic decisions geared specifically to soy production. With this stresses the need to know what the 
pro-soy producers take into account in formulating its strategic decisions. Thus, the main objective of this 
study was to identify which elements of structural and infrastructural decisions were no major financial 
expenditures and efforts of farmers established one of the largest soybean production tors municipalities 
in the state of Mato Grosso - Campo Novo do Parecis. 
 
 
 

                                 
1 Camyla Piran Leitner (camyla.piran@gmail.com) 
2 Adelice Minetto Sznitowski (adeliceadm@gmail.com) 
3 Salli Baggenstoss (salli@unemat-net.br) 
4 Aline Carla Perini (aline.perini@ibest.com.br) 
5 Tatiane de Souza Oliveira (tatioliveira_bbu@hotmail.com) 
   Dpto. Administração  
   Universidade do Estado de Mato Grosso. Rodovia MT - 358, Km 07,  
   CEP 78300-000 Tangará da Serra/Mato Grosso-Brazil. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 38 

2 Strategy of Production 
 
According Batalha (2008) was from the 1960s that theorists began to highlight the importance of 
strategies for companies to manage their strengths and weaknesses and achieve their goals. Chase et al 
(2006), indicate that the production of the Strategy can be seen as part of a planning process that 
coordinates the goals / operational targets with the objectives more extensive of organizations. Moreira 
(2006) adds that production strategy is the rational planning of production activities in order to use them 
as a competitive weapon.  
   According Sciuto (2012), the establishment of production strategy by companies begins with the 
definition of competitive strategies according to the market they serve. Then run to determine the 
competitive priorities that should be displayed by the production function, according to the strategic 
aspects defined in competitive strategy. After this step, should be performed in decision making, which 
will support the range of competitive priorities elected through a coherent set of decisions.  
   Decisions can be grouped according to their nature, into two groups: structural and infrastructural. They 
are subject to change due this linked to the market and the desire of customers, and shall be consistent and 
well-defined, since the entire function of the production company will shape these decisions. The 
structural decisions are divided into installations, capacity, technology and vertical integration, which are 
characterized by being costly decisions, long term and difficult to reverse (HAYES AND 
WHEELWRIGHT, 1984). For Nogueira (2002), the areas of infrastructural decisions are considered more 
tactical because they involve continuous decisions that are related to more operational aspects of the 
business. Among them are: human resources, quality management, planning and production control, 
organization.  
   Observe the following descriptions about the structural and infrastructural decisions. 
 
  
2.1 Structural Decisions 
 
According to Paiva, Carvalho and Fensterseifer (2004), the facilities are related to decisions about 
geographic location, type of production process, volume and lifecycle. Hayes and Wheelwright (1984) 
complement facilities relating to the size of the plant, its mix of products, production processes and the 
degree of specialization / targeting of production resources.  
   The capacity is related to the premises decisions and determined Standing her area, equipment and 
human resources, according to Paiva, Carvalho and Fensterseifer (2004). Capacity analysis is relative to 
what will be produced and tam well as will be produced, marked out in terms of market need and 
technological possibility available (HAYES AND WHEELWRIGHT, 1984). Yet for Hayes and 
Wheelwright (1984), decisions inherent in this category are intima-mind related to market demand and, 
therefore, companies have to decide whether to work with their ability above, below or keeping pace with 
demand.  
   The implementation technologies include factors such as choices of new equipment, automation and 
integration in the production process (HAYES and WHEELWRIGHT, 1984) and the adoption of 
information systems for the management of manufacturing (PIRES, 1995).  
   Those relating to vertical integration decisions are mainly related to internal transactions that the 
company will realize that goods and / or services will acquire from third parties and which will adopt 
purchasing policy. In essence it is a question between manufactures the products or provides service, or 
buys them from others. Although they are based on the analysis of the profitability of make or buy, these 
decisions are largely strategic in nature (Karloff, 1994). 
 
  
2.2 Infrastructural Decisions 
 
Are elements that category decisions concerning Human Resources, Quality Management, Planning and 
Production Control Organization (PIRES, 1995) among others, depending on the company profile. The 
human resources strategies act on the defined policies and existing enterprises, thus seeking to achieve the 
goals set by the organization (PAIVA; CARVALHO; FENSTERSEIFER, 2004). Barros Neto (1999) 
complements asserting that decisions to human resources is related as a recruitment, selection, hiring, 
training, promotion, compensation, motivation, evaluation, transfer, dismissal. Human resources are 
competitive differentials between companies (PIRES, 1995).  
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   The quality management of management should be guided by the definition of goals and ways to 
control the quality of products and processes of the company and should be assigned responsibilities, 
define what are the tools and system but to be used, set training programs be instituted (PIRES, 1995). 
   Production Planning and Control is the way to how the company organizes in terms of forecasting and 
scheduling of resources in production. Are the decisions concerning the way of acting on the means of 
production to increase efficiency and to see that production targets are achieved (HAYES AND 
WHEELWRIGHT, 1984).  
   Decisions concerning the organization mainly involve the organizational structure, hierarchical levels 
and the organization of work in the company. Oliveira (1998) states that the organizational structure is an 
important tool in the development and implementation of the organizational plan of the companies, for 
both, it must be designed in accordance with the objectives and strategies of settled. 
 
 
3 Methodology 
 
Research in its initial design was quantitative and exploratory. We chose to de-fine your search by using 
the register of the farmers in Association of Soy and Corn Grower of  Mato Grosso (APROSOJA), which 
in the municipality of Campo Novo do Parecis - MT corresponds to 225 producers. Considering the rate 
of return accepted by Malhotra (2006), which is 20% for type survey surveys, the sample was considered 
valid 24 respondents. The quantitative nature of the research directed the use of structured questionnaire 
with questions close of following the standard Likert for the answers. The questionnaire was divided into 
three parts: 1) profile of properties, 2) competitive priorities 3) questions on the areas of structural and 
infrastructural decisions based on Hayes and Wheelwright (1984), which brought to light the decision 
areas structural or infrastructure with more investments. The data obtained from this group of farmers 
were analyzed qualitatively. 
 
 
4 Results and Discussions 
 
All the surveyed farms, besides the size - are large properties - have in common the main product 
soybeans grown via tillage. This form of planting is typical of large areas. Besides soybeans (main 
activity of summer) and corn (second crop, starting after planting soybeans be harvested), are planted in 
lesser amount sunflower and popcorn. These properties, the number of employees varies depending on 
the size of the property. However, the majority (45.8%) are between 01 and 10 employees who are hired 
on demand services that change depending on the periods as after planting and after harvest. As for the 
size properties, the most studied (87.5%) have large areas (up to 3000 acres). The size of the property is 
one of the 1st characteristics observed by producers for crop planning, since it is from the size of the 
property that other decisions are made (as numbers of employees, machines etc.). Land ownership is also 
taken into account in the planning of the harvest, given the increasing demand for soy producers can 
choose to purchase, lease or other forms. In this sense one can see that in the 2013/14 crop, the majority 
(54.2%) of the area was property of them.  
   The grains harvested are marketed through the main existing customers on the market, namely the 
trading companies, cooperatives, brokerages and garners. The research group sells its production via 
trading companies establishing certain requirements for the purchase of products.  One requirement to be 
satisfied is related to the type of soybean. It was observed that the type of soybean planted is called 
conventional, which is more accepted for export; already transgenic (genetically modified) is sold 
domestically. It was found that most (54.2%) have some sort of certification, especially related to 
infrastructure characteristics of the property (people management, quality management). 
   Decisions taken by the farmers surveyed are distributed into structural and infra-structural decisions. 
The structural decisions are subdivided in capacity, facilities, technologies and vertical integration that 
will be discussed in the sequel. As regards investments involving structural decisions, in particular, about 
capabilities (such as expansion of the planted area), it is seen that smaller number of farmers (66.5%) did 
not invest in this regard. However, those who invested, the values were significant, with values above 10 
million to 8.4% of producers. As for leased areas, the highest values were in up to three million. A higher 
percentage of farmers invested in recruitments of employees, which is directly related to the acquisition 
and leasing of areas, investment value by up to 500 thousand. About investment category, it was found 
that most New Field of farmers Parecis-MT did not invest in facilities in the Mato Grosso state (58.2%), 
or out of state (87.4%), or in silos and warehouses on their farms (54.1%). Of those who did, there are the 
acquisitions made in warehouses and silos, however a very deficient factor. 
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   The survey data show that all producers have invested in some kind of technology. The largest 
investments were generally in technology them for pest control (87.4%) and machinery and equipment 
for harvesting (100%). The values for the first group of technologies were between R$ 500.000 to R$ 
300.000.000. For the group second values between R$ 500.000 to R$ 10.000.000. The last item 
considered within the structural decisions is vertical integration. The data show that some of the 
investigated soybean producers (33.3%) purchase products directly from the manufacturer. Concerning 
the extension of silos and / or warehouses 41.70% claim to have never expanded. Also, 41.70% 
sporadically outsource collection. 
   The following data will be presented on infra-structural decisions. In item Quality Management, factor 
that involves setting standards for inspection of inputs, 29.2% of farmers indicate that invested rarely, 
16.6% invest often, 12.50% always invested and only 12, 50% of producers have not invested. The 
preventive maintenance of machinery and equipment, the majority (66.6%) did investments. With regard 
to the technical standards (manuals, data sheets, crop planning) at planting and harvest, 45.8% of farmers 
invested. About the inspection of the final product (rank) always occurred investments. As regards the 
management person was found that 37.5% of the producers always invest ram in health and safety. About 
reward system based on crop productivity, the majority (41.7%) of producers has invested without pre-
invest in skills and training (37.50%), and the benefit programs (29.20 %). About planning and control of 
production, the largest investments were in the planning of planting activities, treatment plants and 
harvest (87.5%). On this criterion, 79.2% of producers invested always; 83.4% also always invested in 
managing the purchase of inputs for crops in the period 2010/11 to 2013/14.  Still 58.3% always made 
investments in inventory control. Regarding the organization of farms, the change in style of lead showed 
a mixed response. For this question, 50% of said producers sometimes change, while 20.80% is frequen-
tly changing. Already 12.50% of said always change and 12.5% said they never change and 4.2% rarely. 
   Finally, it presents the information about the relationship of farmers with suppliers. It was identified 
that the greater the amount of inputs acquired, the greater the advantages offered by the vendors. The data 
showed that 37.5% of producers are given incentives from suppliers to development to new products and 
support to improve crop productivity. About courses and training provided by suppliers, 37.5% reported 
receiving sometimes these incentives and 20.9% reported receiving frequently or always. The actions 
related to quality management, planned and executed by suppliers, are also offered to farmers. However, 
37.50% of the farmers stated that rarely receive and 20.90% never received. Regarding the financing of 
the land to be planted, 25% of producers always use financing of input suppliers, while 20.90% do not 
use often. In the crop financing by trading companies it was found that 79.3% do not use, while 20% of 
producers often use. 
   Data from the study allowed evaluating the types of relevant structural and infrastructural decisions 
adopted by farmers. It was evidenced that 62% of producers consider being of low importance the 
investments in capacity and also in plants (88%). Already the technology factor for most farmers was 
considered of great importance (70%). About vertical integration, for most farmers (55%) are of great 
importance, and also quality management for 80% is of great importance. Decisions aimed at managing 
people were considered indispensable for 66% of the farmers and planning and control of production was 
also perceived as very important by 80% them. Moreover, it is plausible that decisions about the 
organizational structure are very important for the majority of farmers (80%) and also the relationship 
with suppliers is of great importance for 45% of farmers. 
 
 
5 Final Thoughts 
 
For the objective of this study that was to identify which structural and infrastructural decisions are 
considered by soybean producers in the municipality of Campo Novo Parecis - MT, it was found that 
both the structural and infrastructural decisions are taken into account by farmers, being these interde-
pendent in the decision-making process. However, higher investments relate to infrastructure decisions. 
   The study permitted enlarges the understanding of the functioning of rural property in relation to 
decision making on factors inherent in soy production. It was also possible to identify the profile of the 
rural properties that grow soybeans. The factors considered in deciding on the planning of crops involving 
structural decisions and infrastructure still were analyzed. In relation to limitation to the study, it is 
possible mentioned that it involves a single municipality, may expand future research for larger areas. 
And it is suggested that in addition to soybeans, other types of cultivars within the state can be studied, 
considering that Mato Grosso is the largest producer of grains (soybeans) and there is also facing shortage 
for the production units "within the gate". Thus, this pilot study may be useful for the purposes of 
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correlation / comparison with future studies, allowing understand and analyze strategic decisions of other 
production units or others locations. 
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Communication Adaptation  
Decisions Considering Cultural  
Differences between Brazilians  
and Americans 
 
Marcon A1, De Medeiros JF2, Cruz CML3, Marcon É4 
 
 
Abstract: This article sought analyzing the adaptation decisions of McDonald’s when communicating 
with distinct markets. Thus, the institutional communication actions performed by the company in Brazil 
and in the United States of America were analyzed in order to describe the macro environmental variables 
that exert influence over the brand management, as well as, identifying, in light of Hofstede’s Theory, the 
adaptation decisions under the aspects of individualism, masculinity, power distance and uncertainty 
avoidance. Regarding the method, the research was characterized as qualitative and exploratory, using the 
approach of content analysis of the commercials in both countries of the sample. As the results, it was 
observed that McDonald’s adapts its communication compound to the Brazilian culture both in the macro 
environmental aspects and in the subjective aspects mapped by Hofstede’s Theory.  
 
Keywords: International Marketing; Adaptation; Culture; Communication. 
 
 

 
 
1 Introduction 
 
After the 80’s, with the increasing academic discussion regarding the globalization of markets, two 
theories gained space concerning the orientation for the ideal commercial approach to be employed by the 
organizations willing to insert their brands in new territories: (i) standardization theory and (ii) adaptation 
theory. For the standardization theory (i), the tendency for markets is to converge to global similarity 
(Levitt, 1983), whereas, for the adaptation theory (ii), the insertion in distinct territorial markets requires 
environmental sensitivity, that is, it must recognize that there are specific cultural needs for specific 
markets (Keegan and Green, 2003). 
   In this article the scope of analysis centers on the adaptation theory, and it has, as the focus of analysis, 
the adaptations performed by McDonald’s in its communication activities. The study is justified by the 
inherent need to develop and deepen the specific knowledge concerning marketing communication in 
markets distinct to the ones native to the company (Churchill, 2010). 
 
 
2 Literature Review 
 
 
2.1 Marketing Moderating Variables 
 
Accepting culture as an influential factor in the marketing decisions, Motta (2004) states that companies 
are not self-sufficient, thus, every company needs to interact with the environment to which it is inserted, 
in this way, they need a systemic vision of the surrounding environment. The author states that it is 
common to divide such marketing environment into two: the competitive environment (i) and the macro 
environment (ii). 
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  The (i) competitive environment involves the variables that can be manipulated by the company, 
whereas the (ii) macro environment is characterized by the variables that are not controlled by the 
company and are, still, equally important in the decision-making process. The six variables that make up 
the macro environment, according to Kotler and Keller (2013) are: the demographic (i) which includes 
indicators such as growth rate, predominant ethnicities, gender, age and income; the economic variable 
(ii) that involves factors as inflation, purchasing power and interest rates; the natural variable (iii) 
involves issues related to the preservation of the ecosystems, the scarcity of raw material and pollution; 
the technological variable (iv) concerns the technological innovations and their impact on people’s daily 
lives; the political variable (v) includes, fundamentally, laws and policies determined by the governments 
and, finally, the socio-cultural variable (vi) involves cultural values that define attitudes and behaviors. 
 
 
2.2 Culture 
 
Authors from the consumer behavior field mention that it is not possible to comprehend people’s choices 
without considering the context in which they were made. This context comprises the knowledge, beliefs, 
customs, laws and any other habits and capabilities acquired by the individuals as beings that participate 
in society (Hawkins et al, 2007).   
   Accordingly, Hofstede (1983) states that culture works as mental programming shared by a community 
and it is, per se, durable and engraved in the realizations and in the institutions of a certain group, 
enabling the distinction of different groups of persons. Hofstede’s theory will be used in the data analysis 
of this article (item 2.2.1). 
 
 
2.2.1 Hofstede’s Theory 
 
In his research, Hofstede developed a theory to describe culture, based on data collected in fifty countries 
with more than a hundred and sixteen thousand questionnaires. By means of the research, it was possible 
to identify that four dimensions describe national cultures: 
 

1. Individualism versus Collectivism: in this dimension the author points out that 
individualism happens when the ties between individuals are loose. In collectivist 
cultures, people are born inside social groups, which can be family groups, their 
tribes or their villages. 
 
2. Power Distance: the main topic here, according to the author, concerns “how 
society deals with the fact that people are unequal […] in their physical and 
intellectual capabilities.” 
 
3. Uncertainty Avoidance: for the author, the main issue involved in this dimen-
sion concerns the way society deals with the fact that time runs only one way. 
 
4. Masculinity versus femininity: this dimension is limited to the division of roles 
in society. Once that, according to the author, the only activities that are strictly 
determined by the sex of a person are those related to procreation which are 
described by the author as biological sexual division, which differ from the social 
sex roles that concern this variable. 
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3 Methodology 
 
The research’s approach to the problem was exploratory and qualitative. Concerning the study’s sample 
definition, it was composed of electronic commercials advertised in the Brazilian market and in the 
American market from March 2011 to May 2014. It is important to emphasize that the sample was 
composed of institutional and promotional commercials. Still, it is highlighted that this sampling is 
characterized as judgmental once that the criteria of period and message type were defined by the authors. 
The analysis road map for the electronic advertisements was elaborated based on the researched theory 
exposed throughout item 2 of this article. Operationally, the analysis was developed through the 4 steps 
necessary, which, according to Bardin (2011), are: pre-analysis, material exploration and processing and 
interpretation of the results. 
 
 
4 Presentation and Discussion of the Results 
 
 
4.1 Analysis of the Commercials Based on Hofstede’s Theory 
 
By means of the methods described in the methodology chapter, five McDonald’s campaigns advertised 
in Brazil and five campaigns advertised in the United States were selected. The analysis was, initially, 
done in an individual way in order to, subsequently, through Hofstede’s Theory, gather the variables 
observed in the advertisements of the sample within the categories determined by the author. 
 

1.! Individualism versus Collectivism: 

•!Brazil: it was possible to perceive the use of social groups, family groups and 
groups of friends, much more than the use of characters in solitary scenes, even 
though it occurred. It is also important to highlight the use of scenes in which 
families and groups of friends have their meals together. 

•! United States: Despite being ranked as an extremely individualist society 
according to Hofstede’s research, the commercials analyzed presented a large 
frequency of groups of friends consuming the product, what may suggest the 
brand’s encouragement for such practices.  

2.!Masculinity versus Femininity:  

•!Brazil: In Hofstede’s ranking, Brazil was analyzed as a country in an 
intermediate stage concerning the masculinity factor. Such fact was confirmed 
by the analysis, once that, in the majority of the commercials, there is similar 
appearance of men and women. Regarding subjectivity, a more feminine 
society was perceived, once that values like caring for others, concern for 
quality of life, cooperation between the characters and modesty were observed. 

•!United States: Because the United States has a more masculine graduation, 
there is a constant presence of men, more than women in the commercials, 
even though some commercials show a similar frequency of both. As to the 
subjectivity, masculinity was the most frequent, which is justified in values 
such as: statement of personal success and the importance of work. However, 
in some cases it was possible to identify feminine values as well. 

3.!Uncertainty Avoidance: 

•!Brazil: Because Brazil is ranked as having relatively high rates in this variable, 
the need for rules and regulations that reduce the uncertainty avoidance was 
perceived. Still, it was possible to denote the use of family moments and 
affective expressions between the characters, factors that are also common for 
societies with high rates in this variable. 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 45 

•!United States: Even though American scores were below the average, the use 
of formal rules was perceived in the dialogues and the scenes, as well as 
displays of affection. These facts diverge from Hofstede’s research, however, 
the authors consider it worth mentioning that, perhaps, the company uses these 
scenes to incentive the consumption of the products among friends and family 
and, in order to create affective connections with the consumer. 

4.!Power Distance: 

•!Brazil: It was observed the use of status symbols and hierarchy in the com-
mercials, by showing people in formal clothing and denotative roles of mother 
and father. It is necessary to highlight that the power distance variable was the 
less common in the commercials. 

•!United States: Reiterating what was mentioned in the Brazilian analysis, here it 
was possible to identify the same reduced occurrence of power distance in the 
commercials. Nonetheless, in the commercials in which this factor appeared, it 
was presented in both the figures of family hierarchy and working hierarchy.  

 
 
4.2 Systemic Analysis of the Macro Environment and of the Cultural Adaptation 
In this item, a synthetic joint analysis of the macro environmental variables along with the analysis of 
Hofstede’s variables is presented. 
 
 
4.2.1 Commercials Advertised in Brazil 
 
GPPP8 Simplesmente Inacreditável - Advertisement for the “Pequenos Preços McDonald’s” campaign – 
March 2011 - In the period the commercial was advertised, Brazil had a majority of white and mixed-race 
people. The country, then, had ¼ of its territory under environmental protection, though the CO2 emission 
was high. Collectivism is apparent in groups consuming the product. Masculinity and femininity occur 
with the same frequency. Emotions and feelings are noticeable by body language. Status symbols are also 
present in people formally dressed. 
   GPPP9 Simplesmente – Advertisement for the “Pequenos Preços McDonald’s” campaign – June 2011 - 
The macro environmental scenario is the same as in the first commercial, though, it is important to 
reiterate the feminine predominance, and the share of black people in the statistics, totalizing 7,61% of 
the population. Collectivism is, once more, highly present, although individualism was still perceived. 
Objectively, men appear as much as women in the commercial, however, subjective feminine values were 
present like caring for others. Again, in the uncertainty avoidance variable, the characters use body 
language and display feelings and emotions. 
   Simplesmente Família – Happy Meal Advertisement – August 2011 - In this commercial, it is important 
to highlight the concern for sustainability through the permanent grazing areas in the natural variable. 
Still, 1/3 of the population had personal computers in this period. In this commercial it was possible to 
assess both the predominance of femininity in the objective variable and in the subjective variable by 
values like quality of life and modesty. The appearance of characters in family groups in the collectivist 
variable was frequently observed. Concerning the power distance variable, the display of family status 
(hierarchy) was frequent. 
   Escolhas 30’ – Promotion of salad as a side dish – October 2011 - In the last commercial of 2011, the 
female predominance was identified in the macro environment. Still, the authors considered relevant the 
continuous importance given to the environment and to CO2 emission rates, as previously mentioned. In 
this advertisement, the subjective presence of femininity was observed, in values like cooperation and 
quality of life.  
   McD Sempre Especial – Institutional – February 2013 - Lastly, by identifying the subjective variable in 
the commercial, it is important to mention the Human Development Index, which was of 0,744 in Brazil. 
The concern with healthy eating habits and the concern with others characterized the feminine subjective 
variable as the most frequent in this commercial. Yet, concerning the collectivist variable, the use of 
family groups was constantly perceived. 
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4.2.2 Commercials advertised in the United States 
 
McDonald’s Lettuce Supplier, Dirk Giannini – Institutional – January 2013 – In the period the 
commercial was advertised, the United States had a population of 322.583.006. Analyzing the population 
two years earlier, it was observed that men represented 49,4% of the population. Still, given the 
commercial’s context, it is necessary to highlight that the territory under environmental protection in 
2010 was equivalent to 13,66% of all the United States territory. The lack of display of emotional 
expressions or feelings is evident in the commercial regarding the uncertainty avoidance variable. Besides 
that, society’s masculinity could be assessed through the analysis of the expressions of personal success 
and the factors of “living for the job,” characteristic of societies where masculinity is stronger.  
   McDonald’s Apple Supplier, Leo Dietrich Sons “Generations” – Institutional – January 2013 - 
Following the same context of the first commercial, in this item of the sample it is emphasized the CO2 
emission index, which in 2010 was of 5.433,057 kg/ton. Power distance was observed in this commercial 
through the description of the work hierarchy. Yet, regarding the individualism variable, the observed in 
the commercial differed from Hofstede’s research, once that the commercial presents frequent scenes 
with groups. In the masculinity variable, the virtually exclusive use of male characters was perceived, as 
well as the statement of personal success. Even though the country’s score was not high in the uncertainty 
avoidance variable, the commercial describes the requirements McDonald’s makes and how they must be 
fulfilled, perhaps, intending to demonstrate the company’s concern with the processes and the quality of 
the products. 
   McDonald’s: Dollar Menu & More – Hot New Playlist – Promotion of the Dollar Menu & More 
campaign – April 2014 - Because the commercial shows black people, it is important to reiterate the share 
of this ethnic group that represented 7,93% of the American population in 2010. Despite Hofstede’s 
research showing the USA as an individualist country, the commercial presents a pair of friends having 
fun together.  
   McDonald’s Fish Supplier, Kenny Longaker “The Last Frontier” – Institutional – April 2014 - In the 
penultimate commercial of the American sample, it is worth mentioning that the Human Development 
Index of the USA in 2013 was 0,914. Finally, it is necessary to mention the labor costs related to the 
American legislation, once that the commercial shows employees at work. In this way, in the United 
States, a worker costs 8,84% of extra costs to the employer, almost six times less than in Brazil. 
Concerning the individualism, the main character is alone in most of the commercial and refers back to 
himself many times throughout the commercial. Nonetheless, the advertisement also presented scenes of 
collective work, even though in a small proportion.   
   McCafé Mornings with Jessica – McCafé Promotion – May 2014 - In the last commercial of the 
American sample, it is important to mention that the average income of the population in 2010 was US$ 
3.472,82, a high index when compared to Brazil. Still, in the economic variable, the American 
GDP/capita in 2012 was of US$ 51.163/year, once again higher than the Brazilian index. Femininity was 
evident in the commercial through the concerns with quality of life and the use of female characters in the 
commercial. The predominance of individualism was perceived, once that the character appears alone 
through most of the commercial. Finally, in the power distance variable, it is possible to denote the clear 
family hierarchy. 
 
 
 
5 Final Considerations 
 
Observing the results obtained through the analysis, it is understood that, despite being considered a 
global brand, McDonald’s adapts the brand to the Brazilian market, in both the macro environmental 
aspects and in the subjective cultural aspects of Hofstede’s Theory. Finally, despite reaching the 
objectives set, the research was limited to a sample of two countries and one company, thus, further 
researches could include more countries to the sample, as well as replicate the analysis to more 
companies of the sector. Still, future studies could assess the consumer perception regarding the 
commercials, enabling the validation of the hypothesis described in the theories that support the analysis 
in this article. 
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An approach to Islamic 
Finance in Spain 
 
Garrido C1, Rodríguez-Monroy C2 
 
Abstract: Islamic finance systems are a new way of raising funds for families, companies and public 
institutions. This kind of system has its origin in the Middle East and Asia, but it is gaining customers all 
over the world due to the growth of Islamic economies and the problems of traditional financial systems 
in Western countries. Therefore, having into account the problems to get credit by SMEs in Spain Islamic 
Finance is a new open way for entrepreneurs, as well as for corporations and the whole society. This new 
financial resource has strict principles based on the Sharia’a, the Muslim law that regulates the transac-
tions in Arab society. This fact could be a key point in order to develop a business structure in Spain, as a 
conse-quence of the spoiled reputation of traditional banks. 
 
Keywords: Islamic Finance, SME, Spain, Banking 
 
 

 
 
1 Introduction 
 
The Financial crisis, developed after the Lehman Brothers’ collapse in 2008, has reduced the instruments 
and opportunities for funding in most Western countries. Obtaining money by credit is one of the main 
problems in countries of the Eurozone. This is one of the principle reasons why many SMEs in Spain had 
to leave their business once liquidity in their statements started to disappear. However, the European 
Parliament and governments in the European Union have applied different measures in order to expand 
the credit. These measures have always followed a path in which banks were the connection between the 
financial sources and the final customer. Those stimuli did not get at the same magnitude from the banks 
to the customers as it did from the governments to the banks because some of the banks needed liquidity 
in order to increase their capital ratio due to the Basel 2 treaty. Thereby, the result is that European banks 
are stronger than before the crisis because of those reforms, but SMEs still have difficulties to obtain 
funds according to the Basel 2 treaty rating system, in which SMEs show a riskier profile due their 
shorter history, lack of information and high elasticity to market condictions, comparing them to big 
corporations, (Shiyab, 2014). 
 
 
 
                 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Evolution of Credit in Spain. 
Source: Bank of Spain (BdE). 
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Fig.2 
Evolution of the number of companies with  
less than 200 employees in Spain.  
Source:Spanish Statistical Office (INE). 
 
 
   As it has been already mentioned, one of the main problems for SMEs is the access for external 
financial resources (Lehmann & Neuberger, 2001), even when they play a key role for growth and 
employment creation across any country of the world (Wagenvoort, 2003). The principal source for 
obtaining funds for SMEs is banking financial products (Montoriol, 2006), however, actually they face 
credit rationing when trying to develop their operations. This credit rationing is the existence of any kind 
of restriction on the access to financing sources, without taking into account the real risk of the project, 
being directly related to the size of the company, the previous relationship with the financing institution 
or other characteristics of the company that seeks for credit sources (Larrán, García-Borbolla, & Giner, 
2008). 
   In Europe, the problem has been bigger than in any other part of the world. The Euro currency avoids 
the countries of the Euro-zone to apply monetary policies and national exchange rates. In the special case 
of Spain, the credit from financial institutions has been historically focused on real estate and construction 
sector. Furthermore, real productivity was not competitive comparing to other economies of the world. 
These facts made Spanish economy very vulnerable to external monetary flux restrictions. Thereby, when 
this happened in 2008, Spanish economy was hardly hit, what implied a credit restriction and a lag on 
public sector payment (Mendizabal Zubeldia, Lertxundi Lertxundi, & Garmendia Ibáñez, 2011). That is 
why all kind of companies in Spain were forced to stop their business and to reduce their personnel.  
   Facing this credit restriction, SMEs in Spain tend to increase the relative weight of commercial credit in 
contract to banking credit (Fischer, 2005). To sum up, commercial credit is the natural substitutive for 
banking credit when the latter is restricted, being higher the cost of the former when not using discounts 
for prompt payment discount. Here is where Islamic Finance methods can offer Spanish SMEs a new 
method for external source for finance. 
 
 
2 Islamic Finance 
 
The Islamic world has lived a great development during the second half of the twentieth century. The 
discovery of vast oil reservoirs in Middle East together with the huge demand of petroleum from the 
Western countries, enhance the rapid growth of countries such as Qatar, United Arab Emirates, Saudi 
Arabia, etc. Due to this fact, these countries have millions of dollars per capita. However, crude oil 
reservoirs will not last forever, and that is why Middle East countries started to invest in other type of 
industries in order to diversify their economy. Therefore, the rapid growth of the economy, the population 
growth in Islamic countries, and the restrictions imposed by the Islamic culture on economic and social 
aspects of life, encouraged to create what is known as Islamic Finance. 
   Islamic Finance is based on the Sharia, the law the Islamic world is ruled by. This fact is the one that 
makes this industry quite different to Western Traditional Banking. The objectives and the activity is 
basically the same in both industries, but in the Islamic Finance every operation must follow the Sharia. 
There are five main differences that Sharia introduces to Islamic Banking (Beck, Demirgüç-Kunt, & 
Merrouche, 2013): 
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•!The investment purposes must not be related to gambling, alcohol, porn, sale of 
pork or weaponry. 

 
•!The assets exchanged in the contract must be tangible. 
 
•!Speculation and uncertainty are not allowed. 
 
•!The contracts must not be charged with interests, or riba in Arab. 
 
•!The operations must be based on risk sharing. 

 
   Interest is the basic tool for western banking industry. However, Islamic Banking does not allow using 
interest as it is considered to be unethical. It is seen as an unjustified capital growth, avoiding any effort 
to earn that money. Apart from those facts, there cannot be a fixed return for the lender coming from the 
operations, which is the reason why the risks are shared. The returns come from the profits that the wealth 
growth created by the operation gives (Castro, 2013). 
 
 
3 Main Islamic Financial Products 
 
In Order to give the reader a general view of how products look like in Islamic Finance, this part of this 
paper deals with the main products that any customer can find in the market. The first type of products is 
the ones that give a fixed income to the banks (Castro, 2013). 
  

•!Sukuk: This product is the so called Islamic bond. This term means 
participation certificate. They are rather liquid bonds. Sukuk generally cannot 
be tradable in secondary markets, although if they are, liquidity level is 
increased. At the expiry date, the seller pays a donation, or hiba, that 
represents a nearly fixed productivity of the sukuk, and buys again the asset. 
However, the sukuk cannot represent debt, as it is forbidden to trade with debt, 
so they have to represent a property of an asset, thereby, connecting sukuk 
value to the underlying asset value. 

 
•!Ijara: In this product the bank leases an asset to the customer. This contract 

fixes a rent and a period for the leasing operation. All the costs associated to 
the use of the asset are responsibility of the client. When this contract comes to 
an end, there is a possibility for the customer of purchasing the asset. This 
must be done on a separate contract. When the asset is shared by different 
banks or investors, the rentals are shared according to the percentage of 
property of each owner. 

 
•!Murabaha: This is the form that Islamic banking uses to credit asset buying 

operations of their customers. Under this kind of contracts, the bank buys the 
asset the customer needs. The customer is given a price with a surplus, 
according to the profit that the bank estimates as fair. Once the contract is 
signed, the bank delivers the asset to the customer, who pays in a fixed period 
of time by instalments. All the income from the penalties given in deferred 
payment of the instalments by the customer must be spent on charity, 
according to sharia. 

 
•!Salam: This contract is used to finance activities related to commodities. The 

bank buys the commodity in advanced to the producer, whoobtains liquidity in 
order to produce the goods. Then, when production is finished goods are sold 
to the bank at pre-fixed price. As a regular practice, the bank usually enter into 
a parallel Salam contract in which another party buys the assets. 
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•!Istisna: Similar to Salam. One difference is about the asset underlying the 
contract. These assets are manufacturing goods. The second difference is that 
the payment can be in advanced or in a future moment. This type of contract is 
used for building houses, plants, projects or public infrastructure. 

 
   Apart from the previous, there are two other widely used products which do not guarantee 
any income to the financial institution. 
 

•!Musharaka: This kind of product works as a joint enterprise. The customer and 
the bank enter in this contract where they prefix a share of the profits earned, 
while the losses are shared according to the capital contribution of each party. 
This capital can be either cash or assets, and the financial institution can help 
with its expertise on the sector by giving managing advice. 

  
•!Mudaraba: Similar to Musharaka but in this case the losses are only supported 

by the capital provider. This product is very useful for high skilled people with 
a weak economic situation, where capital provider has no managing rights over 
the business. 

 
 
4 Opportunities and Challenges for Spain and Islamic Finance 
 
As already seen in the second part of this paper, one of the main problems for the development of SMEs 
in Spain is the access to external financing sources. Thereby, in order to fill this gap, one of the solutions 
is to seek for finance from other countries where liquidity can be found easily. In table 1 there is a brief 
summary in which one of the main indicators for excess of liquidity is shown, the current account 
balance, BoP. As it can be observed in the table, Islamic economies are the ones that reached the best 
positon according to their BoP. The main countries in this group are Saudi Arabia, Kuwait, Qatar, Iraq, 
Libya, Malaysia and Algeria. These countries account for almost the 28% of the positive BoP of the 
whole world, making them one of the main possible sources for financing. 
 
 
Table 1 
Positive current account balance (BoP, current US$). 
Source: IMF. 
 

Country or Zone Millions of US Dollars 
Main Islamic Economies 
Germany 
China 
The Netherlands 
Norway 
Russian Federation 
Japan 
Switzerland 
Singapore 
South Korea 
Others 
Total 

403,645.76 
240,743.21 
193,139.15 
72,732.98 
72,609.01 
72,015.71 
60,859.46 
53,913.74  
51,437.24 
43,335.10 
181,940.88 
1,446,372.25 

 
    
   Following this reason, European countries like the United Kingdom, The Netherlands, France, 
Luxembourg or Germany have applied different measures in order to attract Islamic investment. The UK 
was one of the first countries to introduce fiscal and legal reforms in order to diminish natural walls 
against Islamic finance. In fact, the UK is the ninth country in the world according to the amount of 
assets. In France, in 2010 under the sign of Christine Lagarde as Minister of Economy and Finance, some 
regulatory changes took place in order to develop different Islamic products such as murahabah, sukuk or 
ijara.  
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   Thereby, Spain should adapt their fiscal structure to let Islamic financial products to be competitive 
enough. Indirect taxes like VAT or tax on patrimony transfer should be modified in order to avoid the 
penalty it implies to Islamic products. Furthermore, direct taxes on sukuk revenues should be equal to the 
taxes for revenues from fixed-income products like traditional bonds, as well as recognizing sukuk as debt 
for companies in order to be deductible facing the corporation taxes (Kessler Rodríguez, 2012). 
   Apart from this, the reputation of traditional banks in Spain has decreased due to different situations in 
which some managers abused of their positions or there was a lack of ethical business operations 
(Hedgecoe, 2014). There are several theories establishing that reputation, especially on banks, has a great 
influence on situations where a customer has to decide whether to sign a contract with a bank or a 
different financial institution (de Obesso Grivalvo, San Martín Gutiérrez, & Jiménez Torres, 2012). The 
strict principles that rules financial contracts on Islamic Financial Systems make this new financing 
source in Spain a strong possibility for gaining an important market share. 
   What is more, several non-Muslim like the UK decided to enter in the sukuk market. Other 
governments like Hong Kong, South Africa and Luxembourg did the same, in order to fed the bond-
hungry situation of Islamic investors who were looking for products where they could find a good return. 
For example, the UK sold ₤200m sukuk when investors demanded ₤2bn, and Luxembourg’s 60% of its 
€200m sukuks went to Middle East investors (Wigglesworth, 2014). Seeing this investment-appetite from 
Islamic investors, governments set a benchmark for other companies to enter the sukuk market. 
Therefore, this could be a new approach for Spanish government and SME’s to get liquidity in a different 
way.  
   Finally, products like musharaka and mudaraba can allow SMEs to solve their funding problems, 
especially to those at the very beginning of their life. The key advantages of venture capital in business 
development are (Nisar, 2010): 
 

1.! It is more attractive for companies in their early stage, too small to raise funds 
    in public markets or from conventional banks; 

 
2.! Technology advancement; 

 
3. Increase in job creation and innovation, like some years ago did Google,  
    Amazon, Apple and Intel among many others. 

 
   The Islamic commercial principles, that is profit and loss sharing, prohibition of interest-baring loans 
and transactions, and avoidance of speculative transactions, will enhance equity financing rather than 
debt-based financing (Hj. Nawawi, 2009). In order to regulate venture capital financing for SMEs the 
Guidelines and Best Practises on Islamic Venture Capital of the Securities Commission Malaysia would 
serve as a good model (Oseni, Hassan, & Matri, 2013). 
 
 
6 Conclusions 
 
Giving the actual environment in which financing sources are difficult to achieve by SMEs and big 
corporations, both from banks and in the markets, the Islamic Finance Systems offer a new alternative for 
raising funds.  
   In order to introduce Islamic Finance in Spain, a first approach would be to enter into a niche market at 
this time. Previous experience shows that if focused on a niche market, like SMEs could be in this 
country, the yield is higher than a full-scale introduction for an alternative financing system (Salavou & 
Avlonitis, 2008). 
   Countries like the UK, Germany and France, due to the high number of immigrants from Islamic 
countries, have taken the lead in reforming their fiscal and legal systems. However, only the UK has 
made a real difference. Thereby, Spain has a great opportunity to make a difference in the Euro-Zone, 
apart from the fact that Spain has an important influence from the Arab culture, it has a numerous 
population of Muslim people, especially in places like Ceuta and Melilla. 
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   Anyway, reforms in both fiscal and legal systems are the further steps to be taken in order to make 
Islamic Finance attractive by eliminating double taxation situations. Transparency and accountability, 
added up to fairness should guide the development of Islamic financial products in Spain, something that  
already underlies in Spanish legal and fiscal systems. In fact in the last months some important events 
related to Islamic Finance have taken place in Spain, due to the great interest that has aroused in entrepre-
neurs, like the International Halal Congress in the city of Cordoba. In this Congress, José María Fuentes, 
Investment Director of Kernel Investment Group in the USA said that “Because of  our strategic location, 
good relationship with Arab countries and our tradition, Spain has to become the hub for Islamic Finance 
in Latin America (…) and Mediterranean countries, (Abascal, 2015). Also in this conference, Ángel José 
del Río, Aresbank Commercial Division, highlighted that his bank did not offered Islamic products in 
Spain because its legal framework did not allow financial entities to do it. 
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Integrated Framework for  
Sustainability Management  
in Project Environment 
 
Ozmehmet Tasan S.1 
 
Abstract: Proactively or reactively, companies are looking for ways to integrate ideas of sustainability 
in their marketing, corporate communications, annual reports and in their actions. Since projects are 
often implemented as a means of achieving an organization's strategic plan, executives are imposing 
the usage of sustainability concept in projects. Unfortunately, there is little consensus on exactly what 
do to respond to these demands that project managers take action. Specifically, this study focuses on to 
fill this research gap on how to integrate sustainability and what concepts of sustainability to include in 
Project Management approaches as well as the knowledge areas of PMBOK. In the proposed integrated 
approach, a new knowledge area “Project Sustainability Management” is proposed. This study, 
which includes a preliminary proposal, will be most helpful to practitioners and researchers while 
managing a project by developing a structured guided framework. 
 
Keywords: Project Management; Sustainability; Integration; PMBOK. 
 
 

 
 
1 Introduction 
 
It is widely accepted that projects has an essential influence in increasing competitive advantages of 
firms. Since projects are undertaken at all levels of the organization, they are often used to complement 
and achieve an organizational strategic plan. Consumption the natural resources and creating pollution 
are the main environmental problem caused by project activities. Additionally, project managers have 
been faced with increasing costs and creating adding value for customers. Moreover, these conditions 
bring the need to change the conventional cost orientation paradigms to competition adding value while 
project managers are trying to effectively apply project management (PM) approaches and tools. 
Along environmental concerns, competitive market conditions and firm’s strategic goals, using the 
resources efficiently has always been the core issue for projects. Under these circumstances, the 
interest to manage the projects in a sustainable way has ever increased. Sustainability can simply be 
defined as meeting the needs of the present without compromising the ability of future generations to 
meet their own needs. With this widespread acceptance, sustainability became one of the most 
important challenges of our time. 
   Today, a strategy focusing on solely on shareholder value has not been enough for company survival. 
Hence, the pressure on companies to broaden their reporting and accountability from economic 
performance for shareholders, to sustainability performance for all stakeholders has increased which 
resulted extending their organizational strategic plan to include sustainability. Results of the about 
corporate sustainability survey conducted by Boston Consulting Group & MIT Sloan Management 
Review in 2010 showed that almost 60% of companies said that their investments increased as a result of 
sustainability spending (Ramirez, 2012). 
   Since, projects are often implemented as a means of achieving an organization's strategic plans, the 
companies’ executives specifically acquires the attention of project managers to integrate this concept 
into projects. Doing sustainability projects is not enough; there is a need to integrate sustainability in 
PM. Today, there is an increasing awareness of sustainability issues within projects. Unfortunately, the 
sustainability issues were only handled conceptually, since there is no standard direction or no recipe for 
integration sustainability into PM. 
 
 

                                 
1 Seren Ozmehmet Tasan (seren.ozmehmet@deu.edu.tr)  
   Dept. of Industrial Engineering. Dokuz Eylul University. Izmir, 35160, TURKEY. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 55 

   Today, for PM mostly used and accepted facto standards are USA based Project Management 
Institute’s Guide to Project Management Book of Knowledge (PMBOK) 5th edition and UK based 
Projects IN Controlled Environments (PRINCE2). Neither PMBOK 5th ed. nor PRINCE2 integrated 
sustainability related issues in their approaches. Specifically, this study focuses on to fill this re- 
search gap on how to integrate sustainability and what concepts of sustainability to include into the 
knowledge areas of PMBOK. In the proposed integrated approach, a new knowledge area “Project 
Sustainability Management” is proposed. This study will be most helpful to practitioners and researchers 
developing a structured guided framework. 
   The structure of the study is as follows: section two provides better understanding regarding the terms 
sustainability. Section three includes the information about PM, its standards regarding to PMBOK 
5th edition and investigates the understanding of sustainability in PM and PMBOK. Section four 
contains the proposed integrated framework for sustainability management for projects and discussions 
about various integration concepts. Finally, the findings are discussed and concluded in section five. 
 
 
2 Sustainability  
 
The concept of sustainability and sustainable development was first mentioned in the report of World 
Commission on Environment and Development (WCED) (UN, 1983). The fundamental objective of 
sustainability is to sustain human life and keep planet in a way that every generation can live. The 
concept of sustainability and sustainable development has evolved considerably since first arising during 
the 1980s. Sustainability is frequently conceptualized as consisting of three typical distinct dimensions; 
i.e environment, society and economy, which are often called triple-P-pillars of sustainability; profit, 
people and planet. The relationship between these aspects can be shown graphically by using different 
conceptual representations. In this study, we are going to use a holistic approach to address sustainability 
concept (see Figure 1) (Lozano, 2008). 
 
 
 
 
                 
 
 
 
 
 
 
 
 
Fig.1  
Pillars of sustainability: Holistic Overlapping Triple-P. 
 
    
   The connection between sustainability and projects was already established by the World Commission 
on Environment and Development (1987). However, two decades later that the standards for project 
management “fail to seriously address the sustainability agenda” (Eid, 2009). Association for Project 
Management (past) chairman Tom Taylor recognizes that “the planet earth is in a perilous position 
with a range of fundamental sustainability threats” and “Project and Programme Managers are 
significantly placed to make contributions to Sustainable Management practices”. Later in 2008, 
Project Management Association (IPMA)’s Vice-President Mary McKinlay stated in the opening 
keynote speech that “the further development of the project management profession requires project 
managers to take responsibility for sustainability”. Her plea summarized the development of project 
management as a profession as she foresees it. 
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3 Project Management, PMBOK and Sustainability 
 
The Project Management Institute’s Body of Knowledge – PMBOK – is perhaps the most widely 
acknowledged and popular project management standard in existence. Presently in its fifth version 
(2013), PMBOK contains the ten areas of knowledge and five process groups which find application 
over the project life-cycle (see Figure 2). The PMBOK Guide defines the important aspects of each 
Knowledge Area and how it integrates with the five Process Groups. A Knowledge Area represents a 
complete set of concepts, terms, and activities that make up a professional field, project management 
field, or area of specialization. There are a total of 47 project management processes identified in 
PMBOK (PMBOK, 2013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
The structure of PMBOK 5th ed. 
   
  
   Hence, Guide to PMBOK is one of the most widely used standards in PM, there have been no usage 
of sustainability concepts in the guide. The present 5th edition of the guide only mentions sustainability 
briefly in three places but it does not define sustainability concepts nor does it provide tools or techniques 
to focus on sustainability issues. The following two mentions were generally given as background 
information. 
   In section 1.4 Relationships among Portfolio Management, Program Management, Project 
Management, and Organizational Project Management 
 

•!…Organizational Project Management is a strategy execution framework utilizing 
project, program, and portfolio management as well as organizational enabling 
practices to consistently and predictably deliver organizational strategy producing 
better performance, better results, and a sustainable competitive advantage. 

 

   In section 1.5 Relationship between Project Management, Operations Management, and Organiza-
tional Strategy: 1.5.2.2 The Link between Project Management and Organizational Governance 
 

•!…e.g., if an organization has adopted policies in support of sustainability 
practices and the project involves construction of a new office building, the 
project manager should be aware of sustainability requirements related to building 
construction. 

 

The following mention was given in Integration Management knowledge area. 
In section 4.2 Develop Project Management Plan: 4.2.1.3 Enterprise Environmental Factors 
 

•!The enterprise environmental factors that can influence the Develop Project 
Management Plan process include, but are not limited to: 
Organizational structure, culture, management practices, and sustainability; 
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3 Integrated Framework for Project Sustainability Management 
 
In the current project management methodologies, the management of projects is dominated by the 
‘triple-constraint’ variables time, cost and quality. And although the success of projects is most often 
defined in a more holistic perspective, this broader set of criteria doesn’t reflect in the way projects are 
managed. The triple-constraint clearly puts emphasis on the profit ‘P’. The social and environmental 
aspects may be included as aspects of the quality of the result, but they are bound to get less 
attention. Additionally, the life cycle of whatever result the project realizes and also the life cycle of the 
resources used in realizing the result. Integrating the concept of sustainability in project management 
therefore stretches the ‘systems boundaries’ of project management (Silvius & Schipper, 2010). 
   In this study, to deal with this issue, an integrated approach is proposed. The foundations of this 
approach are illustrated in Figure 4. 

 
 
 
 
 
 
 
 
 
Fig.2 
Integration Framework.  
 
 
   The primary idea behind this project is to reflect sustainability in methodologies, standards and 
practices during PM. Specifically; one can easily stretch PM boundaries to meet sustainable 
implementations. This framework can be easily applied to several PM approaches and restructured to 
meet the specific needs of various projects. 
   This framework integrates the sustainability within process groups and knowledge areas of PMBOK. 
Currently, there are 10 knowledge areas. With this integrated framework, a new knowledge area 
“Project Sustainability Management (PSM)” is formed. This new knowledge area is somewhat has 
similar characteristics as integration management knowledge area, which has strong relationships with 
other 9 knowledge areas. 
   In the PSM knowledge area, the procedures for achieving/maintaining sustainability is defined, the 
methodologies and standards for maintaining sustainability are included. The sustainability indicators 
are should be used during Monitoring & Control process group. Relevant sustainability indicators 
should be selected according to the specific needs of a project 
   In this study, PMS is defined as follows; 
   Project Sustainability Management includes the processes needed to identify, define, combine, unify 
and coordinate the sustainability concepts in the project process groups. Integration of sustainability is 
crucial for project completion, meeting stakeholder expectations and needs, making choices where to 
concentrate resources over time, dealing with issues and coordinating project activities. 
   In this study, five processes proposed for PSM are Define Sustainability, Plan Sustainability 
Management, Create a Sustainability Assessment Plan, Manage Sustainability, and Monitor & Control 
Sustainability. 
   Define Sustainability concepts during the Initiating process group: 
   This process in essential in Initiating process group and should be performed before “developing 
project charter” in Integration Management knowledge area. In this process, sustainability concepts 
should be defined together with minimum sustainability standards. 
   Plan Sustainability Management during the Planning process group: 
   This process defines how to conduct sustainability management activities for a project and ensures 
that all projects are screened and approved using minimum sustainability standards; with higher 
sustainability targets negotiated whenever possible 
   Create a Sustainability Assessment Plan during the Planning process group: 

!!!!!!!!!Sustainability!
!
!

!
•Concept!
•Criteria!
•Indicators!

 

Project!
Management!

!
!

!
•Methodologies!
•Standarts!
•Practices!
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   This process includes the selection of the appropriate sustainability indicators together with 
sustainability assessment methods. Sustainability assessment can be defined as self-assessment for an 
organization in the direction of their economic, social and environmental responsibilities. 
   Since there are numbers of sustainability assessment tools exists and many of them have developed 
in order to present better applications and case study experiences, it is also necessary to provide a 
categorization of sustainability assessment tools to develop the broader understanding and wider 
interpretation of sustainability (Ness, Urbel-Piirsalu, Anderberg & Olsson, 2007). Based on the temporal 
focus of the assessment tools along with the object of focus of the tool, Ness et al. (2007) proposed 
a framework shows the temporal focus, which is either retrospective (indicators/indices), prospective 
(integrated assessment) or both (product-related assessment). The object of focus of the tools is either 
spatial, referring to a proposed change in policy (indicators/indices and integrated assessment), or at the 
product level (product-related assessment). 
   Sustainable is abstract concept for many researchers but it is quantified in many studies to be 
workable by determining indicators. United Nations (UN) defined indicators for sustainable 
development considering sociological field of development problems as well as the physical problems 
(United Nations, 2007). United Nations Commission on Sustainable Development (UNCSD) grouped 
indicators according to the four pillars of sustainable development; social, economic, environmental 
and institutional considering 44 sub-themes related to fields such as poverty, governance, health, 
education, demographics, natural hazards, atmosphere, land, oceans, seas and coasts, freshwater, 
biodiversity, economic development, global economic partnership, consumption, and production patterns. 
According to the concept of the project, relevant sustainability indicators should be selected. For 
example, if the project is related to manufacturing sustainability indicators related to manufacturing 
should be selected. Sustainability indicators for manufacturing are evaluated in three differently named 
groups such as product, process and management (Raizer-Neto et al., 2006), or social, environmental 
and economic (Krajnc & Glavic, 2003). 
   Manage Sustainability is performed during the Executing process group:                                                         
   This process makes sure that the other processes in Executing process group perform according to the 
sustainability concepts that are defined. 
   During this process, the indicators chosen in the previous process are used. Additionally, some 
composite indicators can be employed multiplying indicator values. Aside composite indicators, one can 
use linkage indicators where two pillars of sustainability are linked together in an indicator such as 
labor productivity, where social and economic pillars are treated together. 
   Monitor & Control Sustainability is performed during the Monitoring & Controlling process group: 
This process monitors and controls sustainability throughout the entire project lifecycle to ensure the 
sustainability goals of the project stakeholders are met. Aside controlling and monitoring the 
sustainability indicators, one can also use sustainability control lists. In 2010, IPMA has generated a 
control list for economic, social and environmental aspects of PM. 
 
 
4 Conclusion and Discussions 
 
The concept of sustainability has grown in recognition and importance in PM research area. 
Unfortunately, there is little consensus on exactly what do to respond to these demands that project 
managers take action. Since doing sustainability projects is not enough, this study meets the urgent need 
to integrate sustainability in PM by developing a structured framework for integration. Besides, this 
framework can be easily applied to several PM approaches and restructured to meet the specific 
needs of various projects.  The proposed integrated framework is a generic one which needs to be 
structured around the specific needs of a project. So if the project includes manufacturing activities, the 
sustainability indicators related to manufacturing should be used. 
   Also, the reader must bear in mind that PMBOK limits decision making solely to project managers, 
making it difficult for handing over aspects of the management to other parties and senior managers. 
With PMBOK, the project manager can seemingly become the primary decision maker, planner, 
problem solver, human resource manager and so on. So the decision about sustainability solely relies 
on project managers. Another issue need to be discussed is that the costs need to dealing with 
sustainability issues. Organizations often see these costs as being incremental to business costs. 
Though, they often doesn’t acknowledge of their benefits in long terms. 
   Aside ideas from above discussions, possible future research works include the implementation of 
this integration idea into other PM facto standards such as PRINCE2 and Agile and risk-
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sustainability composite concept. Since risks and sustainability are inseparable, these composite 
concepts should be further investigated. 
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Using cost-volume-profit  
to analyse the viability  
of implementing a new  
Distribution Center 
 
Etges APBS1, Calegari R2, Cortimiglia MN3, Rhoden MIS4 
 
  
Abstract: Firms are constantly improving their activities in order to become more competitive. With the 
diffusion of international competition and easier access to global markets, effective logistic and inventory 
management strategies become essential to all players. In this sense, there is a clear tradeoff between 
inventory costs and service level. A common strategy to address this issue is to locate distribution centers 
(DC) near key markets. However, the decision to build new DCs must be supported by clear and 
convincing analysis. In this context, this paper reports the use of cost-volume-profit analysis to assess the 
viability of establishing a new DC by a real company that manufactures radiopharmaceutical products. 
The researchers collected and analysed detailed financial information from the company and compared 
the current scenario with potential future scenarios using the cost-volume-profit technique. Next, 
expected firm profitability is compared for two scenarios: with and without the new DC. 
 
Keywords: Cost-volume-profit; decision making; logistic costs; radiopharmeceutical distribution. 
 
 

 
 
1 Introduction 
 
The main objective of the logisitic function is to provide a firm’s customers with the right product, at the 
right place and right time, according to pre-determined conditions (Ballou, 1999). In this context, a few 
key logistic activities are considered strategic, especially in a country of continental dimensions like 
Brazil. For instance, it is essential that logistic activities such as transportation and inventory management 
operate with efficiency so that product delivery is not hindered (Fernandes et al., 2011). 
   However, given the complexity inerent to the logistic processes, it is difficult to estimate optimal 
transportation and warehousing costs (Engblom et al., 2012). According to Yoshizaki (2002), the higher 
the availability of material (which results in a higher service level), the higher the inventory carrying 
costs. On the other hand, increased availability reduces opportunity costs related to sales lost because of 
stockout. The same author posits that as the number of warehouses increases, service level improves and 
delivery costs decrease, but at the expense of increased (fixed) warehousing costs. Thus, a complex 
tradeoff in distribution management is evident. A common approach to address this tradeoff is to build 
distribution centers (DC) close to key markets in order to improve the service level perceived by the 
customer, reduce lead time and logistic costs, increase market share, and, eventually, facilitate entry in 
new markets and achieve higher competitiveness levels (Hill, 2003). 
   However, even if the variable part logistic costs are reduced with this strategy, it is important to analyse 
the remaining cost components (Waller and Fawcett, 2012), given that a company must aspire to reduce 
the total logistic cost, and not only local costs (Stock and Lambert, 2001). Waller and Fawcett (2012) 
explored the complexity that charcterizes the decision to build a new distribution center and concluded 
that distribution costs are not usually known a priori, even if cost modelling techniques are used, since 
models can be affected by numerous endogenous and uncertain variables, many of which are not static. 
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   Among the techniques used to analyse production objectives that enable cost recovery and the onset of 
profitability, the cost-volume-profit (CVP) method stands out. CVP analysis is already established in 
comparative studies of a firm’s relationship with the external environment (Ravichandran, 1993). To 
Horngren et al. (2000), CVP analysis provides a comprehensive financial picture of a given scenario and 
helps to estimate how revenues, costs, and profits behave as business activities, product prices or fixed 
commercialization costs change. Among the benefits associated with CPV, Moraes and Wernke (2006) 
cite the support to decision-making about which specific items should be offered for sale and if any 
productive segment should be abandoned during the evaluation of alternative scenarios of promotions and 
price reductions. CVP analysis also allows a better understanding of safety margins, which consist in 
excess sales above the point of equilibrium (Bornia, 2010). Consequently, it is possible to estimate how 
much the sales can decrease without real harm to the firm’s long term financial viability. 
   In this context, this paper reports the use of cost-volume-profit analysis to assess the viability of 
building a new DC by a Brazilian company that manufactures radiopharmaceutical products. The firm 
operates in the city of Porto Alegre and evaluated the opportunity to establish a DC in São Paulo. 
Initially, the researchers collected financial data to support a CVP analysis that determined the minimum 
sales level required to support the new DC. Thus, it was possible to estimate the financial effects of 
establishing the new DC, enriching firm managers’ decision-making. 
 
 
2 Sustainability  
 
In order to achieve the research objective, which requires a detailed investigation of a single setting, a 
case study research strategy was employed. The research is applied, since it aims to generate useful 
solutions for all involved. Besides, a hands-on, easy-to-use methodological approach was chosen, which 
can be easily transferred to practitioners at the company studied. 
   In order to investigate the viability of establishing a new DC, a three-step empirical study involving 
financial analysis tools was conducted. During the study, the researchers maintained constant contact with 
the studied company. This facilitated data collection and validation of every single step in the analysis 
and provided the firm with instant feedback. 
   The first step in the empirical research involved a comprehensive analysis of the firm structure, strategy 
and operations. It also involved the understanding of the peculiarities of the market where the firm 
operates, with special attention dedicated to transportation activities. This was done through a series of 
interviews with top and middle-level managers responsible for the following areas: quality control, R&D, 
warehousing, accounting and auditing, procurement, financial planning and strategic management. The 
semi-structured interviews took place during two days; on average, the interviews were 45 minutes long. 
   The second step in the empirical research was the collection and analysis of financial data, sales 
forecasting, past sales data by geographical region, and regulatory compliance data. This data was 
collected partially during the aforementioned interviews, but also through analysis of firms’ documents 
and records. This data substantiated the financial analysis using the CVP technique that defined the 
minimum sales level for each product that would justify, from a financial point of view, the establishment 
of the new DC in São Paulo. 
   Given the financial criteria obtained in step two, the third step in the empirical research involved the 
decision-making, by the firm top management, supported by the analysis of the possible effects of a new 
DC. Finally, the results were compilled and presented to the firm managers. 
 
 
3 Results and Discussion 
 
 
3.1 Case description 
 
The firm investigated is ten years old and is member of a university technology park, where the 
management offices and production line are located. The firm also has a commercial office in São Paulo, 
which is responsible for approximately 25% of the total sales revenues. It manufactures and distributes 
radiopharmaceutical products, a high-value supply for medical imaging diagnosis systems such as PET 
scans. The firm has two main business lines: products and services. Most revenues come from products: 
the firm has a portfolio of nine products, but 73% of the overall revenues come from a single product. 
The very specific nature of the firms’ products require significant R&D, production, distribution, and 
sales capabilities. 
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   It must be noted that the Brazilian radiopharmaceutical industry is very peculiar, especially because it is 
characterized by a very low number of participants. In fact, the studied company is the only private firm 
that operates in the Brazilian market. Moreover, radioactive tracers are subjected to strict regulatory 
oversight and constant monitoring by the Federal agency that deals with drugs and medications.  
   It is also important to highlight the studied firm’s declared innovation-oriented strategy, which 
translates to substantial investments in R&D activities, especially in partnership with foreign players. 
Since its inception, the firm has established a large network of foreign partners such as universities, 
research institutes, and similar companies operating in international markets. The studied firm is the 
undisputed leader in the radiopharmaceutical Brazilian market. Thus, it can be noticed that the firm is a 
strong advocate of internationalization, as most of the firms’ products are national versions of products 
already commercialized in other countries. 
 
 
3.2 Interviews 
 
Considering this step as the starting point to understand the setting, three researchers spent two whole 
days embedded in the company. Interviews were conducted with middle and top managers responsible for 
the following areas: quality control, R&D, warehousing, accounting and auditing, procurement, financial 
planning and strategic management. 
   Specifically regarding the R&D team, the researchers investigated the strict regulatory setting that 
impacts the firm. Among these, a specific financial cost was identified: the firm must keep a trained 
pharmacist at the new DC to comply with regulatory requirements. Another example of unforeseen costs 
involves transportation within São Paulo. Instead of vans or cars, the firm has explored the option of 
hiring motocycle drivers. However, the regulatory agency requires that these professionals must be 
specifically trained and certified to handle the radiopharmaceutical products; the estimated cost of such 
training was added to the analysis. It was also pointed out that the DC has to be equipped with 
refrigeration facilities. 
   The warehousing team, on the other hand, emphasized the need for a detailed study to design the layout 
of the potential new DC. The space should be adequate to the product volumes to be handled but should 
also comply with regulatory guidelines for warehousing health commodities. These include minimum 
volume and space requirements for staging and storing commodities, special racking systems and material 
handling equipment, and a certified warehouse management system. Eventually, even interchangeable 
shipment and receiving staging areas could prove necessary. These requirements were factored in the 
financial analysis. 
   Additionally, the financial team provided the researchers with full access to firm’s balance sheets, 
whereby it was possible to structure the CVP analysis. The financial team also explained the current 
financial management strategy and its operational directives, particularly regarding cost estimation 
methods and the working definition of fixed and variable costs used by the company. 
   Finally, the top management was fully available to explain the firm’s general strategy and its 
deployment in short-term operational plans. The top management was able to aggregate valuable 
qualitative information such as a critical appraisal regarding current and prospective key clients (and their 
locations), goals for shortening delivery time, company relationship with regulatory agencies, 
universities, research institutes, competitors and customers, and financial availability for the prospected 
new DC. The top management team also promptly questioned and validated most of the non-financial 
premises behind the CVP analysis. 
 
 
3.3 CVP Analysis 
 
The CVP analysis was conducted in order to estimate the sales volume, for each product, necessary to 
justify the establishment of a DC in São Paulo, one of the key markets for the company. The premise for a 
new DC is that it can reduce variable logistic costs, but at the expense of higher fixed logistic costs 
associated with an expanded physical infrastructure. 
   The first step in the CVP analysis was to assess how each product contributes to overall revenues and 
the main customers (along their geographical location) for each product. It was found that the product 
portfolio contains 9 items, whose sales are distributed as follows: 22% in the Southern region (RSU), 
26% in São Paulo (RSP), 23% in the other Southeaster states, that is, MG, RJ and ES (DRSE), and 28% 
distributed in the remaining regions. 
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   Next, the researchers listed the price of each product and estimated variable costs associated with each 
product based on past sales from January to November 2014. The average price for each product was 
calculated for that period and used in the calculations as the product price. Variable costs considered the 
price of raw materials for each product, the direct labour costs associated with the production of each 
product, and the estimated logistic cost for each product. The estimation of logistic costs required the 
calculation of the average sizes of shipped lots: the global expenditures with logistic activities for each 
product were summed up and, considering the period under analysis, divided by the average number of 
products shipped per order per region was calculated and rounded up to the next whole number. All 
partial results were validated with the company. Then, the difference between variable costs required to 
keep the logistic activites in Porto Alegre only and the estimated variable costs for establishing the new 
DC in São Paulo were analysed. This difference will impact the Unitary Contribution Margin and the 
Equilibrium Revenue for products in both regions. 
   At this point in the analysis, given that the studied firm has a diversified product portfolio and both the 
share of revenue for each product at each region and Equilibrium Revenue, the Unitary Contribution 
Ration for the two scenarios was calculated: 0.79 for the current situation and 0.82 for the scenario with 
the new DC in São Paulo. 
   The analysis followed with the compilation of current fixed costs and the estimation of the costs 
associated with the establishment of the necessary physical infrastructure for the new DC. The costs for 
the current structure were obtained directly from the firms’ balance sheets, and amounted to R$ 
5,669,044.60. The expense items associated with the new DC were estimated as follows: monthly rental 
for a medium-sized warehouse with cold and clean storage facilities in different industrial districts in São 
Paulo, labour costs for a pharmacist and warehouse staff trained to operate health supplies, monthly 
logistic costs for shipping products from the manufacturing center (in Porto Alegre) to the new DC, one-
time construction costs to adapt a common warehouse to handle health supplies in compliance with local 
regulatory guidelines. The fixed costs for the new DC amounted to R$ 558,045.84 for the same period 
(January-November), of which R$ 32,000.00 amount to one-time investments, while the rest represent 
monthly expenses of R$ 50,731,44. Is interesting to note that the current fixed structure in Porto Alegre 
would remain, and this additional amount to the current fixed cost. Then the total fixed cost for the new 
DC amounted R$ 6,259,090.44. 
   From the data calculated to each product in both scenarios, the Equilibrium Point for sales that would 
enable the São Paulo DC was calculated, as well as the current Equilibrium Point. These results were then 
compared with past sales from January to November 2014, in order to assess profitability with the DC in 
Porto Alegre versus the establishment of the new DC. Table 1 shows these results. 
 
 
Table 1  
Profitability analysis using Equilibrium Point.  
 
 
 
 
 
 
 
                 
 
 
 
 
 
 
 
 
    
 
 
    
 
 
    

Profit POA RSU RSP DRSE DRB Profit
A 439.400,94R$   752.245,61R$    728.474,98R$  732.041,97R$  2.652.163,50R$  
B 46.437,53R$     21.142,95R$      26.632,06R$     17.196,37R$    111.408,90R$      
C 7.335,11R$       7.272,65R$        975,77R$         2.803,69-R$      12.779,84R$       
D 11.801,44R$     5.124,12R$        9.066,98R$       5.179,89R$      31.172,42R$       
E 9.646,00R$       9.513,91R$        4.673,89R$       5.563,87R$      29.397,68R$       
F 3.949,90-R$       1.101,99R$        4.609,53-R$       6.227,95-R$      13.685,38-R$       
G 20.055,62R$     40.310,42R$      26.017,44R$     94.504,29R$    180.887,78R$     
H 165.608,28R$   42.330,83R$      18.566,51R$     1.498,13-R$      225.007,48R$     
I 374,91R$          137,98-R$           249,38R$         1.676,35-R$      1.190,05-R$         

3.227.942,17R$  
Profit SP RSU RSP DRSE DRB Profit

A 366.808,25        678.238,08R$    658.765,21R$  650.359,82       2.354.171,36       
B 43.565,27         21.639,78R$      26.490,41R$     19.751,39        111.446,84          
C 7.573,08           9.851,23R$        3.980,81R$       2.128,68          23.533,80           
D 11.052,79          6.671,46R$        11.008,04R$     7.799,74          36.532,04           
E 8.891,40           13.800,81R$      5.147,79R$       8.473,26          36.313,27           
F 3.445,17-           498,32R$           2.775,42-R$       3.666,39-          9.388,66-             
G 14.839,01         36.833,78R$      21.561,60R$     93.414,07        166.648,46         
H 160.325,93        37.728,13R$      13.221,77R$     8.620,58-          202.655,25         
U 495,76              157,06R$           159,31-R$         241,30-             252,20               

2.922.164,56R$  
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According to Table 1, the firm’s profit is estimated to decrease R$ 305,777.61 with a DC in São Paulo. 
Evidently, the financial analysis cannot be the sole motivation for top management decision making, but 
it provides a significant starting point for strategic considerations. 
 
 
4 Conclusions  
 
Logistic costs usually have a stron impact in a firm’s cash flow (Ballou, 1999), without adding value to 
the products, and are considered one of the key wastes of the lean philosophy (Womack et al., 1992). 
Thus, managers and decision makers should pay close attention to the elements that influence, either 
positively or negatively, these costs, as they can be a significant source of variation of the firm’s 
profitability. Besides, depending on the specific industry wher a firm operates, market positioning 
strategies can be considered key strategic actions that drive the business towards better customer service. 
   In this context, the present paper reports a viability analysis for the establishment of a new DC for a 
company operating in the Brazilian radiopharmaceutial industry. The results include the minimum sales 
volume for each product and each region in order to financially justify opening a DC in a key market. The 
key result is the difference between the current profits and the estimated profits with the new DC, which 
can be used as a starting point for strategic decision making. Improved revenues from new customers due 
to the improved service level were not factored in the financial cost analysis, for instance. 
   The study also highlighted the importance of using cost analysis techniques, such as the CVP method, 
to study the financial impacts of logistic decisions. In particular, the case study reported in this paper 
illustrated how the expansion of logistic infrastructure impacts fixed costs, on the one hand, while 
provides a better position to reduce variable costs, given the closer proximity with selected customers. 
   Future research in this area of inquire should consider additional analysis techniques, such multicriteria 
tools that help researchers to capture qualitative criteria that influence decision making. Thus, financial 
results could be complemented with other factors that influence firm turnover. Techniques to associate 
financial values to qualitative assessment scales could also be employed to create a single, easy to 
understand and shared meaning for all decision makers. 
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Analysis and comparison  
of two bike-sharing systems: 
characteristics, similarities  
and sustainable potential  
of the solutions 
 
Sousa-Zomer TT1, Cantú VZ2, Cauchick Miguel PA3 
 
Abstract: Product-Service Systems (PSS) represent a business proposition with potential to reorient the 
current production and consumption patterns towards sustainability. Although PSS became a popular 
subject, PSS research is still dominated by theoretical work and more empirical investigations are 
required. This paper aims at analyzing two use-oriented bike-sharing systems with a large sustainable 
potential in order to contribute to PSS empirical knowledge. Since there are only few contributions in the 
literature that compare two or more systems like these in different countries, a PSS located in a developed 
country and other available in an emerging economy were selected to be investigated. A qualitative 
analysis was carried out considering the contextual conditions of each solution, the PSS elements and the 
sustainable aspects, based on secondary data. The results confirm that these PSS models can provide 
environmental, economic and social benefits and represent an innovative approach for sustainable 
mobility. Aspects related to customer behavior and acceptance in face of PSS solutions are directions for 
future work. 
 
Keywords: product-service systems, PSS, innovation strategy, bike-sharing systems, sustainability. 
 
 

 
 
1 Introduction 
 
Product-Service Systems (PSS) have been widely discussed as a promising approach to drive the current 
production and consumption patterns towards sustainability (Ceschin, 2013). A PSS can be defined as an 
innovation strategy that shifts the business focus from designing and selling physical products to selling a 
mixed of tangible products and intangible services that can fulfill customers' needs (Tukker, 2004). In 
addition to the environmental benefits, PSS solutions also lead to social benefits and represent 
opportunities for emerging contexts with less economic possibilities (Ceschin, 2014). 
   PSS has become a popular subject and a wide range of research in the PSS and sustainability fields have 
been developed (Tukker, 2013). However, PSS research is still dominated by theoretical work and more 
empirical investigations are necessary to contribute to the theory building (Beuren et al., 2013). Empirical 
investigations are also required to help identify the multiplicity of PSS solutions and their associated 
strategies and practices (Cook, 2014).  
   In this sense, this work aims to analyze two PSS solutions that represent an effective alternative for 
sustainable mobility, since in the move towards sustainable consumption and production patterns mobility 
is one of the priority areas (Zhang et al., 2014). The solutions consist of two bike-sharing systems within 
different contextual situations. Specifically, the purpose is to identify convergent aspects, main 
differences in PSS implementation, and to evaluate sustainable performance of both PSS situations in 
order to contribute to PSS empirical knowledge. The remainder of this paper is structured as follows. 
After this introduction, the following section presents a literature review by briefly covering PSS and 
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sustainability issues. The third section presents the research design and procedures. The fourth section 
discusses the main results and, finally, concluding remarks are drawn in addition to some insights for 
future work. 
 
 
2 Sustainable product-service systems 
 
PSS strategies have been seen as an excellent vehicle to enhance competitiveness and to foster 
sustainability simultaneously (Tukker, 2004). However, PSS implementation remains a research gap in 
the literature (Reim et al., 2014). Although PSS literature is expanding, there is concern that sustainable 
PSS has still not been widely implemented and diffused, because in many situations they challenge 
existing consumption and production patterns (Ceschin, 2013).  
   PSS empirical investigations may contribute to the theory development and to improve new 
methodologies and operational solutions (Beuren et al., 2013). It is useful, therefore, to investigate more 
existing cases to help better understand how PSS can be designed in order to facilitate customer 
acceptance and satisfaction. In fact, PSS empirical studies has been revealing diverse PSS designs and 
practices, each embedded in their own trajectories and institutional arenas (Cook, 2014) which is very 
important to theory development. Furthermore, the identification and discussion of empirical examples 
and tactics in the operational level may provide more information for companies in the transition and 
implementation processes toward PSS (Reim et al., 2014). Although PSS concept has been discussed over 
a decade, not much attention has been given to understand how the process of introduction and scaling-up 
takes place (Ceschin, 2014). To shift towards eco-innovations like PSS, companies should generate suf-
ficient value for customers and fulfill the sustainable requirements at the same time (Chou et al., 2015).  
   Concerning mobility, a move towards sustainable mobility represents an increase in access to 
environmentally sustainable transport, especially for communities with a high percentage of low-income 
households (Zhang et al., 2014). Bike-sharing programs have emerged as an innovative approach in a 
growing number of cities around the world (Fishman et al., 2014). They can provide many benefits such 
as flexible mobility, pollution emission reductions, physical activity benefits, reduced congestion and fuel 
use, individual financial savings and support for multimodal transport connections (Fishman et al., 2015).  
   These systems can be classified as use-oriented PSS solutions (according to Tukker, 2004). Use-
oriented PSS systems can be defined as value propositions where a company offers the access to products 
that enable customers to get the results they need, without owning the product (Ceschin, 2014). These 
systems may allow environmental impacts minimization, due to considerably more intensive use or 
prolonged life of capital goods used in the system (Tukker, 2004). 
   However, although bike share programs have existed for almost half a century, just in the recent decade 
the prevalence and popularity of these systems has increased (Fishman et al., 2014). In this sense, due to 
the popularity and the sustainable potential of these PSS, empirical studies should be performed to 
investigate the operational practices associated with each business and context, in order to provide 
insights through PSS implementation and diffusion. Next section presents the research methods adopted 
to analyze the PSS solutions under study. 
 
 
3 Research methods 
 
This paper reports on the results of an explorative and qualitative study involving two business to 
consumer (B2C) PSS solutions, since knowledge and experience regarding PSS business models are still 
limited (Beuren et al., 2013). Starting from a literature review, two PSS solutions were selected due to its 
sustainable potential and relevance as an initiative to expand sustainable transport opportunities and for 
being a business model in expansion in many countries and implemented in many cities throughout the 
world (Keskin, 2006). In addition, similar to the work performed by Keskin (2006) both situations have 
been chosen according to their innovativeness in terms of products and services and organizational 
schemes, from simple to complex, to demonstrate the development and the sustainable potential of bike-
sharing systems within contexts rather different. Furthermore, since PSS diffusion is highly dependent of 
the culture in which it will operate (Ceschin, 2014), it is important to perform more investigations 
comparing similar solutions available in different contexts.  
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   One of the bike-sharing systems under study is available in Brazil (Mobilicidade, 2014) and the other 
one is located in France (Vélib', 2014), one of the largest in the world. This kind of business models is 
promising for both industrialized and emerging contexts (Ceschin, 2014), and therefore both were 
selected in order to compare the main differences according to each economy reality. Starting from 
gathered information about both business models, an analysis based on the literature was performed. Data 
were collected by a combination of techniques such as observations, technical information, and secondary 
data. Firstly, an overview of both systems and contextual conditions are presented (based on Keskin, 
2006) and PSS conceptual elements (product, service, actors' network and infrastructure) are analyzed. 
Afterward, an analysis of products and services is carried out in order to identify relevant aspects of each 
situation. Finally, an analysis concerning aspects in the three sustainability dimensions - i.e. 
environmental, economic, and social - was carried out to compare both PSS sustainable performance. 
Next section presents the main results. 
 
 
4 Analysis of the bike-sharing systems: Bike Rio and Vélib' 
 
The first PSS in study is the Bike Rio system available in Rio de Janeiro, Brazil, that has been in 
operation since 2011. The main objectives of the Bike Rio are to introduce the bicycle as a non-polluting 
and healthy public transport in order to combat sedentary lifestyles, reduces traffic congestion, 
environmental pollution, and to promote social responsibility (Mobilicidade, 2014). The system is an 
initiative of the city hall, and is managed by a private company, selected in a bidding process. It 
comprises 60 stations and 600 bikes distributed in 10 districts operating daily from 6 am to 12 am. The 
PSS also has a private bank as a partner. 
   The system allows the customers to use a bicycle (available at the stations) for a period of 60 minutes 
and to return it at any other station. The user can rent another bicycle after 15 minutes. To make the 
registration and the bicycles rental, the customer must have a mobile phone to be used as an interface 
with the system. Payment is made by credit card. There are two registration options: a daily payment or a 
monthly plan. The rent for periods up to one hour is included in the registration fee. Other fees are 
applied when the customer overextend the usage time. 
   The Vélib' bike-sharing system is available in Paris, France, and has been in operation since 2007. The 
system has 1,800 stations and around 20,600 bicycles. It represents an alternative and an addition to the 
urban public transport, both for transportation and for population leisure. The Paris Vélib' is operated and 
managed by a private company, but it is an initiative of the city hall. The city hall is responsible for 
infrastructure maintenance and expansion, necessary for the proper system operation. The services 
provided by the private company include the bicycles and stations availability, equipment maintenance, 
daily bike redistribution between the stations, and customer service. The system operates 24 hours a day, 
seven days a week and allows customers to withdraw a bicycle at a station, use it for a period of 30 
minutes and return it to any of the 1,800 stations across the city. When the customer uses the bike for an 
extra time, additional fees are charged. However, the customers can return the bike at any station and rent 
another in the sequence. The rental plans vary to adapt to different customer profiles and needs. The 
purchase of short-term tickets can be made at stations, through credit cards. For Paris metropolitan 
transport users that have a specific card, it is possible to use it in the Vélib' system. 
   In both systems it is possible to identify products and services developed as part of an integrated 
system. Different actors such as the city hall, the companies (service providers), the population, and the 
financing agents represent the actors' network. It worth pointing out that the both systems are dependent 
on a supporting infrastructure such as stations, public spaces, and bike paths. The main service on both 
PSS is the provision of bicycles for transportation purposes. Equipment maintenance and customer 
service also support the system. 
   Three main products were identified in both systems for comparison: bicycles, stations and support 
vehicles. Concerning the bicycles, in both systems they are distinct from common bicycles, by the color 
(Bike Rio) and by the design (Vélib'). Both also carry RFID identification tags. The bikes from Bike Rio 
are manufactured in aluminum, while in the Vélib' they are manufactured in steel. Regarding the stations, 
there is a panel for customers and system interaction in the Vélib' system. In the Bike Rio, the customer 
interface with the system is made by a website and the stations are powered by solar energy. With respect 
to the support vehicles, they are used for transporting and supplying bicycles among stations. 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 68 

   Concerning the services, the main service (the bicycle provision) is offered all day in the Vélib' system 
while in the Bike Rio it is available 18 hours a day. Furthermore, the integration with other urban 
transportation is only possible in the Vélib' system. In both systems the customer pays only for the time 
the product is actually used, but only credit cards are accepted. Through the analysis of PSS 
characteristics, some issues related to the PSS sustainable potential have been identified and are presented 
in next. 
 
  
4.1 Bike-sharing systems sustainable potential 
 
Both bike-sharing systems are less polluting options than conventional transportation modes, and can 
provide many sustainable benefits (Table 1). The Bike Rio system is part of a low-carbon development 
program. This unprecedented program, launched at the Rio + 20 is a partnership between the city of Rio 
de Janeiro and the World Bank, and is certified by ISO 9001 quality standard. The program aims to 
accumulate the carbon credits generated in the main city sustainable programs (World Bank, 2012). For 
the future, the idea is to sell these credits on the international market. Thus, in addition to environmental 
benefits, the project will provide economic benefits that will be converted into social investments in the 
city (World Bank, 2012). So far, the system has accumulated 1,760.60 tons of carbon credits 
(Mobilicidade, 2014). 
 
 
Table 01 
Bike-sharing systems sustainable benefits. 
 
 

Sustainable aspects Vélib' Bike Rio 
Pollutants emission reduction y y 
Fossil fuels consumption reduction y y 
Maintenance to extend the product life  y y 
Bikes designed to be more durable y y 
Renewable energy use  n y 
Competition n n 
Affordable costs to the customer y y 
Inclusion in the public transport system y n 
Alignment with the city planning y y 
Customer use and acceptance y y 
Health promotion y y 
Business competitiveness y y 
Stakeholders gains y y 

Source: developed by the authors, based on the collected data (y – ‘yes’; n – ‘no’). 

 
   In addition, the Bike Rio system uses solar energy to meet the demand required for the system 
operation, contributing to energy consumption reduction, since solar energy is a clean and a renewable 
source. Regarding resources use, periodic maintenance allows increasing the bicycle useful life, 
generating less waste and therefore reducing resources use to manufacture new bicycles. In the Vélib' 
system, the vehicles for bicycles transport between stations are electric (Hemne et al., 2010), which also 
contributes to minimizing greenhouse emissions.  
   In the social dimension, the bike-sharing systems allow customers access from all economic levels and 
represent a transportation alternative for emerging contexts. In the Vélib' system, there is a reduction fee 
program to the beneficiaries of free public transport in Paris. It also offers convenience, flexibility and 
mobility to the population and promotes physical activity and health. The reduction of transport time in 
major cities is another benefit. Both systems have accessible costs, and in the Vélib' system, which 
hasmore stations and bicycles the cost to the user is practically the cost of registration, since almost every 
300 meters there is a station to pick up and drop off the bike, enabling the user to make a return before 30  
minutes. Another benefit that Vélib' system offers is the system's integration with other public transport 
modes. The Bike Rio allows connection to other transport modes, but is not integrated from the point of  



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 69 

view of pass payment and is still restricted to a certain city region. The acceptance of the PSS by 
customers is positive. In Rio de Janeiro, it has been held 4,890,794 trips so far (Mobilicidade, 2014) and 
this number grows daily. In the Vélib' system, in a survey performed with 853 customers in 2009, 94% of 
the system' users were ‘satisfied’ with the service, and more than 50 million locations had been held since 
PSS launching (Hemne et al., 2010). As both systems have partnerships with the municipal governments, 
the two PSS are aligned with the city's planning and have the potential to improve the community 
environment. 
   In the economic dimension, PSS allows gains to all stakeholders. The customer has benefits because the 
price is affordable, smaller than the use of other public transport modes (in Rio Bike the cost to the user is 
US$ 3.50 monthly, limited to 60 minutes use between pick up a bicycle and drop off it in a station, but 
with unlimited use). In the Vélib' the cost is around US$ 2.7 per month (29 € per year) for unlimited use, 
but limited to 30 minutes between bicycle pick up and return it to a station. In the Bike Rio, the sponsor 
bank and the company have profits from the bicycles renting as well as the publicity. Society in general 
wins with a complementary system for urban transport and with the benefits of carbon credits. In the 
Vélib' system the actors earnings are similar. In both systems there is no other companies offering the 
same type of service, i.e. there is no competition. These PSS models bring sustainable benefits, being 
seen as sustainable solutions. Finally, next section presents the main conclusive points of this work. 
 
 
5 Conclusions 
 
Due to the environmental impacts associated with vehicles usage, it is necessary to develop new 
environmentally-friendly mobility strategies. The bike-sharing systems under study represent a promising 
initiative to increase sustainable transport supply in urban contexts. They allow achieving many 
environmental, economic and social benefits and their implementation on a global level is expanding in 
recent years. 
   The analysis and comparison between the solutions demonstrated differences in both systems like 
integration with other transport modes and renewable energy usage that may affect customer acceptance 
and PSS sustainable performance. Customer behaviour, acceptance and satisfaction need further study. 
Understanding the real factors that motivate customers to use a bike-sharing system can be useful in 
efforts to spread its future use and can help in the understanding of the motivating factors and barriers to 
PSS acceptance. These factors can be translated into design strategies to facilitate the PSS introduction, 
and they are important research gaps that must be explored in future work. 
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Alliance Taxonomies: 
A Literature Review 
 
Barbic F1, Cagliano R2, Hidalgo A3 
 
 
Abstract: The literature on inter-firm forms of governance have been studied from different theoretical 
perspectives and has grown extensively in last few decades. Inter-firm forms of governance present a 
broad array of collaborative relationships, such as joint ventures, strategic alliances, buyer-supplier 
agreements, networks, trade associations and consortia. The aim of this paper is to describe existing 
alliance taxonomies, to identify main variables that influence formulation and functioning of particular 
form, and to provide practical implications for practitioners when choosing governance form for 
collaborations. Purpose of this paper has been accomplished through review of relevant literature on 
governance forms from different theoretical perspectives. 
 
Keywords: alliance taxonomy; governance forms; governance structures; strategic alliances;              
literature review.  
 
 

 
 
1 Introduction 
 
Information revolution reduced costs of coordination, communication and control. As a result, we 
witnessed an increased externalization of transactions and greater specialization in organizations. Large, 
multipurpose companies were replace by networks of smaller, specialized organizations. Different types 
of inter-firm organizations emerged, such as strategic alliances, joint ventures, networks, consortia, 
buyer–supplier partnerships, trade associations and others (Gulati, 1998). The aim of this paper is to 
review existing alliance taxonomies and the main variables that influence formation and functioning of 
particular form, and to provide implications for practitioners when choosing governance form for their 
collaborations. Inter-firm forms have been studied from several theoretical perspectives (Contractor and 
Lorange, 1988); such as transactional cost theory (Williamson, 1991), the resource-based view (Gulati, 
1998), the resource dependence theory (Pfeffer and Salancik, 1978), the relational view (Dyer and Singh, 
1998), property right theory (Hart and Moore, 1990), trust (Zaheer, et al., 1998) and organizational 
sociology (Granovetter, 1985). Various branches of social science that contributed to literature on inter-
firm relationships often used different terminology what make systematic examination of the field 
difficult. Mostly used terms in literature are: “hybrids”, mostly in economics (Makadok and Coff, 2009; 
Ménard, 2004; Williamson, 1991); “alliances”, mostly in management (Doz and Hamel, 1998; Gulati, 
1998; Lavie, 2007); and “networks”, mostly in sociology (Granovetter, 1985; Phelps et al., 2012). Other 
terms, such as plural (Cannon et al., 2000), intermediate (Kasch and Dowling, 2008), or non-standard 
forms (Helper et al., 2000) can also be found. Additional problem in effective dissemination of literature 
presents usage of same term for many different things (Grandori and Soda, 1995). Even at the early stage 
on inter-firm research, Nohria and Eccles (1992) state that term “network” lost its precision. Term 
network is widely used in many other fields of science, ranging from neural science to electrical 
engineering and programming. 
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2 Method of Enquiry 
 
Our study provides a transparent overview of existing alliance taxonomies. We had to be very selective 
with inclusion criteria due to extensive literature related to the topic in question. As an example, the 
inclusion of the search term “alliance” return more than 10,000 articles. We restricted our research on 
publication in most cited peer-reviewed journals related to alliance literature: Strategic Management 
Journal, Long Range Planning, Organization Science, Organization Studies, Academy of Management 
Review, Academy of Management Journal, Administrative Science Quarterly, Journal of Management, 
Journal of Management Studies, Management Studies, Journal of Law, Economics, and Organization, 
Research Policy, California Management Review, Harvard Business Review, MIT Sloan Management 
Review. We searched the Web of Science database without time limit restriction. The selected subject 
areas were Sociology, Business and Management. To be include in review papers had to propose new 
alliance taxonomy or made strong contribution to alliance taxonomy to be included in review. We 
searched terms consist of different combinations, wordings and spellings (UK/US) related to alliance 
taxonomies in paper’s title, abstract and keywords: (alliance; network; hybrid; inter-firm; governance; 
form*; structure; mode; typ*; taxonomy*). This search provides 102 papers. After a reading of abstracts, 
61 papers were discarded because they do not propose new alliance taxonomy or make strong 
contribution to alliance taxonomy. After further reading of full papers, we additionally discarded 26 
papers, which left us with final sample of 15 papers. 
 
 
3 Alliance Taxonomies 
 
There are few existing taxonomies of alliance governance forms. One of the first taxonomies is one found 
in Pfeffer and Salancik (1978), routed in resource dependence theory. Authors use critical uncertainty and 
interdependence, asymmetry in resources and information controlled as variables predicting choice of 
governance structure. Pfeffer and Salancik’s (1978) typology consist of joint ventures, interlocking 
directorates, associations and cartels, and social and personal networks. 
   Probably most fruitful theory in explaining alliance forms is transaction cost theory. After initial refusal 
to accept alliance forms as something better than second best choice between market and hierarchy, 
research routed in the transaction cost theory produced important contributions to literature on 
governance structure choice. Transaction cost economics contribution to literature on choice of 
governance structures is mostly related to characteristics of alliance activities and transactions (Pisano, 
1989; Williamson, 1991; Oxley and Sampson, 2004). Earlier studies in transaction cost economics mostly 
focused on ownership as main dimension that distinguish markets from hierarchy (Pisano, 1989), with 
later studies adding authority and incentives (Holmstrom and Milgrom, 1994; Williamson, 1991) as key 
dimensions distinguishing markets from hierarchy. Researchers (Pisano, 1989; Oxley, 1997; Sampson, 
2004) also found evidence that increase in scope of activities within an alliance lead to adoption of more 
hierarchical governance structures. Furthermore, research based in transaction cost theory suggests that 
transaction attributes such as asset specificity, uncertainty, and transaction frequency represent important 
variables for choice of governance structures. Wider organizational literature has identified a number of 
other transaction and task-related attributes that influence governance structures, such as transaction 
volume, transaction duration, and task complexity (Ebers and Oerlemans, 2013). Exploring the alignment 
of transactions and governance in R&D alliances, Sampson (2004), found that firms entering into 
alliances face considerable moral hazard problems. Using transaction cost, Contractor and Lorange 
(1988) found that degree of organizational interdependence is important variable to split alliance forms on 
equity joint venture, development or coproduction, non-equity corporative agreements in R&D, 
management or marketing service agreement, know-how licensing, production assembly and buy-back 
agreements, technical training and start-up assistance. Pisano (1989) use equity ownerships to distinguish 
between equity and non-equity alliances. Under equity alliances he included equity joint ventures and 
minority equity, and under non-equity alliances unidirectional agreements and bidirectional agreements. 
Oxley (1997) argue that a long list of features, such as formal and informal monitoring, provision for  
third-party arbitration, details about control rights and extend of effective hostage exchanges built into the 
agreement, are necessary to make fine-grained taxonomies. He identified three broad categories of 
governance forms according to how they deal with contractual hazards and appropriability. These are 
unilateral contractual agreements (e.g. unilateral licensing agreements, long-term supply contracts, R&D  
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contracts); bilateral contractual agreements (e.g. technology sharing or cross-licensing agreements and 
joint research agreements); equity-based alliances (e.g. joint ventures and research corporation). Oxley 
(1997) hypothesise that firms will apply more hierarchical governance form if they are involved in 
product or process design, than if they are involved in only production or marketing; if they have broader 
common product range or cover wider geographical scope; if number of partners involved in alliance is 
higher; and less hierarchical if partners are involved in multiple alliances. Basing their study in 
transaction cost economics Gulati and Singh (1998) disputed appropriability hazard as predictor of 
alliance form. They argued that anticipated coordination costs are better predictor since they include role 
of trust. Their typology goes from joint ventures, which is separate entity in which each partner owns a 
part of equity; to contractual alliances, with no shared ownership but joint activities coordinated through 
negotiations; and minority alliances in the middle, in which one or several partners take minority equity 
in the other(s). Ménard (2004) argues that various governance structures are contingent to forces that 
favor alliance structure (uncertainty and complexity) and degree of centralization/control needed to 
provide autonomy of partners. He use two-dimensional chart with pooled rights and strategic resources on 
one axis and decentralization of coordination/control on other axis to distinguish between alliances. On 
one side of the spectrum, close to spot markets are information-based networks and on other are strategic 
centers, close to hierarchies. Limitation of presented theories is that they treat alliance forms of 
governance as intermediate forms between pure market and pure hierarchy (Hennart, 1993; Holmstrom 
and Milgrom, 1994). Makadok and Coff (2009) distinguish between intermediate and hybrid forms, 
defining first as having same intensity in all dimensions that distinguish markets from hierarchy, and 
second as market-like in some dimensions while simultaneously hierarchy-like in others. Using authority, 
ownership and incentives as key dimensions, they developed a theoretical model that predicts appearance 
of particular governance form. Makadok and Coff (2009) leave possibility that other mechanism, like rent 
seeking, property rights, incentive systems, and adaptation, (see Gibbons, 2005), may also explain 
alliance forms. 
 
   Apart from transaction cost economics, resource based view (Gulati, 1998) made huge contribution to 
literature on drivers influencing the choice of alliance governance structures. Das and Teng (2000) argue 
that resources profiles of partner firms are main determinant of preferred governance structure. Choice of 
the particular governance structure depends on how resources of the two parties are mixed-up in the 
relationship. They identify four categories of alliance governance forms: unilateral contract-based 
alliances, bilateral contract-based alliances, minority equity alliances and equity joint ventures. Das and 
Teng (2000) hypothesize that partner firm will prefer an equity joint venture if its primary resources are 
property-based and its partner’s primary resources are knowledge-based, but minority equity alliance 
when its primary resources are knowledge-based and its partner’s primary resources are property-based. 
In case when both partners’ primary resources are knowledge-based firm will prefer a bilateral contract-
based alliance, and when both partner firms’ primary resources are property-based firm will prefer a 
unilateral contract-based alliance. In same vein, Chen and Chen (2003) combined resources based theory 
with transaction cost model. They classify strategic alliances into two kinds of resource-sharing schemes: 
exchange and integration. An exchange alliance that is similar to out-sourcing and where partners 
exchange resources and then utilize them independently. On the other hand, in integration alliances 
partners pool resources into an organization for a common purpose. They found that whilst transactional 
cost model is powerful in explaining the choice between joint ventures and contractual alliances, the 
resource based view explain choice between exchange and integration alliances. How alliance purpose 
influence choice of the governance form in inter-firm relationships have been well researched. Pangarkar 
and Klein (2001) find that alliances with R&D purposes are more hierarchically oriented than those with 
marketing alliances. Examining manufacturing collaborations, Casciaro (2003) found that industries 
characterized by high scale/scope and learning economies, might have high opportunism hazards leading 
toward a more equity form of governance. Using large data set, Villalonga and McGahan (2005) 
investigate how firms choose among acquisition, alliances and divestiture when expanding firm 
boundaries. Under acquisitions authors include mergers, full or majority acquisitions and minority 
acquisitions; alliances include joint ventures, both equity and non-equity alliances in technology, R&D, 
manufacturing or marketing, and licensing; divestitures include spin-offs and sell-offs. Authors hypo-
thesize that focal firm attributes, attributes of relationship between partners, partner firm attributes, 
transaction attributes and attributes of relationship between transaction and focal firm determines the 
choice among alliances, acquisitions and divestiture, and found support for explanations based on 
resource, transaction cost, internalization, organizational learning, social embeddednes, asymmetric 
information and real options. Using same theoretical perspective, Teng and Das (2008), hypothesize role  
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 74 

of alliances objectives, alliance management experience and internalization of partners as predictor for 
choice of governance structure. Authors make a distinction between joint ventures, minority equity 
alliances and contractual alliances, and found that more hierarchical governance structures may be 
expected in both R&D and marketing alliances, when the partners have limited alliance management 
experience and when partners are not from same country. 
 
   Studies based in organization theory, have highlighted importance of the coordination mechanisms; the 
degree of centralization; and the formalization of decision making for choice of governance structures 
(Ménard, 2004). Grandori and Soda (1995) use formalization, centralization of coordination between 
partners and mix of coordination mechanism as dimensions to distinguish alliances. Authors classify 
alliances as: social networks, relying on personalized relationships; bureaucratic networks, which use 
formal agreements to specify the organizational relationships between allied parties; and proprietary 
networks, based on cross-holding property rights. In its later work, Grandori (1997) use contributions 
from transaction cost economics and agency theory to provide more fine-grained typology of alliances. 
She splits alliance forms based on type of interdependence and mixes of coordination mechanisms used in 
alliances. Under each category established in previous paper, she divide alliances as pooled, intensive, 
sequential and reciprocal. Under social networks can be found “Marshallian” industrial districts, 
differentiated and integrated ID, constellations, and informal ID sub-contracting; Bureaucratic networks 
consist of trade associations, horizontal and research consortia, complex industrial project consortia, 
licensing and concessions, one-way hierarchical sub-contracting, service franchising and two-way co-
makership sub-contracting; and proprietary networks consist of production joint venture in mature 
sectors, R&D joint ventures, profit-sharing ventures and capital ventures. Although model can be used as 
predictor when particular governance structure may be used, it is based on antecedent variables and does 
not take in account dynamics i.e. that interdependence can vary during time. In same vein, Sauvée (2002) 
classified alliances according to whether the allocation of decision rights requires horizontal or vertical 
coordination. Using degree of centralization as predicting variable, Park (1996) classified alliances as 
vertical-bilateral (long-term contracts, licensing, franchising, joint ventures); vertical-trilateral (certain 
long-term contracts, network for plant construction, certain university-industry networks); horizontal-
bilateral (cartels, collusions, R&D consortia, research joint venture, some licensing, joint ventures); and 
horizontal-trilateral (trade associations, some hospital consortia, independent federations). Baker et al. 
(2008) highlight allocation of asset ownership, decision rights, and payoffs as main variables when 
deciding governance structures. They start from issues emphasized by practitioners, namely, spillover 
effects and contracting problems ex post. Their classification goes from mergers and acquisitions to total 
divestitures, with licensing agreements, unstructured collaborations and royalty agreements as 
intermediate forms. 
 
 
4 Conclusion 
 
The literature review reviles that some governance forms have been extensively researched, while other 
are understudied. This does not necessary reflect prevalence of particular alliance form, or its importance 
for business practice. It is possible that prevalence of particular alliance form in literature lie in 
accessibility of data on that particular form. Mayer and Teece (2008) argue that we do not know enough 
about how various forms differ. The cause of that can be found in fact that most of empirical studies focus 
on particular alliance form, with only few attempts comparisons across different alliance forms. 
Moreover, when describing and analyzing governance structures, research has utilized a wide range of 
different dimensions and concepts (Ebers and Oerlemans, 2013). All this lead us to conclude that building 
a coherent analytical framework will be impossible until we discover similarities and differences between 
alliance forms. On the other hand, holistic theory of alliances does not exist. Narrow point of view of 
every single theoretical perspective made important contributions to our knowledge about alliance forms, 
but further progress of the field is possible only by combining different theoretical perspectives of 
alliance forms. Especially promising seams combinations of economic and sociological perspectives. 
From managers’ point of view, it is important that they understand both the advantages and disadvantages 
of every alliance governance structure. They need to take in account contributions from all theoretical 
perspectives when choosing governance form. Inconsistency between drivers and characteristics of 
desirable governance form and the selected governance form can lead to ineffectiveness, and even to 
dissolution or change in governance form. 
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Preliminary definition of an  
enterprise cooperation maturity  
model (ECOMM)  
 
Juan Antonio López-Del-Castillo, Llanos Cuenca1 
 
 
Abstract: The aim of this work is the preliminary design of a maturity model for business cooperation, 
by identifying the key areas that must be measured in the field of business cooperation and preliminary 
definition of maturity levels. Key areas for evaluation are: number of actors involved in decision making, 
level of cooperation, interdependence of the nature of relationships, number of cooperation mechanisms, 
information processing, form of decision, complicity level, objectives / common characteristics, degree of 
benefit among participants, stable relationship of cooperation and interaction force. The key areas are 
evaluated using a five-level scheme: initial, repetitive, defined, managed and optimized. This approach is 
applicable to any type of company involve in a collaborative process. 
 
Keywords: Maturity Model, enterprise cooperation, key areas, collaboration, interoperability. 
 
 

 
 
1 Introduction 
 
Business cooperation is defined as an agreement between two or more independent companies, joining or 
sharing some of their skills and / or resources, without actually merging, establish a degree of 
interrelation, in order to increase their competitive sales. It can be considered that the cooperation 
agreements have three distinctive features: companies that agree to achieve common goals remain 
independent after finishing the agreement; performance control of assigned tasks and benefits are shared 
between partners; and these partners contribute continuously in one or more areas. 
 
   Cooperation between companies seeks to achieve a goal that can not be attained individually, or at least 
not with the same efficiency level. Companies establish cooperative relations with the assumption that it 
is directly linked to generate benefits for participating organizations. 
 
 
2 Cooperation, collaboration and interoperability 
 
This paper will focus mainly on cooperation processes taking place in enterprise networks. Another 
important concept in the relationships established among companies is interoperability. The enterprise 
interoperability is defined as the ability for interaction between companies; such interaction can take 
place at three levels: data, application and business process (IDEAS, 2003). Interoperability could be a 
concept that goes hand in hand with the processes of cooperation and collaboration. In a collaborative 
network environment, integration and interoperability improve the competitive advantages of 
Collaborative Network and the members who compose it. In this context, these concepts become central 
to the achievement of business objectives, objectives in terms of time, quality and costs (Chituc et al., 
2008). Some authors believe that collaboration is a process that involves the sub-process of 
communication, coordination and cooperation. According Schuh et al. (2014), it is characteristic of 
collaboration partner companies which communicate with each other, coordinate their activities and 
cooperate to achieve a common goal. 
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Fig.1  
Collaborative practices scheme.  
(Schuh et al. (2014). 
 
 
   However, other authors define these concepts in a different way, especially when they are compared 
between them. Camarinha-Matos et al. (2005) carry on a comparative between collaboration and 
cooperation with the objective of clarifying the definition and establishing main differential 
characteristics. Cooperation not only refers to the information exchange but also resources shared to 
achieve common objectives. 
 
   Cooperation is achieved through the wok division among participants. In this case, the added value is 
the result of the addition of individual value generated by different participants in an almost 
independently way. A traditional supply chain based on customer-supplier with defined roles in the value 
chain relationships are an example of the cooperative process among its constituents. Each participant 
performs his part of the work, almost independently (although coordinated with others). However, a 
common plan exists, which is not defined together in most cases, but basically defined by a single entity. 
Collaboration is a process in which entities share information, resources and responsibilities to jointly 
plan, implement and evaluate a program of activities to achieve a common goal. This concept can be seen 
as a process of shared creation, ie, as a process in which a group of entities can enhance the capabilities of 
the other. Collaboration includes mutual commitment of participants to solve a joint problem, which 
implies mutual trust and hence involves time, effort and dedication. Individual contributions to value 
creation are much more difficult to determine in this case. The collaborative network of companies is the 
kind of coalition that requires higher levels of integration. In addition to all the features that have 
cooperative networks should be added that companies have common goals, form joint identities and the 
work is done jointly (joint creation). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Key features and integration level in interoperability, 
cooperation and collaboration (Own Source). 
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   Interoperability refers only to information sharing and communication among participants. This concept 
involves the lowest level of integration between companies compared to cooperation and collaboration 
concepts. Finally, collaboration would be at the highest level of integration between companies. 
Therefore, collaboration is not as easily achieved as cooperation and individual value creation 
contributions are much more difficult to determine compared to cooperation. According Arshinder et al. 
(2006), collaboration could be defined as 'working Jointly' (working together), while cooperation is 
defined as 'operation Jointly' (joint task). The following table shows a summary of the main defined 
characteristics of interoperability, cooperation and collaboration. 
 
 
Table 1 
Main characteristics associated to interoperability,  
cooperation and collaboration. 
 
  

Concept Characteristics References 
Interoperability Communication among  participants and information 

exchange 
Interaction capacity between companies , at three levels: 
data, application and business processes 
It represents the ability of two or more systems or 
components to exchange information and to use it 
 

IEEE Standard Computer 
Dictionary (1990); IDEAS 
(2003); Ducq, Y.; Chen, D.; 
Vallespir, B. (2005) 

 

Cooperation 
 

Compatible objectives between participants 
Individual identities working separately (with some 
kind  of coordination) 
Maintaining the legal and economic independence  
among cooperating companies 
Achieving not attainable goal individually 
Compatible objectives in the sense that the results can  
be added or compose in a value chain leading to the  
final product or service    
Work division among participants. Each participant 
performs his part of the work almost independently 
(although coordinated with others) 
Resources, knowledge and skills that each company  
has separately in order to obtain a higher profit share 
Work together (operation Jointly) are performed 
 

Camarinha Matos, L.M., 
(2005); Pinto et al. (1993); 
Camisón Zornoza, C. (1993); 
Oviedo García, M.A. (1993); 
Stuart (2000); (Dussauge y 
Garrette, 1991); (Hord, 1981; 
Roschelle y Teasley, 1995); 
Arshinder et al. (2006) 

 

Collaboration Joint identities. Working together (co-creation) 
The objectives are not only aligned, but there are  
common goals among participating companies 
It is a process that evolves and involves two or more 
entities 
Includes mutual commitment of participants to solve  
a joint problem 
The individual contributions to value creation are  
difficult to determine 
It works together (working Jointly) 

Arshinder et al. (2006); 
Camarinha Matos, L.M., 
(2005); Bedwell, W.L. (2011); 
Child and Faulkner (1998); 
Tidd et al. (2001); Gomes-
Casseres (2003); Tether and 
Tajar (2008); Hipp (2010); 
(Menguzzato, M., 1992); 
Marks et al., (2001) 

 
 
 
3 Enterprise Cooperation Maturity Model (ECOMM) 
 
 
3.1 Key areas 
 
After reading and analyzing eighteen research articles related to business cooperation and interoperability 
between companies, were initially selected 21 key areas. After this initial identification, it has been 
observed that there might be redundancies or overlaps between different key areas. Furthermore, it was 
considered that the Maturity Model should be more useful on a practical level. Therefore, it was decided 
that key areas are the following twelve: 
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Table 2 
Key Areas to be assessed. 
 
 

Key Areas Maturity Model Key areas initially considered Author 
1 Cooperation Form Cooperation  type Gang  and. Zhi-tao 

(2009) 
2 Number of actors involved in 

decision 
Number of actors involved in decision Cuenca et al. (2013) 

3 Cooperation Level Cooperation Level Cuenca et al. (2013) 
4 Interdependent nature of  

relationships 
Interdependent nature of relationships Cuenca et al. (2013) 

5 Nº of cooperation mechanisms Nº of cooperation mechanisms Cuenca et al. (2013) 
Techniques competences  Cheikhrounou, Piot 

and Pouly (2008) 
6 Information processing Information in the process Cuenca et al. (2013) 

Information exchanged Cuenca et al. (2013) 
7 Decision form Decision form Trigo and Vence 

(2011) 
Resource property Cheikhrounou,. Piot 

and  Pouly (2008) 
8 Level of complicity Complicity level Gang and  Zhi-tao 

(2009) 
Partner trust Cheikhrounou,. Piot 

and  Pouly (2008) 
Emotional intensity Gang and. Zhi-tao 

(2009) 
9 Objective/common 

characteristics 
Common objectives Cheikhrounou,. Piot 

and  Pouly (2008) 
10 Degree of benefit among 

participants 
Benefits level Gang and. Zhi-tao 

(2009) 
11 Stability of the cooperative 

relationship 
Stability of the cooperative relationship Chen et al. (2008) 
Commitment validity Gang and. Zhi-tao 
Level of competition between actors Liu and Li (2013) 

12 Interaction force Fuerza de la dependencia de recursos 
(competencia) 

Liu and Li (2013) 

Fuerza de dependencia de los recursos Du and Fu (2011) 
 
 
 
   Next, each key area will be described and it will be explained what is intended to evaluate. An 
important aspect is to determine the cooperation form that exists among the participating companies, as 
each form of cooperation has its own characteristics and usually indicates a lesser or greater degree of 
cooperation among participants. Another important aspect is to identify the actors who take part in 
decisions and their decision-making power. The level of cooperation among companies is a very 
important area to be evaluated. According Gang and Gang Zhi-Tao (2009), the degree of competition-
cooperation relationship among companies can be classified into: super-strong cooperation, strong 
cooperation, weak cooperation, weak competition, strong competition and super strong competition. 
 
   The interdependent nature of relationships refers to the degree of dependence between the different 
actors of cooperation, knowledge of such interdependence and in what respects takes place for each of the 
actors; and if such interdependence is satisfactory to all stakeholders or participants in cooperation. The 
number of cooperation mechanisms refers to the different protocols and procedures laid down in the 
relationship among different participants in a cooperative relationship. The information processing is an 
aspect of increasing importance. According to Chang et al. (2010), the main variables in which firms 
exchange information include: technological capacity of information systems more reliable information, 
information processing, performance on the delivery; and flexibility in billing and payment. The 
decision-making form is an important aspect in the relationship of cooperation among members of the 
same supply chain or among companies which are interrelated. With the Maturity Model, it will be 
intended to assess whether decisions affecting several cooperation partners, if the sequence of decisions 
and their onset is defined, the use and definition of procedures for decision-making; and satisfaction with 
the procedure for decision-making. The level of complicity among the different participants is set based 
resource sharing. They can be human resources, know-how, technology, financial resources and 
intangible resources (reputation). 
 
   A very important part for a cooperative relationship among companies is established is the existence of 
objective and common characteristics between them. The higher the amount of common objectives, 
greater chance of success will the cooperative relationship. According Yang and Ji (2009), firms 
cooperate vertically along the Supply Chain (suppliers, manufacturers, warehouses, distribution centers 
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and retailers) and horizontally among partners / competitors. According to Chen et al., (2008), the 
cooperative relationship among companies is often unstable. The uncertainty caused by market 
opportunities and competition makes companies feel insecure and have to cooperate with each other to 
resist the risk and pressure from the environment. Finally, it has taken into account the Strength of the 
interaction among different firms producing Maturity Model. According Zhi-Tao and Hong (2011), the 
strength of cooperation relationships among enterprises (SCRS) is an indicator that measures the extent of 
the cooperation relations among companies. 
 
 
3.2. Levels 
 
After defining the key areas, it is necessary to define the levels that serve to evaluate each key area of 
business cooperation in this Maturity Model. The maturity levels identified are based on the levels 
proposed in the SECM-Maturity Model (Cuenca, et al., 2013). 
 
Level 1: Initial. Businesses interact occasionally establishing a cooperative relationship. Level 2: 
Repeatable. Businesses interact with some regularity establishing a cooperative relationship, but the 
intensity of the relationship is not very strong. Level 3: Defined. Businesses interact regularly 
establishing a cooperative relationship and the areas where such cooperation occurs are defined. Level 4: 
Managed. Businesses interact regularly establishing a cooperative relationship; the areas where such 
cooperation in the medium to long term occurs are defined. There are complementarities between the 
resources managed by each company. Level 5: Optimized. Businesses interact regularly establishing a 
cooperative relationship;  the areas where such cooperation in the medium to long term occurs are 
defined. There are complementarities between the resources managed by each company; and there is 
interdependence between the resources of each company, since each of the participants in the cooperative 
companies is specialized in a particular resource. 
 
 
 
4 Conclusion 
 
Maturity Models are an important tool that can help the companies to achieve a better positioning of the 
organization and to find better solutions for change. This Maturity Model is a tool that can be used to 
evaluate any cooperation between companies. It will be particularly useful in the case of networks of 
companies or firms operating in the same supply chain, which could mean a breakthrough because the 
trend is to operate at the level of supply chain rather than at the enterprise level individually. By using this 
tool, companies will know what aspects of each key area should be improved to reach a higher level of 
cooperation to enable them to obtain competitive advantages and more profits. We are currently working 
on defining the full model; and validation of the model is done through questionnaires to be made by 
companies in a given sector. 
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Rubric to assess the  
competence of innovation,  
creativity and entrepreneurship  
in bachelor degree 
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Abstract: Innovation has a special value for the survival and development of organizations, especially in 
a changing context. To develop the innovation, creativity and entrepreneurship capacities in students 
enhances their skills. A competency describes what training participants should be able to do at the end of 
the training. The competence is acquired through various learning outcomes to be achieved. Competition 
in innovation is closely related to the ability to propose and implement creative ideas to solve problems, 
ability to create and maintain connections work, etc. In this article is presented a method for measuring 
the competence of innovation, creativity and entrepreneurship in bachelor degree by introducing different 
levels of scope. 
 
Keywords: Rubric, competence, innovation, evaluation. 
 
 

 
 
1 Introduction 
 
This article is part of an innovation and educational improvement project (RECICRE), focusing on the 
definition and implementation of evaluation mechanisms for the acquisition of competence innovation, 
creativity and entrepreneurship and the learning objects project (OAICE), oriented to facilitate the 
acquisition of such competence. The defined rubric can be transferable to different subjects in different 
bachelor degrees.  
The project has been developed in collaboration with the European IDEA Tempus project which aims to 
improve the integration of knowledge in the interdisciplinary area of Engineering, Design and Business in 
higher education from an industrial perspective, improving innovation and as improving education-
industry relations. The motivation for this proposal is to contribute to systematic evaluation mechanisms 
to ensure the acquisition of competence dimension, innovation, creativity and entrepreneurship. 
 
 
2 Innovation development 
 
The overall objective was extended in several detailed objectives. Each of the detailed objectives was 
carried out by one or more activities developed by the research team. Activities sequencing has allowed 
interactions between them to complete the desired objective. One and two activities followed the 
literature review process for learning outcomes related to innovation competence for bachelor degree and 
master. It was conducted via Google Scholar (scholar.google.es) and Scopus; also including the 
preliminary list of learning outcomes of the sciences institute of innovation (Ice, 2013) and results of the 
Tempus project (Tempus, 2014). For the development of the rubric (activity three) and following the 
similarity that they have with maturity models, the methodology defined in (Cuenca et al., 2013) was 
applied. Key areas (in this case learning outcomes) and the description of each one of the scope levels 
were identified. The development of the activity three (definition section) can lead to rethink the 
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definition and/or writing learning outcomes, and the results of the activity four (validation) may imply a 
better definition. Finally the review and closing allows evaluating the results and proposing actions to 
improve the validation and/or definition of the rubric. 
 
 
3 Findings 
 
The results obtained in the project are directly related to the activities and have allowed assessing their 
compliance. The rubric was designed to assess the learning outcomes in bachelor degree associated with 
innovation, creativity and entrepreneurship competence. We have established the relationship between 
competencies, learning outcomes and learning objects (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Structural model of competences  
(adapted from Cuenca et al., 2014). 
 
 
   Learning outcomes have been classified into different outlooks. The learning outlooks are: creativity, 
enterprising, integrating and forecasting. Important elements associated to innovation (Bapat et al., 2014).  

Creativity 

Generating Ideas (GI):  Coming up with a variety of approaches to problem solving. 

Critical Thinking (GT):  Logically identifying how different possible approaches are strong and weak, 
and analyzing these judgments.  

Synthesis/Reorganization (SR):  Finding a better way to approach problems through synthesizing and 
reorganizing the information. 

Creative Problem Solving (CPR):  Using novel ideas to solve problems as a leader. 

Enterprising 

Identifying Problem (IP):  Pinpointing the actual nature and cause of problems and the dynamics that 
underlie them. 

Seeking Improvement (SI):  Constantly looking for ways that one can improve one’s organization. 

Gathering Information (GI):  Identifying useful sources of information and gathering and utilizing only 
that information which is essential. 

Independent Thinking (IT):  Thinking ‘outside the box’ even if this sometimes may go against popular 
opinion. 

Technological Savvy (TS):  Understanding and utilizing technology to improve work processes. 

Integrating Perspectives 

Openness to Ideas (OI):  A willingness to listen to suggestions from others and to try new ideas. 

Research Orientation (RO):  Observing the behavior of others, reading extensively, and keeping your 
mind open to ideas and solutions from others. Reading and talking to people in related fields to discover 
innovations or current trends in the field. 

Collaborating (C):  Working with others and seeking the opinions of others to reach a creative solution. 

Engaging in Non-Work Related Interests (ENWI):  Being well-rounded and seeking information from 
other fields and areas of life to find novel approaches to situations. 
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Forecasting 

Perceiving Systems (PS):  Acknowledging important changes that occur in a system or predicting 
accurately when they might occur. 

Evaluating Long-Term Consequences (EC):  Concluding what a change in systems will result in long-
term 

Visioning (V):  Developing an image of an ideal working state of an organization.  

Managing the Future (MF):  Evaluating future directions and risks based on current and future 
strengths, weaknesses, opportunities and threats. 
 
   Managing Change perspective is also included in Bapat’s model, but in this case there no exist any 
outcome learning associated. 
   The following table shows the rubric defined. 
 
 
Table 02 
Rubric to assess the competence of innovation, creativity  
and entrepreneurship in bachelor degree. 
 
 

C
R

E
A

T
IV

IT
Y

 

Learning outlook/Results  Level 1 Level 2 Level 3 Level 4 

GI 
Providing suggestions about 

ideas, situations, cases or 
existing problems. 

Suggestions haven’t 
been forthcoming. 

A few suggestions have 
been provided but they 
are only relevant in 
specific cases. 

Some suggestions have 
been made. They are 
quality appropriate and 
relevant in several cases. 

Suggestions have 
been made which 
show good quality 
and can be widely 
applied. 

CT 
Evaluating the real-life 
scenario where the new 

method crops up 

It hasn’t been 
evaluated. 

A brief assessment has 
been carried out at a low 
level of detail. 

A number of evaluations 
have been carried out to 
an appropriate detail 
level. 

A broad 
evaluation has 
been carried out to 
a high detail level. 

GI Finding new methods and 
processes to do things 

New methods and 
processes haven’t 
been found as yet. 

The newly discovered 
methods and processes 
are restricted. 

The newly discovered 
methods and processes 
are quality-appropriate. 

The newly 
discovered 
methods and 
processes are of 
good quality. 
 

CRS Experimenting with new 
processes. 

Trying new ways of 
doing things hasn’t 
even been 
considered. 

A process that could be 
executed in different 
ways has been identified 
but the potential 
alternatives are only 
described categorically. 

The activities that could 
be changed have been 
identified defining a new 
process and the potential 
alternatives. 

New processes 
have been 
outlined and also 
a way to measure 
their efficiency.   

GI 
Familiarising yourself with 
the tools and techniques of 

ideas generation 

Idea generation 
tools and techniques 
are unknown. 

There is a vague 
understanding about idea 
generation tools and 
techniques.  

There is a deep 
understanding about the 
most relevant idea 
generation tools and 
techniques but they 
haven’t been used.  

There is a deep 
understanding 
about the most 
relevant idea 
generation tools 
and techniques 
and most of them 
have been used. 
 

S/R Embodying the  generated 
ideas formally 

The generated ideas 
are not 
comprehensible 
because they 
haven’t been 
expressed clearly. 

The generated ideas are 
comprehensible but the 
way in which they have 
been described is 
unsuitable. 

The generated ideas are 
comprehensible. The 
way they have been 
described is suitable but 
lacking precision. 

The generated 
ideas are 
comprehensible 
and they have 
been described in 
a suitable and 
formal way. 

GI 

Proposing ideas and 
innovative solutions in terms 
of both content and 
procedures for   applying 
them. 

No ideas or 
innovative solutions 
have been proposed. 

The content of some idea 
or innovative solution 
has been proposed but 
the process of applying 
them hasn’t been 
specified. 

The content of various 
ideas and innovative 
solutions has been 
proposed as well as the 
outline of the process to 
apply them. 

The content of 
various ideas and 
innovative 
solutions has been 
proposed and the 
application 
process has been 
clearly outlined. 
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CPS 

Utilising creativity techniques 
to provide and reason   good 
quality ideas which are 
original or unconventional. 

Creativity 
techniques are not 
utilised to analyse 
and solve problems. 

Creativity techniques are 
utilised at times. On less 
than 50% of occasions. 

Creativity techniques are 
frequently utilised. 
On more than 50% of 
occasions. 

Whenever 
necessary, 
creativity 
techniques are 
utilised to analyse 
and solve 
problems. 

GI 

Putting forward good quality 
and suitable contributions to 
tackle situations and problem 
solving. 

Suitable 
contributions have 
not been provided. 

Suitable contributions 
have been provided and 
some are good enough 
to tackle potential 
problems. 

Suitable contributions 
have been provided and 
they are good enough to 
tackle existing situations.   

Suitable 
contributions are 
provided to high 
quality level and 
correlated to 
existing situations 
and problems. 

CT 
Finding the constraints and 
weak points in their processes 
and working methods. 

Only a description 
of the working 
processes and 
methods is provided. 

A critical analysis is 
undertaken. 

Constraints and weak 
points are identified. 

Constraints and 
weak points are 
understood. 

E
N

T
R

E
PR

E
N

E
U

R
SH

IP
 

Learning outlook/Results Level 1 Level 2 Level 3 Level 4 

SI 
Analysing an existing 
situation and identifying 
areas for improvement. 

The analysis of the 
situation was limited 
and areas for 
improvement were 
not identified. 

The analysis of the 
situation was 
appropriate but the 
identification of areas 
for improvement was 
limited. 

The situation was 
appropriately analysed 
and the identification of 
areas for improvement 
was completed. 

The analysis of 
the situation and 
the identification 
of areas for 
improvement was 
completed and 
increased over 
time. 
 

SI 
Searching new procedures 
and methods in order to do 
things. 

Current procedures 
and methods have 
been identified but 
new procedures 
weren’t sought. 
 

The search for new 
procedures and methods 
is limited, unfinished 
and lacks in detail. 

The search for new 
procedures and quality 
methods shows an 
adequate quality. 

New procedures 
and methods were 
searched that were 
constant in time 
and duplicable. 

SI Thinking up new ways of 
doing things. 

New ways to make 
things haven’t been 
identified. 

A new way of doing 
things has been 
described, although the 
pros and cons are not yet 
understood. 

Two or more new ways 
of doing things have 
been described, but not 
all the pros and cons are 
understood as yet.  

Two or more new 
ways of doing 
things are 
described and all 
the pros and cons 
are understood.  
 

IN
T

E
G

R
A

T
IO

N
 

Learning outlook/Results Level 1 Level 2 Level 3  Level 4 

C Expressing to someone else 
the generated ideas. 

There isn’t a 
predisposition for 
expressing new 
ideas. 

The generated ideas are 
expressed at certain 
times and in reduced 
group sizes. 

The generated ideas are 
expressed in most cases 
in more extended groups.  

The ideas 
generated are 
always expressed 
to and amongst all 
groups. 

RO 

Incorporating knowledge 
from a variety of disciplines, 
sources or fields in order to 
develop innovative ideas to 
apply in current or future 
situations. 

Acquired 
knowledge from 
other fields is not 
integrated, 
preventing the 
development of 
innovative ideas. 

A few innovative ideas 
have developed as a 
result of integrating a 
variety of disciplines 
and fields. 

Most of the innovative 
ideas have developed as 
a result of integrating a 
variety of disciplines and 
fields. 

Knowledge from 
a variety of 
disciplines, 
sources and fields 
is always 
integrated 
resulting in the 
development of 
innovative ideas. 

PR
E

D
IC

T
IO

N
S 

Learning outlook/Results Level 1 Level 2 Level 3  Level 4 

EC Identifying the innovation 
results. 

The innovation 
results are not 
identified. 

Some innovation results 
are identified but they 
are limited and lacking 
in detail. 

The identified innovation 
results are complete and 
show good quality.  

The identified 
innovations 
results are 
complete, show 
good quality and 
show an increase 
over time. 

EC 

Considering who is going to 
be affected by the 
innovation, and in what 
way(s). 

Is rarely considered 
who and how is 
going to be affected 
by the innovation. 

At times is described 
who and how is going to 
be affected by the 
innovation. 

In most cases is 
described who and how 
is going to be affected by 
the innovation. 

In all cases it is 
described who is 
going to be 
affected by the 
innovation, and in 
what ways. 

MF Assessing innovation risks 
and benefits. 

Some risks and 
benefits are 
identified in a 
limited way.  

An assessment is carried 
out to analyse the 
probability and potential 
repercussions of each 
risk or benefit.  

An integral assessment 
of risks and benefits is 
carried out. 

Risks and benefits 
are prioritised. 
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4 Conclusions 
 
Rubrics facilitate the measurement of student performance in those areas that are complex to evaluate, 
through a set of graduated criteria for assessing learning, knowledge and/or skills gained by the student. 
The main advantage of this technique for students is to show them the different levels of achievement that 
can be achieved in a job, providing the aspects that must be met to achieve higher skill levels. Moreover, 
rubrics allow teachers an objective, fair and impartial evaluation by a scale that measures the skills and 
student performance. The innovation strategy followed in the project is highly transferable because 
address one of the generic competences and is not centered in the particular case of a subject. Finally it 
should be noted the importance of developing appropriate learning objects to facilitate the student's 
acquisition of skills, activity that is being developed under the educational innovation project OAICE. 
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Why Brazilian Women are not  
on Top: The Work-Life  
Reconciliation Hypothesis 
 
Agostinho M1 
 
 
Abstract: The female presence in middle management is already significant in Brazil.  Yet, women hold 
only 7% of the board seats. Why are there so few women in corporative top ranks?  Is it possible that 
prejudice and sexism work selectively, allowing women to ascend not beyond a certain point in corporate 
hierarchy? This paper rejects such perspective and aims at understanding the dynamics that drive women 
against the executive suite.  The premise beneath this research is that women are not victims, but 
autonomous individuals. In order to test the hypothesis of Brazilian women choosing not to ascend, the 
first step was to analyse IBGE2 data on work force and employment. Thereafter, the research explores the 
possibility that organisational dynamics is a major factor for women to deal with work-life issues. Studies 
of scientific organisations shows that flexibility helps conciliate work and life.  The conclusion is: if 
corporations could emulate the scientific organisational environment, probably they would not only 
attract more women to the executive suite, but also adapt to a transforming society. 
 
Keywords: Women; top-management; work-life balance; work organisation. 
 
 

 
 
1 Introduction 
 
The board of directors has been, in most cases, a male-exclusive space.  In Brazil, it is not different.  
Women hold only 7% of the board seats of Brazilian companies (IBGC, 2011).  This number, however, is 
not so low if compared with other countries.  Although in Norway and Sweden women occupy more than 
one third of the positions on the highest levels, in many developed countries, the number of women at the 
top of the corporations ranges between 1% (Japan) and 15% (US).    
   The fact that it is rare to find women in top management positions has often been treated with sexist 
bias.  Some authors argue that the lack of opportunities results from the old prejudice that pushes women 
towards so-called female occupations (Thiry-Cherques, 2003).  According to this point of view, those 
occupations are not so well regarded as male ones and, therefore, their salaries – for women and men 
alike – are lower than salaries of typical male occupations. Others defend regulations that oblige 
organisations to promote a certain amount of women to high positions as a way to compensate them for a 
social injustice. In any case, those arguments imply that women are victims or, at least, passive 
individuals. 
   Since the 80’s, literature has presented several arguments in favour of genre diversity among board 
members (Smith et al, 2006).  Moreover, women have been proving their competence in many fields and 
the job market already recognizes their superior educational background. The female presence in middle 
management is already significant.  Hence, why are there so few women (Brazilian, in particular) in 
corporate top ranks? Is it possible that prejudice and sexism work selectively, allowing women to ascend 
not beyond a certain point in the corporate hierarchy where their leadership is useful, but not too powerful 
to threat men on board? 
   This paper rejects such perspective and aims at understanding the dynamics that drive women against 
the executive suite. The premise beneath this research is that women are not victims, but autonomous 
individuals capable of acting in accordance to their judgement.  Therefore, the focus is on aspects that 
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distinguish middle management from the highest positions and could make an eventual uprising less 
attractive for them. 
 
 
2 Methodology 
 
In order to test the hypothesis of Brazilian women choosing not to ascend, the first step was to analyse 
IBGE 3  data on work force and employment. Then, it was possible to identify women’s behaviour 
regarding education, occupations, and turnover. 
   As turnover is a key-concept for the issue of career progress, the next step was to research the 
international literature, focusing on female turnover – mainly in top management. The results pointed to a 
relation between female turnover and work-life balance, suggesting that it tends to be higher than male 
turnover. Considering that such results may imply some cultural bias, it was decided to prioritize research 
papers from countries culturally similar to Brazil. 
   Thereafter, a study conducted in Portugal (Brandão, 2013) became an important reference to the present 
research. Investigating work in a scientific institute in Lisbon, the author did not observed any difference 
concerning female or male turnover. Such atypical findings provided the insight – explored here – that 
organisational dynamics is a major element for women to deal with work-life issues.   
   Previous researches on how scientific laboratories (Latour & Woolgar, 1997) and science-based 
companies (Agostinho, 1994) are operated suggest a remarkable difference between knowledge-based 
institutions and business corporations. Such differences in organisational cultural result in different 
workplace rules, which tend to be more favorable to flexible work arrangements. This would explain why 
many talented female managers quit their jobs in big promising corporations, changing to nonprofits 
agencies and educational institutions, or even risk themselves as self-employed.    
   This insight guided the interpretation of statistic data and the discussion of results. 
 
 
3 Women at Work 
 
More educated and in charge of their fertility control, women started the twenty-first century with a 
strong participation in the labour market. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Economically active population in Brazil 
years 1991, 2000 and 2010. 
 
 
   It is worth to note how intimate decisions – as having children – reflect upon aggregate numbers. In 
1950, women had six children on average and they represented only 14.7% of the economically active 
population (Agostinho & Lopes, 2014). In 2009, however, the fertility rate in Brazil had already fallen to 
1.94 children per woman, when women participation reached 44% of the economically active people.  
Yet, more than half of the economically active population is still male (56% in 2010). (IBGE - Census, 
SIDRA table 616)4 

                                 
3 Brazilian Institute of Geography and Statistics. 
4 http://www.sidra.ibge.gov.br/bda/tabela/protabl.asp?c=616&z=cd&o=2&i=P 
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Table 1  
People available for work  
Source: IBGE – PNAD Oct-Dec 2014.  

 
Sex Working-age 

population (million) 

People in the 
labour force 
(million) 

People in work 
(million) 

Total 163.151 99.326 92.875 

Men 77.670 56.091 52.977 

Women 85.480 43.235 39.897 

 
 
   It is important to consider the absolute numbers.  As shown on table 1, the quantity of women old 
enough to work is higher than the quantity of men with the same age.  However, only half of them are 
willing to look for work.  On the other hand, 72% of men are encouraged to find a job.   It means that, in 
Brazil 2014, there are only 43 million women available for work, for any reason.  It is worth to stress that, 
at the same time, 56 million men compete for a position in the job market. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig.2  
Proportion of men and women in the job market – Brazil Oct-Dec 2014. 
 
 
   Considering the numbers represented on figure 2, nowadays, the proportion of women and men who are 
in work is approximately the same as those in the labour force (43% / 44% for women and 57% / 56% for 
men). Therefore, it seems unlikely that job market expresses any prejudice or restrictions against female 
workers. 
   Furthermore, figure 2 also shows that the jobs held in companies are not a reality for most of working 
women. In that particular environment, 63% of employees are men. Although there are almost 40 million 
working women in Brazil, just 12 million5 of them work in companies.  In other words, 70% of such 
women have a different employment status.   
   Regarding the status of employment, table 2 reveals important differences between female and male 
decision-making. 
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Table 2  
Employment status 
Source: IBGE – SIDRA table 34616. 

 
 Women % Men % 
Employed with contract 44% 46% 
Employed without contract 23% 18% 
Self-Employed 17% 25% 
Civil service (including military) 7% 4% 
Subsistence worker 4% 4% 
Unpaid worker 3% 1% 
Employers 2% 2% 

 
 
  Such statistics show that many women prefer civil service (7%) to a corporate career.  The fact that only 
4% of men go to civil service (including military) may suggest that women seek greater flexibility, but 
with less risk. However, women’s aversion to risk is not so high, since 23% of women (against 18% of 
men) accept jobs without a contract.  Thus, when they have to choose between flexibility and labour 
rights, women seem to stay with the first.  The importance of flexible hours can also explain why so many 
women decide to work independently, as self-employed (17%) or employers (2%).  But these numbers 
expose another important female trait: altruism.  Unpaid work is three times more prevalent among 
women than among men, showing that female activity cannot be fully understood by the logic which 
governs corporate career success. 
 
 
4 A Matter of Availability 
 
Traditionally, women are in charge of family issues.  Until some decades ago, maternity was seen as the 
reason why women could not dedicate her time to work as much as men do.  However, the recent fall of 
fertility rate has not changed the protagonist role women play in the family.   Even though many women 
have decided not to have any children, they have not given up on marriage.  According to Brazilian 
official data (Agostinho, 2013), from 2003 to 2010, the number of marriages rose more than 30%.  It 
means that, even if they are not mothers so frequently as before, they continue to be wives. 
 
 
Table 3  
Working hours per age and sex  
Source: IBGE – Census 20107. 

 
 

Sex Hours per week Less than 29 
years old 

30 to 39 40 to 49 50 to 59 More than 60 
years old 

All ages 

Men Less than 40 23% 16% 16% 19% 32% 20% 

40 to 44 47% 49% 48% 47% 41% 47% 

More than 44 30% 35% 36% 34% 27% 33% 

Women Less than 40 35% 31% 33% 38% 52% 35% 

40 to 44 44% 46% 44% 41% 31% 43% 

More than 44 21% 23% 23% 21% 17% 22% 
 
 
 
   The pattern of female working hours reflects women’s duties and joys.  It differs greatly from men’s – 
although, like women, less than half men work the “typical” 40 or 44 hours per week.  It should not be 
surprising that more than 1/3 of women work less than 40 hours per week.  Probably, they would be more 
if those 52% of women over 60 years of age had also formal jobs in which 40 hours work is compulsory.  
In an environment of low flexibility as the Brazilian labour market, the oldest might be taking charge of 

                                 
6 http://www.sidra.ibge.gov.br/bda/tabela/protabl.asp?c=3461&z=cd&o=13&i=P 
7 http://www.sidra.ibge.gov.br/bda/tabela/protabl.asp?c=3582&z=cd&o=17&i=P 
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the care of the houses and the children of the 23% of younger women who dedicate more than 44 hours to 
work each week. 
   In 2010, nearly 8 million women worked more than 44 hours weekly (22% of women in the workforce). 
On the other hand, more than 16 million men were willing to dedicate much of their time to work (33% of 
power male). Therefore, there were twice as many men to take the top corporate positions.  
   In purely quantitative terms, this would be a reason for having more men than women in time-
demanding jobs. After all, men are, at least, more available. Thus, what should be surprising is to see 
management positions equally distributed between men and women. Certainly, the level of education and 
the skills profile has favored women in this competition. 
 
 
5 The Work-Life Reconciliation Hypothesis 
 
If the focus of this research is on the kind of women that could be in the highest corporate ranks, it is 
useful to investigate work-life issues among women of the intellectual elite. After all, education has been 
considered as the main drive to professional ascension. Thus, scientists – in both universities and research 
institutes – become an excellent subject. 
   Two studies help to interpret our findings and to answer why Brazilian women are not on top: one, on 
academic scientists working with 9 universities in the US (Fox, Fonseca & Bao, 2011); another, on 
research scientists working in a technological institute in Portugal (Brandão, 2013). According to the 
American study, the fact of being married or having children under age 6 years increases the probability 
of work to family conflict only among men – not among women.  The authors suggest that women 
scientists with children are highly selective in the way they devote time for work related activities.  
   It is worth to note that being ‘highly selective’ implies that those women have the power to decide when 
and where to perform their work.  In other words, they have autonomy to manage their time, establishing 
priorities according to the changing demands of work and family.    
   Although scientists are also used to work extensive hours, it does not seem to cause a major impact on 
personal life.  Brandão (2013) notes that “it is interesting to note that, despite the scientists/researchers of 
ITQB work 55 hours (...), they do not feel intensely the impact of work on his personal life”.  She 
explains it with the fact that scientists have flexibility.  They can leave the laboratory to solve urgent 
family problems and go on with their work afterwards.  
   Both these studies show the importance of autonomy and flexibility to manage work and family affairs.  
Contrary to university and scientific-based institutions, such things are not common in most companies.  
Even among top executives, a certain kind of “ethics of work” prevails, forcing people – men and women 
– to prioritize work over family.   
   The results presented here suggest that Brazilian women might be choosing not to ascend to the highest 
positions in order to better balance their professional and personal lives.  Moreover, the interactions 
between man and women, both publically and privately, are becoming more symmetrical.  In such 
context, it is reasonable to consider that male and female expectations will converge to the point of 
making corporations review their modes of organizing work towards alternatives that provide autonomy 
and flexibility. 
   Elsewhere (Agostinho, 2003; Agostinho & Castro, 2003), we developed an organisational framework 
whose fundamental aspect is autonomy. The ‘Autonomous Management System’ was designed to support 
teamwork and open communication, incorporating principles of network in the formal structure.  Besides 
producing superior performance, this self-organizing management is able to help reconciliate the spheres 
of work and family which have being in conflict for so long. 
 
  
6 Conclusion: In Search of Autonomy 
 
Since the beginning of the last century, it has been evident the impact of social and psychological factors 
on work.  The entry of women in the labour market enriched the discussion and provided new insights on 
motivation and work organisation.   It also gave evidence to the conflict of work and family.  The central 
argument in this paper is that such conflict is the main reason why so many women choose not to engage 
in top management jobs, mainly in the board of directors. 
  The scientific jobs have rules and dynamics that function as if it workers are presumed to be mature 
professionals adults, who are able to assume their responsibilities.  The corporate jobs – which, in a 
certain sense, descend from industrial proletariat – are not used to rely on the capacity of judgement of 
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the workers.  If corporations could emulate the scientific organisational environment, probably they 
would attract more women to the executive suite and better adapt to a transforming society. 
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Competitive strategies adopted  
by the Brazilian sugar and  
alcohol sector after the 1990s 
 
Vargas J1, Costa V2 
 
 
Abstract: The evaluation of the evolution of the Brazilian sugarcane industry reveals deliberated inter-
vention of the State, from the 1930s to the early 90s. The strong state presence set up a paradigm of 
subsidy, as a role performance model. Deregulation in the 1990s rouse the adoption by businesses of 
strategies aimed at increasing its competitiveness in a scenario marked by fierce competition. In this 
context the present study from bibliography about this sector identified the main competitive strategies 
used by sugarcane mills in the post-deregulation period and concluded that most mills experienced a 
technological upgrade and modernization of management models. 
 
Keywords: sugarcane agroindustry, competitiveness, deregulation, competitive strategies. 
 
 

 
 
1 Introduction 
 
Sugar production marks the Brazilian Economy since the colonial period and has gone through several 
phases. From the second half of the nineteenth century the government implanted the incentive policy that 
increased the production of the ingenuities of sugar cane; because of this new grinding capacity they 
came to be designated sugar mills (Neves; Batalha, 1997). 
   According to Leite (2008), the process of state intervention in the sugar and alcohol sector before 1930 
happened without any established institution specifically for this purpose. The creation of the Sugar and 
Alcohol Institute (IAA) in 1933, represented the introduction of regulatory mechanisms with designation 
of quotas of production, pricing and subsidies. (Shikida, Moraes & Alves, 2004). 
   In 1975, in the context of State protection it was instituted the National Alcohol Program 
(PROÁLCOOL) in order to encourage the production of alcohol, modernizing and expanding distilleries 
and increasing agricultural productivity. This program set up a paradigm of subsidy that has continued 
throughout the period of its validity. 
   Due to the strong guardianship and state regulation, the profitability of the sugar and alcohol sector 
remained ensured for decades, not causing competitiveness expansion actions. 
   The end of the IAA activities in March of 1990, was a milestone in the deregulation process. The 
deregulation process involved the release of production and commercialization, formerly under the 
guardianship of the State, the end of the state monopoly on exports, the extinction of quotas for 
commercialization and domestic production of sugar and the release of the commercialization of alcohol 
fuel. These changes led to sugar and alcohol agroindustry to a phase characterized by a new competitive 
environment, a valorization scheme of market policies and of competition among the companies in the 
sector (Ramos & Souza, 2005). 
   The extinction of the IAA opens the implantation of a new dynamic, marked by the adoption of 
strategies of several orders on the initiative of the sector and the companies which compose it. Among the 
strategies, we highlight: vertical integration, Mergers & Acquisitions (M&A), capital internationalization 
which modify forms of ownership and management, reaching a large number of companies (Abdo, 
Vian& Lima, 2006; Borges & Costa, 2009; Bacarin, Gebara & Factore, 2009; Ramos & Souza, 2005; 
Vian, 2003). 
   Understanding this process requires theoretical support that enables the domain of some concepts, 
among them: competitiveness, competitive strategy and types of strategies. 
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   The main aim of this study is to characterize and identify the main competitive strategies adopted by the 
Brazilian sugar and alcohol sector after deregulation process in the 1990s. 
   The article was developed from bibliography research, used for conceptual theoretical support; to 
characterize the evolutionary process of this sector; and for the identification and characterization of the 
competitive strategies adopted by this sector and by the companies that compose it. The research fits as 
longitudinal, since analyzes the evolution of a process. As to the objectives is classified as descriptive as 
it outlines this process and the strategies adopted from a certain point of its evolution. As for addressing 
the problem and the treatment of information collected is classified as qualitative research (Turrione & 
Mello, 2012; Yin, 2005). 
 
 
2 Competitiveness and Competitive Strategies 
 
According to Herrera, et al. (2005), the absence of a precise definition of competitiveness in the literature 
is due to the fact that the term is related to the types of proposals addressed and the methods used to get it.  
   In turn, competitiveness elapses from strategic actions that aim to adjust the company to competition to 
even gather ability to interfere in the characteristics of the competitive environment to making changes in 
its favor. (Herrera, et al. 2005). 
   According to Sobral & Peci (2008) the concept of strategy has a close correlation with competitive 
situations, involving themselves in the diversification of the organizations and the growing dynamism of 
markets and the organizational environment. 
   Ansoff (1991) defines strategy as "... one of the several sets of decision rules to guide an organization's 
behavior." Therefore, by adopting a specific approach aiming to obtain a good performance in many 
strategic areas of the business the company is implementing a competitive strategy. 
   For Ansoff (1991) the strategies that have acquired greater importance from the end of the twentieth 
century were: 1) the traditional, 2) of growth, 3) of the market differentiation and 4) of product 
differentiation and services. The first, aimed to maximize market share; the second, focused on ensuring 
the future growth of the organization; the third in the search for an image of differentiation for their 
products and services; the fourth in order to build a differential to its products and services in relation to 
those provided by competitors. 
   For effect of proposition of a competitive strategy, the competing industries and the own structure of the 
company constitute themselves in the main component of the organization's environment. The fact that 
the general environment and the external forces have impact all firms gives to them a relative influence. 
Thus, it is important for the organization to develop their own and differentiated skills and to interpret and 
deal with such forces, considering that an organization's relationship with its environment is the main 
objective of structuring a competitive strategy (Porter, 1991). 
   Hooley & Saunders (1996) consider that among the factors that directly affect the competitive position 
of a market, sector or even an organization are the factors related to a wider environment, composed from 
economical oscillation, political and legal factors, degrees of regulation, social acceptability and 
environmental impact. The authors estimate that the regulation factor affects the freedom of action of the 
organizations and when it is removed enhances the difficulties of the companies facing the competition. 
 
 
2.1 Ratings Strategies 
 
Porter (1991) proposes three categories of strategies: differentiation, leadership into the cost and focus. 
The differentiation relates to the development of a strong identity, which turns the product or service 
clearly distinct from the competitors. Leadership in the cost seeks to offer a product or service cheaper 
than the competitors. The focus strategy is aimed to the definition of a niche or market segment that can 
regard products or services, specific groups of customers or specific geographic markets. 
   Miles et al. (1978) from challenges to be faced by organizations define four types of strategies or 
adaptation patterns, involving: defensive behavior, prospective behavior, analytical behavior and reaction 
behavior. The defensive is identified in organizations with a high level of specialization, which prefer to 
remain working in situations in which they are accustomed to do it. The prospective behavior is typical of 
organizations devoted to investigation of new opportunities. The analytical is characteristic of companies 
that operate in two markets, a stable one and the other in the process of changing and finally the behavior 
of reaction is typical of companies operating in unstable environments and at the same time dealing with 
inefficient administration to operate adjustments in its structure or strategy.  
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   Certo & Peter (1993) highlight, for analysis, four types of strategies: concentration; stability; growth; 
and reduction of expenses. They assert that in the concentration strategy the company uses its expertise 
and efficiency to build up a competitive advantage. The stability strategy elapses from defensive behavior 
that, according to the authors, may be necessary in fields where there is no growth and there are no new 
opportunities. The growth strategy is adopted at the possibility of using several mechanisms such as, 
M&A, partnerships, etc. The strategy of reduction of expenses is used in cases when the company needs 
to improve its efficiency to remove threats to its survival. 
   According to Maximiano (2005), the knowledge of the threats and opportunities presented in the 
environment, as well as the identification of strengths and weaknesses points of an organization are 
essential factors for the definition of strategies to be adopted. 
   It is important do special reference to the vertical integration a strategy, widely used in various 
segments of the Brazilian and international markets. It consists in concentration within the same 
organization of distinct processes such as production of raw materials, the development of products, 
commercialization and other processes, which requires organizational and managerial adjustments. The 
integration takes place "backwards" when the company has control of part or all of the inputs needed for 
production and "forward" when it starts to control the commercialization and the distribution process. 
   Another important competitive strategy widely used especially in moments of market restructuring is 
the productive diversification whose basis is to avail the corporate assets of the companies to the 
production of other goods or to operate in new markets. (Vian, Abdo & Lima, 2007). 
 
 
3 Identified Strategies in the Sugar and Alcohol Sector post-deregulation  
 
Waak, Neves & Moraes (1998) proposed the distribution of the strategies adopted in four groups using as 
a criteria: behavior towards protectionist measures of the State; marketing action; action related to 
technological diversification, and organization of partnerships. In the first group the strategic decisions 
are directly associated to the trend of the units to take risks: some companies prioritize the survival under 
State protection while others choose for the adoption of the competitive strategies and State detachment. 
In the second group, referenced to the marketing action are five distinct strategies: increase in scale and 
production efficiency with an increase of the shares in the international market, differentiation and market 
segmentation offering portfolio of product options, vertical actions with investment in own brands and 
retail distribution, alternatives for packaging and ways of presenting the product; a acting expansion in 
the food market. The technological approach delimits the third group and enables to identify patterns 
associated with productive diversification. In the fourth group are the companies that adopt strategies 
related to partnerships and creation of consortia with different strategic lines. 
   To Paulillo, Vian & Mello (2008) the entrance of multinationals in the sugarcane sector led many 
companies to invest in changing the organizational structure with professional management in the pursuit 
of greater competitiveness. 
   Baccarin, Gebara & Factore (2009) state that the trend towards the vertical integration in the sugar and 
ethanol industry in Brazil is historic and dates back to the ingenuities of sugar cane of the colonial period. 
This feature continues to today, since the agricultural and industrial capital belong in  large part to the 
same agent. 
   The vertical integration strategy in the sugarcane and alcohol sector presents advantages and 
disadvantages that need to be considered, being able to fit among the advantages the assurance of 
receiving the raw materials and a greater power in the negotiation together with the independent suppliers 
and as disadvantages a greater need of capital and land at detriment from the main aim of the business: 
production of sugar and alcohol (Baccarin, Gebara & Factore, 2009).  
   Deregulation unleashed sector concentration movement, through M&A as growth strategy, becoming 
accounted for 80 operations between the years 2000 and 2007 (Baccarin, Gebara & Factore, 2009). 
   Borges & Costa (2009) studying the M&A processes in the Brazilian production of sugar and alcohol 
(ethanol), from 1995 to 2008 concluded that such operations represented only a change in ownership of 
companies, not resulting in increased output, contributing, priority, for internationalization and 
concentration in the sector. 
   The adoption of product differentiation and productive diversification strategies enabled add value to 
and enhance the production capacity (Abdo, Vian & Lima, 2006). 
   According to Porter (1991) the adoption of the differentiation strategy enables results above the average 
in an industry. Therefore, the product differentiation in the sugar and alcohol industry is a strategy that 
provides better conditions, especially to face and overcome the challenges posed by exogenous factors. 
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  The strategy of specialization and production qualification, according to Abdo, Vian & Lima (2006) 
enables to improve production efficiency through the contribution of resources which occurs in the 
concentration and centralization processes signaling deep changes in the structure of the sugar and 
alcohol sector. 
   To Shikida, Moraes & Alves (2004) the deregulation of the Brazilian sugar and alcohol (ethanol) sector 
caused the enhancement of competitiveness, supported in the production capacity, product differentiation 
and cost reduction. Thus the economic and social differentiation and the differences in competitiveness 
between regions or producers are no longer guiding factors of protectionist policies. 
   The deregulation required that the production units would structure a model of management system in 
order to regard new technological and organizational needs aiming the rationalization of commercia-
lization of sugar and alcohol. Marques & Paulillo (2012) consider the creation of commercialization 
groups to meet the conditions imposed by the distributor of fuels one of the most important strategies 
resulting from the deregulation process, despite the coordination problems typical in the sector. 
   Among the actions taken by the companies of this sector in this restructuring period it should be 
highlighted: 1) the search for increased effectiveness and efficiency in the production of sugar and 
alcohol 2) the investment in product differentiation – many types of sugars and packaging 3) the 
enhancement of capacity installed aiming to diversify goods and services produced and explore new 
markets 4) the Merger and Acquisition operations aimed at expanding and exploring new agricultural 
regions 5) the search for strengthening the negotiating power towards buyers with the structure of 
commercialization groups 6) changes in the organizational structure and management model in the search 
for competitiveness to deal with the inflow of foreign capital in the sector. 
   One should also mention the vertical integration "backwards", a strategy traditionally used for most of 
the sector units. 
 
 
4 Conclusion  
 
The deregulation demanded a period for adaptation to the new scenario, since the plants were accustomed 
to act in a regulated environment. The deregulation prompted companies to develop strategic actions 
aiming at survival and development in this new competitive landscape. 
   Considering the exception of companies that chose to defensive survival strategies under the aegis of 
the State, most mills, regardless of their size, used a lot of ways of organizational and operational 
strategies, aimed the industrial and agricultural segment. 
   The evaluation of the strategies adopted allows to seize the effort expended by the mills to become 
more competitive, both in the domestic market and in the foreign market and equate the shortcomings of 
production and productivity built up during the phase in which the sector remained regulated. 
   We conclude that the process of adaptation and preparation to work in a more competitive environment 
resulted for most mills in an opportunity to diagnose their strengths and weaknesses points and to 
progress in technological upgrading and modernization of management models. 
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Key Parameters for the Analysis  
Stage of Internationalisation  
of Operations1 
 
Hanzel Grillo, Josefa Mula2, Sandra Martínez, Ander Errasti 
 
 
Abstract: In this paper, we identify the key parameters to consider in a decision model on internationa-
lisation of operations. In order to propose these parameters, the GLOBOPE framework was adopted as 
the basis of this work. This framework contemplates the three commonest challenges of global operations 
configuration for industrial manufacturing companies in an internationalisation process, which are: new 
facility implementation (NFI); global suppliers network development (GSND); multisite production 
network configuration. We herein provide a set of suitable parameters for NFI and GSND in the analysis 
stage from strategic, tactical and operational decision levels. 
 
Keywords: Internationalisation of operations, key parameters, new facility implementation, global 
suppliers network development, analysis stage. 
 
 

 
 
1 Introduction 
 
Martinez (2013) defines internationalisation of operations as the deployment of business resources all 
over the country itself by locating people and assets to execute primary activities of the value chain. 
Researchers and professionals have shown a relatively dispersed interest in internationalisation of 
operations.  
   This study is based on the works of Errasti (2011), Martinez (2013) and Martínez et al. (2013), which 
summarise the main contributions made by researchers from the field of internationalisation of operations 
processes as regards principles, tools and techniques to support managers and professionals in the 
analysis, design and management process of a global production and logistics network. These 
contributions are summarised within the framework known as Global Operations (GLOBOPE), which is 
divided into three main parts: new facility implementation (NFI), global suppliers network development 
(GSND) and multisite production network configuration (MPNC). The development and implementation 
of NFI, GNSD and MPNC is structured through the subdivition into stages; analysis, set up, stability, 
improvement and excellence. In this paper, we focus on the analysis stage of NFI and GSND types. We 
aim to explore different indicators that could be used in the analysis stage in order to evaluate the 
suitability for an enterprise or supply chain in the decision making process of internationalising their 
operations. The main objective is to identify those indicadors in order to set them as a basis for future 
research directed to develop mathematical analysis and modelling for decision supporting in this area. 
Here, we are sintetising a revision of each of the references mentioned by Martinez (2013) in the analysis 
stage for NFI and GSND, where we search for specific indicators. In this context, this study aims to 
present the resulting set of the main key parameters to consider in the analysis stage of the NFI and 
GSDN. The rest of the paper is arranged as follows. Section 2 introduces a brief description of related 
works, meanwhile section 3 presents a quick general introduction of GLOBOPE framework. Section 4 
presents the resulting set of indicators obtained after the literature revision. Section 5 presents a 
discussion over the set of indicators proposed and, finally, section 6 provides the conclusions. 
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2 Related works 
 
The scientific literature includes a variety of studies that mainly analyse case studies of companies that 
have had to extend their operations, of either the production or services type, to other frontiers. Andersen 
(1997) revises theories and conceptual models to establish the supply chain, transaction costs and 
organisational capacity to enter new markets; it has been established that coherence between theory and 
the operational level is lacking. Coviello and McAuley (1999) review empirical research works conducted 
into the internationalisation of small companies in a direct foreign investment context. They identify 
standards in several dimensions in the various cases they analyse, such as characteristics, methods used, 
etc. Prasad and Babbar (2000) examine the literature on the structure that internationalisation of 
operations takes, where a tendency of delimiting the region or country where companies are located, level 
of industrialisation, etc. is identified in the research works. Etemad (2004) reviews theoretical 
frameworks that refer to small and medium enterprises (SMEs)’ internationalisation, the characteristics 
that lead companies to undertake internationalisation, and the pros and cons of this process compared to 
large firms. Sommer and Troxler (2007) analyse outsourcing and offshoring processes from a more 
empirical perspective by conducting interviews and making evaluations with consultants from several 
companies who have undertaken both processes. They stress the advantages, risks and impact of the 
occupational situation in saturated markets. De Toni and Parussini (2010) review the scientific literature 
on the origins and evolution of the international production network. Other studies focus on the more 
profound analysis of the specific areas or processes in developing internationalisation. Initially by 
analysing the internationalisation of four Swedish companies, Johanson and Wiedersheim (1975) describe 
the process that has allowed them to reach their current international position. Johanson and Vahlne 
(1977) develop an internationalisation process model of a company that focuses on gradual acquisition, 
integration and use of knowledge about overseas markets and their growing commitment with the 
company. Johanson and Vahlne (1990) describe the internationalisation mechanism based on the previous 
model. Dawson (1994) explains the need for the theoretical explanations of existing frameworks in the 
internationalisation of operations-related cost paradigm not having so many differences between some 
companies and others; this work analyses the specific retail case of internationalisation of operations. 
Eriksson et al. (1997) analyse the relationship between lack of knowledge about markets, businesses and 
foreign institutions and the subsequent internationalisation process cost. More recent studies present the 
first theoretical assays to qualitatively and quantitatively analyse the decision made to internationalise. 
Hammami et al. (2008) determine the importance of characteristics like cost, constraints and decisions in 
the delocation process problems that must be included in the supply chain’s design models. Kedia and 
Mukherjee (2009) present an analytical framework with the reasons why companies subcontract 
processes or services in global markets. Aspelund and Butsko (2010) examine decisions made by SMEs 
to subcontract production operations to low-cost countries, including motivation, location, etc.; they also 
study the relationship between decisions and subsequent international market expansion. Mediavilla et al. 
(2012) explore the application of the model of Ferdows (1997) to make good use of overseas plants, 
which they include in their analysis of the strategic role in global operations networks to extend the scope 
of the model by applying a road map to gradually improve the plant’s role in the global market. Armengol 
et al. (2014) propose a conceptual model for a representative cost structure associated with 
internationalisation of operations. 
   We could cite other similar studies from the existing wide variety, but most describe the international-
lisation processes, and do not specifically analyse the evaluation and relevance of the decision to interna-
tionalise in depth. Thus, we have based our investigation in the GLOBOPE framework, by going directly 
to the proposed literature in the analysis stage of NFI and GSND. The objective of this paper is to set up 
an initial set of measures that, quantitatively, provides the elements needed to develop a decisional model 
for the analysis of the pertinence of internationalisation of operations. 
 
 
3 The GLOBOPE framework 
 
Errasti (2011) defines GLOBOPE as a framework for the design and configuration process of a global 
production and logistic network, which can be a useful management tool for SMEs, strategic business 
units (SBUs) and steering committees that are responsible for global operations being effective and 
efficient. According to Martínez et al. (2013), GLOBOPE bears in mind the key decisions of the 
operations strategy that need to be made about a global production and logistic network configuration and 
design in the internationalisation process. The framework considers three core challenges relating to 
operations configuration: NFI, GSND and multisite production network configuration. All the previous 
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problems must be dealt with according to five main stages: analysis, set up, stability, improvement and 
excellence. In this paper, we consider the analysis stage to identify the key quantitative parameters that 
allow the detailed evaluation of key decisions that must be made before devising the internationalisation 
plan. 
 
 
4 Key parameters for the GLOBOPE-based analysis stage 
 
Martinez (2013) proposes different principles, methods and tools to evaluate the key internationalisation 
of operations decisions made in the analysis stage. Here we reviewed all these principles, methods and 
tools, as well as the reference literature proposed. Several parameters were identified, which can be 
quantifiable to evaluate each key decision. The objective is to obtain an initial basis of the evaluation 
parameters for the internationalisation of operations process analysis. These parameters could a posteriori 
be interpreted using mathematical programming models, analytical formulations or simulation models 
based on system dynamics. Tables 1, 2 and 3 provide the results of the review conducted, which was 
based on Martinez’s initial proposal (2013). Key decisions and bibliographic sources according to the 
GLOBOPE framework were included, and the key parameters were also directly included, which were 
identified to evaluate the key decision for both NFI and GSDN. 
 
 
5 Discussion 
 
Table 1, Table 2 and Table 3 show the resulting set list of KPI identified in the literature referenced in the 
analysis stage for NFI and GSND. We have identified several indicators for each decisional level, and 
inside of each decisional level, for each specific key decision. Now, we have found that, many of the 
indicators are participating, simultaneously, in several key decisions along of NFI and GSND. This fact 
means that, the list could be refined by identifying all these relationships among indicators with the key 
decisions they could support. Due to that, in order to set a initial basic list of KPIs to develop decisional 
mathematical models, a refining steps must be conducted to eliminate redundant information by 
considering that one same KPI could contribute to multiple key decisions. Then, the resulting list fo this 
work is a valuable starting point because of it states a global set of information, containing all the main 
parameters to be taken into account. Future research steps must be oriented to structure, summarise and 
relate them. Once these activities have been done, the mathematical modelling can be developed. 
 
Table 1  
Key parameters for the analysis stage. NFI strategic decisions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ke y de c is io ns / s o urc e s
Co s t per s quare  meter o f co ns truc tio n Land co s t Techno lo gy co s t 
Dis tance  fro m re levant markets  To ta l trans po rt co s t Capita l co s t
P o tentia l res truc turing and c lo s ure  co s ts Materia l co s t Labo ur pro ductivity 
Go vernment res tric tio ns  co s t Capita l pro ductivity
To ta l pro ductio n co s t Fre ight ra tes

Facility s tra tegic  ro le Qualified and s pec ia lis ed pers o nnel Availability o f s ubs idies
(Ferdo ws , 1997) Acces s  to  lo w-co s t pro ductio n Market pro ximity

Eco no mic  va lue  added To ta l co s ts Stra tegic  va lue  added
Techno lo gy c lo ck s peed Revenues Co mpetitive  po s itio n
Co mpetitive  co s t s truc ture As s e ts Capable  s upplie rs
Cus to mer impo rtance Architec ture P ro curement co s t

Service  de livery s tra tegy Stra tegic  quality fac to r o f human res o urces Quality in info rmatio n Quality o f dec is io n
• Supply s tra tegy Tactic  quality fac to r o f human res o urces Human res o urces  co s t
 (P o ler e t a l. 2002) Opera tio nal qua lity fac to r o f human res o urces Interruptio ns  in dec is io n
• Manufac turing s tra tegy Currency co s t s avings Lo gis tic  co s ts P ro duct qua lity
(Miltenburg 2009, 2005; Lo cal pro ductio n co s t Co s t o f materia l Flexibility
Martinez,2013) Other pro ductio n co s ts Co s t o f o verhead Acces s ibility

Effec tivenes s  o f learning curves Co s t o f labo ur Learning
Co s t s avings  due  to  o ffs ho re  fac to ries Delivery time Mo bility
Reliability in due  da te  achieving Inno vativenes s Thriftines s  

• P urchas ing s tra tegy Activity o f co mpetence Relevant s upply market As s urance  o f s upply
(Trautmann e t a l. 2009; Do minant s upplie rs  co nditio ns P urchas e  co mplexity Safe ty s to cks
Gelderman and Semeijn, 2006) Kno wledge  and vo lume o f purchas es Stra tegic  partners hip Flexibility

Added va lue  o f purchas es  pro duct Ordering co s t e-pro curement
Degree  o f aggregatio n o f purchas es P urchas e  difficulty Co s t s avings
P ro fitability o f the  fina l pro duct purchas e Supplie r perfo rmance  Supply ris k

Glo bal Opera tio ns  Netwo rk Go vernment res tric tio ns  co s t To ta l trans po rt co s t Materia l co s t
• Dis tributio n ne two rk Dis tance  fro m re levant markets Techno lo gy co s t Fre ight ra tes  
(Abele  e t a l. 2008; Waters , 2003) P o tentia l res truc turing and c lo s ure  co s ts To ta l pro ductio n co s t 
• Manufac turing ne two rk Manufac turing ne two rk type Inno vativenes s  Co s t o f labo ur
(Martinez, 2013) Lo gis tic  co s ts  per geo graphic  a rea Co s t o f materia l Delivery time 

Sco pe  o f the  manufac turing ne two rk Co s t o f o verhead P ro duct qua lity 
Co s t s avings  due  to  o ffs ho re  fac to ries Lo cal pro ductio n co s t Flexibility 
Delivery re liability in due  da te  achieving Other pro ductio n co s ts  

• Supplie rs  ne two rk Fixed and variable  co s ts Market penetra tio n Time ho rizo n
(Meixell and Gargeya , 2005; Es tablis h lo ca l/glo bal s upplie rs Expo rt/impo rt leve ls , Bo ttleneck items
Kraljic , 1983) Abundant varie ty o f s upplie rs Currency exchange  ra te Decentra lis a tio n

Leverage , bo ttleneck and s tra tegic  items Co rpo ra te  inco me tax Scarc ity s upply
Ro bus tnes s  acro s s  pre-defined s cenario s P ro fit Lo s s es
P ro ductio n and purchas e  co s ts Fac ility utilis a tio n Sales
Co mmo dities  and s pec ia l materia ls Functio nal e ffic iency Tariffs /duties
Co s t management and re liable  s ho rt-te rm s o urc ing Wo rker s kill ava ilability Inves tment
Glo bal s o urc ing, s upplie rs  quantity and techno lo gy No n trade-ta riff barrie rs  

Ke y pa ra m e te rs

Manufac turing fac ility lo ca tio n
(MacCarthy and Atthirawo ng, 
2003; Abele  e t a l. 2008)

Integra tio n o r fragmenta tio n o f 
pro ductiveand lo gis tics  
o pera tio ns : Make o r buy 
dec is io ns
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6 Conclusions 
 
This work reviewed the GLOBOPE framework as a suitable means to analyse the internationalisation of 
operations process because the literature on this matter is disperse. This analysis was carried out 
specifically in the analysis stage of the GLOBOPE model. Here key decisions were evaluated before 
implementing and setting up the internationalisation of operations process. The key parameters that can 
be employed as a basis to quantitatively evaluate these key decisions were identified. Tables 1, 2 and 3 
summarise the possible parameters for each GLOBOPE framework, NFI and GNSD possibility, along 
with their strategic, tactical and operational decisions. This series of parameters must act as a basis for 
future research lines in which the most relevant decisions are indentified, and duplicities are refined and 
eliminated to comprehensively measure each decision. This is done to establish future mathematical or 
dynamical evaluation models based on empirical or historical data of standards, and on information about 
the company interested in being internationalised, in order to objectively determine the quantitative 
criteria of the relevance, or not, of extending operations to other latitudes. 
 
 
Table 2 
Key parameters for the analysis stage. 
NFI tactical and operational decisions. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D e c is io ns / s o urc e s
Greenfie ld:New fac ilities  fro m the  gro und
Bro wnfie ld: Acquis itio n o f exis ting res o urces
Availability o f s ubs idies Labo ur fo rce  charac teris tics Tra ining fac ility 
Co mpetito rs  ac tivity P ro ximity to  s upplie rs Co s ts
Acces s  to  lo w-co s t pro ductio n Macro eco no mic  fac to rs Site  co mpetence
P ro ximity to  markets /cus to mers Lo cal managers  ava ilability Quality o f life
P ro ximity to  headquarte rs Legal co ntext Infras truc ture  
Qualified and s pec ia lis ed human res o urces P o litica l fac to rs
Return o f as s e ts  (ROA) Varie ty o f s upplie rs Cus to mer s a tis fac tio n
Equipment e ffec tive ly Stability in pro ductio n Supply cha in pro fitability
Return o n inves tment In trans it s to ck Space  and energy effec tive ly
J o b s a tis fac tio n Service  leve l in de livery Security s afe ty
Sus ta inability and res ilience  Trans po rt co s t in s upply Enviro nmenta l res po ns ibility
Invento ry leve ls  o f raw materia ls  P ro ductio n s equencing Ho us ekeeping 
P artners hip and co mmunica tio n Finis hed pro duct s to ck Materia l co ntro l
Eco no mic  Ordering Quantity Reo rdering po int P ers o nnel e ffec tivenes s
Sto ck leve l in regio nal dis tributio n centres Supply price  Materia l handling 
P ro ductio n quantity and ra te Size  o f packages (in/o ut) Wo rks ta tio ns  type
P ro duct des ign and s pec ifica tio n Co s t o f direc t labo ur Required machinery
Human res o urces  (pers o n/ho urs ) Acces s o ries  co s ts Materia ls  flo w 
Mo vements  o f materia ls  and pro ducts  Genera ted layo ut co s t Initia l inves tment
Average  weight per s hipment (in/o ut) Space  requirements  Materia l handling co s t 
Seas o nal varia tio n o f s hipments  Similarity o pera tio ns /pro ces s P ro duct type
Daily varia tio n o f s hipments  in pro ducts Setup co s ts  Opera tio nal co s ts
Quantity/varie ty o f materia ls  and pro duct Deprec ia tio n co s ts Ins ta lla tio n co s ts
Number o f trucks  (in/o ut) per day Capacita tio n co s ts Opera ting times
Number o f packages  is s ued (in/o ut) P ro ductio n lifecycle  Services
Amo unt o f required equipment Required s urface
Dis tributio n o f equipment and wo rks ta tio ns
To ta l inco me Land co s t Sa laries
Deprec ia tio n Interes t ra te Ris k leve l
Opera tio ns  expens e  To ta l pro fit
Deprec ia tio n o n machinery Se tup time o f an ac tivity Selling co s t
Materia l handling and s to rage  Direc t materia l co s t Adminis tra tive  co s t
Machine  maintenance  and s upply P ro ductio n planning On-time s hipments
Time be tween o rder and de livery Direc t labo ur co s t Materia l utilis a tio n
Varie ty o f part types  manufac tured P ro ces s  quality Scrap and rewo rk
Actua l machining time o f a  typica l part Shipment accuracy Invento ry 
Number o f o pera tio ns  per machine  to o l. Manufac turing lead time Lo t s ize
Eventfulnes s  o f kno wledge  trans fer Reliability o f bes t prac tices
Organis a tio na l s uppo rt to  develo pment o f trans fers

P ro curement, dis tributio n, 
ins ta lla tio n and lo ca tio n o f 
equipment (Kno epfe l, 1983)

 P ro curement to o ls  and jigs  
(Yurdakul, 2004)

Sho p flo o r management des ign 
(Szulans ki, 1996)

P lant and fac to ry co ns truc tio n 
o r adapta tio n (Martinez, 2013)

Techno lo gica l leve l o f the  
fac ility and auto matio n leve l o f 
the  pro ces s  (Ferdo ws , 1997; 
Co rti e t a l. 2009)

Facility materia l flo w des ign and 
planning pro ces s  (Erras ti, 2006;  
Muther e t a l. 1981; To mpkins , 
2010)

Ke y pa ra m e te rs

Facility layo ut des ign (Muther e t 
a l. 1981; Hayes  and Wheelwright 
1984; Lluís , 2009)

Areas  and wo rks ta tio n de ta iled 
des ign  (Lluís , 2009)
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Table 3 
Key parameters for the analysis stage. GSND decisions. 
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A Questionnaire for the Analysis  
Stage of Internationalisation  
of Operations 
 
Vicente Montés, Guillermina Tormo, Josefa Mula1, Hanzel Grillo 
 
 
Abstract: In this paper, we formulated an initial questionnaire to ask companies, which have internatio-
nalised their operations, about the criteria and decisions that they have adopted during this process. We 
specifically focused on the analysis stage of two of the main challenges of global operations configuration 
for industrial manufacturing companies: new facility implementation (NFI) and global suppliers network 
development (GSND). A representative sample of the companies to send the questionnaire to was also 
obtained. 
 
Keywords: Internationalisation of operations, questionnaire, new facility implementation, global 
suppliers network development, analysis stage. 
 
 

 
 
1 Introduction 
 
Internationalisation of operations can be defined as the deployment of business resources over one’s own 
country by the location of people and assets to carry out primary activities of the value chain (Martinez, 
2013). Among the main reasons for internationalisation of operations, the following stand out: lower 
labour costs and low tax rates (Ferdows, 1997); entering new markets (Jarillo and Martínez, 1991); 
disaggregation of and re-engineering the value chain (Mediavilla and Errasti, 2010); creating new 
products and distinguished services; diversifying risk  among several countries (Thompson and 
Strickland, 2004); compensating losses in certain regions with benefits from others (Jarillo and Martínez, 
1991); economies of scale in production, R&D, distribution and purchasing activities, among others, 
which implies possibly reducing costs; the need to set up a global transport network among several 
production plants; making investments (Jarillo and Echezarraga, 1991); gaining prestige (Jarillo and 
Echezarraga, 1991); and setting up entrance barriers should market opportunities be known, few 
competitors, few substitution products or companies’ strong bargaining power. 
   Martínez (2013) addresses new facility implementation (NFI) and global supplier network development 
(GSND) in the decision making of internationalisation of operations processes. NFI and GSND are 
framed within five main phases: analysis, set up, stability, improvement and excellence.  
   NFI and its subsequent management require wide-ranging theoretical and practical knowledge on 
operations management: capacity to manage human resources; purchasing management and 
replenishment; reaching agreements with local logistics suppliers; designing and developing capacities 
and after-sales services; the company’s production can be exported. An alternative approach to set up new 
production plants overseas exists and consists in setting up by means of acquiring existing resources in 
the country considered. This involves exploring resources through; a merges and purchases process; 
purchasing assets; or an existing business unit.  
   Overall purchasing management is one of the first steps to be able to define and design GSND. The 
need to ensure quality control, the logistics purchasing management and mediation implies 
reindustrialising the process by implications of raw materials, changes in the production process, 
suppliers, the logistics complex, etc.  
   In these two fields of study (NFI and GSND), no empirical research works that analyse the results of a 
series of companies are available which enable the identification of similarities or the key parameters 
employed during the decision making of internationalisation of operations processes for the ultimate 
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objective of obtaining a quantitative decision-making tool. In order to improve the conceptual model and 
to develop the quantitative GLOBOP model (Mula, 2014), based on the GLOBOPE framework by Errasti 
(2011) and Martínez (2013), this article proposes a questionnaire that will obtain information on the key 
parameters and tools that the surveyed companies are considering in their decision making 
internationalisation of operations processes in the analysis stage of NFI and GSND. Thus, the paper 
proposes a questionnaire to ask companies, which have internationalized their operations, about the 
criteria and decisions that they have adopted during this process in order to use its future utilization, 
analysis and resulting conclusions in the development of decision support systems.  
   A sufficiently representative sample of the complete population of companies from the three sectors 
that are the study objective is determined: textile, footwear and automobile. A sample of 120 companies 
was found by taking into account several primary and secondary sources. The SABI (Iberian Balance 
Sheet Analysis System) database helped draw up a list of companies from each sector and to do an 
approximate population calculation. From all the articles obtained from these sources, a population of 
4,999 companies was obtained.  
   The rest of the paper is arranged as follows: Section 2 centres on the methodology of how the 
questionnaire to analyse NFI and GSND in their analysis stage was developed. Section 3 presents the 
devised questionnaire. Section 4 proposes a representative sample of companies that were asked to 
answer the questionnaire. Finally, Section 5 offers the conclusions drawn. 
 
 
2 Methodology to Develop the Questionnaire 
 
First of all, a scientific literature review was done, and the works of Errasti (2011), Martínez (2013) and 
Martínez et al. (2013a), among others, were considered to obtain the principles, methods and techniques 
that the companies follow to tackle internationalisation of operations processes. The contributions 
(Martínez et al. 2013b; Andrés and Poler, 2013; Corti and Choudhuri, 2013; Jensen et al. 2013; Netland et 
al. 2013) that centred on internationalisation of operations were also reviewed to seek the good practices, 
analysis and design processes, simulation tools, and the revitalising and contingent factors to set up new 
installations, and to reconfigure and redesign networks (suppliers, distributors, etc.). Other empirical 
works have considerably contributed to define the variables for the questionnaire (Hayter, 1997; van Dijk 
and Pellenbarg, 2000; MacCarthy and Atthirawong, 2003; Garrido-Yserte, 2006; Garrido-Yserte y Gallo-
Rivera, 2008; Rodríguez et al. 2009; Gutiérrez, 2011; La Torre, 2012). After the literature review, the 
most relevant items to be considered were selected according to Martínez’s questionnaire and conceptual 
model (2013). After obtaining the items to assess, they were grouped into categories to provide more 
clarity and understanding for both those who conducted and answered the questionnaire.  
 
 
3 Questionnaire 
 
The ultimate objective of analysing the questionnaire results will be to compare and relate the parameters 
that the companies report with those established by the conceptual GLOBOP model for NFI and GSND, 
which will act as a reference to develop quantitative decision models to help in the decision making of 
internationalisation of operations processes.  
   As the intention is to provide a valid tool and to help decision making, the final questionnaire will study 
the factors that can lead users (the directors of the companies) of the system to employ and accept them. 
For this purpose, we have taken The Technology Acceptance Model (TAM) (Davis, 1989) and its 
subsequent adapted version (DeLone and McLean, 1992) as a reference. 
   Only some location criteria are considered in the questionnaire below (Table 1). Justification lies in 
these territories possessing certain tangible and intangible characteristics that outline the conditions for 
the location of economic activities. Although location conditions are hard to measure and weight 
separately, especially intangible ones, it is worth asking about the subfactors one by one since each 
decision variable (transport, customers, competitors, etc.) possesses several parameters to be 
contemplated. Other questions refer to some decisions that companies also have to make when they set up 
a production plant abroad. The objective of these questions is to know not only the degree of automation 
in operation plants (technological level), but also the characteristics about the labour available, socio-
economic factors, land/buildings, environmental rules, government policies in the country abroad, or 
support organisations, among others, or if they relate to the suppliers selection process or to the use of 
tools to support decision making. 
   The responses are to be provided on a typical Likert-type scale with seven levels of responses. 
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Table 1  
Questionnaire for the analysis stage  
on internationalisation of operations. 

 
I. LOCATION CRITERIA 

  Post:                                                                                                      Sector: 
1 How many years has your company been operating outside Spain?   
2 In which countries?   

3 Product strategy. Do you compete for price or for product differentiation 
(quality, brand name, etc.)?  (mark with "X") 

1.- Price 
2.- Product differentiation 

4 Indicate the company's degree of automation and technological level in 
terms of the product or final service (from 1 to 7) 1 2 3 4 5 6 7 

5 What part of your company's operations have been internationalised? 
Indicate all those that correspond to (mark with "X"):  

1.- Design  
2.- Replenishment  
3.- Production  
4.- Distribution 

6 How did the company set up in the selected country?  (mark with "X") 

1. - Purchasing already existing installations 
and resources 
2. - Creating a Joint Alliance (a strategic 
alliance with the company in that country). 
3. - Subcontracting. Suppliers network 
4. - Building a new production plant 

7 
What was the reason why your company decided to internationalise its 
operations? 
 (mark with "X") 

1.- To cut costs 
2.- To extend markets  
3.- To extend production capacity 
4.- Lack of local products  
5.- To improve technology and local processes  

8 What approximate % of the company's volume of operations is being 
internationalised?    

II. Indicate the relevance of the aspects below for selecting suppliers 
9 The supplier is large in size 1 2 3 4 5 6 7 

10 The contract offers good conditions 1 2 3 4 5 6 7 
11 There are many suppliers 1 2 3 4 5 6 7 
12 The supplier's response time is fast 1 2 3 4 5 6 7 
13 The product offer is varied 1 2 3 4 5 6 7 
14 Products are of good quality 1 2 3 4 5 6 7 
15 The prices of the products are feasible 1 2 3 4 5 6 7 
16 The adaptability to the product specifications is good 1 2 3 4 5 6 7 
17 The supplier guarantees its products 1 2 3 4 5 6 7 
18 The supplier reacts in critical situations 1 2 3 4 5 6 7 
19 The supplier offers discounts for volume 1 2 3 4 5 6 7 
20 The supplier is accessible 1 2 3 4 5 6 7 
21 The supplier uses state-of-the-art technology 1 2 3 4 5 6 7 
22 The supplier's production installations are suitable 1 2 3 4 5 6 7 
23 The supplier is reliable 1 2 3 4 5 6 7 

III. Indicate the relevance of transport in internationalisation of operation processes 
24 The cost of transport is feasible 1 2 3 4 5 6 7 
25 The transport offer is varied 1 2 3 4 5 6 7 
26 The transport company's service level is good 1 2 3 4 5 6 7 
27 Transport is safe 1 2 3 4 5 6 7 
28 There are logistics operators                
29 Transport frequency is suitable 1 2 3 4 5 6 7 

IV. Indicate the relevance of labour in internationalisation of operation processes 

30 The cost of salaries is feasible 1 2 3 4 5 6 7 

31 The process and the contracting/dismissal costs offer facilities and 
accessibility 1 2 3 4 5 6 7 

32 Flexible contracting (temporary/permanent contract/and contract 
conditions) 1 2 3 4 5 6 7 

33 Labour is qualified and specialised 1 2 3 4 5 6 7 

34 Few industrial disputes in general  1 2 3 4 5 6 7 

35 Plenty of labour available 1 2 3 4 5 6 7 
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V. Indicate the relevance of the socio-economic factors in the selected overseas country 

36 The country's economic situation is stable (as far as the recession, 
growth, etc., are concerned) 1 2 3 4 5 6 7 

37 Knowledge in many languages is available 1 2 3 4 5 6 7 
38 Suitable infrastructures 1 2 3 4 5 6 7 
39 Good urban and social equipment 1 2 3 4 5 6 7 

VI. Indicate the relevance of the land/buildings factor 
40 The cost of land and construction is feasible or low 1 2 3 4 5 6 7 
41 The cost of rent is feasible or low 1 2 3 4 5 6 7 
42 Good accessibility now and in the future 1 2 3 4 5 6 7 
43 Good quality and varied public services 1 2 3 4 5 6 7 
44 Possibility to expand 1 2 3 4 5 6 7 

VII. Indicate the relevance of environmental rules 
45 Rules exist and they are easy to apply 1 2 3 4 5 6 7 
46 Penalties apply if not fulfilled 1 2 3 4 5 6 7 

VIII. Government policies 
47 Tax rates are feasible or low 1 2 3 4 5 6 7 
48 Stable government 1 2 3 4 5 6 7 
49 Subsidies and aid for investments are available  1 2 3 4 5 6 7 
50 Not too much bureaucracy  1 2 3 4 5 6 7 

IX. Competitors 
51 Few competitors in the selected country 1 2 3 4 5 6 7 

X. Customers 
52 Current customers are easily accessible 1 2 3 4 5 6 7 
53 Customers paying is guaranteed 1 2 3 4 5 6 7 
54 Introduction to potential markets 1 2 3 4 5 6 7 

X. Organisations that support business management 

55 Technology Institutes 1 2 3 4 5 6 7 
56 Services providers 1 2 3 4 5 6 7 

XI. What tools has your company used to support decision making in internationalisation of operations processes? 
Mark with an "X" 
57 Microsoft Excel Yes:              No: 
58 ERP (SAP, Axapta, Baan, Navision, People Soft, OpenBravo, etc.) Yes:              No: 
59 Business Intelligence (GOGNOS, etc.) Yes:              No: 
60 Model or tool developed by the company Yes:              No: 

61 Simulation (discrete simulation, systems dynamics, business games, 
etc.) Yes:              No: 

62 Balanced Scorecard Yes:              No: 
63 Based on the company's experience Yes:              No: 
64 Specialised external company Yes:              No: 
65 None Yes:              No: 

 
 
 
4 Selecting the Sample and Data Sources 
 
Given the characteristics of our research, and the methodology employed, it is necessary to previously 
select the companies that are the object of this study. From the records of the companies in the SABI 
database, the sample was selected according to two filter criteria: the first one, operating companies, 
Spanish companies, the sectors they are active in (textile, footwear and automobile) and to which the 
companies that observe and promote the project belong. The national classification of economic activities 
has been considered a reference of their economic activities (CNAE, in Spanish). This filter reveals the 
total number of companies in Spain, and does not distinguish whether they have affiliated companies 
overseas or not; the second one, as obtaining only those companies with productive affiliated companies 
overseas is complicated, only those companies that export and import products, raw materials, have been 
considered as an approach to internationalisation of operations. 
   The population of companies considered to be representative in this study includes 4,999 companies for 
the three sectors contemplated (Table 2). 
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   By assuming a 5% sampling error and a 95% confidence interval, the sample for finite populations 
would be formed by 120 companies. The sample for each sector has been calculated by maintaining the 
existing proportion between the sample and its population of companies. Lastly, companies have been 
selected aleatorily from all the sectors. Checks to see if the companies do indeed have production plants 
worldwide have been made using their web sites. 
 
 
Table 1  
Representative sample. 
 

! !! !! !! !!
Sector Textile Footwear Automotive Total 

Companies 3,027 616 1,356 4,999 
Percentage 60.5% 12.3% 27.1% 100.0% 
Sample 72.6 14.8 32.5 120 

      
 
   For space reasons, the list of the companies selected for the study sample is not included. 
   After selected the sample and devised the questionnaire, a pretest will be done with experts on the 
subject, and also with the companies that collaborate in this project. Later, after making the necessary 
adjustments, it will be sent to all the directors of operations and finances of all the companies.  
 
 
5 Conclusions 
 
This paper presents the development of a questionnaire devised to obtain key information to create future 
quantitative tools for the decision making of internationalisation of operations. To conduct the 
questionnaire, a literature review and a search for related empirical studies have been done. The obtained 
items have been arranged so that they make the questionnaire easy to understand by those who answer it 
and, in turn, reflect the key elements of the conceptual GLOBOP model, which is the basis of this study. 
   To put the questionnaire into practice, target companies have been found in three sectors (textile, 
automobile and footwear). This selection has been based on technological criteria. In this way, a represen-
tative sample size of the companies immersed in the internationalisation of operations process from the 
textile, automobile and footwear sectors has been obtained. 
   It is worth stressing that the conclusions drawn from this questionnaire in the future will help support 
the development of a decision model for NFI and GSND, which will be previously compared with the 
conceptual GLOBOPE framework. Then the most important elements selected will act as a base to 
develop quantitative models for the decision making of internationalisation of operations in the analysis 
stage. 
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Relationship between Organizational  
Social Responsibility and Occupational  
Health and Safety: a review study 
 
Silva SLO1, Quelhas OLG2, Meiriño MJ3, França SLB4 
 
 
Abstract: The intersection between Organizational Social Responsibility (OSR) and Occupational Health 
and Safety (OHS) proposes an important topic to be addressed in current and future research, to the extent 
that aspects relating to working conditions are increasingly latent. The research can be characterized as a 
review study and aimed to collect and analyze articles with the OSR and the OHS issues. In total were 
analyzed 49 articles published between 1981 and 2014. The study sample corresponds to the documents 
indexed in Scopus and Web of Science databases. It was observed that the main results of the internal 
dimension OSR represents 44% of published articles and 53% of these focus on Ergonomics and OHS. 
Some research gaps appeared after this study, a fact that suggests future research on the subject. 
 
Keywords: Organizational Social Responsibility; Occupational Health and Safety; Sustainability; 
 
 

 
 
1 Introduction 
 
Get injured or be affected by diseases associated with the work may cause the employee to associate these 
evils to an unsafe work environment, contributing to dissatisfaction, stress and higher turnover. 
(MCCAUGHEY et al, 2013). In addition, fatigue indicators and capacity for work derived from several 
factors related to working conditions and your organization (METZNER and FISHER, 2010). 
   However, some employers are not really concerned with the protection of its employees, and even 
worse, do not even realize that they have a moral responsibility and often legal, to protect their employees 
(MONTERO et al, 2009). 
 
 
2 Objectives 
 
This article provides the following research objective: "To identify correlations between the concepts of 
OSR and OHS". 
 
 
3 Methods 
 
The research can be characterized as a review study and aimed to collect and analyze articles with the 
OSR and the OHS issues. In total were analyzed 49 articles published between 1981 and 2014. The study 
sample corresponds to the documents indexed in Scopus and Web of Science databases, accessed on June 
7, 2014. 
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4 Results 
 
As the focus of this work is the relationship between OSR and OHS, it was decided to give special 
attention to the Internal OSR. Therefore, of the 19 articles dealing with such an approach, 10 refer to 
Ergonomics and OHS, 3 refer to the Human Resources (HR), 3 discourse on organizational climate, two 
deal with matters relating to Human Rights and 1 refers to the OSR as strategic management tool. 
 
 
5 Conclusion 
 
The concept of OSR has consolidated itself as interdisciplinary and multidimensional, giving relevance to 
relations with internal and external stakeholders (AL-BDOUR et al, 2010; FORSMAN-HUGG et al, 
2013; KOSKELA, 2014). As a result, the concept requires the incorporation to the organization's strategy, 
with developments in economic hubs, environmental and social operation of organizations (ASIF et al, 
2009; METCALF and BENN, 2012). 
   The management of organizational health requires an integrated approach, with a system of multi-
dimensional targets, with the participation of internal and external stakeholders and with the 
understanding that the OHS is a means to ensure competitiveness (ZINK, 2005). According to 
Hadjimanolis and Boustras (2013), companies should set clear security policies, aimed at creating a 
positive climate and a culture of risk prevention, emphasizing the commitment of management to the 
OHS. 
   The socially responsible management shows its commitment, meeting social needs and going beyond 
mere compliance with security legislation through positive actions to protect and maintain the well-being 
of workers (MONTERO et al, 2009; HADJIMANOLIS and BOUSTRAS, 2013). However, according to 
the authors, different perceptions of risk on the part of management and employees may hinder the 
implementation of an OHS policy. Given the relevance of the problem, there is an interesting field to be 
addressed in future research. 
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Integrating Strategic  
Considerations and Value  
Co-Creation in Project  
Management 
 
Cohen Y1, Rozenes S2 
 
 
Abstract: While traditional project management advocates sticking to a baseline plan (composed of 
budget, schedule and specifications) this paper suggests a new dynamic planning approach that includes 
re-evaluation and optimizes the project’s value while allowing strategic changes in the project scope, 
budget and schedule. The proposed optimization allows taking into account not only the project, but also 
the long term impact of changes on cash-flows, product reliability, firm reputation, and customer 
satisfaction. Such changes are not part of the traditional project management approach of sticking to the 
baseline and eliminating a scope creep. Such a new approach enables dealing with many important 
changes that occur during long term projects. This is particularly important in projects with large amount 
of uncertainty where new knowledge is revealed or discovered during the project lifespan, and significant 
events occur that impact the project or its deliverables.  The paper analyses the factors that make this 
approach desirable and the type of projects where this approach would be especially attractive. 
 
Keywords: Project management; Strategic management; Strategic decision. 
 
 

 
 
1 Introduction 
 
Traditionally, the project management literature has been mainly occupied with the efficient and timely 
execution of specifications and producing a deliverable artifact or a system. As a result, project 
management processes and tools are focused on enhancing on time, on budget and according to 
specifications performance. This approach is tactical, and its sole focus is on efficient delivery of 
specified outputs. But it clearly neglects the strategic importance of the project realization. The strategic 
importance of the project is typically obtained only after the project is done. For example, even if project 
outputs have been delivered efficiently the project can still be ineffective to the funding organization. 
Examples are the Sydney cross-city tunnel (Zwikael and Smyrk, 2011) and the Los Angeles Metro 
(Shenhar and Dvir, 2007). Another well-known example is the famous Sydney opera building which was 
far from being on time and on budget, but is a great success for the long run. Recently, a wider view on 
the management of projects has emerged, which also discusses the delivery of strategic goals by projects 
(Gareis and Stummer, 2008; Morris and Jamieson, 2008). Project benefit management research 
emphasizes the strategic roles of projects in organizations. (e.g., Kolltveit et al., 2007) and defines the 
benefit management process (e.g., Breese, 2012). Consequently, benefit management is becoming an 
important research area. Project benefits are “the flows of value that arise from a project”# (Zwikael and 
Smyrk, 2012:11). A project owner is accountable to the project funder/founder for the realization of these 
target benefits (Zwikael and Smyrk, 2012).  
   In this paper we lay a conceptual framework for the interface between a project and its strategic 
considerations. 
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2 Integrating Strategic Considerations in Project Management  
 
In this section we describe the proposed model. The section describes the effect of changes on cash flow 
diagrams. A cash flow diagram shows the incoming and outgoing sums of money along the timeline. 
Often the project is described on the cash flow diagram as an initial investment, and the monthly or 
annual income in the future years. Figure 1 illustrates this scenario. 
 
 
 
 
 
 
 
 
 
 
!
 
 
 
 
 
Fig.1  
The cash flow related to a specific project. 
 
 
 
2.1 Time Related Effects  
 
There are only few ways that time changes may play strategic role. The first of these is the project delay. 
This means that the project finishes with a delay and the project benefits could not be realized during the 
delay period. The obvious effect on the cash flow is the elimination of any revenue (and any project 
benefit) during the delay. Figure 2 illustrates the net effect of simple delay imposed on a project. 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
Fig.2 The effect of simple delay on the cash flow  
related to a specific project.   
 
 
!!!!A delay may be a result of external events or forces, but may also be a strategic decision related to the 
quality of the project deliverables. In that case, the delay can contribute to the quality of the project. This 
could be translated directly to better reputation and could also increase the revenues after the project is 
completed. For example, a delay related to enhancing the external appearance of a restaurant may 
increase (by certain %) the number of customers and therefore the revenue. The delay may also be related 
to enhancing the reliability of the project deliverable which result in extension of its profitable life. These 
two effects are depicted in figure 3. 
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!
Fig.3  
The effect of a delay on the revenues size and period  
in a cash flow related to a specific project. 
 
 
   In reality the decisions are more subtle and are taken in the level of detailed activity network. This level 
also involve uncertainties related to times and cash flows. This level would be described and analyzed 
with examples in the full paper. 
 
!
!
2.2 Budget Related Effects  
 
The project budget is usually displayed on a cash-flow diagram as one amount investment. Just as the 
time dimension of a project can affect the long-term strategic time span, budget has very similar impact: 
 

•#Increasing budget could contribute to the quality of the project deliverable 
 

•#Increasing budget may contribute to the reliability of the project deliverable 
 

•#Increasing budget may shorten the completion time or counter a delay imposed by 
              external constraints. 
 
Figure 3 depicts the effects of budget changes. 
 
 
 
 
 
 
 
!
 
 
 
 
 
 
 
Fig.4  
The possible effects of additional budget  
on the project’s related cash-flows. 
!
!
   In reality the decisions are more subtle and are taken in the level of detailed activity network. This level 
also involve uncertainties related to costs and cash flows. This level would be described and analyzed 
with examples in the full paper. 
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3 Integrating Value Co-Creation in Project Management 
 
Value Co-Creation is a new way of managing the outsourcing of project and the relationship between the 
project team and the project customer. In this approach, the outsourcing organization (the customer) and 
the project contractor build mutual partnership for maximizing the project performance and its 
opportunities. 
 
 
 
 
!
!
!
!
!
!
!
!
Fig.5  
The focus of value co-creation in the SWOT analysis. 
!
!
!!!In such a framework, the contractor is not left alone to be responsible for on time on budget and on spec. 
performance, but is rather accompanied by managers from the customer organization in a partnership 
style team.  The major characteristics of such a partnership are: 
!

1. Frequent periodic mutual meetings (contractor and customer organization teams)  
for update and discussions related to risk management and opportunities. 
 
2. The request for proposal leads for finding a partner and leaves large flexibility 
related to the actual execution (time, budget, spec.). 
 
3. The budget for the project must include at least four components: 
 

a. Reserve component (for opportunities) 

b. Second reserve component (for risks) 

c. Partnership incentive component 

d. Baseline execution component (60% to70% of total budget) 

 
   Consulting projects are classical projects where value co-creation could be naturally achieved. The full 
paper would expand on the mechanisms leading the contractor and customer teams into a full-fledged 
partnership and would illustrate the collaboration on a consulting project. 
 
 
4 Conclusion 
 
Traditional project management is formed around building a sound baseline plan and sticking to its 
execution. This mode of thinking emphasizes the threats to the project and foster risk management. In this 
paper we point at the opportunities side. These opportunities may either come from the strategic 
understanding of the project team or the partnership between the outsourcing customer company and the 
project contractor. 
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Social Responsibility: Reflections  
about the Mato Grosso State  
Certificate  
 
Leitner CP1, Sznitowski A M2, Baggenstos S3, Silva R P4 
 
 
Abstract: This study examines the dissemination and the legitimation of social responsibility through the 
Certificate of Social Responsibility of the Mato Grosso State (in Brazil). For this, it was identified the 
main components forming the speech surrounding the event. The research is a qualitative analysis of the 
applicable law, of the Legislative Assembly (promoter of the event and creator of the law), in the 
diagnosis of the participants’ organizations, of the social reports that 
 are requested, participation in the event and interviews. The main results show that the Certificate of 
Social Responsibility of Mato Grosso has a strategic approach and is supported by the social report. 
Through the analysis of social reports and presentation of the examples cases, has been identified that the 
prioritized stakeholders are the employees, the community and the environment. There is no definition to 
Social Responsibility given by the Legislative Assembly for the speech, only restriction. Therefore, the 
Legislative Assembly uses the interpretation of participating organizations and transmits as his. Finally, 
to receive the certificate only is required from the participating organization deliver the social report and a 
statement. Thus, the organiza-tion is considered socially responsible by the certificate studied. 
 
Keywords: Organizations; Certificate; dissemination. 
 
 

 
 
1 Introduction 
 
In the organizational universe, the actions taken are increasingly planned to end or minimize any risks. It 
is also evident the spread of social responsibility in organizations, regardless of field and stakeholders 
involved. For the COM (2002), Social Responsibility is the business commitment to contribute to 
sustainable economic development, working with employees, their families, the local community and 
society at large to improve their quality of life, in ways that are good for both companies as for 
development. And Ashley (2002) reinforces that organizations should contribute to sustainable 
development with obligations of moral character, other than those specified by the various laws that are 
submitted, even if not directly linked their activities. However, studies as Cappellin and Giuliani (2004) 
indicate that the concept of this theme is different in several respects, indicating a process in development 
in the search by legitimacy. Under these circumstances, the award by socially responsible actions in the 
organizations through Certificate delivered by the Legislative Assembly of the state composes the object 
of this research. The enterprises participate of the award like a way of legitimizing their social 
responsibility actions. 
 
 
2 Objectives 
 
The objective of this study is to identify the main elements that compose the discourse produced with the 
Certificate delivered by Legislative Assembly to disseminate and legitimize social responsibility actions 
in the organizations of the Mato Grosso State. 
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3 Methods 
 
To identify the main elements that comprise the involved speech, was conducted a qualitative analysis. 
The documentary research with Social Reports required of the enterprises participants (between 2006 and 
2013) and the Law created for this purpose. Also were analyzed the presentations of the models cases in 
the event promoted by the Legislative Assembly for delivery of the Certificate. Still interviews were 
conducted with the organizers. 
 
 
4 Results 
 
The results showed that to receive the Certificate, organizations need only to deliver the Social Report 
and also a declaration of good practice, guaranteed by law. In 2013 there were more than 30 companies 
that participated and received the certificate, between small businesses and large exporters. 
 
 
5 Conclusion 
 
The desired dissemination with the Certificate of the Social Responsibility does not present a speech own, 
but is adopted the speech of the participating organizations. Thus it is legitimized the actions taken by 
them. Employees, community and the environment are featured and they compose the main elements of 
social responsibility propagated by the Certificate studied. 
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Sustainability as a success factor  
in global operations: a survey of  
car manufacturing supply chains 
 
Akabane1, Getulio K., Pozo1, Hamilton, Galhardi1, Antonio César, Peterossi1, Helena Gemignani1 
 
 
Abstracts: Since the 1990s, environmental issues have put companies under a growing pressure to reduce 
their environmental impact, especially in logistics operations. Current research seeks to define green 
practices in each supply chain segment, to deepen the understanding of how companies formulate their 
green initiatives and to analyze the logistical bases and results connected with such decisions. This 
study’s sample was three large assembly companies in the automotive segment, with industrial plants 
located both in the southeast region of Brazil and globally. The results show that the wave of 
sustainability is a result of more than just the threat of negative publicity, and it is pushing enterprises into 
the green zone. At the same time, economic instability with oscillating growth is forcing enterprises to 
concentrate on improving efficiency to compensate for unstable demand and the price volatility of 
commodities, including water and energy. 
 
Keywords: green logistics, sustainability, supply chain management, environmental impact, 
globalization. 
 
 

 
 
1 Introduction 
 
Global supply chains introduce additional dimensions such as production outsourcing, infrastructure, 
inventories, suppliers, customers, cultures, regional economic differences, currencies, and competitive 
environment policies (Manuj & Mentzer,2008;Schmidt & Wilhelm,2000; Christopher, 2005). 
 
   Green supply chain (GSC) strategies refer to enterprises’ efforts to minimize the negative impact of 
supply chains on natural environments. Addressing questions of climatic changes, pollution, and 
constraints such as non-renewable resources, enterprises are paying attention to stakeholders’ demands 
for corporative citizenship behavior and superior performance (SARKIS, 2001; DE BURGOS JIMENEZ 
& CESPEDES LORENTE, 2001). 
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Fig.1  
Research domain of green, lean, and global supply chains. 
Source: Mollenkopf et al. (2010, p.16). 
    
   

                                 
1 CEETEPS-Centro Estadual de Educação Tecnológica Paula Souza - São Paulo – Brazil. 
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   While there are different research groups related to green, lean, and global subjects, few authors pay 
attention in the intersection of these strategic initiatives (see Figure 1). This question identifies a gap in 
the literature because enterprises can lose their synergies during the implementation of simultaneous 
improvements and they do not get important information during incidents of incompatibility between 
these strategic initiatives. For example, lean and green strategies quite often are seen as compatible 
initiatives because of their joint focus on waste reduction. Although recently there has been a substantial 
growth of academic articles that explore practices of GSC management, these still require translation by 
specialists into how, how many, and which companies can translate these strategic intentions into GSC 
practices. 
 
 
2 Literature Review 
 
The questions that surround the future of humanity were clearly outlined in a report published by the 
United Nations in 1987, in which the term “sustainability” was defined. According to Ittmann (2010), it 
originates from the Latin word sustenere (tenere: to maintain; sus: on top of). Dictionaries give other 
meanings for “support,” principally “maintaining,” “supporting,” or “lasting.” After the term 
sustainability was used in the United Nations’s report to identify human sustainability on this planet, this 
definition was enlarged upon by the Brundtland Commission (1987) of the United Nations to include that 
“sustainable development is development that attends present necessities of the without compromising the 
capacity of future generations in attending their own necessities.” 
 
   Nevertheless, from the 1990s onward, environmental issues put companies under growing pressure to 
reduce their environmental impact, especially in logistics operations. The negative effects of the 
distribution of goods can damage air quality, generate noise and vibrations, cause traffic jams and 
accidents, and significantly contribute to global warming. The greenhouse effect provokes climate change 
more strongly than was imagined in early researches (Ittmann, 2010). It is predicted that transportation of 
goods in general contributes approximately 8% of total CO2 (carbon dioxide) global emissions (Kahn 
Ribeiro & Kobayashi, 2007), so the long-term mission of “sustainable” logistics is the effective reduction 
of carbon particle emissions in the atmosphere. 
 
 
Table 2 
Emission standards for stress-resistant diesel engines, in grams per kilowatt-hour. 
Source: www.nao.org.uk (2010). 
!

!
!
!
!
!
!
!
!
!
!

1 CO: carbon monoxide 2 HC: hydrocarbon 3 NO: nitrogen oxide 4 PM: particles per million 
 
 
   For some time now, these effects have been monitored, and new management standards have been 
introduced. For example, the standards for emissions of stress-resistant diesel engines, known as Euro 
standards of emission, were developed based on emission projections determined for a calendar of 
introducing standards, as shown in the chart below (see Table 1). These were to be followed by transport 
companies with heavy vehicles that have a significant environmental impact (ITTMANN, 2010). 
 
   In fact, most global companies are expanding their efforts to integrate environmental dimensions into 
their business (Carbone & Moatti, 2008). Several studies in the literatures on GSC examined the 
importance of working through the supply chain with customers and suppliers through environmental 
initiatives that produce general performance improvement in enterprises (Vachon & Klassen, 2006b). 
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These initiatives develop the capacity to share knowledge (Vachon & Klassen, 2008) and add resources to 
obtain competitive sustainable advantages from environmental programs. 
   Enterprises are re-structuring their supply chains to operate on a global basis, obtaining advantages 
through international products, in operational factors and capital markets (Manuj & Mentzer, 2008, p. 
133). Nevertheless, the management of global supply chains presents several challenges, including 
important aspects of economic and cultural environments, as well as regulations. Global supply chains 
accent the importance of managing risk (MANUJ & MENTEZR, 2008). 
   In this way, green logistics are defined as “efforts in reducing appearances and obtaining a more 
sustainable balance between economic, environmental, and social objectives [. . .], where all efforts in the 
field of ‘green’ logistics are focused on the contributions that secure the sustainability of the planet” 
(ITTMANN, 2010). 
 
 
2.1 GSC 
 
GSC management is best defined as “environmental management alignment and integration inside of 
supply chain management” (Klassen & Johnson, 2004). The research clearly recognizes that enterprises’ 
environmental impact spreads outside their boundaries. In addition, definitions include product design, all 
manufacturing steps, distribution, and all aspects of reverse logistics (see Figure 2). 
 
!
!
!
!
!
!
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!
!
!
!
!
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!
!
!
!
!
!
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Fig.2 
Characteristics of sustainable supply chains 
Source: www.greenlogistics.org (2011) 
 
 
   According to Murphy, Poist, and Braunschweig (1996), green logistics principally investigates 
environmental issues in logistics operations. Murphy and Poist (2000) further explained that green 
logistics strategies include recycling processes and reuse of materials, as well as reduction of 
consumption of raw materials in manufacture processes. As a result of this perspective, closed-loop 
supply chains have received most of the attention in specialized literature (ROGERS, LAMBERT, 
CROXTON, & GARCIA-DASTUGUE, 2002). Authors also point out that pioneers concentrated their 
researches on reverse logistics.  
   In upstream areas, green purchasing can address issues such as production waste reduction, changes to 
alternative materials with low environmental impact from raw material suppliers, minimization of 
hazardous materials disposal, and reduction of pollutants emissions. Supplier management is crucial to 
implementing a green acquisition strategy (Simpson & Power, 2005), and many world-class companies 
frequently carry out initiatives in order to meet the demands of their socio-environmental responsibilities 
(BACALLAN, 2000). 
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2.2 Environmental Impact Evaluation Model 
 
Developed by Albino, Izzo, and Kuhtz (2002), this model is a useful instrument for global enterprises to 
evaluate the environmental impact of production processes in supply chains. The measurement of 
performance in GSCM is discussed by Hervani et al. (2005) and Clift (2003); nevertheless, there is little 
mention of measures that enterprises could adopt to evaluate their carbon footprint in a global context. 
   One of the most common global benchmarks for environmental initiatives is ISO 14000 certification 
from the International Organization for Standardization, which requires a series of proceedings to identify 
environmental aspects of onsite operations, safe handling and procedures for hazardous waste material 
processing, and compliance with relevant environmental legislation. The ISO 14000 certificate is most 
commonly adopted by multinational enterprises, which stimulates their suppliers to be certified. Quite 
often, ISO 14000 standards are also incorporated in supplier selection processes (Chen, 2005; Miles, 
Munilla, & McClurg, 1999). 
 
 
3 Methodology 
 
The sample included three international companies in the automotive segment, with industrial plants 
located in the southeast and south regions of Brazil, in the state of Sao Paulo.  
   The criterion for choosing these companies was non-probability sampling, which according to Mattar 
(1996, p. 132) is when the “selection of elements of the population to compose samples depends at least 
in part on the researcher or interviewer’s judgment in the field.” In other words, sampling was carried out 
in accordance with the researchers’ judgment, so that specialized interviewees answered 51 items in 
closed questionnaires and wrote remarks on items if necessary. 
 
 
4 Survey Results 
 
The results permit a comparison of three large enterprises of the automotive sector in terms of their 
sustainability efforts. The companies were evaluated using a questionnaire with 51 variables. Each 
variable came with five options, each attributed a weight from one to five on a Likert scale, where one 
represented precarious sustainability conditions and five, a maximum of sustainable adaptation. Table 2 
presents the scores for each variable and the percentages obtained using these evaluation tools, in which 
100% means complete adaptation of the best sustainable practices. 
 
 
Table 2 
Comparison of companies. 
 

INDICATORS Q T ASSEMBLER1 SUPPLIER ASSEMBLER2 

P % P % P % 

GREEN PURCHASE 13 65 53 81.5 49 75.4 53 81.5 

GREEN MANUFAC. 10 50 24 48.0 30 60.0 42 84.0 

GREEN PROJECT 9 45 35 77.8 43 96.0 35 77.8 

REVERSE LOGISTICS 19 95 53 55.8 43* 78.2 61 64.2 

 
 
   The samples confirm that these enterprises have been implementing GSC strategies. The Japan-based 
company is a few steps ahead, for example, in its level of consideration of different environmental 
factors. This Japanese company considers a supply of green raw materials highly important when 
choosing its partner companies. 
 
   Nevertheless, as expected, all three companies are more interested in energy consumption and water 
processing than in service sectors. Likewise, they put a greater emphasis on employees’ health and have 
decentralized most of their production and distribution. They are currently developing initiatives to 
reduce transport costs but maintaining sustainability criteria, especially in CO2 emissions. 
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   The data are compared in Figure 3, which shows service percentages for each studied indicator. The 
level of outsourced enterprises’ involvement is high in the supply chain’s upstream, as well as 
subcontracted companies and logistics providers, including bonded warehouses with a more limited 
dedication to environmental issues as compared to other respondents. 
 
 
!
!
!
!
!
!
!
!
!
!
!
!
!
Fig.2 
Comparative data. 

 
4.1 Green Logistics 
 
Most of the companies are implementing GSC measures through modifications in transportation 
operations and logistics, including fleet renovation. In terms of green logistics implementation, the 
companies include logistics flow optimization and company image improvement, as well as logistics cost 
reduction and landmark regulations. The degree of complexity of such initiatives and high associated 
costs are the main disincentives observed for environmental damage reduction. 
 
 
4.2 Green Purchasing  
 
Suppliers’ involvement is crucial for green projects in which enterprises carry out auditing, as they 
identify and put into practice key performance indicators to monitor suppliers’ green performance. 
Acquisition and manufacturing strategies are functions most affected by environmental issues. Initiatives 
in product logistics and design show the reverse tendencies in that they receive a low degree of attention 
from the companies surveyed. 
 
  
4.3 Green Manufacturing 
 
Two main green initiatives in manufacturing refer to production processes’ modification, equipment 
utilization, and less polluting materials. Closely related to these issues is the process of optimization and 
lean manufacturing concepts of reducing waste during manufacturing operations. 
  
   Besides purely environmental considerations, these processes reflect on issues such as manufacturing 
cost optimization and operations themselves. Because they undertake direct actions in terms of resources 
and other parts of production, the companies investigated have secured greater efficiency, as opposed to if 
they used more onerous methods at the end of the cycle of production. The initial reasons for adopting 
green manufacturing is, on the one hand, improved financial performance (i.e., cost reduction through 
optimization and improvement in resource consumption) and, on the other hand, the ability to follow 
regulations, including current laws. Only assembly plant 2 (see Figure 3) meets these requirements. 
 
 
4.4 Green Projects 
 
In the sample, the enterprises have been implementing eco-design products and/or manufacturing 
processes. The Japanese company is still some steps ahead in this area according to the data on adopting a 
green attitude in the product design phase. The survey results show that, in most cases, green design is 
applied to products or to their components and packaging. In only a small percentage of cases, this 
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approach has been applied to manufacturing processes in order to reduce energy consumption and waste 
production. 
   According to the principle of “from cradle to grave,” most of the companies have adopted green 
projects to make more easily recycled products. Based on the data, it can be estimated that most of the 
enterprises have adopted green designs to improve their brand image, to satisfy stakeholders’ demands 
and increase consumers’ confidence. 
 
 
4.5 Reverse Logistics 
 
Most of the companies have adopted reverse logistics for product recovery and refurbishment. Half of the 
reverse logistics operations involve finished products and packaging. Recovering initiatives for both 
items refers respectively to refurbishing and recovering, as well as recycling and reuse after cleaning or 
restoration. 
   The companies that have decided to establish reverse logistics structures are motivated by the desire to 
“meet consumer expectations,” a reason pointed out by most of the respondents. Reverse logistics is a 
way for companies to acquire a certain dignity in their market, showing corporative citizenship and 
reinforcing their positive image and the loyalty of clients and society. The need to respect reverse policies 
is a third direction that growing numbers of large industries appear to be adopting. 
   It is interesting to note that a third of the companies surveyed that have adopted sustainable supply 
chains believe that reverse logistics structures are not that necessary in their market. The degree of 
complexity and associated difficulties are the second major disincentives for companies that are using 
reverse logistics. First, the companies think that reverse logistics is complex because it involves a 
complete cycle structure from initial stimulations, selective collection, sorting, storage, and recycling in 
order to send products on to the next phase. The second reason is that several intermediaries are integral 
to each stage of the cycle, increasing the difficulty to finalize such operations. 
 
 
5 Final Considerations 
 
The survey evidence discussed above justifies continuing present trends in researches, although it will be 
necessary to enlarge the samples and include other economic segments in addition to those discussed in 
this paper. On the one hand, there is a need to understand the specific benefits of GSCs. On the other 
hand, the institutionalization of a “green attitude” deserves renewed exploration. 
 
   In fact, a key characteristic of an agile approach is flexibility, while a lean approach means maximum 
realization with minimum resources. Agility is pursued in a volatile market. Lean operations make sense 
when demand is predictable, with low variety and high volume. An analysis indicates that these 
differences in supply chain strategies become more diffuse for GSC issues. Visibility and transparency 
are needed along supply chains to ensure that all members are aware of threats and opportunities. 
 
   More concretely, this research infers that prominent companies are now concentrating on supply chain 
processes including environmental initiatives that recognize contemporary issues, such as CO2 emissions, 
energy shortages, and out of control consumption of natural resources. These are constant, challenging 
factors in current and future operations. 
 
   These initiatives reiterate green logistics, where GSCs are sustainable and will become a pre-requisite in 
the near future. Environmental pressures and debates on subjects such as climatic change are growing, 
increasing the emphasis given by governments and consumers to these issues and making them truly 
critical aspects in business management. 
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Entrepreneurship And  
Innovation: a study between  
Brazil and Finland 
 
Okano MT1, Vendrametto O2, Santos OS3, Fernandes ME4 
 
 
Abstract: The main aim of this project is to study how entrepreneurship and innovation are taught in the 
universities comparing Finland and Brazil and what methods are using to get this subject. To achieve the 
objective of this research, firstly was a survey of the literature on the entrepreneurship and innovation, 
business modeling, business planning, Canvas business model and Design Thinking. The study achieved 
its objective; the use of entrepreneurship and innovation in multidisciplinary work encourages students 
because it brings the reality of the labor market into college. 
 
Keywords: entrepreneurship; innovation; Brazil; Finland; 
 
 

 
 
1 Introduction 
 
Developing countries are increasingly finding that entrepreneurship and innovation are the ways to speed 
up their developments and initiate or encourage technological development.  
   The educational institutions such as Universities, Colleges and Colleges of Technology, has two main 
roles in this process, to guide and train entrepreneurs and provide technological knowledge and encourage 
innovation. There was thus completing the triple helix model of innovation with universities, government 
and industry. 
   The objective of this research is to see how the teaching innovation and entrepreneurship in Fatecs is 
aligned with the Universities of Applied Sciences in Finland through the use of methods and current 
methodology. 
   The choice of Fatecs (Technology Colleges) of the state of Sao Paulo, due to the fact that the state of 
Sao Paulo have the largest network publishes Technical Schools and Colleges of Technology through the 
Paula Souza Center. The Centro Paula Souza is a municipality of the State of São Paulo, linked to the 
Department of Economic Development, Science, Technology and Innovation (SDECTI). The institution 
manages 218 State Technical Schools (Etecs) and 64 Colleges of Technology (Fatecs), gathering over 
283 thousand students in technical courses of medium and higher technological level, in more than 300 
municipalities. 
   Already in Fatecs, more than 70,000 students are enrolled in 71 technological undergraduate courses in 
various fields such as Construction, Mechanical, Computer Science, Information Technology, Tourism, 
among others. Beyond graduation, are offered graduate courses, technology upgrade and extension. The 
choice of Fatecs (Technology Colleges) of the state of Sao Paulo, due to the fact that the state of Sao 
Paulo have the largest network publishes Technical Schools and Colleges of Technology through the 
Paula Souza Center. The Centro Paula Souza is a municipality of the State of São Paulo, linked to the 
Department of Economic Development, Science, Technology and Innovation (SDECTI). The institution 
manages 218 State Technical Schools (Etecs) and 64 Colleges of Technology (Fatecs), gathering over 
283 thousand students in technical courses of medium and higher technological level, in more than 300 
municipalities. 
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   Already in Fatecs, more than 70,000 students are enrolled in 71 technological undergraduate courses in 
various fields such as Construction, Mechanical, Computer Science, Information Technology, Tourism, 
among others. Beyond graduation, are offered graduate courses, technology upgrade and extension. 
   The choice of Finland is due to the process that went for evolution of entrepreneurship and innovation. 
The student revolution was part of a wider reconsideration of the proper relationship between government 
and business. This had started in 2008, when the Finnish government shook up the universities (and 
created Aalto) in an attempt to spur innovation. But it was speeded up by Nokia's problems. Finland had 
become dangerously dependent on this one company: in 2000 Nokia accounted for 4% of the country's 
GDP. The government wanted to make the mobile-phone giant's decline as painless as possible and 
ensure that Finland would never again become so dependent on a single company (The Economist, 2013). 
   The Finns created an innovation and technology agency, Tekes, with an annual budget of [euro] 600m 
and a staff of 360. They also established a venture-capital fund, Finnvera, to find early-stage companies 
and help them get established. The centre piece of their innovation system is a collection of business 
accelerators, partly funded by the government and partly by private enterprise, that operate in every 
significant area of business and provide potential high-growth companies with advice and support from 
experienced businesspeople and angel investors (The Economist, 2013). 
 
 
2 Literature Review 
 
 
2.1 Entrepreneurship and Innovation   
    
   Traditionally, teaching and research have been the university’s main missions. This has gradually 
changed with the emergence of disciplines like biotechnology, increased globalization, reduced basic 
funding, and new perspectives on the role of the university in the system of knowledge production. 
Innovation is increasingly seen as an evolutionary process that involves different institutional spheres, or 
sectors, in society (Rasmussen et al., 2006).   
   Although innovation and entrepreneurship generally go hand in hand, forming a distinction between the 
two concepts is possible. The definitions for entrepreneurship may vary; however, one of the most 
popular works on the subject defines this concept as the process of identification, evaluation and 
implementation of business opportunities (Shane & Venkataraman, 2000; Soriano & Huarng, 2013).  
   Entrepreneurship is a milestone on the road towards economic progress, and makes a huge contribution 
towards the quality and future hopes of a sector, economy or even a country. Entrepreneurship is as 
important in small and medium-sized enterprises (SMEs) and local markets as in large companies, and 
national and international markets, and is just as key a consideration for public companies as for private 
organizations. Entrepreneurship helps to encourage the competition in the current environment that leads 
to the effects of globalization (Soriano & Huarng, 2013).   
   Innovation is a tool for entrepreneurs and thus innovation is a specific instrument of entrepreneurship 
(Drucker, 1985).    
   Universities have an important role in the formation of entrepreneurs, since the transmission of 
knowledge to the formation of the individual as entrepreneur.  This process has taken various forms, but it 
is generally assumed that technological advances are created by faculty and research staff and diffused to 
society through a technology transfer process, either through licensing of the technology to established 
firms or through the creation of new spin-off firms. Technology Licensing (or transfer) Offices (TLOs), 
incubators, and science parks have in turn been created to facilitate such technology transfer (Rothaermel 
et al., 2007).   
   Shane and Venkataraman (2000) define entrepreneurship as the “scholarly examination of how, by 
whom, and with what effects opportunities to create future goods and services are discovered, evaluated, 
and exploited” Entrepreneurship activity, in general terms, positively impacts economic growth because it 
is necessary to have a group of persons willing to assume risk, using their funds to generate new firms 
and business. This is the best way to achieve a sustainable economic growth (NISSAN et al., 2011).   
   The definition takes into account the economic agents‟ behavior. For this reason, entrepreneurship 
doesn’t mean an occupation but an activity that considers the different circumstances and aspects of a 
person.  
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   Entrepreneurships must consider uncertainty and obstacles inherent in the business creation process.   
   They must have information or ideas about efficient production processes, as well as new organizational 
forms. This doesn’t mean entrepreneurs had to have attended special academic courses about manage-
ment. They must have the idea and they can ask information or advice from experts to execute the idea.    
   The entrepreneurs can be also encountered in big firms. In this case, they are named “entrepreneurs‟” or 
“corporate preneurs” (Arendt and Brettel 2010).  
   The entrepreneurship factor also includes persons that search information or ideas about efficient 
production processes, as well as new organizational forms. Taking into account these ideas, different 
types of entrepreneurships can be considered (Nissan et al., 2011). 
   First is the innovator, following Schumpeter’s (1911, 1950) thesis. Schumpeter considers that entrepre-
neurship activity implies innovation in the introduction of a new product, organization or process, 
generating a destruction process. The innovator creates new industries and for this reason he causes 
relevant structural changes in the economy. Second is the entrepreneur that takes advantage of profit 
opportunities (Kirzner, 1973, 1999). Third, uncertainty element must be taken into account (Knight, 
1921). And fourth, productive and nonproductive entrepreneurships must be also considered (Baumol, 
1990). 
   
 
2.2 Business Modeling X Business Planning  
 
A business plan is a document that describes (in writing) what the goals of a business and what steps 
should be taken so that these objectives are achieved, reducing the risks and uncertainties. A business 
plan allows you to identify and restrict your mistakes on paper rather than commit them in the Market 
(ROSA, 2004).  
   According to Leschke (2013), the target students lack sufficient business background and experience to 
research, analyze, or construct a reasonably complete or credible business plan, and it would be unfair to 
expect this of them. At this stage of their development, students need to be encouraged to be more 
inventive, creative, open-minded and divergent, as opposed to converging on the details of a particular 
plan. While understanding and appreciating what is involved in preparing a business plan is important, 
knowing its purpose, format, tone and content is sufficient. These students are better served by 
developing skills relevant during the earlier stages of the entrepreneurial path (i.e., idea generation, 
concept development, opportunity assessment and business modeling) and developing the fundamental 
discipline of considering a broad set of options and making a thoughtful, informed choice before 
proceeding.  
   In our experience, we adopted business modeling instead of business planning. Osterwalder (2004, 
2008 and 2010) introduced the business model canvas methodology to provide an efficient means of 
capturing completely the key aspects of how a firm might approach a particular business proposition. The 
business model canvas, depicted in Figure 1, is comprised of nine "building blocks" that encompass a 
relatively complete and comprehensive set of business planning dimensions. Completing the canvas (i.e., 
creating bulleted lists of descriptors within each building block) to document how a firm might approach 
a particular opportunity constitutes a business model and the process of generating a number of 
alternative models is business modeling. 
 
  
2.3 Design Thinking  
 
The SAP Design Services Team (DST) was created in 2005 by Hasso Plattner, Chairman and Chief 
Software Advisor, to improve the design of SAP software solutions as well as provide the organization 
with the means to scale up its adoption of design thinking. Design thinking is a term used to describe how 
designers typically approach problem solving. Beginning with a holistic, ‘‘3608’’ understanding of the 
problem, including customer’s needs (explicit and tactic), the end-user’s environment, social factors, 
market adjacencies, and emerging trends, etc., design thinking looks beyond the immediate boundaries of 
the problem to ensure the right question is being addressed.   
   Using interdisciplinary teams, design thinking incorporates diversity and leverages different paradigms 
and tool sets from each profession to analyze, synthesize, and generate insights and new ideas. The 
interdisciplinary nature of design thinking also ensures that innovations are naturally balanced between 
the technical, business, and human dimensions.  
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   The design thinking approach also encourages teams to create ‘‘project war rooms’’ and to work 
visually using pictures, diagrams, sketches, video clips, photographs, and artifacts collected from their 
research to create immersive work environments that allow the team to gain deeper, more intuitive 
empathy and understanding of their users’ needs. Using rapid iterative development cycles, teams build 
rough, ‘‘throw-away’’ prototypes for validation with end-users and project stakeholders.   
   The team is challenged to risk failure by pushing the limits of both their own capacity as well as the 
capabilities of the technology and the boundaries within their organization. Using artifacts to express 
ideas, the final deliverable in the design thinking approach is a prototype that can be used for 
communication, alignment, and living requirement specifications to provide clarity and transparency 
during the production of the solution. 
 
 
2.4 Elevator Pitching  
 
According Stewart (2013), the elevator pitch is not a high-speed regurgitation of what you do for all types 
of clients or all of the firm's practice areas. By design, the elevator pitch is meant to be a succinct 
expression of what you do in a way that demonstrates the benefit to the recipient.  
   The elevator pitch gets its name from the short ride in an elevator, so keeping with that concept it needs 
to be brief and concise. At best, it should be two to three sentences and take less than thirty seconds to 
deliver. Remember that not all elevator rides are long. Your goal should be to explain what you do as it 
relates to the individual you are addressing, if possible (Stewart, 2013).  
   By definition, an elevator pitch is an overview of an idea, product, service or project that is designed             
to initiate a conversation. When developing an elevator pitch, there are several things to keep in mind             
(Stewart, 2013).  
   The elevator pitch, sometimes known as the elevator speech, is a short summary that quickly defines a 
product or service and its value proposition. A successful pitch induces the listener to make a decision 
sought by the speaker. The pitch is usually approximately 30 seconds, never more than two minutes 
(Denning & Dew, 2012). 
 
  
3 Methodology 
 
To achieve the objective of this research, firstly was a survey of the literature on the entrepreneurship and 
innovation, business modeling, business planning, Canvas business model and Design Thinking. 
Secondly, based on literature review, we developed the questionnaire. Thirdly, we realized an exploratory 
survey, qualitative nature, to verify the proposed workflow. We used interviews as tool to get 
informations with managers of six universities, three of them are brazilians and the others are finnish. 
 
 
4 Results  
 
As results, we identified the following process or methods used to teaching entrepreneurship or innova-
tion as shown in table 01, and which universities are using these one. 
 
 
Table 01 
process or methods used to teaching entrepreneurship. 
 

Process or Method Brazilian 
Univ 01 

Brazilian 
Univ 02 

Brazilian 
Univ 03 

Finnish 
Univ 01 

Finnish 
Univ 02 

Finnish 
Univ 03 

Canvas Business Model yes yes yes yes yes yes 
Design Thinking yes yes yes yes yes yes 
Prototype yes yes yes yes yes yes 
Elevator Pitching yes yes yes yes yes yes 
Startup contest yes yes yes yes yes yes 
Business Planning yes yes yes yes yes yes 
Student Association  for 
entrepreneurship or innovation 

No No No yes yes yes 

Specific room for entrepreneurship or 
innovation (war room) 

No No No yes yes yes 

Coworking area No No No No No yes 
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5 Conclusion 
 
We found that the Finalndia this ahead of Brazil to the teaching of entrepreneurship and innovation, but 
we are in the right track because we use the methods they. 
   The study achieved its objectives, the use of entrepreneurship and innovation in multidisciplinary work 
encourages students because it brings the reality of the labor market into college.  
   The methods such as Canvas and Design Thinking assist in shaping ideas and strategies, the weak point 
is the item innovation, because students still do not realize the importance of innovation in choosing 
unpublished projects. 
   It is amazing value given not only education, but other sectors as well. Companies like Nokia we all 
know, is the result of efforts in these areas involving education and encouraging innovation. Including the 
range of economic boost of Finland was the result of the emphasis placed on education and persistence. 
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Social Innovation Research  
Centers: Focus, Objectives  
and Trends 
 
Menegotto MLA1, Camargo, ME2, Pereira, EP3 
 
 
Abstract: The present paper aims to review the literature studies on Social Innovation, and its evolution 
in the period from 1965 to 2015. In this sense, researches have been developed in order to encompass this 
emerging theme. In order to increase knowledge on the scientific production related to this issue, this 
work analyzes the characteristics of publications in the Science Direct database and Scopus database from 
1965 to 2015. The work characterizes as exploratory and descriptive, which seeks to deepen the analysis 
of scientific literature on social innovation, its actors, process, authors and directions of future research. 
The main results of the study can show that social innovation centers are focus ed on research and action; 
and the centers created   after the 2010 act as interdisciplinary and more focused on research. Another 
relevant finding is that this centers seeking direct its actions to the market and to sustainable objectives. 
 
Keywords: Social Innovation, Research Centers on Social Innovation, Sustainability. 
 
 

 
 
1 Introduction 
 
The economic changes occurred in the last decades increased the relevance of innovation and as a result it 
lead to a generation of new solutions (Rollin & Vicent, 2007). By his side, innovation is a part of the 
social change process or modernization of the society, and according to Ogburn (1937), resulting from 
these processes the society has different associations, with different proposes, that can be among 
individuals or different companies with similar interests which they realize that from its association they 
gain strength before the conflict caused by the competitiveness and global problems (André &Abreu, 
2006; Cajaiba-Santana, 2013). 
   The result of the synergy between the actors of the production chain accelerates economic growth, 
especially in developing countries, which increases the number of competitors, extrapolating the local 
demographic region, becoming world (Ossani, 2013). Thus, the space is optimized for innovation and as a 
result there is the generation of solutions (Rollin & Vicent, 2007). The literature states that innovation in 
turn is a component of the processes of social change and modernization of society, and  according to 
Ogburn (1937), as a result of these forms of associations processes, different arrangements, between 
individuals or companies with similar interests realize that after its unification gain strength before the 
conflict and global problems (Aandré & Abreu, 2006; Cajaíba-Santana, 2013).  
   Within this framework, we identified the research problem: the search for studies on the process and 
entities who study social innovation as well as its origins, focus and objectives. 
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2 Literature Review 
 
One of the first references to the concept of social innovation dates back to the late 1960 (Juliani et al, 
2014). The characteristics and potential that this issue reached later came to be developed and to take 
shape from the end of the 1990s, with the creation of innovation centers social and growth of research on 
how such innovations could help in solving social problems and improving the quality of life (Juliani et 
al, 2014). 
   Social innovation is a new idea or an improved idea that simultaneously meets social needs and creates 
new relationships. It is a phenomenon capable of raising the capacity to act in society (Murray et al., 
2012). It is observed that in companies social changes are related to stakeholders. In social innovation, the 
relationship is more complex, since the social innovation has the need to satisfy the interest of the 
company, the community, donors, volunteers, government, ie, it is necessary to manage different 
priorities and in some conflicting moments (Lettice & Parekh, 2010). 
   Social innovation provides means by which reinvent, recalibrate and introduce greater resilience in 
institutions (Huddart, 2010). It is as part of a broad movement of a knowledge-based society, where 
innovation is widespread and enriched by its share (Bepa, 2011). This can take two distinct and 
complementary perspectives according to the impacts of social innovation: process and outcome 
(Nicholls & Murdock, 2012). The process impact acquires contours similar to the open innovation 
concept proposed by Chesbrough (2003; 2006). While the result is performance-based social innovation 
translated through the "social value" generated (Mertens & Marée, 2012). 
   Considering social innovation from the perspective of a process, the interactions between social actors 
promote the meeting and integration of resources and complementary capabilities in collaborative mode 
interactions (Healey, 1997). In their studies Moulaert and Mehmood (2010) and Volckmann (2010) state 
that the actors of social innovation are mechanisms that allow efforts "scaffolding" and intermediation for 
structuring and providing governance to the people who participate in the innovation process. 
   It is observed that the initiative for social innovation born from social demands (Schachter, Alcántara & 
Matti, 2012), and that the effort to the junction of the actors is much tougher because of the increased 
number of components and complexity of form and organizing network (Juliane et al, 2014). By their 
side, Rollin and Vincent (2007) add the capabilities of the actors involved and the outcome of the social 
innovation process. 
 
 
3 Methodology 
 
This study was developed from a bibliometric research. According to Flick (2004), a bibliometric 
research is understood as a quantitative technique and statistical measurement of production rates and 
dissemination of scientific knowledge through content analysis techniques (Bardin, 2009), as well as a set 
of laws and empirical principles that contribute to the establishment of the theoretical foundations of 
information science (Guedes & Borschiver, 2005). 
 
   We tried to direct and expand knowledge regarding the research centers for social innovation, its actors 
and future research directions, by analyzing the characteristics of the publications in the Science Direct 
and Scopus databases in the period from 1965 to 2015, a period of fifty year old. The extraction of the 
sample is segmented from search procedure using as key words: social innovation delimiting the search 
for the period under analyze. After analyzing the publications containing the Innovation Centers, the data 
were worked using of three basic laws: Bradford's Law, Lotka's Law and Zipf's Law (Vanti, 2002). 
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Fig.1  
Three basic laws. 
 
 

Law Charectiristics 

Bradford “allows to establish the core and the areas of dispersion on a particular subject in the same set of 

magazines (Vanti, 2002, p. 153). 

Lotka view with a probability function productivity (Maltrás Barba, 2003).  

Zipf relates to the measurement of the frequency of occurrence of words in various texts. Thus 

generated is an ordered list of terms of a particular subject or subject. (Vanti, 2002) 

 
    
   According to Bardin (2009), once the corpus of research is defined, the next step is proceeding to the 
preparation for the content analysis, that in our case it to analyze the established innovation centers in the 
follow categories: Research Centers of Social Innovation and as subcategories the Social Innovation 
Centers. For both, were used the following: the name of the Centre; the place (city and country); the 
internet site; the year of constitution; and the institution and focus of the research center. 
 
 
4 Application and Discussion of Results  
 
Juliane et al (2014) highlight the relevance of the innovation centers as other important actors in the 
development of social innovations. The social innovation centers constitute groups of persons or 
organizations, institutions of education and governmental initiatives, which act in a collaborative way in a 
common space for a common goal. 
 
LEI DE BRADFORD : It was found that the first research center was established in 1986 and over the 
next decade was created only two centers. In contrast the last 5 years shows to be a subject who is on the 
rise worldwide due to the dispersion of the location of the centers. 
 
LEI DE LOTKA : In surveys carried out a result that stands out is the geographical coverage of research 
on the subject, and in this study the locations that stood out were in England, the United States and 
Canada. Also located was a research center in Latin America, more specifically in Brazil. 
 
LEI DE ZIPF : It was found that the publication of the last decade is more than 50% of the publications 
which leads to assume that there is a greater interest in the subject in modern times. 
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Fig.2  
Research Centers of Social innovation.  
Source: adapted from Juliani et al (2014). 
 
 

Research Centre Name City –country Internet Site Since 
CRISES Toronto – Canadá http://crises.uqam.ca/presentation-pt 1986 

ZSI - Zentrum for 
sozial innovation Vienna – Austria https://www.zsi.at/en/home 1990 

Fundação Porto Social Porto – Portugal http://bonjoia.org/en/projects/projecto/
55 

1995 

Nesta Londres – Inglaterra http://www.nesta.org.uk/ 1998 

INSEAD 
- Stanford 

San Francisco CA – 
EUA http://csi.gsb.stanford.edu/ 1999 

Impumelelo Several cities – South 
Africa http://impumelelo.org.za/ 1999 

HARVARD 
Ash Center 
Project on social 
innovation 

Toronto - Canadá e 
Nova Iorque – EUA http://socialinnovation.ca 2004 

The Young 
Foundation Londres – Inglaterra http://youngfoundation.org/ 2005 

LIEN Singapore http://lcsi.smu.edu.sg/ 2006 
SELUSI Aveiro – Portugal http://www.seforis.eu/en/selusi/about 2008 
The Australian centre 
for social innovation – 
TACSI 

Adelaide – Australia http://www.tacsi.org.au/ 2009 

world Vision Institute Friedrichsdorf – 
Alemanha http://www.worldvision-institut.de/ 2009 

SIERC Auckland - Nova 
Zelândia http://sierc.massey.ac.nz/ 2010 

HARVARD Boston – EUA 
http://www.ash.harvard.edu/Home/Pro
grams/Innovations-in-
Government/Social-Innovation 

2011 

Bertha CSI Cape Town – Africa http://www.gsb.uct.ac.za/s.asp?p=389 2011 

CIS - Centro de 
Inovação Social do 
Porto 

Oporto – Portugal http://www.cisporto.pt/ 2011 

SIM Istambul – Turky http://www.en.sosyalinovasyonmerkezi
.com.tr/ 2012 

Gawad Kalinga Philipines http://gk1world.com/gkcsi 2013 

CAIS - Centro de 
apoio inovação social Florianópolis – Brasil http://www.icomfloripa.org.br/icom/cai

s/ 2014 

INSEAD Social 
Innovation Centre 

Europe, Asia, Abu 
Dhabi 

http://centres.insead.edu/social-
innovation/who-we-are/index.cfm 

- 

Boston College Boston – EUA http://www.bc.edu/content/bc/schools/g
ssw/csi.html 

- 

 
 
   Based on the research done through the sites of innovation centers the internet and in the identification 
of the main goals of each one of the innovation centers established after 2010 (figure 2 and figure3), we 
can infer that interdisciplinary research predominate, as well as it involvement with local activities 
sectors, and related with local and international educational institutions. 
   In the analyzed research innovation centres is observed the trend to the development of a framework 
comprehension on empirical, theoretical and politics fundaments necessary for the development of the 
field of social innovation. It is noticed that there is the use of multidisciplinary and interdisciplinary 
which could increase the social development of the territory. 
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Fig.3 
Research Innovation Centers Established after 2010. 
Source: Prepared by the author. 
   

 
Research centre 
name City-country Established 

Main 
proposal Objectives of the Research Centre 

SIERC Auckland - 
Nova Zelândia 2010 Search 

conduct, support and disseminate 
research that contributes to the 
advancement of social innovation and 
entrepreneurship in New Zealand and 
internationally 

CIS - Centro de 
Inovação Social 
do Porto 

Porto – Portugal 2011 Research 
and action 

goal is to promote the implementation 
of innovation projects and social 
entrepreneurship in the city of Porto. 

HARVARD Boston – EUA 2011 Research 
and teaching 

provide a practical platform to share 
the stories and lessons of exciting 
innovators of non-profit sectors, public 
and philanthropic. 

Bertha CSI Cape town - 
Africa 2011 Research 

and teaching 

Emerging markets finance, investment 
and trade; Social innovation and 
sustainability; and value-based 
leadership 

SIM Istambul - 
Turquia 2012 Research 

and action 

Consulting and Training for New 
Services Project Social Innovation 
Advisory and training services within 
the Social Business Advisory and 
Oversight Services camp for young 
entrepreneurs 

TEPSIE Aarhus - 
Dinamarca 2012 Search 

TEPSIE is a research collaboration 
between six European institutions that 
seek to understand the empirical 
foundations and theoretical and 
policies for the development of the 
social innovation field in Europe. 

Gawad Kalinga Philipines 2013 Action 
It is a developer ecosystem business 
aimed at building a culture of social 
entrepreneurship. 

CAIS - Centro 
de apoio 
inovação social 

Florianópolis - 
Brasil 2014 Action 

The program proposes to undertake 
activities to promote institutional 
development (ID) of civil society 
organizations (CSOs) in order to 
improve the quality of services they 
offer. The program operates in 
promoting DI CSO providing training 
for preparation of institutional 
development plans (IDP) 

INSEAD Social 
Innovation 
Centre 

Campus na 
Europa, Asia, 
Abu Dhabi 

- Research 
and teaching 

It is a comprehensive platform for 
interdisciplinary research, education, 
projects and engagement in the area of 
Business in Society. 

Boston College Boston – EUA - Research 
and action 

It is a comprehensive platform for 
interdisciplinary research, education, 
projects and engagement in the area of 
Business in Society. 

 
 
 
5 Conclusions  
 
One of the main findings leads to the need for diversification of social sciences in research and 
facilitation of social innovations. The proper adjustment of self-organization in social science is relevant 
to allow a deliberate relationship with users of the knowledge generated by the social sciences in a sense 
of interdisciplinary research. Although there are different approaches, concepts and methods, such 
intentions resemble to the usual signs of advanced research in natural sciences and economics on social 
innovation and business innovation in scope of process and outcome. 
   In fact, social innovations could take two distinct and complementary perspectives according to the 
social innovation impacts: process and outcome (Nicholls & Murdock, 2012). For the first impact, social 
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innovations acquire some contours similar to the open innovation concept proposed by Chesbrough 
(2003; 2006). In the second case, the result constitute the performance of social innovation translated 
through the "social value" generated (Mertens & Maree, 2012), through co-creation or co-designers of 
innovative ideas, processes, or products in multidisciplinary environments (Cunningham et al, 2012). For 
this to be really evident and worked it is necessary to make a knowledge management within each link in 
the production chain, as well as within each of the organization sector. 
   The interdisciplinary research on Social Innovation lead to the development of entrepreneurs, public 
policies more efficient, as well as institutional development plans, and accelerates the economic growth 
of the territory. 
   The present work indicates that future researches in this field should be developed in an alternative 
approach based on a framework theory of social innovation which benefits families and companies. For 
individuals, it allows to increase the economic growth and the development and welfare of populations; 
and for the companies, to rank it in terms of their strategies, their relationships and their organization's 
performance. It points to the need to carry out a number of projects already undertaken by the 
measurement research centers, and the impact they have caused in the local and global economy. 
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The SWOT Analysis as a  
Method to Study the City 
 
Ros-McDonnell D1, de la Fuente-Aragón MV2, Ros-McDonnell3 
 
Abstract: Several City definitions identify the four important aspects of it: the physical reality, subject to 
governance and governed by an administrative organization, ia large concentration of people, and the 
economic activities. The current trend of humanity of gathering in urban settings forecasts that in the 
coming years the size and density of cities will increase. Therefore, it is necessary to have simple and 
practical tools to study and learn the real situation and condition of cities. The aim of this article is to 
expose the main factors to consider in the SWOT analysis of a city, and show the multiple aspects and the 
complex casuistry of each factor than we have to take into account during the exam of urban areas. 
 
Keywords: SWOT analysis, Urban analysis, City. 
 
 

 
 
1 Introduction 
 
The cities are composed by numerous aspects with different characteristics. The Spanish Royal Academy 
defines city as “a set of buildings and streets, governed by a council, whose dense and large population is 
usually dedicated to non-agricultural activities” (RAE, 2001). The content of this definition identifies four 
important aspects of a city: it is a physical reality, it is subject to governance and governed by an adminis-
trative organization, it has a large concentration of people, and it presents own economic activities.  
   The above description gives us a fixed image of the city, isolated in time. But the study of a city also 
needs to consider its evolution and transformation, the interactions among their different factors, and the 
relationships of the city with the environment. 
   The current trend of humanity of gathering in urban settings forecasts that in the coming years the size 
and density of cities will increase. Over the 50% of the population lives in cities today, with the problems 
arising from this situation. Moreover, the dynamics of the urban reality cause a variety of circumstances 
within its perimeter. Therefore, it is necessary to have simple and practical tools to study and learn the 
real situation and condition of cities. 
   The aim of this article is to expose the main factors to consider in the SWOT analysis of a city, and 
show the multiple aspects and the complex casuistry of each factor than we have to take into account 
during the exam of urban areas. 
 
 
2 The City. Factor of Analysis 
 
"The city is a complex set of interactions, in which deals contradictory logics" (Panerai et al., 1983). Each 
conurbation is a social manifestation as a result of life, of acting, of all citizens who are or have been part 
of the current or past society, in constant evolution. The main factors to consider are: the physical reality, 
the population (the inhabitants), the system of government, economic activities, and the relationships 
among them. 
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2.1 Physical Reality 
 
The first perception of the city is the reality, the set of material elements that compose it. The city has two 
categories of spaces, public space and private space, the two spaces are mutually selective and 
complementary. The public space, also called social space or collective space, is a continuous surface, 
and it is the emptiness of the city. It is formed by spaces connected among them, which a network. And it 
is an area freely accessible that belongs to the community. The private space, also called built space, is a 
discontinuous and compartmentalized surface, and it is the full of the city. This space consists of blocks 
and buildings built therein, and they are restricted spaces. 
   This complex reality is only understandable through the relationship between the built environment 
(private space) and social space (public space). The study of both spaces can reveal the reason for their 
existence. This point of view matters if we can identify patterns and rules that allow the understanding of 
the scope analyzed, as well as the global and local levels. The abstraction of the reality described is called 
urban structure or physical structure of the city. The elements to consider are: the communications 
network or urban fabric, public buildings, the network of green zones and residential areas. 
 

1.!Communications network: the different characteristics of the communication roads, 
management, supported functions and traffics, size, scale, relevant sites, relationship 
with the environment, classifies the roads, rank them (ranking order) and form a 
more or less clear structure, the urban fabric. 

 
2.!Public buildings: Public buildings are distinguished by their appearance, nature and 

function. They are particular items, urban centers, places of exception or diffe-
rentiation of the urban fabric. Public buildings act at two levels, as a global part of 
the urban structure, and as a local part locally, because of its uniqueness and 
program, they have their own relationship with the public space, with the block and 
with the plot. 

 
3.!The network of green zones are notable sites of public spaces, places of superficial 

character with dimensions that allow relationship activities which can not be 
performed on the roads. The green zones have vegetable and tree-covered elements, 
characteristics of sunlight and behavioral conditions against wind. 

 
4.!The residential areas are the result of the superposition of two logics, corresponding 

to the plots and the derived one from block shape, its parcel division and building 
types. To identify different homogeneous urban fabric it involves the characteristics 
of each area. 

 
 
2.2 Governance 
 
The Latin term "civitas" included, among other meanings of town, the space of civilization and of Law, 
which appears in opposition to "silva", as the dark kingdom, the wild, the uncivilized (Carrero de Roa, 
2010). That is, to consider the city as a group of people organized under the laws that establish the rights 
and duties of each member of the community, and they regulate the relationship between all actors and 
entities that constitute the city. 
   Throughout history, there have been various government and political systems, with different 
institutions, administrative processes, legal regulations and a multitude of relationships between the 
various members and social agencies.  
   For any urban analysis (in general), and the SWOT analysis of urban areas (in particular), it is basic to 
know the governance model of the city, the institutions, the administrative processes, the legal system and 
the set of regulations, rules, and their operation, the normal practice and their advantages and limitations, 
the social objectives of the authorities, besides system aspects like effectiveness, ability, diligence, 
honesty, security and crime, and social interests, among other objectives. 
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   Along this process, we should answer questions like:  
   What form of government ruled the city?, Are the institutions effective?, How much time is needed to 
solve any administrative procedure?, Are the procedures regulated ?, Is the sequence of administrative 
processes known?, What is the legal regime/system?, Is the system clear and open, or is it cloudy and 
opaque?, Is there a system to control the management or administration?, Is the citizen participation 
possible in the making-decision system?, Who is in charge?, Who decides?, Is the management collegial?, 
Is there a legal body?, Is the legal framework respected?, Are citizens interested in new initiatives?, Are 
citizens active / passive?, Is there any planning? 
   These and many other questions can help us to determine the characteristics and circumstances of the 
governance system. 
 
 
2.3 Population and Demography 
 
The city is the place where people lives, it makes no sense the existence of a city without people. We can 
presume the original purpose of the city was to give a safe place tailored to the needs of its inhabitants, so 
it is essential to determine the characteristics of the population. 
   The specific circumstances of citizens define their needs. Such simple issues as a population pyramid 
provides a wealth of information. A city with a very wide population pyramid at the base and progressive 
and rapid decrease in height indicates the abundant supply of young people, and involves the immediate 
demand for services and equipment necessary to cover the needs of this kind of population (essentially 
schools and sports facilities), and in the short and medium term it will result in a remarkable urban 
growth, either through expansion and colonization adjacent to the city or territory through densification of 
the existing city overloading the residential fabric, with a consequent increase in all types of services and 
urban facilities. 
   A pyramid of aging population (with a narrow base and wider at height) involves the shortage of young 
people and elderly citizens abundance. Consequently it will be essential those services needed to meet the 
demands of the elderly, nursing homes, geriatric services or health facilities, and to adapt the conditions 
of the urban environment to the movement limitations imposed by the passing years. It also indicates the 
loss of population in the medium term, the depletion of the sector and the decay of urban areas affected. 
   Besides the number of people (with their corresponding gender population pyramid) it is useful to keep 
in mind other aspects, population trends and statistics, including: demographic change, increasing or 
decreasing the number of neighbors by intervals of time, birth rate, mortality rate, marriage rate, and 
number of children per family, number of persons per family, the cultural level, income level, the main 
economic activities, principal training or professional dedication, the unemployment rate, homogeneity or 
heterogeneity residents, floating population, ethnicity, existence of marginality, distribution of the 
inhabitants in the analyzed sector, presence of immigration or emigration. In short, all those 
circumstances of the analyzed population will determine the current status of the inhabitants and could 
anticipate future situations. 
 
 
2.4 Economic Activities  
 
Economic activity is inseparable from the city. "In any civilization urban life has been developed 
independently of business and industry. The diversity of weather, race and religion, as well as times, do 
not affect the urban life, [...]"(Pirenne, 1985). That's right, a conurbation can only survive by importing 
all kind of products (food, raw materials, manufactured products, energy resources, among others, that are 
produced or manufactured outside the urban area. Moreover, such importation should match the export of 
goods made in it. 
   The import-export mechanism between the city and its environment is a continuous and necessary 
relationship. Business and industry are essentials to sustain this mutual subordination, importations 
ensure supply of goods, and exportations generate revenues, and without them the city would disappear. 
 
 
2.5 Factors’ Combination 
 
For a broader vision to make the SWOT analysis, it is necessary to bear in mind the relationships among 
the factors (before described): physical reality, governance, population and demography, and economic 
activities. Physical reality is the stage where the population develope all economic activities that occur 
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there and done under the system of government established. In turn, the reality is a result of the action 
itself and the other three factors in previous performances. All factors have relationships among them. 
 
 
3 Method  
 
The SWOT analysis is a well-known strategic planning tool in the business world, where it is used to 
determine the level and circumstances of a company to make a diagnosis to facilitate decision-making to 
improve the competitive position of the company in the market. 
   Given the characteristics of this survey tool: flexible, dynamic, reflective, graphic, synthetic, easily 
understandable, effective, and that allows a feedback analysis process, which makes the SWOT analysis 
into an optimal working process for defining the status of an urban system.  
   Before carrying out the SWOT analysis, it is necessary to define the scope of study, the procedure, and 
to differentiate the geographic areas of analysis. 
   The complexity of the city, the numerous factors to consider, and the variety that offers a city it can 
significantly complicate the SWOT analysis of the whole set. When an urban environment presents a 
large heterogeneity, there are two procedures to facilitate the study. 
   The first method is a cross-sector SWOT analysis. This method lies in dividing city into homogeneous 
parts and then, we will perform the SWOT analysis for each of them, considering all factors, especially 
those to characterize each relevant area, and finally we will make up the SWOT analysis of the entire city. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Factors of a Vertical SWOT analysis. 
Example of a Governance SWOT. 
 
 
   The second method is a vertical SWOT analysis (or by factors). This method consists in a SWOT study 
for each factor, independently of the other factors in the whole town. Later, we will compose the SWOT 
analysis for the set of factors.  
   Regarding the knowledge of the state of the city, given the superficial and geographical character of the 
city, the cross-sector SWOT analysis often provides the clearest results. The second method, the vertical 
SWOT analysis is particularly suitable when we try to know some specific aspects of the city. 
   As for the geographical areas under analysis, we can establish the specific field and the incidence 
environment. 
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   The specific field, also called specific environment, or simply the field analysis, is the surface area, 
which coincides with the geographical area over which the SWOT analysis will be performed. 
   The incidence environment, also called general environment, it is a more abstract space and less 
controllable than the specific environment. It is the outer surface of the specific field, and it presents the 
issues which affect or may affect, in a relevant way in the specific environment, due to their relationship 
or characteristics. 
   The SWOT analysis in the urban field, is a means for determining the relevant factors that affect the 
durability of the city (factors which exist in the specific field and in the incidence environment), for 
specifying the state of the urban system, for structuring the diagnosis and, in general, to constitute the 
basis for decision-making and the drafting of urban plan documents. 
   The SWOT analysis determines the Strengths, Weaknesses, Opportunities and Threats, which can be 
defined as:  
   Strengths are those elements and characteristics of an urban system that provide strength and durability 
to the system. The capabilities that ensure its balance, sustainability and durability. 
   Weaknesses are those elements and specific factors into the urban system, which cause fragility and that 
unbalance the system. The constraints that make vulnerable, unstable and unsustainable the urban system. 
   Opportunities are the external factors to the specific area of study that enhance the strength and 
durability of the system. Also we can consider opportunities some future actions to provide solidity to the 
system. 
   Threats are the external factors to the specific area of study which cause fragility and unbalance the 
system. Also we can consider as threats all future actions and those specific factors that if they are not 
corrected, can increase the fragility or may even cause the collapse of the urban system. 
   As previously outlined, the issues to be studied are very numerous, and they respond to very different 
origin and causes. Given the characteristics of the urban system, we can define the following families: 
physical environment, infrastructures network, buildings, facilities and equipment; governance; 
population and demographics; activities and processes, and all the interactions among them. 
   Finally, the over time affects the urban environment, so that makes it a changing and evolving system. 
The physical environment is degraded by the impact of environmental conditions, weather, temperature 
changes and water cycle, among others. The life of urban systems significantly exceeds man's life, who 
take part in its construction, generation after generation. Over time, all the elements change: techniques, 
needs, activities, social patterns, urban centers, extension or buildings, both public and private. 
 
 
4 Results   
 
The present work shows the SWOT analysis as a suitable method for studying the city, both their current 
state and their possible future circumstances, in order to facilitate a decision-making process to ensure the 
quality of life in the city, based on a balanced and harmonious development. This procedure allows, from 
the point of view of urban study, identify the constituent elements of the studied agglomeration, the 
interactions between the elements, the establishment of the state of the system, the identification of the 
factors that contribute strength and durability to the system, and those factors that cause fragility and 
vulnerability. 
   The aim of this article is to expose the main factors to consider in the SWOT analysis of a city, and 
show the multiple aspects and the complex casuistry of each factor than we have to take into account 
during the exam of urban areas. 
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Tax Planning Applied to  
Small Brazillian Companies  
of Building Sector 
 
Pessoa R1, Medeiros R2, Souza R3 
 
 
Abstract: This papers goal is to analyze the best tax organization applied to small Brazillian companies 
of building sector from tax planning appliance. To perform this research, it was necessary the simulation 
among the allowed Taxation Schemes to small companies acording to brazillian laws. The results shows 
the economiac feasbility in two main regimes, being the relation among billing and hand labor the main 
determinants in the best regime choice, being Simples Nacional regime a most recomended  for most 
revenue range allowed in laws. 
 
Keywords: Tax avoidance; Tax planning; Building Sector. 
 
 

 
 
1 Introduction 
 
The brazillian building increases about 4,5% a year and most of these due to the increasing of small 
businesses, representing 2% of all small businesses, but with the average income per company is R$ 
652.328,00, according to SEBRAE (2013, p. 19). In a country of Brazils porch which has a 36,42% of 
Gross National Product – GNP provenient from taxes collection (Amaral et al., 2013), the economy in 
taxes management is aright a competitive advantage. The brazillian law, however, allows the tax avoid-
ance, which is a option able to reduce, retain and even avoid the companies taxes payment, due to the law 
or gaps in it. 
 
 
2 Objectives  
 
This papers goal is to analyze, from a tax planning appliance, the best Taxation Scheme applied to small 
brazilian companies of building sector, considering the annual company revenue. 
 
 
3 Methods 
 
The research template was the Tax Planning defined by Fabretti (2011, p.312) “The study made preven-
tively, it means, before performing the administrative act, searching it legal and economics efects and the 
less coust legal alternatives”. To it, had made two simulations in Taxation Schemes allowed in Brazil to 
Small companies. It is: The Lucro Presumido and the Simples Nacional regimes. 
   The first performed simulation was in Lucro Presumido Regime, had considered the taxes provided by 
Law number 9.249/95, adding to other plus by Laws number 10.833/03 and Supplementary Law number 
116/2003. The second simulation was performed in Simples Nacional regime, ascertaining the conditions 
described in Annex IV from Supplementary Law number 123/06, which presents an unique aliquots 
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which modifies according to revenue and covers the taxes already applied to Lucro Presumido Regime. 
Beyond than Taxation Scheme, the Tax Planning also considered for the two regimes the burden on the 
payroll. 
 
 
4 Results 
 
The results showed the Simples Nacional regime as the most economically viable to 18 aliquots presentes 
in the Annex IV from Supplementary Law number 123/06 which covers revenues in range of R$ 
180.000,00 to R$ 3.240.000,00. Though, in two aliquots was observed advantages in opting for Lucro 
Presumido Regime once the rate among payroll and net revenue don exceed, repectively 1,73% and 
8,97% to the revenue convered by the range R$ 3.240.000,01 to R$ 3.420.000,00'(and(R$(3.420.000,01(to(
R$(3.600.000,00. 
 
  
5 Conclusion 
 
The application of the tax planning showed the tools feasbility presented by Fabretti (2011, p.312), 
identifying the Simples Nacional regime as the best regime to almost every revenue range, however, 
showing the conditions which the Lucro Presumido regime is economically viable, overturning the myth 
that the Simples Nacional Regime is, in all cases, more advantageous that the Lucro Presumido Regime, 
providing, this way, to the building managers, the best choice to their business. 
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Managing Continuing  
Projects: Optimizing the  
Version-Release Policy 
 
Cohen Y1, Etgar R2, Gelbard R3 
 
 
Abstract: The current methodology of project scheduling focuses mainly on the concept of a project as a 
one-time concentrated effort. However, the typical R&D project is not a one-time effort, but a continuing 
effort divided to several releases. A Continuing Technology Development (CTD project) is divided into 
several intermediate projects leading to product Releases. Each release is composed of several new 
features, and the development of each feature requires a set of activities. Current planning methodologies 
ignore the unique characteristics of the CTD projects. The scheduling goal of a CTD project is to acquire 
the highest possible net present value (NPV) by scheduling the project activities and thus gaining higher 
values to early releases, by means of search techniques. A multiple group particle swarm optimization 
(MGPSO) for determining such schedule is proposed in this paper. Since the solution space of the 
scheduling is discrete, we modified the particle position representation, particle movement, and particle 
velocity to better suit MGPSO for this problem. 
 
Keywords: Project; Scheduling; Release; NPV; Operations research; Particle swarm optimization. 
 
 

 
 
1 Introduction 
 
The basic definition of a project, upon which the methodology of project scheduling has been researched 
during the last decades, is of a one-time concentrated effort, with a finite duration and well-defined goal. 
While this concept applies to most large-scale projects, in most Hi-Tech organizations (and various 
others), the typical project has many intermediate products. For example, most software companies 
release new versions (releases) every few months. In order to do so, the project teams are working on 
version X+1, X+2 etc. even before the release of version X. We call this type of R&D projects 
Continuing Technology Development (CTD) projects. These projects, which are very common in R&D, 
display some basic characteristics that are different from "regular project" and therefore generate a need 
for a unique methodology 
   This paper deals with determining the scope of work (SOW) and the schedule of releases in CTD 
projects.  
   A typical CTD project, such as software development, does not end with the release of the software to 
the market. Instead it continues to the next version and the one after, etc. 
   The current methodology of project scheduling does not provide tools for determining the number or 
the timing of product releases nor for defining the scope of the product releases. There is an urgent need 
in the market for a methodology to help CTD project manager build a good schedule based on relevant 
objective functions. The differences (and similarities) between 'regular' and CTD projects are depicted in 
Table 1. 
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Table 1 
CTD vs. 'regular' project. 
 
 
 

Subject 'Regular' projects CTDs 
Duration Finite – There is an prior condition for the 

project ending 
Non-finite. The project may have many 
releases until there is no market value. 

Goal Project termination Many goals – one for each release 
General nature Non-repetitive Non-repetitive 
Structure Inter-connected activities (net) Inter-connected activities (net) 
Critical path or 
chain 

Very important – determines objective No importance as may change with the 
change of release dates 

Content Fixed – capacity determines duration Release dates determine content 
Activity 
importance 

All activities have the same importance – 
needed for project goal 

Different activities have different 
importance, depending on the versions 
and features 

Bottle neck May be any resource, depending on the 
importance of the activities Usually the most 
utilized resource 

Depends on the release. 

 
 
   The main requirement from the CTD scheduler is to increase the value of releases. The requirement is 
to include very high value features in the near release, thus making the coming product more attractive. 
This desire, combined with the resource limitation, creates a difficult scheduling problem – the scheduler 
must decide which features should be included in the coming release and which will be postponed to one 
of the next ones (and to which one exactly). Release of a feature in an earlier version carries higher value 
then the same feature release in later version. The profit to the organization rises as the feature is included 
in an earlier version. This is due to two reasons - Early revenues (increase product desirability and thus 
increase sales and also forwarding sales cause higher value due to interest considerations) and the ability 
to provide the product to the market earlier, thus reduce unwanted competition. 
 
 
2 Literature Review 
 
For solving the Max-NPV problems, different solutions have been offered. Russell (Russell A. H., 1970) 
proposed a nonlinear mathematical model for maximizing NPV and then solved it by using first sentence 
of Taylor series.  
   Grinold (Grinold, 1972) converted Russell's model to a linear mathematical model and proposed two 
solutions for the Max-NPV in AOA network without resource constraints. Doerch and Patterson (Doersch 
& Patterson, 1977) proposed a planning mathematical model with zero-one in the state of budget 
limitation. Smith-Daniels and Aquilano (Smith-Daniels & Aquilano, 1987) continued Russell's work and 
considered expanded the problem for the general case of both negative and positive cash flows. 
Elmaghraby and Herroelen (Elmaghraby & Herroelen, 1990) presented a method known as Elmaghraby 
interpolation for resolving Max-NPV problems with at least 20 nodes and 190 activities that were solved 
in a very short time. Yang et al. (Yang, Talbot, & Patterson, 1992) took the approach of integer 
programming and successfully solved small to mid-size projects. Sung and Lim (Sung & Lim, 1994) 
researched the case where cash inflows and outflows are given and availability restrictions are imposed 
on capital and renewable resources. Sepil and Ortac (Sepil & Ortac, 1997) showed that the method does 
not necessarily offer an optimal solution.  
   The concept of time-dependency of the nominal magnitude of the cash flows was researched by Shtub, 
LeBlanc and Etgar (Etgar, Shtub, & LeBlanc, 1996) who claimed that in real-life project it is likely to 
assume that the cash flows are constant (due to common policies of bonus/penalties). They presented a 
simulated annealing (SA) based heuristics for solving this problem and later (Shtub & Etgar, 1997) 
presented a branch & bound algorithm with exact results  and showed (using a set of 168 random 
problems) that the SA algorithm solutions were close to optimality. They also examined the special case 
of linear time-dependency (Etgar & Shtub, 1999) and used it for a bound for the general dependency case. 
Vanhoucke et al. (Vanhouke, Demeulemeester, & Herroelen, 2001) continued Etgar and Shtub's research  
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and presented a recursive search algorithm for the same problem. Two years later (Vanhoucke, 
Demeulemeester, & Herroelen, 2003) they presented another version with fixed deadlines. Mika, 
Waligora and Weglarz (Mika, Waligora, & Weglarz, 2005) took another approach to the problem by 
considering the case of multi-mode activities, followed by Waligora's work on discrete-continuous cash 
flows (Waligora, 2008).  
   Hartmann and Briskorn presented a survey and classified the different problems of Max-NPV 
(Hartmann & Briskorn, 2010). 
   Neumann and Zimmermann (Neumann & Zimmermann, 2000) argued that the Max-NPV is merely a 
part of a wider multicriteria problem and combined the Max-NPV with resource-leveling objective. They 
exami-ned and compared 17 heuristics. 
   During the recent years some researchers started exploring the stochastic nature of the Max-NPV 
problem. Sobel, Szmerekovsky and Tilson (Sobel, Szmerekovsky, & Tilson, 2009) checked the influence 
of the stochastic nature of activity duration on the project NPV. Creemers, Leus and Labrecht (Creemers, 
Leus, & Lambrecht, 2010) used a continuous-time Markov decision chain on project scheduling with 
NPV objective and exponential activity durations. In the same year (Wiesemann, Kuhn, & Rustem, 2010) 
the problem was expanded to include stochastic cash flows as well (both cash flows and durations have 
discrete distribution). Finally (Ucal & Kuchta, 2011) took a novel approach to this problem by using 
fuzzy logic methods. 
 
 
3 Illustrative Case Study 
 
The aforementioned problem of determining the CTD release SOW can be demonstrated in the simplified 
project depicted in Fig. 1. In this A-O-A project network the features are depicted in squares. For 
simplicity, there is only one resource type, which has only 2 units available. The resource requirements 
and activities durations are depicted in Table 2. 

 
Table 2 
Duration and resource requirement. 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
A simplified for Project network containing regular nodes (circles)  
and features (squares) to be chosen for a specific release. 

Activity Duration Resource 
units  Activity Duration Resource 

units  Activity Duration Resource 
units 

{S,1} 1 2  {3,7} 1 1  {11,12} 2 2 
{S,2} 1 2  {4,6} 1 1  {11,13} 1 1 
{S,11} 1 1  {4,10} 1 1  {12,14} 2 1 
{S,16} 1 1  {5,6} 2 2  {13,14} 1 2 
{1,3} 1 1  {5,15} 2 1  {13,15} 2 2 
{1,4} 2 1  {8,9} 2 1  {14,15} 1 2 
{2,5} 2 1  {8,15} 1 1  {16,17} 1 2 
{2,8} 2 1  {6,7} 1 1  {17,18} 2 1 
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   Trying to schedule the project with current "conventional" tools will lead to the optimal solution 
described in Erro! A origem da referência não foi encontrada. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Minimum duration schedule for figure 1. 
 
 
   However, let us consider the features' values and assume that feature 7 has a value of $2, feature 10 has 
a value of 3$ and features 11, 15 and 19 have the corresponding values of $4, $3, $4. Also, there is a 
version release planned for time unit 3 and another one planned for 7, the optimal schedule changes 
dramatically. As early features realization is more lucrative, so if we consider the first release to have full 
value (100%) and the second one having only 50% value, it is easy to see that Figure 3 provides a much 
better solution, in which the Net Present Value (NPV) is higher, though the project lasts longer. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Maximum NPV duration schedule for figure 1. 
 
 
   This example, though extremely small and containing some arbitrary assumptions demonstrates the 
different objectives faced by the scheduler and therefore the need for new tools. 
   The NPV factors that were introduced may seem rather arbitrary. These coefficients are derived from 
the effect of market conditions and interest rates. In this work we assume that these factors have 
exponential time-dependency (as is the case of interest), that is: ( ) αττβ −= e  Where α , the discount 
factor, is derived from the interest rate (r):  
 

r−
=−

1
1e α

                                                                                                      (1) 
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4 Mathematical Formulation 
 
Because of the discrete nature of the problem, the objective function is: 
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Where vfx ,   are the scheduling control factors: 
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Subject to the regular technical precedence constraints: 

A∈∀≥− },{, jidtt jiij                                                        (4) 
 

Where A  is the set of all activities. 
And the classical resource constraints: 
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    It is easy to see that this problem is NP hard, by reducing the problem to either the knapsack problem 
or the minimum duration-limited resources project scheduling problem. 
   Regarding this problem as a mere scheduling optimization problem has several Disadvantages: 
 

•!Complexity – even the simple example depicted, creates a rather hard problem to 
solve. An optimal solution for a medium size problem is by far more complex. 
 

•!Partial modeling of the real problem: the mathematical formulation fails to encompass 
the full details of the problem. Typically there are no cash flows directly involved (as 
no one can accurately determine the cash flows derived from a specific feature). 
However, there is indeed a value for each feature that needs to be assessed. 

  
   The problem complexity renders all exact solutions as impractical for large scale problems; therefore 
we resolved to search techniques. A Multi Group Particle Swarm Optimization (MGPSO) approach was 
chosen for this research and preliminary results are promising and presented below. 
 
 
5 Conclusions and Preliminary Results 
 
To solve the problem we chose 30 networks of 90 activities, and 30 networks of 120 activities from the 
benchmark database of networks: PSPLIB [23]. We randomly chose several activities to represent 
features and we generated for the features random values of worth. We than had to assign combinations 
of features to specific releases. As explained above, this requires an efficient search technique. As a 
search technique we chose Multi Group Particle Swarm Optimization (MGPSO) for clustering the 
features into effective releases. The best known NPV solution was considered to be the 100% solution, 
and we compared the mean solutions gained in multiple runs to the best known solution. Figure 4 
compares the MGPSO (PSO) results against other heuristics: (1) Random search (S-random), (2) Greedy 
algorithm based on release time (G-length), (3) Greedy algorithm based on NPV (G-profit), (4) 
Randomization around the relaxed problem: optimal RCPSP (L-random). As could be seen, the results 
are promising. 
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Fig.4  
Preliminary results comparing the mean  
performance to the best known solution. 
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Smart Cities development  
fostered by ESCO organizations  
growth: opportunities and  
barriers in major European  
Union countries 
 
Morcillo Bellido J1, Prida Romero B2 
 
 
Abstract: Smart Cities have gotten worldwide attention as one of the most promising paths in the search 
of Sustainability, and Europe is one of the geographical areas where more attention are receiving, both as 
best practices implementation and interesting academic research area. Within the Sustainability 
improvement that Smart Cities could bring to citizens and companies, one relevant area that is gaining 
continuous priority is linked to issues connected to energy efficient management, and in particular the 
formation and development of collaborative relationships to improve energy management, that we have 
called ESCO. This study analyzes and compares the formation of ESCO type organizations in four 
European Union (EU) major countries and the challenges they are facing in their development, trying also 
to highlight some recommendations to reduce current barriers than hamper their development, in 
particular in Spanish ESCO projects. 
 
Keywords: Smart Cities, Sustainability, ESCO in EU countries, Spanish ESCO. 
 
 

 
 
1 Introduction 
 
Smart City term has focused the attention of many researchers, politicians and businessmen in recent 
years, and since 1990s many cities have begun to work on initiatives that would drive them in that 
direction, so in the Digital Agenda of the European Commission (EC), as EU executive board, cities are 
considered as innovation drivers in areas such as environment, energy, health and innovation.  
   The concept of Smart Cities includes different meanings, beyond that associated with an improvement 
in the city reputation linked to marketing objectives. Many researchers and politicians understand that its 
meaning is more related to the search for innovation in the use of new technologies and process 
improvements implementation that could drive to an efficient, safe and ultimately livable city. During last 
decade, Smart City term has been used frequently to describe technological projects developed in cities 
aiming to move quickly into connectivity, communications and information technologies (Roller and 
Waverman, 2001), however in last few years a wider movement has been appeared including elements 
beyond communications networks and connectivity solutions like energy management (Glaeser, Berry, 
2006; Caragliu, 2011). This can be seen as more representative of what this paper´s authors consider will 
be the Smart Cities in the future, and it has been capture in the European Union (EU) plans and deployed 
through the European Innovation Partnership published in summer 2012. The goal of the initiative is to 
increase transition speed towards more sustainable environments on top of searching for friendly 
environment to increase quality of life. Studies such as those developed by Kousky and Schneider (2003), 
Bulkeley and Kern (2006), Sippel and Jessen (2010) and Croci et al. (2010) show that authorities have 
started to take strategic decision and implementing policies that would improve energy efficiency, both 
for reasons of energy saving and climate change impact. 
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2 Objective and study methodology 
 
The study seeks to understand to what extent Smart Cities have developed  strong foundations to support 
future development on efficient use of energy when this is based on new collaboration models like so 
called Energy Service Companies (ESCO), to understand the current development of those type of 
organization in four major European countries like Germany, France, Italy and Spain and to elaborate 
potential recommendations for better Spanish ESCO development. To carry out this prospective study, in 
an area still not too much developed, authors have mainly used qualitative research methods (interviews 
and study of good practices in the sector) that Eisenhardt (1989) and Gummenson (1991) advise as 
appropriate for the exploration of innovative aspects in organizational management as the specific case of 
Smart Cities formation and new relationships derived from its needs to improve energy efficiency 
management. Information has been obtained by: i) in-depth interviews with six senior corporate managers 
belonging to four organizations (Philips, Endesa, Logica and Telvent-Schneider Electric) , all of them 
strategically oriented to energy efficiency and very active in European Smart Cities projects, ii) analysis 
of data and "good practices" considered as references, through information provided by Spanish National 
Association of Energy Efficiency (ANESE) members and iii) analysis of European Union (including 
analysis, forums, conferences, papers, ...) published data.  
   Regarding in-depth interviews, all of them have been performed during last three years using semi-
structured surveys in two or three meetings per person and questions were mainly focused on collecting 
of their huge experience in ESCO projects, aiming for deeply understanding of major opportunities and 
roadblocks they have experienced. 
 
 
3 European Union cities and energy issue. ESCO formation 
 
In European´s Smart Cities initiatives usually had a strong technological content that used to be based on 
connectivity and communication, but this should not overshadow other key Sustainability areas 
relevancy, such as those related to the efficient use of energy. Among others, some reasons (Woods and 
MacKinnon, 2014) should be carefully considered: i) cities cover only 2% of the surface of the Earth, but 
they are responsible for 80% of global GDP and over 70% of energy consumption and therefore a similar 
volume of emissions, ii) energy efficiency is providing to governments new practical ways to reduce both 
their strategic energy dependence, operational costs reduction and also significantly emissions reduction, 
iii ) in addition,  economic Sustainability increased through energy efficiency and reduce operating 
integral costs.  Authors of this paper consider that this economic Sustainability improvement could boost 
other Sustainability angles (environmental and social). Within EU programs there is a clear support for 
partnerships between private and /or public organizations to achieve very significant energy integral 
savings (usually 20% to 60%) by integrated energy management ESCO type projects. Thus in recent 
years there have been companies entering into agreements with other organizations to optimize their 
energy management, ensuring service level, improving integral costs and getting an integral result far 
better than acting alone. These companies are so called "Energy Service Company (ESCO)" and they 
invest in more efficient technologies and installations, maintain them and eventually fund, seeking 
maximum cost efficiency and ensuring agreed service level (Vine, 2005). As Hartley (2005) points out, 
these practices constitute a type of "horizontal collaborative innovation". 
 
 
4 ESCO development analysis in EU major countries 
 
To understand if ESCO collaborative relationship is being developed properly in Spain versus other 
similar countries in the EU and potential areas of improvement, authors of this paper have decided to 
compare Spanish ESCO evolution till 2014 with two similar, in economics terms, countries (France and 
Italy) and with other country (Germany) which, in many aspects, is one of the engines of EU in terms of 
energy saving due to its size and business practices. 
   For better understanding of countries partnerships helps to understand type of contracts that regulate 
ESCO relations: a) Energy Supply Contract (DC or ESC), in which the ESCO provides the customer 
transformed energy (heating, hot water, etc.) in a specific facility managed by ESCO itself (Bertoldi and 
Rezessy, 2005). ESCO usually retain ownership of equipment, assumes the risk of energy price and 
installation performance. One type of contract, within this category, is called "chauffage", b) Energy 
performance contract (EPC) with two alternatives: i) "Shared savings", when ESCO supports the 
technical risk but the financial risk is kept by the customer, assuring that ESCO get as revenue a portion 
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of the savings if any, ii) "Guaranteed savings", the client assumes the credit risk, but the ESCO 
guarantees a certain level of savings. If the ESCO does not meet the promised savings, they must pay the 
difference (vs. agreement) to customer, c) Build-Own-Operate-Transfer (BOOT), in which the ESCO 
designs, builds, finances and operates the equipment installed during a specified period. At the end of that 
period equipment reverts to customer, and d) Integrated Energy Contracting (IEC) is a model that 
combines EPC and ESC and tends to increase the level of savings by a better operations planning from 
project definition till ultimate details (Bleyl, 2012). 
   France starts early the twentieth century to develop municipal water and electricity supply contracts 
(Marino et al., 2010), which few years later were spread to central districts heating projects (Duplessis et 
al., 2012), from there comes "chauffage projects" denomination. From that milestone, it started the 
development of a local collaboration culture in energy management highly differentiated from other EU 
countries. The success of these projects was based on a large services standardization that made them 
easily replicable. The total market volume of ESCO projects is estimated at 3,200 million euros, of which 
EPC projects would be approximately 3% (EC, 2012) and there are more than 350 companies active in 
the sector (Duplessis et al., 2012). Till last decade ESCO services were performed only by specialized 
companies and large utilities were not allowed to be active in these activities (Leroy and Chanussot, 
2009), but after market liberalization they also compete by offering ESCO services. In fact, nowadays 
market is basically formed by large companies which offer comprehensive energy services and other 
building maintenance services and some specialized companies (Marino et al., 2010). Biggest French 
ESCO market is the public sector buildings and private industries. French energy agency which provides 
financial support to perform energy audits could be considered as a facilitator/motivator factor for French 
market development. Only condition is that audits should be the basement for real ESCO projects. 
Regarding the barriers that may be identified, both the budgetary constraints of public entities as main 
ESCO client and problems caused in the implementation of opportunistic projects can be considered as 
such. 
   Germany leads EU ESCO services in terms of market maturity and model spread (Marino et al., 2010). 
German market value could be estimated at 5,000 million euros (Seefeldt et al., 2013), and it is mostly 
based - about 80% - in ESCs contracts (EC, 2012) although the EPC agreements already account for 
about 8% of turnover. Between 500 to 550 companies are engaged in ESCO projects including 
engineering firms, energy suppliers, ESCO companies and other specialized enterprises (Seefeldt et al., 
2013). Most common type of agreement is the Energy Supply Contracting (ESC), which dominates 
market for buildings and equipment, and some top large multinational companies are usually managing 
these contracts. ESC projects are small and especially dedicated to public sector but also could be 
identified in offices, commercial buildings and residential areas. This type of projects may obtain between 
15-20% of energy savings using mainly renewable energy technology as they are more focused on 
reducing greenhouse emissions than on getting huge amount of savings. In Germany, even though the 
legislation is more advanced than in other EU countries, ESCO organizations usually complain that is 
quite inconsistent and unclear and argue that ESCO projects often have problems due to the complexity of 
the procedures to manage project parts procurement, lack of clarity in public tenders and low spread of 
standards norms and procedures (Boonekamp and Vethman, 2010). On the other hand, there is a financial 
sector readiness and with high predisposition to finance ESCO projects because they are considered 
reasonably foreseeable (Bunse et al., 2010). 
   Due to country size and level of economic development, Italian market would be considered as 
developed within the EU, but Italian ESCO market is far from French and even more from German 
markets, both in terms of size and good practices (Bertoldi, Boza-Kiss and Rezessy, 2007; Marino et al., 
2010). Experts believe that its size and growth rate is far below to what could be expected (EC, 2013). 
The Italian market value is estimate at a value around 500 million euros, with 3000 companies registered 
like ESCO at the local regulatory agency, but only just over 10% have obtained the necessary licenses to 
carry out comprehensive projects. The market is dominated by a few large companies that are subsidiaries 
of large multinationals, although there is a multitude of small businesses trying to be active with the 
expectation of potential future market take off (Chiesa, Chiaroni and Fratinni, 2011). Large energy 
companies performing ESCO activities are mainly focus on large volume projects in the public sector 
(especially hospitals) and most common solutions are related to renewable energy, lighting and air 
conditioning (Chiesa, Chironi and Frattini, 2011). Most common contracts are very similar to the well-
known “chauffage” and EPC types, both adapted to the Italian peculiarities. Some barriers to further 
development of the ESCO model could be identified: i) public sector lack of attention to energy 
efficiency benefits promotion, ii) overall low priority perception for energy efficiency actions in public 
and private sectors, iii) high difficulty for long-term projects financing, iv) high level of skepticism about 
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collaborative projects ESCO type benefits, and v) high level of risk perception in these projects, due to 
lack of figures and conditions transparency (EC JCR 2013). 
   In Spain, although ESCO market is still relatively small, it is progressively growing and increasing the 
best practices (Morcillo and Prida, 2014), and mainly based on energy efficiency programs carried out in 
the period 2005-2010 where collaborative ESCO knowledge was largely spread and heavily promoted by 
national and regional authorities. Factors such as energy high cost and public promotion programs greatly 
helped and warm up ESCO projects development, mainly in areas like street lighting applications and 
public offices and hotels in the private sector. There is no a clear figure of the number of ESCO 
companies in Spain and there are different data sources that propose totally difference values even 
contradictory. Institute for Energy Diversification and Saving of Energy (IDAE), as national energy 
agency, has registered 900 companies in its data base that recognize potential business interest in ESCO 
projects, while business associations integrated by companies really active in energy saving field projects 
gather a much lower number of registered members. It could be estimated than 25 to 30 companies cover 
almost the whole ESCO market, as main contracts dealers with final customers and the rest of companies 
are second or third tier suppliers.  Market value could be estimated in 2014 around € 650 million with a 
growth of 10% over the previous year. Public streets lighting ESCO projects are getting attention due 
ESCO attractiveness and serious municipality difficulties to refurnish cities through new investments. But 
this also could imply a great risk for ESCO sector as represents a rather opportunistic attitude, as 
politicians could decide to move debts from public to private balance sheets and this is not advisable 
since ESCO concept was developed to improve processes no to change liabilities ownership. As examples 
of fairly practices - rapidly growing - are those related to hotels, corporate buildings business, sports 
facilities and large industrial facilities, mostly based on contracts ESC in the public sector and EPC in the 
private sector. As issues blocking ESCO development in Spain could be mentioned: i) difficulty to 
include long-term contracts aspects that could influence project´s outcome and are not easily controllable 
(such as weather or company activity deviations), and also ii) noteworthy opportunist customer vision, 
especially nowadays in public entities, which perceive such a type of collaboration as a way to "outsource 
investment" or "transfer” energy management risks to others, forgetting that the result in energy manage-
ment does not come only by better management but also improving services use and ways of working. 
 
 
5 Conclusions 
 
It could be inferred that there is a clear need for the Smart Cities progress in the area of energy efficiency, 
and ESCO organizations expansion could act as its engine through long term energy collaborative 
projects, to improve cities Sustainability. However, ESCO type projects are not getting from governments 
and large companies same level of interest than other Smart Cities programs, like for instance mobility 
and connectivity programs. One reason may be linked to higher public visibility of programs such as 
those related to the electric car or "internet of things". Although these difficulties, ESCO projects are 
growing in EU major countries including Spain, and it could concluded that they are emerging as a key 
factor on the path to cities Sustainability. Among the countries studied (France, Germany, Italy and 
Spain) there are notable differences due to experiences and even particular starting points. Thus, Spain 
and Italy are countries where these collaborative models in energy management were virtually unknown 
or very marginal ten years ago, while ESCO partnerships has long history in Germany and France, with a 
long tradition in "chauffage" like agreements and this has a clear influence on current industry 
development. It is a common barrier in all studied cases the difficulties created due to unclear, and 
sometimes contradictory, legislation that regulates this type of relations and this could be closely linked 
to perceived risk, being projects that sometimes last for 10 or 20 years. 
   In some countries, particularly in Spain but also in Italy, final customer perception is still poor in term 
of confidence. These projects involves a relationship that should be very collaborative and open during 
many years and there is certain reluctance in many companies to work closely sharing internal 
information with partners. In some countries this aspect is less worrying if agreements are concerned to 
standard contracts that have been developed over many years and with very clear regulations (Germany 
and France). In Spain, it will take time to build good experiences in this type of relationship and broad 
dissemination of "best practices" is critically required.  
   Also in Spain, there is currently a tendency in which ESCO projects are originated by the public sector 
as energy saving programs, nevertheless - due to public debt problems - would be advisable no to use 
ESCO project to “make up” municipalities financial risk but as collaborative improvement initiative to 
optimize service processes and increase energy efficiency within cities. It could also be concluded that for 
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wider Spanish ESCO development would be very favorable the availability of financial entities capable to 
understand this business model and to accept long term projects pay-back, such in other EU countries. 
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Approaches for Collaborative  
Networks Simulation: A review 
 
Andres B1, Poler R2 
 
 
Abstract: Collaborative networks (CN) are characterised by being complex systems, highlighting the 
need of considering simulation approaches to support the resolution of CN models. Three relevant 
simulation approaches are identified for its application in the context of CN models: Discrete Events 
Simulation, System Dynamics and Agent Based Simulation. Each simulation approach is briefly 
described and compared with each other, with the main aim of aiding on the task of selecting the most 
appropriate simulation approach to address the modelling process, in the context of CN. 
 
Keywords: simulation approach, collaborative networks, discrete event, system dynamics,                         
agent-based simulation. 
 
 

 
 
1 Introduction 
 
Complex systems are characterised by (i) its decentralized nature, in which the system behaviour arises 
from the self-organization of its components without these being controlled by any extrinsic entity to the 
system, (ii) the presence of loops of causality and nonlinear feedback, and (iii) the fact that it contains 
several self-contained units that can interact, evolve and adapt their behaviour to changes in the 
environment (Vicsek 2002). Collaborative networks (CN) consist of a wide range of decentralised and 
heterogeneous entities each one carrying out different processes and activities to provide goods or 
services to final customers (Camarinha-Matos and Afsarmanesh 2008). Furthermore, each organisation 
defines its own objectives and formulates its own strategies. This heterogeneity makes CN complex 
systems, involving that in most cases it would very difficult to adequately model and solve them 
mathematically (Izquierdo et al. 2008). Consequently, CN require the use of ad-hoc methodologies, 
models and tools to tackle problems and succeed in identifying proper and optimal solutions (Castilla and 
Longo 2010). It is at this point where simulation approaches come into play. In the light of this, the paper 
is organized as follows: Section 2 highlights the importance of relying on simulation approaches to solve 
complex systems. Three simulation approaches are described focusing on its application in CN: Discrete 
Event Simulation (DES), System Dynamics (SD) and Agent Based Simulation (ABS). These approaches 
are jointly compared in Section 3. Finally, the conclusions derived from the review are proposed in 
Section 4. 
 
 
2 Collaborative Networks Simulation Approaches 
 
Concerning the CN application area, simulation deals with (i) managing with the complexity associated, 
(ii) supporting the decision making process, and (iii) assessing the key factors for the CN (profits, 
customers’ service or competitiveness). The construction of “WHAT-IF” CN scenarios will allow 
decision makers to obtain optimised solutions with less costs and time. Extending the work of (Shannon 
1975), the construction of simulation-based models in CN will be useful when: (i) the CN model cannot 
be formulated in a mathematical notation, (ii) the CN model can be mathematically formulated but there 
are no resolution methods, (iii) the CN model can be expressed in a mathematical notation and there exist 
methods for its resolution, but these are costly, tedious and time consuming, and (iv) the objective is to 
build experiments to compare different scenarios of the CN, and these experiments cannot be carried out 
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in a real supply network. Simulation-based models allow modellers to (i) understand the causes and 
effects of the modelled systems behaviour, (ii) introduce temporal aspects in the activation processes, 
evaluate possible delays or define durations of the simulated processes, (iii) model and observe the 
system behaviour when external or internal factors change, and identify the consequences associated. The 
generation of simulation models will enable to extend de obtained conclusions to a real system. Three are 
the main approaches used in supply networks simulation-based modelling: Discrete Event Simulation 
(DES), System Dynamics (SD), and Agent Based Simulation (ABS). 
 
 
2.1 Discrete Events Simulation 
 
DES simulation approach has its origin in the evolution of the General Purpose Simulation 
System (GPSS) proposed by (Gordon 1961). DES simulation approach considers individual entities each 
one with specific attributes, which determine their behaviour along the simulation process (Tako and 
Robinson 2012). In DES the entities (seen as passive objects representing people, machines, messages, 
tasks, etc.) enter the system, visit some of the states and then the entities leave the system. State changes 
occur at irregular discrete points of time (Siebers et al. 2010). DES plays a significant role in modelling 
supply networks, especially in the tactical level; works worth to mention in the context of supply 
networks are (Lee et al. 2002) (Kleijnen and Wan 2007). One characteristic of DES is that it includes 
stochastic elements where randomness is generated through the use of statistical distributions (Kleijnen 
2005). The lack of representation of continuous processes, the lack of reflecting continuous processes and 
the higher complexity for detailed models are the drawbacks associated to DES (Lee et al. 2002) when 
applied in CN. 
 
 
2.2 System Dynamics 
 
Forrester is considered the precursor of System Dynamics (SD), which has its starting point in the 
Industrial Dynamics (Forrester 1961). The SD is based on the feedback control theory, decision-making 
processes, experimental approaches and computational developments (Campuzano and Mula 2011). 
Forrester developed the SD method as a set of tools and an approach to simulate complex systems, such 
as the CN; allowing understanding the structure of a system and identifying how the intrinsic control 
policies operate. Since its appearance, SD has been widely studied and disseminated in multiple research 
areas, such as defence (Cooper 1980), ecosystem (Wang and Eltahir 2000), social systems (Lane and 
Husemann 2008), socioeconomic systems and transportation (Liu, Triantis, and Sarangi 2010), strategy 
management (Gary, Kunc, and Morecroft 2009), knowledge sharing (Luna-Reyes et al. 2008), resource 
allocation (Lee, Ford, and Joglekar 2007), disruptions (Williams, Ackermann, and Eden 2003) or supply 
network (Campuzano, Mula, and Peidro 2010). In the study context CN, SD allows building (i) CN 
models based on previous situations faced by decision makers; (ii) CN dynamic models that are able to 
self-regulate their activities through feedback loops; and (iii) models using the computer as a supporting 
tool to compute models through simulating different CN scenarios in a short time and at low cost. 
 
 
2.3 Agent Based Simulation 
 
ABS approach was developed in the nineties as a novel tool to deal with problems that were not 
completely satisfactorily solved through using DES and SD, such as complex systems of CN (Siebers et 
al. 2010). Nevertheless, ABS paradigm has still limited its application in the academic community. 
According to (Siebers et al. 2010) ABS approach is the process of designing an Agent Based Model 
(ABM) of a real system to conduct experiments with this model for the purpose of understanding the 
behaviour of the system and/or evaluating various strategies for the operation of the system being 
modelled. ABS allows representing complex systems (i.e. CN) though the use of a collection of agents 
(i.e. enterprises, decision makers) that are programmed according to a set of behaviour rules and 
objectives that allows them to have control over themselves though making their own decisions. In ABS 
based-models, the basic components of the real system are explicitly and individually represented in the 
model (Edmonds 2002). ABS systems are characterized by comprising multiple autonomous, 
heterogeneous and independent agents, each one with their own objectives, and are generally able to 
interact with each other and with their environment. Each agent has the capacity to evolve over the time 
and adapt to new environmental conditions or objectives. One of the fundamental points of agent-based 
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simulation is the concept of emergence in which the agents’ behaviour is modelled at the individual level, 
and the global behaviour emerges as a result of the interactions with many individuals, each one 
following its own behaviour and rules; corresponding to a bottom-up modelling approach (Holland, 
1998). 
 
3 Simulation Approaches Comparison 
 
The literature brings some works making pairwise comparisons between the simulation approaches. DES 
approaches are mostly compared with SD ones (Maidstone 2012) (Tako and Robinson 2012). Other 
authors focus on contrasting the usability and application between SD and ABS (Borshchev and Filippov 
2004), (Izquierdo et al. 2008), (Macal 2010), (Maidstone 2012). While some other authors work 
analysing DES paradigm versus ABS approaches (Borshchev and Filippov 2004) (Siebers et al. 2010) 
(Maidstone 2012). To the best of our knowledge, there are no research works jointly comparing the three 
approaches. In the light of this, Table 1 is proposed giving an overall view of the three simulation 
approaches, DES, SD and ABS. The research carried out has also allowed identifying how common is the 
use of multimethod approaches in which different simulation approaches are combined modelling a 
unique system more accurately (Balaban and Hester 2013): (ii) SD and ABS, ABS interact in an 
environment, in which certain variables evolve following a SD (Borshchev and Filippov 2004), (ii) SD 
and DES, DES can be used to model local production planning or sequencing activities of an enterprise 
while SD can capture the long terms effects caused by the disruptions in production planning (Rabelo et 
al. 2005) or (iii) DES and ABS. The process flow is modelled from a DES perspective and autonomous 
active entities in ABS approach, displaying proactive behaviours (Siebers et al. 2010). 
 
 
Table 1 
Simulation approaches comparison: DES vs. SD vs. ABS. 
 

 

 
 
 
 
 

 Discrete Event Simulation System Dynamics Agent Based Simulation 

Use 
appropriateness 

Convenient when the evolution of the entities state depends 
on the occurrence of asynchronous discrete events over the 
time. It is recommended to use in more detailed models. 
Mainly used to study the detailed operations of a supply 
network under uncertainty and/or to evaluate the expected 
performance measures with a high level of accuracy. Useful 
in problems which the processes can be well defined with 
queuing simulations. It focuses more the individual 
behaviour of entities. 
 

Convenient when the modeller has a previous knowledge of 
the complex system to be modelled and the objectives to 
achieve with the modelling process. Appropriate when 
taking a ‘distant’ perspective where events and decisions are 
seen in the form of patterns of behaviour and system 
structures. It is recommended as a better choice in the high 
stages of decision making when less detailed models or 
results are required. It is mostly used for supply network 
analysis and policy formulation. It focuses more on flows 
around networks than on the individual behaviour of 
entities. Allows predicting the behaviour of the system just 
by looking at the structure. 

ABS simulation performs the abstractions directly on the 
basic components of the system. If the abstraction of the 
emergence process cannot be carried out in a scientifically 
valid way given the modelling objectives, then it is more 
appropriate to explicitly model the emergence process by 
ABS simulation approach to study the model in detail. 
Allows modelling populations of diverse individuals (i.e 
human behaviour models) having a variety of behaviours 
and interactions. It focuses more the individual behaviour of 
entities. 

Decision Making 
Level Modelling problems at an operational level. Modelling problems at a strategic level to deal strategic 

issues and policy analysis. 
Modelling problems at operational and tactical level. 
Strategic levels of operation are less used. 

Degree of 
centralisation 

Centralised.  There is one thread of control. Entities are 
described as passive objects and the rules that drive the 
system are concentrated in the flowchart blocks. 

Centralised. Useful to model systems consisting of 
homogeneous entities, dominated by general laws, uniform 
in time and space (as the physical laws). SD is used in 
entities that can be modelled correctly in a centralized way. 

Decentralised.   Each agent has its own thread of control. 
Describe the process from the entity’s viewpoint, thus 
decentralize (some of) the rules.  Therefore it is useful in 
more complex systems, characterised by high degrees of 
localization and heterogeneity of its individual components, 
and dominated by local information exchange processes, 
asymmetric and decentralized information (like most social 
systems). 

Level of 
Abstraction 

Low. It does not normally represent systems at an aggregate 
level. Tends to look at the smaller detail of a system 
(microscopic). 

High. The abstraction is done at the system level.   System 
variables (usually aggregated) and causal relationships that 
link them. Takes a holistic approach of systems, integrating 
many subsystems. Tends to take a more overall perspective 
(macroscopic). 

Low. The abstraction of the system basic components is 
individually done on each basic component, not the whole 
system (mesoscopic).  

Complexity of the 
systems modelled 

Low level of abstraction makes the process of modelling 
more detailed and therefore more complex. 

Higher degrees of abstraction lead to lower complexity 
models, facilitating its implementation, analysis and 
interpretation. 

The low level of abstraction makes the constructed model to 
be scientifically more rigorous but considerably more 
complex. 

Definition of 
observable 
variables  

Observable variables. 
Most models focus on observable variables of the aggregate 
system. Aggregate variables of the system. Flow, stock and 
auxiliary variables (delays). 

The definition of the agents behaviour is not necessarily 
determined by aggregate variables of the system, but can be 
based only on local information. 

Entities behaviour 
to take decisions 

Passive. The behaviour of the entities in the model is 
determined by the system.  Passive entities implies that 
something is done to the entities while they move trough the 
system; intelligence (i.e., decision making) is modelled as 
part in the system. 
 
 

Passive. Individual entities are not specifically modelled, 
but instead they are represented as a continuous quantity in 
a stock. Use of feedback loops to represent the effects of 
policy decisions. Represents a dynamic view of the cause 
and effect relationships among the system elements.  

Active. Internal to the entities. Active entities, or agents, can 
take themselves the initiative to do perform the decision-
making.  Intelligence is represented in each individual agent 
(objects, enterprises, people). Specific attributes are 
assigned to each agent, which determine what happens to 
them throughout the simulation.  Decisions emerge from the 
micro decisions of the individual agents.  
Autonomous (self-directed) agents follow a series of 
predefined rules to achieve their objectives whilst 
interacting with each other agents, as well as the 
environment. 
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Table 1 
Simulation approaches comparison: DES vs. SD vs. ABS.  
(continuation) 

 

 
 
 
 
 
4 Conclusions 
 
This paper discusses the use of different simulation approaches to support the modelling and resolution 
process of complex systems, such as the CN. Three simulation approaches are considered as relevant to 
the scope of our purpose: DES, SD and ABS. The choice of one or the other simulation approach depends 
on the conceptual difference from which one views the problem and the features that characterises the 
system, which in fact define the requirements of the modelled complex system. Moreover, the modellers’ 
familiarity with the used software must be considered. SD allows to model continuous process while DE 
and ABS are more used to model in discrete time. Another feature that differs from one simulation 
approach to another is the level of abstraction. Whereas SD allows representing models with higher levels 
of abstraction and causal dependencies, ABS and DES considers higher levels of detail in the 
representation of individual entities/agents. Focusing on the available tools, AnyLogic (AnyLogic 2015) 
simulation software must be highlighted due to the multidisciplinary offered enabling to use the same tool 
to simulate in the three simulation approaches. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Discrete Event Simulation System Dynamics Agent Based Simulation 

Modelling 
approach 

Process oriented. Top-down modelling approach focused on 
modelling the system in detail. 

Process oriented. Top-down modelling approach focused on 
modelling the system from a global perspective and high 
level of abstraction. 

Individual based. Bottom-up modelling approach focused 
on modelling the entities and interactions between them 

Mathematical 
approximation 

Generally stochastic in nature, where randomness is 
generated through the use of statistical distributions. Being 
stochastic in nature, it provides different results on different 
runs. Can use input distributions to model random 
behaviour. 

Generally deterministic and variables usually represent 
average values. Being deterministic in nature, it provides 
the same results run after run, so only needs to be run once. 

Generally stochastic feature. Can use input distributions to 
model random behaviour. 

Evolution over the 
time 

The system is modelled as a network of queues and 
activities where state changes occur at discrete points of 
time. 

The system is represented as a set of stocks and flows where 
the state changes occur continuously over time. 

The system is modelled considering that state changes occur 
at discrete points of time. 

Time steps State changes occur at irregular discrete time steps. 
State changes are continuous, approximated by small 
discrete steps of equal length. State changes occur in a defined steps of discrete time. 

Data Requirements Requires gathering more detailed data. Input distributions 
are often based on collect/measured (objective) data. 

Minimal data requirements to build a model. Input 
distributions are often based on theories or subjective data 

Requires gathering more detailed data to model the agents’ 
behaviour. Input distributions are often based on theories or 
subjective data 

Validation Established rules for validation Established rules for validation Validation rules cannot be directly transferred to ABS 

Applications in SC 
context 

Supply network structure 
Replenishment control policies 
Supply network optimisation 
Distribution and transportation planning 
SC integration  
Information sharing 
Inventory planning management 
Planning and forecasting demand 
Production planning and scheduling 

Logistics 
Inventory planning 
Market evolution 
Bullwhip effect 
Disruptions 
SC integration  
Information sharing 
Inventory planning management 
Planning and forecasting demand 
Production planning and scheduling 

Production planning and scheduling 
Information flow 
Risk management 
SC coordination 
Inventory, Production, Transportation 
Bullwhip effect 
SC configurations 
 

Tools Availability 

High software maturity. The scientific community has 
experience on the software. Increasing computer power and 
evolving user interfaces led the DES software to 
progressively move towards ‘drag and drop’. Languages, 
such as the Simul8, emerged to make the process accessible 
and cost effective for all business sizes.  Management tools 
are really applied. 

High software maturity. The process of designing a SD 
model is simpler, partly because formal models are usually 
less complex, and partly due to the availability of software 
tools at very high level. The ease of construction and 
analysis of system dynamics models using “drag and drop” 
tools has been one of the main reasons for its immense 
popularity in the scientific community. 

Low software maturity. The scientific community is less 
familiar with software. Tools using object-oriented 
programming languages (i.e. Java, C ++) allowing 
extensibility to model more agents and behaviours. Only 
one commercial tool Inspired in Java (AnyLogic). Software 
is more focused to academic. Software is too technical for 
mass adoption and difficult to integrate into teaching. 

Simulation 
software 

AnyLogic 
Arena 
Enterprise Dynamics 
NetSim 
ProModel 
SIMUL8 
Witness 

AnyLogic 
DYNAMO 
NetLogo 
Powersim  
Stella 
iThink 
Vensim 

ABLE (Agent Building and Learning Environment)  
AnyLogic 
JADE (Java Agent DEvelopment Framework) 
MASS (Multi-Agent Simulation Suit)  
NetLogo 
SeSAm (Shell for Simulated Agent Systems)  
Swarm 

!
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Modeling for Measuring the  
Performance of Managment  
Innovation in National Retail 
 
Catelan VD, Marques KFS, Naimer SC, Siluk JCM, Werner L1 
 
 
Abstract: Innovation is now recognized as an essential factor for the competitiveness of organizations 
inserted in strategy and linked directly to organizational performance. In this context, the study aims to 
identify aspects that contribute to the management of innovation by setting a scenario of the retail 
network by sketching a current overview of innovation, identifying the relevant dimensions related to 
innovation, strategic actions, challenges and benefits conquered. As for the procedures, the research is 
characterized as a descriptive bibliography and as to the qualitative and quantitative nature, it was carried 
out through a case study and a multi-criteria analysis, held in one of the largest electronics chains in 
Brazil, in the four regions of operation. From the development of modeling and its application in the 
network studied, it was possible to verify the critical factors of success, from the management of 
innovation, which through the multi-criteria analysis and application of measurement method, Key 
Performance Indicators (KPI), made it possible to identify the prioritization of factors and distinction 
regarding organizational performance in the context of the evaluated dimensions. 
 
Keywords: insert words. Retail Management; Strategic Management; Business competitiveness; 
Organizational diagnosis; Performance Evaluation. 
 
 

 
 
1 Introduction 
 
The last decades show a period of profound change in the global scenario. In Brazil, the social and 
economic changes are a reflection of the growth of income and a higher consumption of the population. 
To stay in a new and dynamic market full of new paradigms, the companies search for tools and 
innovative processes, becoming strategic in actions and differentiated in management. The adoption of 
management innovation by entrepreneurs can be used to obtain various factors, such as, increased 
competitiveness, customer retention, innovation, growth, profitability, aiming a superior and sustainable 
performance in the retail industry. 
   Based on these considerations, it is clear that the adoption of actions and practices aimed at 
implementation strategies through innovation management in retail, can be seen, in addition to its many 
benefits, as a means of competitive advantage. 
   The performance measurement theme or organizational performance has received increasing attention 
in the last ten years due to pressure suffered by companies to present results (Fernandes, 2006; Correa; 
Junior, 2008). Thus, the development of a Performance Measurement System is seen as a key factor in 
supporting the management, it may encourage making the right decisions and the time of the 
organization's operations and create opportunities for the corporate management of the company the 
diagnosis of the main strengths and weaknesses, providing opportunities for innovation and high 
performance (Siluk, 2007). In this sense, this paper's main objective is to measure the level of perfor-
mance in innovation management in domestic retail, from the dimensions leadership, culture and strategy. 
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   Several studies have noted that many leaders know the importance of innovation in management, but 
few use it, mainly by insecurity for the same (Morris, 2011), so the research attempts to cooperate 
towards the retail sector, bridging the gap of doubts and insecurities several managers on how to manage 
innovation in retail, focusing on how you work the management of innovation in the retail network. Thus, 
there was the diagnosis of one of the largest networks of retail companies of electronics in Brazil 
Magazine Luiza, with the managers of the network of the four working regions, it was verified the 
process of innovation management of the network. 
 
 
2 The Process of Measuring the Performance of Innovation Management in Retail 
 
Retailers face the daily challenge to differentiate themselves from their competitors, as the pace of market 
changes, competitiveness, innovation and the maturing of consumer´s view have been increasing steadily 
(Predebon; Zogbi, 2008; Parente, 2009; Mattar, 2011). 
   In this context it becomes important to stress the importance of the context of the management of 
innovati-on for competitiveness. Find many different ways to get the innovation quickly and 
economically is the main type of constant competitive advantage in the twenty-first century, and the 
"competitive advantage is the ability of a company to work in one or more ways that competitors can´t or 
will not follow " (Kotler, 2008). 
   For companies to ensure competitive advantage from the balance between the dimensions of 
innovation, the correct evaluation of the organization's performance should be viewed and directly related 
to the organization's ability to achieve its goals using the resources in an efficient and effective way 
(Kaplan; Norton, 2008; Silva ed, 2010; Tisott ed, 2011). 
   Being considered as a current need in various areas of Engineering and Administration applications, the 
complex solving of decision making requires the involved knowledge about the topics addressed, 
enabling at the end the  creation of committed results with a lower degree of subjectivity and imprecision 
among the various existing possibilities for action (Gomes; Gomes, 2012; Parmenter, 2010). 
Thus, the multi-criteria approach aims to support the decision-maker at the time of performing the 
hierarchy between two or more alternatives, considering the facts and events relevant to the reality 
studied through quantitative models to clarify this kind of favoritism proposed (Almeida; Costa, 2003; 
Gomes; Araya; Carignano, 2004; Ensslin; Montibeller; Noronha, 2001). 
 
 
3 Methodology 
 
For the development of the modeling of the performance of innovation, the study was conducted based on 
a compliance of ten methodological steps, as shown in Figure 1, initiated by the literature about 
innovation processes and measurement of organizational performance, where it was possible to identify 
the critical internal points to retail that require monitoring of management. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Step methodological proposals for research. 
Source: Authors 
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   The following were assigned variables that represent at the end the degree of performance in innovation 
management in the company under study, being structured on two levels: factors (!") and criteria (#$) as 
shown in Figure 2. In this development of modeling, it was first considered the management assumptions, 
which were extracted as key factors: leadership, culture and strategy. 
 

 
Fig.2  
Hierarchical Structure for supporting the determination of KPIs. 
Source: Authors 
 
 
   The definition of the factors were carried out studies from Carlomagno and Scherer (2009), Sebrae 
(2009), Morris (2011) and seven criteria, finally there was the definition of KPI that made possible the 
measurement, based on Porter (2009), Scherer and Charlemagne (2009), Cotec Portugal (2007), Tidd, 
Bessant and Pavitt (2008) which list the dimensions that serve as a guide organizational practices aimed 
at managing innovation. 
   As for the development itself of modeling, this is proposed starting from the approach to the only 
criterion of synthesis, which is initially required the development of the global objective function %&'(, so 
that it is able to express the situation of undertakings in relation to the context, established from the 
mathematical method provided by the Equation (1.1), 
 

                                                   V*+, = ./0
/12
3                                                     (1.1) 

 
   It is necessary to check both the condition of the three !" factors considered to measure the context, as 
shown in Equation (1.2), 

                                                 C5 = w5 ∗ 890
/12
:89

→ ∀=> ⊂ @                                (1.2) 
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   Where A" is the relevance of each criteria in relation to the whole, B#$is the total amount of criteria 
characteristic #$ , which are the criteria laid down in the second level of the hierarchical structure, 
measured from the definitions proposed by Equation (1.3). 
 
                                                  ID = w$ ∗

EF8G
H

I
JKL → ∀=M ⊂ >                        (1.3) 

 
   Consequently, the determination of #$=is directly related to the result obtained by measuring @ of NO#P, 
∀ f∈ {1,2, ..., n}, generated as metrics established at the time of definition of KPIs and following the 
proposal described by mathematical Equation (4), designed using the α scale based on the Likert, from a 
maximum of five to the minimum one, with intermediate values 2, 3 and 4 able to forward the opinion of 
the interviewee about the indicators∀==R ∈ = 1, 2, … , W , 
 
                                                NO#P = βJ → βJ ∝ fator=escala=α                        (1.4) 
 
   Being opinions expressed from the values assumptions bc=as the variation limits proposed by α. For 
Almeida (2003) the best way to consider sustainability as a source of competitive advantage, is to 
formulate and implement strategies to establish the critical impacts of the organization on the dimensions 
of sustainability and the ways in which these impacts affect the performance of the operations of 
companies. Based on this view, we can say that the company must ensure the sustainability of its 
business, contributing to the overall sustainability from the three levels discussed in modeling. 
   As for the determination of Ad=weights, according to Equation (1.5) it has been proposed to use 
standard techniques that truly represent the preference of decision maker, such as the Simple Attribute 
Rating Technique (SMART) and Swing Weighting, based on the assumptions of Guitouni and Martel 
(1998), Clemen and Reilly (2001) and Pöyhönen and Hamalainen (2001) so that the first dedicated by 
Edwards (1971), performs this process by directly decreasing order of importance for each of them, the 
last place to which is assigned, generally a value of 10 and, from this, values are listed in an increasing 
order according to the degree of behavioral discrepancy existing between them (Figueira; Greco; Ehrgott, 
2005). 
   As for the technique named by Swing Weighting logic value assignment occurs in reverse, starting from 
the same ordering system, identifying which has greater importance, as for adopting a value of 100, 
performing the same process to the other, by reaching a value able to resume the item less relevant in 
relation to the hierarchical system level in question, the difference found in each interval set back 
according to the characteristics of both (Gomes; Gomes, 2012). 
 

                                               we =
fg2hfgi

0
j12

I                                               (1.5) 
 
   Where x is relative to each of the companies to be verified, ∀==k ∈ = 1, 2, … , W =and l = @, > =on a 
generic representation of the levels considered to represent the weights of the elements in the hierarchical 
structure of which were determined by obtaining the values for the calculation of multicriteria methods 
Swing Weights (ndL)= and SMART (ndH ), based on the opinion of decision-makers, according to 
Equations (1.6) and (1.7) 
 
 

                       ReL =
qg2
qg2

0
g12

FeL = 16,67b − 16,67
FwxyL = 100
Fw5IL = 1

                                      (1.6) 

           ReH =
qgi
qgi

0
/12

FeH = F e{L H + FReH → FRdH ∝ scale=factor= ∂
Fw5IH = 10           (1.7) 

 
 
   Being FeL=and FdH=concerning proportional scores, b corresponding to the order of each factor given by 
the interviewee and directly ~ndH=related to the scale factor ∂, based on the determination of values for 
each those as a Likert scale that ranges from a minimum of 1 to a maximum 10. Finally, to become 
possible to perform comparisons of the results in all the methodological steps, you must set the target for  
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each of these, according to the determination of a value that has as behavior increasing proportional 
change or descending on the level of strictness expected to measure that, if it was suggested based on the 
level of demand certifications that were addressed in the course of this research and broadly agreed with 
the company managers the amount equivalent to 90%. To step diagnostic companies, it was implemented 
through a structured closed interview, consisting of 14 questions, each related KPIs, and this applied with 
the executive managers also considered in this research as decision makers, which together assigned the 
factors and criteria weights necessary to carry out the relativity of its values. The data obtained from the 
diagnosis were transferred to a database using Microsoft Office Excel® software. 
   As for the proposal of practical application, we sought to carry out the research with the main branches 
of the 4 regions of operation of Magazine Luiza network. Based on the population of 273 branches, has 
been defined sample of 4 major branches of the network, distributed in each of the regions (South, 
Southeast, Midwest and Northeast) listed by the number of employees, setting an accessibility sample. 
 
 
4 Analysis of results 
 
Aiming to test the proposed model, the application of the study was on Magazine Luiza´s network, as the 
main activity is in constant contact with the dimensions of innovation, which increasingly becomes 
relevant to the way this sector is developing. 
   Table 1 shows the relativity of the factors under study from the application of diagnosis, and decision-
makers judged the relationship between the factors and criteria to the degree of equal importance towards 
the measured system. 
 
 
Table 1 
Results for the relativization of factors and criteria.  
Source: Authors 
 
 

Fators South Region Southeast 
Region 

Midwest 
Region 

Northeast 
Region Total 

Leadership 33% 33% 33% 33% 33% 
Culture 33% 33% 33% 33% 33% 
Stradegy 33% 33% 33% 33% 33% 

Criteria South 
Region 

 Southeast 
Region 

 Midwest 
Region 

Northeast 
Region Total 

People 21% 18% 12% 16% 17% 
Performance 
Evaluation 24% 18% 18% 14% 19% 

Comunication 8% 14% 6% 14% 11% 
Values 12% 8% 10% 6% 9% 
Risks 4% 11% 6% 4% 7% 
Strategic 
Planning 21% 25% 26% 22% 24% 
Project 
Innovation 12% 16% 14% 11% 13% 

 
 
 
   The equivalence of the relativity of decision-makers is given because these have a proportionately 
equidistant level of importance to the context of management processes, and to the factors, the calculated 
judgment is willing equivalently for all companies, since the similar degree of importance exists between 
them. For criteria, it is especially the top-ranked: strategic planning, performance evaluation and people. 
   From the data obtained through the diagnosis applied to the proposed model for the KPIs, it was 
possible to obtain the result for each factor and finally the overall result regarding the performance in 
innovation management for each of the surveyed areas, as shown in Table 2. 
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Table 2 
Results achieved. 
Source: Authors 
 
 

  Objective function Goal 
Southern Region 91% 90% 
Southeast Region 94% 90% 
Midwest Region 87% 90% 
Northeast Region 92% 90% 

 
 
   From the results we can see that three regions achieved the target set at work. The Southeast Region had 
the best performance index in the management focused on innovation, mainly because expressed concern 
with the seven criteria under study, when performing actions to each of them, which guaranteed the 
permanence of their results above the target in three factors encountered in work. The Northeast Region 
and the Southern Region reached the target and obtained intermediate performance. Already the Midwest 
region showed low levels regarding the context of innovation as a priority in management. The poor 
performance in this case can be attributed to the fact that the company has not reached a satisfactory level 
of integrated management, with respect to decision-making, and is developing its actions focusing on the 
dimensions addressed in this research. 
 
 
5 Final Consideration 
 
The new economic context characterized by an attitude of customers is changing with the increasing 
competitiveness and, in this sense, innovation management becomes a global goal for organizations, 
making their decision makers take integrated decisions, in order to gain competitive advantage and even 
reduced costs and increased profits. You can also get an understanding of the dimensions studied, rather 
than being mutually exclusive, they can be mutually reinforcing and this perspective integrates the 
company's strategy. 
   In this sense, in order to have a comprehensive view of the sector or the companies surveyed, the use of 
the relativity of the factors and criteria listed by multi-criteria analysis made it possible by SMART and 
Swing Weighting models, to enabled a greater understanding of KPIs that have greater relevance before 
company managers of Magazine Luiza network. The application of performance measurement tool used, 
KPI, had an important contribution by allowing a more consistent evaluation of key performance 
indicators for managing innovation in retail. 
   By applying the proposed model at work, it was possible to say that it may be able to reflect the current 
situation of the researched environment, reference at the time assists in verifying the situation of this 
sector. Modeling can also facilitate the visualization, for managers, of which factors and criteria to take 
into consideration at the time of decision-making and strategic planning. 
   To better visualize the behavior of the variables that make up the proposed measurement systems, test 
and verification of results of the companies in the respective regions studied was important to draw a 
parallel between research and what is seen in the business reality of this business sector. It was 
emphasized that innovation management is in development and needs to improve in each of its 
dimensions in the context of this research. It was also observed the distinction between the importance 
given by companies in certain regions to the factors and criteria studied, even if dealing with the same 
performance and business network sector. 
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Simulated Annealing applied  
to the problem of task assignment  
in a laboratory 
 
Tavares F1, Massote A2 
 
 
Abstract: The task assignment becomes complex in companies that have the cross-training system, 
where multiple employees are trained for a particular job and each job can be executed by multiple 
employees. This paper proposes a methodology to the problem of task assignment in a lubricant analysis 
laboratory, consisting of a constructive heuristic designed to generate an initial solution followed by the 
application of the Simulated Annealing. This model was designed to be applied in small companies where 
computational capacity is limited, as well as the information available. 
 
Keywords: Task assignment, Simulated Annealing, Cross-training. 
 
 

 
 
1 Introduction 
 
Norman et al. (2002) argue that a competitive advantage can be achieved by improving the importance of 
the human element in the manufacturing processes. Lean production and manufacturing cells require the 
use of cross training. 
   Despite the fact that cross-training brings benefits such as flexibility in the task assignment and an 
increase in the use of employees as Inman, Jordan and Blumenfeld (2004) argue, Pinker and Shumsky 
(2000) argue that its excessive use may also increase the company´s cost and reduce a product quality. In 
small companies where human resources are scarce, the use of cross training can be beneficial. Chemical 
laboratories have this particular cross training characteristic. 
   As many procedures are manual, each employee can have a different productivity and the company 
must have the highest productivity as possible. According to Zolfaghari, El-Bouri and Namiranian 
(2007), the allocation of staff is directly linked to a company's productivity. 
   Note that assigning tasks is an extremely difficult procedure to be performed manually. Apart from 
studying employee´s productivity it is also necessary to ensure that he or she is available at that particular 
time. In addition, the equipment´s order of importance must be verified. When the company has more 
equipment than available employees, it has to prioritize equipment restricted to their production capacity. 
Absenteeism is another problem that the supervisor has which can change a designation prepared the day 
before. 
   According to Bard and Wan (2006), the designation of an employee is an NP-complete problem. The 
company under study, as well as several small companies do not have enough data to make the task 
assignment with the model proposed by Zolfaghari, El-Bouri and Namiranian (2007). 
   To reduce the amount of required variables, the model was adapted from universities scheduling 
problems, but keeping certain characteristics of task assignment models. According to Even, Itai and 
Shamir (1976), the problem of university scheduling is also an NP-complete problem. Similar to the task 
assignment problem, the combinatorial nature of the problem prevents an investigation of the whole 
solution space. 
   For this model a skills and productivity scoring system was used for each employee and for each 
equipment. The laboratory supervisor is responsible to select the equipment in order of priority. The 
model was tested in six different scenarios in which both the quantity of employees and equipment that 
the company had varied. 
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2 Bibliographic review 
 
 
2.1 Simulated Annealing 
 
The Simulated Annealing (SA) is a meta-heuristic based on the annealing process of the materials. In 
practice, this process involves heating the material at a high temperature and cooling it slowly. The SA 
began with Nicholas Metropolis as we can see in his work Metropolis et al. (1953). Years later the work 
was computationally incremented by Kirkpatrick, Gelatt and Vecchi (1983) where they argue that there is 
a strong connection between the statistical mechanics and a multivariate or combinatorial optimization 
system.  The SA has two probabilities, being PA random and PN natural that is calculated by the formula: 

 
PN = $ %

&
'()'*

+
     (1) 

 
   Where Ea is the "energy" of the previous iteration, Ep is the "energy" of the later iteration and T the 
"temperature" of the iteration. At each iteration the "temperature" of the system is reduced according to 
the cooling rate used. 
   Its main characteristic is to start the process with a high "temperature" and cool slowly. In the 
beginning, the model can choose a new solution that is worse than the previous one, avoiding to be stuck 
in local solutions. While the temperature decreases, the probability of making this exchange decreases 
too. 
 
 
2.2 Task assignment and scheduling 
 
Zolfaghari, El-Bouri and Namiranian (2007) reported that after determining the demand, the next steps 
for the company to create work schedules are by scheduling work shifts, scheduling days off, the “tour 
scheduling” and the task assignment. This work aims at the task assignment. The shifts were already set 
by the company and were not aimed at modifying neither time not people in these shifts. 
   Another example that is widely studied is the allocation of teachers in classrooms (timetable). In this 
type of model, there are classes that should be given, available rooms and available time for teachers. 
Broder (1964) made an early work on universities timetabling where his goal was to minimize the total 
amount of conflicts at student’s exams, using as a basis the Monte Carlo method. 
   Many studies used meta-heuristics for solving this kind of problem. Akjiratikarl, Yenradee and Drake 
(2007) and Souza Martins and Araujo (2002) are examples. Souza, Moretti and Podesta (2008) used the 
tabu search to solve the problem of timetabling in schools. They claim that the proposed procedure was 
successfully tested in Brazilian public schools. 
   Zhang et al. (2010) suggested a new neighboring structure for solving timetabling problems using the 
Simulated Annealing. In this search for a new solution, the algorithm changes the schedules between pair 
of rooms. 
 
 
3 Methodology 
 
A constructive heuristic was created to generate an initial solution to the problem. This solution is the 
starting point for the Simulated Annealing that start looking for better solutions. Another solution that 
was used for comparison was the laboratory supervisor who makes the manual assignment. 
   The results were compared in six different scenarios. The difference between each scenario is in the 
number of variables that each scenario has. The goal of creating scenarios is to check the laboratory 
super-visor's behavior and the methodology proposed with the variation in the number of variables in the 
system. 
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3.1 Problem description and modelling 
 
Currently the laboratory supervisor, who has extensive experience in the area, does the task assignment 
manually. The company has the cross training feature. The supervisor should allocate the most 
appropriate employee for the equipment.  
   Since the model was developed with a focus on serving small businesses, care was taken to avoid 
increasing the amount of information needed to feed the model. The data of productivity for each 
employee in each piece of equipment will not be used. To replace the productivity data, a scoring system 
will be used. 
   An array with binary variables was chosen to model the problem. This array has three dimensions. The 
first is the time window, the second is the equipment and the third is the employee. If this cell has the 
value one, it means is allocated. Similarly, if the cell has the value of zero means that is not allocated.  
   The objective is to allocate the largest possible number of employees, respecting the restrictions, 
prioritizing the important equipment and allocating the most competent and productive employee for that 
equipment. 
   There are three constraints in the model. The first one prevents an employee from being at different 
pieces of equipment at the same time. 
 

H$- .&/.0% ≤ 1     (2) 
 
   Where p is the employee index, h is the time index and e is the equipment index. This restriction should 
be tested at each time (h) of each equipment (e) in the allocation matrix A. If the constraint is false, even 
if only in one time window, the solution is considered as invalid. 
   The second restriction prevents two or more employees at the same equipment at the same time 
window. 
 

H$- .&3&0% ≤ 1     (3) 
 
   This restriction should also be tested at each time (h) of each employee (p) in the allocation matrix A. If 
the constraint is false, even if it is in one place, the solution is considered as invalid. The third restriction 
is that the employee cannot be allocated on the time window that is not available. He becomes 
unavailable if already allocated to other piece of equipment or if in its availability schedule here is the 
value of zero for that time slot. 
   The objective function of the problem is the sum of all cells multiplied one by one by the weight of 
importance of the equipment and the weight of the employee for that equipment. 
 

MAX:$$ 8$9 :;. =:; . >;?:0%@;0%
A
90%                 (4) 

 
   Where =:;  is a position of the fitness weight matrix, k& is the position of the vector with the weight of 
importance of the equipment and 8$9 :; is the position of the allocation matrix that can take the value of 
one if is allocated, or zero if it is not allocated. If the employee is not authorized to operate a piece of 
equipment, the fitness weight is equal to -1. 
 
 
3.2 Constructive heuristic 
 
The constructive heuristic of this problem was created based on the combination of fitness weights of the 
employee and the weight of the importance of the equipment for the company. First, the employee fitness 
weight is multiplied by the weight of importance of the equipment for each employee. With that is creates 
a two-dimensional array (equipment and employee). After this step, all the values for each piece of 
equipment are summed having a one dimension vector (equipment). 
   This array is sorted in a decreasing order, obtaining a new array with the equipment order. With this 
methodology, the goal is to make an importance order of the equipment that has a bigger number of 
employees with better scores in this equipment. The employee that has the major score for that equipment 
is then allocated. 
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3.3 Scenarios creation 
 
The number of variables for each scenario can be found in table 1. 
 
 
Table 1 
Main characteristics associated to interoperability,  
cooperation and collaboration. 
 

Scenario Employee 
quantity 

Equipment 
quantity 

Time 
quantity Total variables 

1 6 4 24 576 
2 11 8 24 2.112 
3 20 16 24 7.680 
4 30 24 24 17.280 
5 40 32 24 30.720 
6 50 40 24 48.000 

  
 
 Scenario 2 is the current situation of the company. Scenario 1 is a representation of the half of the 
company. The other scenarios were created with random simulations of weights, simulating a growth of 
the company. 
 
 
4 Results 
 
A maximum time was set for manual assignment of the tasks. This time was determined with the 
supervisor and it was established a value of 40 minutes. The results of the supervisor for each scenario are 
shown in Table 2 and Table 3. The supervisor failed to complete the task for the scenarios 4, 5 and 6. 
   For all tests the same computer was used. The results of the constructive heuristic can be seen in Table 
2 and Table 3. The Simulated Annealing was executed with 500 blocks of temperature and 20,000 
iterations in each block, totaling 10 million iterations in the model. The results are shown in Table 2 and 
Table 3. 
 
 
Table 2 
Time used for supervisor, constructive and Simulated Annealing. 
 

Scenario Time used (min) 
Supervisor Constructive SA 

1 8 1 1 
2 13 6 5 
3 26 30 21 
4 * 33 52 
5 * 39 97 
6 * 44 159 

 

 
Table 3 
Objective function value for supervisor, constructive  
and Simulated Annealing. 
 

Scenario Objective function value 
Supervisor Constructive SA 

1 8,06 E+07 8,06 E+07 8,08 E+07 
2 4,86 E+07 5,84 E+07 9,23 E+07 
3 5,31 E+07 8,11 E+07 9,81 E+07 
4 * 1,54 E+08 1,54 E+08 
5 * 1,80 E+08 1,92 E+08 
6 * 2,00 E+08 2,12 E+08 
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   In scenario 1, the final value of the objective function has no significant gain. For scenarios 2 and 3 
there are a significant gain when compared with the manual assignment, as can be seen in Table 4. 
 
 
Table 4 
Comparative of results in scenarios 1, 2 and 3  
with supervisor results. 
 

Scenario Constructive heuristic Simulated Annealing 
1 0 % 0,15 % 
2 20 % 90% 
3 53 % 85 % 

 
 
   For scenario 3, the laboratory supervisor solved the problem in 26 min. Despite having initially been 
established 40 minutes as maximum, after about 20 minutes the supervisor was visibly tired of this 
activity and appeared to begin designing tasks with less discretion than at the beginning. 
   The constructive heuristics obtained an improvement of 53% compared to the result of the laboratory 
supervisor. The SA also scored 85% more than the supervisor and 21% better than the constructive 
heuristic. On the other hand, it took 21 minutes for the solution of the problem. 
   For scenario 4 the supervisor gave up the task after 28 minutes. As the scenarios 5 and 6 have more 
variables, it was decided that these tasks would also not be done. With this, the results were compared 
between constructive heuristic and the SA. In this scenario, the SA obtained approximately the same 
result as the constructive heuristic with a resolution time of 52.2 min. For the scenario 5, the results were 
better when compared to the previous scenario. The SA got a result 6.67% better than the constructive 
heuristic. One problem in this scenario was the resolution time that was 97.1 min. 
   For the scenario 6, the results were very similar to the scenario 5. The SA got a result 6.00% better than 
the constructive heuristic. The time was a problem since the algorithm took 158.8 minutes to show the 
results. In table 6 there are the results obtained by the SA compared with the results obtained by the 
constructive heuristic for scenarios 4, 5 and 6. 
 
 
Table 5 
Comparative of results in scenarios 4, 5 and 6  
with constructive results. 
 

Scenario Simulated Annealing 
4 0,0 % 
5 6,67 % 
6 6,00 % 

 
 
 
5 Conclusion and future research 
 
It can be concluded that for a scenario composed of few variables, the use of heuristics and meta-
heuristics have not brought a major improvement in the results. For the current situation of the company 
it can be concluded that the use of constructive heuristic already brings significant gains for the allocation 
of staff. The results obtained using the SA were even better. Although taking about 5 minutes, it got a 
result 90% better than the supervisor and 58% better than the constructive heuristic. 
   The complexity of the scenarios 3, 4, 5 and 6 made the manual assignment impossible. This shows that 
with the growth of the company, the current company's process cannot fulfil this task successfully, 
requiring the computational aid. 
   Despite the high SA time, the task of assigning cannot be performed manually. In addition, the 
computer performs the task and liberates the supervisor to perform other tasks while waiting for the 
results. Note that the SA is a great option for the current company and its future. 
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   The proposed model can be easily adapted to other types of analytical laboratories as the routine work is 
very similar. Future research may also apply other meta-heuristics that were not used in this paper. A new 
method for the exchange of the neighboring solutions could be created and compared with the current 
process. In addition, other tests with different parameters could be done like changing the number of 
iterations, taking into account the dimension of the solution. A stopping criteria could be used to stop the 
SA if the solution does not improve during a certain number of iterations. 
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A procedure based on  
branch-and-bound for the  
Cyclic Hoist Scheduling  
Problem with n types of product 
 
Mateo M1, Manier M-A2, Companys R3 
 
 
Abstract: When various kinds of products must receive the same treatments in a production line of tanks 
and the size of batches is high, a cyclic manufacturing composed of a job from each batch can be 
scheduled. A hoist ensures the automated transfer of the jobs between tanks. The problem consists in the 
scheduling of repetitive hoist movements, which is known as CHSP (Cyclic Hoist Scheduling Problem). 
The objective is to find a sequence which minimizes the cycle time for jobs from different products. We 
consider the problem where n types of products must be treated and we search an n-cyclic schedule. The 
algorithm is based on the resolution of different sequences of products. For each one, a branch-and-bound 
is solved which considers only coherent subsequences. It enables to reduce the computational times most 
of the time for instances with 5 tanks and 4 product types. 
 
Keywords: Scheduling, branch-and-bound, n-cycle, Hoist Scheduling Problem. 
 
 

 
 
1 Introduction 
 
In some manufacturing systems, transportation resources are the most critical ones and cannot be 
neglected in the related models. In surface treatment facilities, chemical processes are performed into 
tanks. A variety of jobs may be processed, and material handling can be ensured by hoists. This work can 
be included in the frame of the well-known Cyclic Hoist Scheduling Problem (CHSP). 
   A set of jobs in a limited number of products (j=1,…,n) is to be produced and receive one treatment in 
each one of a set of tanks (i=1,…,m). Each job j has its own processing time windows, a minimum value 
ai,j and a maximum value bi,j, associated to operation i (in tank i). Jobs are moved along the production 
line by a hoist, which picks up a job from a tank at any feasible time and transfers it to the next one. This 
is done from a loading station (tank 0) to an unloading station (tank m+1), going through the m tanks. 
When the hoist arrives at the loading station, it can immediately load a job (a0,j=0; b0,j=∞). At the 
unloading station, similarly the hoist only leaves a job and moves away (am+1,j=0; bm+1,j=∞). A hoist 
spends idle time above a tank if it arrives earlier than the scheduled instant for getting the job. It cannot 
pause while moving a job. 
   We consider the CHSP for lines with one hoist and tanks with capacity for only one job. The loading 
and unloading stations are considered dissociated; otherwise the model could be easily adapted. In the 1-
cycle, the most studied case, one job is introduced into and removed from each tank during each cycle. 
So, each operation and each hoist move is performed exactly once (n times for an n-cycle). If n jobs are 
introduced into and n jobs are removed from the line during a cycle, we search for an n-cyclic schedule, 
where n is the cycle degree. An n-product problem means that n different products are alternatively 
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produced on the line. The purpose of our study is to offer a model for n kinds of products, particularly 
tested for n=4.  
   Section 2 describes the state of the art for the CHSP. Section 3 presents the n-product n-cyclic problem. 
Section 4 develops the procedure to solve the problem and Section 5 shows the computational results. 
Finally, the conclusions of the research are discussed in Section 6. 
 
 
2 State of the art 
 
The first model for the CHSP was developed by Phillips & Unger (1976). Manier & Bloch (2003) 
grouped the different works on HSP and classified them. According to their notation, the case dealt can 
be classified as: CHSP|m//diss|/n,m+2|C. It means there is a single hoist; m tanks; diss as the loading and 
unloading stations are dissociated; n kinds of products; m+2 is the number of operations of the longest 
processing sequence; and C is the cycle time to be minimized. Generally, CHSP is NP-complete (Lei and 
Wang, 1989), even for the simplest variant. 
   The cyclic sequence is introduced to produce identical jobs (all the jobs of the same product), as 
Shapiro & Nuttle (1988) described. The hoist infinitely repeats cyclic movements to treat the input of 
jobs. The objective is to minimize the cycle time, i.e. the time consumed by the hoist to carry out a 
complete sequence of movements. Chen et al (1998), among others, have used graphs to solve it.  
   The simultaneous production of multiple products has been treated by means of several kinds of 
procedures. For non-cyclic scheduling, Lei and Liu (2001) presented a formal analysis of the HSP with 
two different products and developed a branch-and-bound procedure to find the optimal schedules. El 
Amraoui et al (2008) studied the 2-product 2-cyclic HSP and proposed a mixed integer linear program 
(MILP), which was extended in El Amraoui et al (2012). Three methods (exact and approach ones) are 
proposed to solve the n-cyclic (n≥2) HSP for heterogeneous jobs: in El Amraoui et al (2013a), the initial 
MILP is extended to n-cyclic problems. All the exact models are solved using commercial software 
CPLEX. El Amraoui et al (2011) proposed a heuristic, in which the cycle degree is a variable. And in El 
Amraoui et al (2013b), a genetic algorithm is used for the n-cyclic problem if n≤10. Nevertheless, those 
two approached methods cannot ensure to find the optimal solution. 
   This work develops an exact algorithm to solve the n-product n-cyclic problem, taking advantage of 
coherent constraints to evaluate only feasible sequences and reduce the node generation in a branch-and-
bound. 
 
  
3 The n-product n-cyclic problem and model 
 
Considering n different products, the problem can be solved converting easily the usual m operations of a 
product (1-cyclic model) into n·m operations (n-cycle), as the tank virtual capacity is multiplied by n. 
First the concept of stage is defined. A stage in the model is each one of the treatments received by any 
product in any tank of the line (Mateo and Companys, 2006). Only one of the stages associated to a given 
tank can be carried out simultaneously. In an n-product n-cyclic schedule, each stage is performed exactly 
once during a period. In the model, the sequence for product 1 is formed by stages 0, n, 2·n…; for product 
2 formed by stages 1, n+1, 2·n+1… and so on, up to product n (stages n-1, 2·n-1,…). Equation (1.1) 
expresses the index k of any stage according to the corresponding couples of indices (i, j) (tank i and 
product j): 
 

k = i·n + (j-1)  k=0,…,n·(m+1)+(n-1)  for i=0,..,m+1; j=1,...,n          (1.1) 

For instance, for n=2, the third operation of product 1 corresponds to stage k=6. Then using this 
expression, the model of the problem, in particular the constraints of time windows and hoist movements, 
can be expressed according to the defined stages k rather than to product j and tank i, whatever a number 
n of products (see (1.2) to 1.7)). For this goal, we introduce the following notations: 
 
k index for stages (k=0,...,n·(m+1)+(n-1)) 
ak, bk minimal and maximum values for the time window at stage k (0≤k≤n·(m+1)+(n-1)); ak=0 and 
bk=0 (k≥n·(m+1)) 
fk  transportation time between stages k and k+n (k=0,.., n·(m+1)-1) 
ek,k’ empty hoist time from stage k to stage k’ (k,k’=0,..., n·(m+1)+(n-1))  
ck 1, if a job arrives and leaves the stage k in different cycles (0≤k≤n·(m+1)+(n-1)); 0, otherwise. 
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   Let H=(h[0],h[1],...,h[n.(m+1) -1]) be a circular permutation of the full-hoist movements, which indicates the 
origin stage. Vector T=(t[0],..., t[n.(m+1) -1]) contains the starting times associated to vector H. Without loss 
of generality, h[0]=h0 and t[0]=0 and t[0]<t[1]<...< t[n.(m+1) -1]. A cyclic sequence (H, T) will be feasible if and 
only if there is a job in the tank to be taken, the destination tank for the job is empty and the processing 
times fall within the limits of the time windows. C is the time to complete the n·(m+1) movements. A set 
of n·(m+1)-1 variables come from the vector T, because t0 is supposed to be fixed, and an additional 
variable is the cycle time C. Therefore, the variables are: 
 
hk  transportation move of a job from stage k (k=0,.., n·(m+1)-1) 
tk  ending time of stage k or starting time of movement of a job to next stage (0≤k≤n·(m+1)+(n-1)) 
C cycle time to be minimized 
 
And the model is: 

                             [MIN] C                                                       (1.2) 
 
subject to 
                   tk– tk-n ≥ ak + fk-n – ck · C                   k=n, ..., n·m+(n-1)      (1.3) 
                tk-n– tk ≥ - bk – fk-n + ck · C                   k=n, ..., n·m+(n-1)      (1.4) 
                t[k+1] – t[k] ≥ f[k] + e[k]+n,[k+1]                   k=0,1, ..., n·m+(n-2)   (1.5) 
                 t0 – t[n·m+(n-1)] ≥ f[n·m+(n-1)] + e[n·m+(n-1)]+n,0 – C                               (1.6) 
                                            C ≥ 0; tk ≥ 0     k=0, ..., n·(m+1)-1     (1.7) 
 
   The length of the cycle C is to be minimized in (1.2). Constraints (1.3) and (1.4) ensure that the 
minimal and maximal processing times are respected at each stage k. Constraints (1.5) and (1.6) impose 
that the hoist movement time. Constraint (1.7) indicates that variables are non-negative. We use a graph 
approach of Chen et al (1998) to represent the values of the variables from vector T in vertices and arcs 
for the constraints. For each constraint (1.3 to 1.6), an arc is defined between two of the (m+1)·n vertices, 
the initial stage and final stage, with has a positive or negative value and sometimes adding or subtracting 
the variable C. 
 
 
4 The procedure to solve the n-product n-cyclic problem 
 
 
4.1 Branch-and-bound procedure given a sequence of products 
 
For the cyclic problem, a branch and bound procedure inspired by Shapiro & Nuttle (1988) is developed. 
The solutions in the research tree are constructed by adding a new tank i at each level and the associated 
stages in vector H. 
 
   Nodes. The number of levels in the tree is equal to the number of tanks m. The sequence in the root 
node is automatically determined. A node v at a level r (2≤r≤m) is characterized by a permutation of 
movements assigned to the first n·(r+1) stages. Hr,[v] =(h[0],...,h[n·(r+1)-1]) corresponds to a permutation such 
that h[0]=h0 and any hw∈Hr,[v] must respect the constraints on coherent subsequences. If we consider two 
consecutive tanks (i and i+1) and the hoist movements associated to the stages (from k to k+m·n-1), the 
order of movements is prefixed due to the general hypothesis of the model. Given a tank i in which stages 
k and k+1 are performed, and the new tank i+1 associated with stages k+n and k+n+1, they follow the 
circular permutation (k, k+n, k+1, k+n+1). The relation of hoist movements between these four stages, 
and the constraint satisfaction on the associated variables, depend on the occupation of tank i by jobs at 
the beginning of the cycle (Mateo and Amorós, 2002). This can be applied on two consecutive products. 
This is a condition that ensures the feasibility of the sequence (Lei and Liu, 2001). 
 
   For the sub-problem at each node, a graph is developed and solved with a shortest path algorithm. If the 
node is a leaf and C(Hr,[v]) is lower than the cycle time of the best known solution, Hr,[v] and its cycle time 
will be the new best one. 
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   Branching. If v is a non-leaf node of level r-1, the vectors in descendant vertices at level r are obtained 
by adding n new stages, which correspond to the next tank r. For any value n, n groups of four stages are 
considered to satisfy the coherent conditions and the new potential descendant vertices are accepted or 
rejected. 
   Bounding. Let v be a node at level r (with r tanks) defined by Hr,[v]. A lower bound for C, trying to use 
the idle time for the hoist, can be determined considering the moves included in vector Hr,[v] and, if 
necessary, an additional time for not assigned moves (hl∈U). Given C(Hr,[v]), the cycle time for Hr,[v]; U, 
the set of unassigned loaded moves in Hr,[v] and wk, the waiting time for hoist above the stage k, besides 
more lower bounds obtained from the graph (Chen et al, 1998): 
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4.2 General algorithm 
 
If a 1-product n-cyclic sequence is going to be determined, one option is the addition of n 1-cyclic 
sequences. Also, if a sequence is searched for an n-product n-cyclic sequence, the initial solution may be 
obtained solving the 1-product 1-cycle, for a fictitious product with the most restricted time windows at 
each tank.  
   For n>2, the first decision is the evaluation of each possible sequence of products Jsp entering the line. 
Let sp an index for the (n-1)! different sequences in a cycle. For example, 4 products (A,B,C,D) must be 
produced simultaneously through the line. The first level consists in determining each possible sequence 
Jsp (ABCD, ABDC, ACBD, ACDB, ADBC, ADCB) and for each of the six sequences, the corresponding 
branch-and-bound procedure is developed. Moreover, the optimum cycle time for the second sequence 
could be computed with an upper bound, the optimal cycle time for the first one, and so on for the other 
sequences. 
 

Algorithm 

Step 1. Obtain data (n; time windows: ak, bk; hoist times: fk, ek,k’) 
Step 2.   2.1. Define a single virtual product vp with time windows: 

[ai,bi] = [maxj {ai,j}, minj {bi,j}]: 
              2.2. Solve a branch-and-bound for the this single virtual product 
→ Optimal sequence H*0 and optimal cycle time C*0 
Step 3.   3.1. sp=1; J1=(1, 2,..., n) 
              3.2. Given UB1=C*0, solve a branch-and-bound for the sequence of products J1 
→ Optimal sequence H*1 and optimal cycle time C*1 
3.3. H* =H*1; C*=C*1 
Step 4. While not all the product permutations are evaluated 
              4.1. sp=sp+1; Jsp=(1, [2],...,[n]) 
              4.2. Given UBsp= C*, solve a branch-and-bound for another sequence Jsp 
            → Optimal sequence H*sp and optimal cycle time C*sp 
            4.3. If C*sp < C* 
H* =H*sp; C*=C*sp 

 
 
 
5 Computational results 
 
The computational experiments are based on a set of 30 instances corresponding to 4 products and 5 tanks 
(Mateo and Companys, 2012) and various ranges in the width of time windows and the hoist speed, or the 
relation between loaded and empty hoist moves. We focused here both on the cycle time and the 
computing time. The algorithm is written in Visual C++ and run in a Pentium Core2 Quad 2.40 Ghz, 2 
Gb RAM. The results on the instances are given in Table 1. Each line provides: the reference number for 
the instance, the computational time (in seconds) and the optimal value found in El-Amraoui et al 
(2013a), called as EA13, and then the computational time and optimal cycle time we obtained. 
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   For an instance (209080305), we reach a different solution (ours is 718) as there is a mistake in El-
Amraoui et al (2013a); indeed for their announced results, the time windows are violated. We discovered 
they really solved a mix of two instances (time windows were from instance 207080605). We obtain the 
optimum (679) of that “mixed” instance in 32 seconds. For the remaining instances, we almost always 
reduce the computing time and always obtain the optimum. For the four instances with computational 
time equal to 24 hours, we can guarantee that the best results obtained are optimal ones, in a mean time of 
8.4 seconds. Moreover, the mean reduction in time is 291 seconds (nearly 5 minutes). 
 
 
Table 1 
Results (for n=4 and m=5) obtained with our algorithm  
compared with El-Amraoui et al (2013). 
  
 

Instance Time(s) 
EA13 

Opt 
EA13 

Time(s) Opt  Instance Time(s) 
EA13 

Opt 
EA13 

Time(s) Opt 

104040705 690 736 105 736  201080405 29 988 1 988 
105040905 785 622 9 622  207080605 279 768 32 768 
109040505 235 978 2 978  209080305 371 678 283 718 
102040605 59 637 4 637  205080205 341 826 181 826 
103040805 178 810 7 810  204080905 624 646 35 646 
107070405 440 708 618 708  308060205 821 784 77 784 
109070605 271 904 9 904  301060405 86400 1188 7 1188 
102070205 98 642 60 642  304060405 86400 1152 2 1152 
102070705 140 645 15 645  303060905 990 646 22 646 
101070405 154 718 55 718  309060805 86400 1092 4 1092 
205050605 171 842 58 842  309090705 86400 1024 79 1024 
203050905 29 520 4 520  308090205 977 772 183 772 
208050705 55 700 2 700  303090905 192 650 54 650 
209050705 100 721 47 721  302090205 309 756 160 756 
204050805 91 638 15 638  304090405 86400 1116 2 1116 

 
 
 
 
6 Conclusions 
 
The proposed model relies on the stage definition, the operation performed in any given tank according to 
the part type. Consequently, multiple stages are assigned to each tank. This model opens new paths to 
study more complex cyclic sequences, with multi-part types, reduced to procedures considered for single 
part jobs. The conditions for coherent subsequences limit in a smart way the node generation in the 
described branch-and-bound. Finally, the study on the n-product n-cycle, with n=4, shows the advantage 
of the use of bounds. As future research lines, the algorithm should be extended to n>4 and m>5 and 
evaluate if it can be used to confirm and obtain optimal values for greater size instances. 
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Analysis of Relevant Factors 
in Competitive Intelligence  
System Implementation 
 
Junior R R S1, Neuman Garechana G2, Fernández S3, Azkarate A4, Río-Belver R5 
 
 
Abstract: This study analyses the effect of a set of factors in the implementation of competitive 
intelligence (CI) systems in order to determine if they act as drivers or barriers. A survey was passed to 
key people in six implementations that took place in significantly different firms and a consensus was 
found about the positive influence of most of the factors, the lowest ratings falling in indifference rather 
than being clearly perceived as negative. In spite of this, data show that CI tools have a remarkably strong 
positive effect, specially regarding the power of the CI tool used, and that people, and particularly the 
prejudices coming from previous experiences in CI implementation, can have an influence that goes from 
neutral to negative in CI projects. 
 
Keywords: Competitive Intelligence; Implementation; Project; Driver; Barrier. 
 
 

 
 
1 Introduction 
 
A widely accepted definition of competitive intelligence (CI) can be the following:  

“Systematic and ethical process for gathering, analysing, and managing information that can impact an organization’s 
operations and plans. Competitive intelligence is a necessary, ethical business discipline for decision!making based 
on understanding the competitive environment” (McGonagle 2007) 

This study analyses the effect of a set of factors in the implementation of CI systems in order to determine 
if they act as drivers or barriers. 
   Previous works have been conducted addressing this same area, some focused in firms corresponding to 
a particular sector such as information technology or metal sector (Akhavan & Salehi 2013; Pérez-
González & Placer-Maruri 2011), but an overall consensus can be found about the relevance of the 
following dimensions in the implementation of CI (Goitia et al. 2008; Saayman et al. 2008; Self 2003; 
Watson & Wixom 2007): 

•!Information overload, caused by an excessive focus in information collection and dissemination 
stages of CI, to the detriment of the proper identification of user real information needs and a correct 
filtering of information. 

•!The lack of CI-trained workforce in the firm. 

•!The manager’s distrust regarding CI, either due to the difficulties to measure the economic return of 
these activities or to previous failures. 
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•!Related to the previous point, the inconsistencies between company’s strategic lines and the strategic 
planning of CI unit. 

   Other authors emphasize the relevance of collaboration in CI, given that a willing collaboration is the 
basis for the flow of knowledge, and a dense collaboration network can be vital to provide key 
information to decision makers in the very moment it is needed. It must also be noted that the 
undervaluing of CI systems by many managers is often due to a misconception in the design and building 
of CI systems: they are sometimes thought of as a bare information supply system instead of a knowledge 
management tool that captures, codifies, stores and delivers “activable knowledge” to the system’s user. 
 
 
2 CI Implementation cases and factors 
 
IK4-IDEKO has developed a self-guided, simple and relatively quick system for implementing CI 
systems in firms, the COMPETE ® methodology. The thorough study of six implementations in which 
COMPETE ® was used led to the determination of the following 21 factors that correspond to three 
distinct factor groups: 

1.!Organization group. 

F1. Goal setting: Goals defined for CI system are realistic and feasible, and each of them is linked to a 
performance indicator for evaluating the advances being made. 
F2. Responsibilities definition: The responsibility corresponding to each participant in the implement-
tation is defined and key people in the project have authority and leadership in the firm. 
F3. Strategic planning of the company: CI activities are deemed to be important and are included in com-
pany’s strategic planning. 
F4. CI planning: CI activities are planned from both a strategical and tactical point of view and the plan-
ning is periodically checked. 
F5. Player network design: Key people in project shows leadership skills and authority, and analysts have 
enough technological skills. 
F6. Key Intelligence Topics (KIT) definition: KITs are defined accordingly with the resources available 
and the firm’s real situation. 
F7. Information organization: A clear and concise information structure is designed, and KITs are aligned 
with this structure. 
F8. Project dimensioning: Resources needed for the project are well defined, and pilot projects are started 
in case there are not resources available for a full-scale project. 
F9. People and resources available: There are enough resources allotted to the project, including time and 
technical resources. 
F10. Results diffusion: CI system results are used in decision making in several levels across the 
company. 
F11. External support: External consulting services are available all over the project’s duration. 

2.!CI tools group. 

F12. User friendliness of tools: CI tools are easy to use and can be easily customized by key people in the 
project 
F13. CI tools power: Accessibility, connectivity, functionality and flexibility of the CI tool. Information 
is easily accessed and spread. 
F14. Customization possibilities: The tool can be easily adapted to user needs. 
F15. Easy access to information: Easy access to both the information already present in the company and 
to the new information being generated. 

3.!People group. 

F16. IT skills: People working on CI has enough IT skills. 
F17. CI awareness: People working in CI project understand what the CI system is for and believe on its 
potential for improving decision making. 
F18. Corporate culture: The firm has an open culture, workers do often interact with each other and 
frequently do share information. 
F19. Key people involvement: Key people in project are strongly involved in it. 
F20. Previous experiences: Amount to which people in the organization has previous experiences that 
determine their attitude towards CI. 
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F21. Top management involvement: Top management is involved in CI implementation and lead by 
example. 
   The set of implementations analysed in this work is formed by firms of all types that in some cases 
show very different features. Table 1 contains a brief description of each case. 
 
 
Table 1 
Some relevant features of the firms where implementations took place. 
 

 CASE A CASE B CASE C CASE D CASE E CASE F 

SECTOR INDUSTRIAL INDUSTRIAL IND / SERV INDUSTRIAL INDUSTRIAL RESEARCH 

GEOGRAPHIC 
MARKET 

INTERNAT. INTERNAT. INTERNAT. INTERNAT. INTERNAT. INTERNAT 

TECHNOLOGY 
LEVEL 

HIGH MEDIUM MEDIUM VERY HIGH HIGH VERY HIGH 

FIRM TYPE  SME BUSINESS 
GROUP 

BUSINESS 
GROUP 

BUSINESS 
GROUP 

BIG FIRM SME 

IMPLEMENTAT
ION TYPE 

PILOT MULTILOCA
TED CI UNIT 

EXTERNAL 
CI UNIT 

EXTERNAL 
CI UNIT 

CI UNIT CI UNIT 

 
 
   A survey was made containing the 21 factors explained before, and key people from each of the six 
implementations was asked for quantifying from 0 (totally negative) to 10 (absolutely positive) the 
influence each of these factors had on the development of the project. The total number of answers 
collected was 19, obtaining at least 3 answers from each project. 
 
 
3 RESULTS AND DISCUSSION 
 
A first descriptive analysis was conducted in order to study the perception about the factor groups, with 
the results shown in figure 1: 
 
 

 
Fig.1  
Bar plot corresponding to the average evaluation of each factor group, itemized by cases. 
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   The mean values obtained by each factor group in each case, together with standard deviation data, are 
given in table 2: 
 
 
Table 2 
Mean and standard deviation of factor groups, itemized by case. 
 

 CASE   

FACTOR 
GROUPS 

A B C D E F Factor group 
mean 

Factor group 
standard 
deviation 

CI Tool 6.50 6.67 6.75 8.31 8.42 7.42 7.34 2.10 

Organization 5.58 7.27 5.85 5.57 7.36 5.21 6.14 1.58 

People 6.06 6.28 6.11 5.21 7.33 4.72 5.95 1.85 

Case mean 6.04 6.74 6.24 6.36 7.70 5.78   

 
 
   The first results show that every factor group was perceived to have a positive influence in the 
implementations, particularly those related with CI tool. Organization group is also found to be positive 
with some cases showing values near to indifference, but in any case, this factor shows a certain degree of 
agreement between respondents, as shown by the standard deviation data. People factor group grades the 
lowest, till the point of being perceived as a barrier in the implementation F, even though near the 
indifference. 
    
   Analysing cases, E case has the highest mean value, while F has the lowest, this being of interest 
because F is the only firm in the dataset which operates in the national market while E is the only big firm 
in the sample. It is also noticeable that the highest grade of CI tool is achieved in firms with high or very 
high technology level, regardless of firm size. 
    
   Figure 2 shows the standard deviation and mean of the responses corresponding to each of the factors. 
 
 

 
Fig.2  
Mean value of each factor vs standard deviation. 
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   Figure 2 shows that CI tools - related factors are on the top, with the remarkable position of F13 (CI 
tools power). A cloud formed by many factors stands between values of 5.5 and 7.5 in mean value and 
1.5 - 2.5 in standard deviation, being difficult to extract further conclusions. Factor F9 (People and 
resources available) shows a high standard deviation, probably pointing at the very different situations 
each implementation had to face regarding resource allocation. This factor, together with factors F1 (goal 
setting) and F20 (previous experiences) are the only ones that are perceived as barriers for 
implementations, and there is a certain consensus in that. It must be noted, however, that mean values are 
near indifference. 
 
   In order to delve deeper into the data, correlation between factors has been calculated. Table 4 shows 
the factors correlated higher than 0.6. It must be noted that all significant correlations are positive, except 
that between F21 (top management involvement) and F15 (easy access to information), correlated at -
0.62. The lion’s share of positive correlations takes place among organizative factors and between 
organizative factors and two factors from people group (F21 and F19). These data point at a significant 
and positive relationship between managers’ involvement and many organizational factors favorable to CI 
system implementations. 

 
Table 3 
Factor pairs showing significant (>0.6) correlation. 
 

FACTORS CORRELATION 

F4 F3 0.66 

F11 F3 0.64 

F21 F3 0.61 

F11 F4 0.63 

F21 F4 0.73 

F8 F5 0.64 

F15 F7 0.67 

F19 F8 0.72 

F14 F9 0.63 

F19 F10 0.66 

F16 F14 0.64 

F21 F15 -0.62 
 
 
   The negative correlation between F21 and F15 is difficult to explain, and any interpretation about it 
may be just idle speculation, particularly considering the small sample size of this study. Being conscious 
of this fact, the authors agree that managers often show a particular awareness of the importance of 
information availability for proper decision-making in all levels of the company. When an information-
poor situation is perceived by managers, this could led them to adopt a positive mindset towards 
initiatives aimed at improving this situation, CI systems being a tool for achieving this purpose. 
 
 
4 Conclusions 
 
This study has conducted a descriptive study of the perception of 21 factors relevant for CI systems 
implementation, grouped in three factor groups corresponding to organizational features, the CI tools and 
people. Results show that most of the factors are perceived as positive for the implementation, but the 
following features are observable: 
•!Factors related with “CI Tool” group rate the highest, and factor F13 (CI tools power) is clearly 

valued as highly positive. In addition to this, the low standard deviation of answers points out the 
consensus of respondents regarding factor F13, this has relevant implications for future CI 
implementations. 
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•! The factors related with “Organization” group have had a positive effect, with some of the factors 
being rather indifferent. The dispersion of data in factor F9 points out that resource allocation has 
been quite different from one case to another. 

•!“People” gets the lowest rating among the factor groups, but it cannot be asserted that this factor is a 
barrier for implementations, even though the only negative (4,72) average perception of the dataset 
corresponds to group “People” in implementation F. Factor F20, measuring the effect of previous 
experiences in CI projects, shows the lowest value among all factors, with fairly low standard 
deviation, remarking the importance of promoting the CI virtues in firms that did not obtain clear 
results in previous implementation attempts. 

•!An interesting hypothesis has been formulated regarding the negative correlation between managers 
involvement in CI implementations and the perception that there is not enough information available 
in the firm for proper decision making: The sensitivity of managers to the lack of information could 
lead them to involve more actively in CI implementations. This is a hypothesis filled with practical 
implications for CI project management, and can be object of future studies. 

   The conclusions extracted from this study can give valuable insight about the main factors conditioning 
the success of CI projects, and help managers to improve their strategy and increase the chance of success 
of the project. The main limitation of this work lies on its small sample (19), making it imprudent to 
extend these conclusions to firms other than those here studied. Further studies regarding the influence of 
these factors will be conducted in the light of more data. 
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Utilization of Fuzzy constraints  
to build applications to support  
a Concurrent Engineering  
Environment in the process  
of Design and Manufacturing 
 
Walker R1, Fandino S2, Paixão A3, Bezerra M4 
 
 
Abstract: In this article presents a proposed an application in the concept Design evaluation stage 
through manufacturing features. In a Concurrent Engineering environment, using logic it need to set the 
imprecision. The Fuzzy logic is one path for evaluate the data inconsistency to evaluate industrial pumps 
conceptual design. Helping in integrate Design, Process and Manufacturing stages. 
 
Keywords: Design, Manufacturing, Fuzzy. 
 
 

 
 
1 Introduction 
 
Since the 80's Concurrent Engineering is a technique that has been used to reduce the time-to market for a 
new product. Concurrent Engineering differs from.classical approaches in that it moves the sequential 
flow of product develops to a parallel process development. This paper describes a computer application 
using fuzzy logic constraint to predict values of design in a Concurrent Engineering view. 
 
 
2 Concurrent Engineering 
 
There are two approaches for the Concurrent Engineering inside the enterprise (Naveiro and O’Gray, 
1995), 'human': make cross functions times, benchmarking; and 'computer': Design for Manufacturing 
& Assembly Quality Function Deployment, Robust Design, integrated CAD, Simulation, Product Data 
Management, etc. 
  
   The human approach is based in collaborative groups to develop a project. This means in create cross 
functions teams using at least one person of each stage of the design, process planning, manufacturing, 
and others like logistic and sales. The cross function time has the responsibility to link the ideas of the 
product development through the capability of the factory to over lap the functions in the different stage 
of the new project. Some studies of this model give a limitation for the capability of develop the project 
with a complete integration. This means that the higher complexity of the product and the manufacturing 
the more time you spend to communication among the times. To simplify the model some subdivision 
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can be made to a modular interfaces of the product and/or improve the information technology 
(Hoedemaker, 1999). 
 
   The computer approach is based on CAD systems that interact through the design stages. Many CAD's 
systems can be manager for the final result of the project as 3D CAD model, used to develop the 
preliminary stage of the design, and 2D CAD documentation, used to develop the detail stage of the 
design. The data usually are manager with a product data management (PDM). Usually a UNIX platform 
is used to 3D CAD model and widows platform to 2D CAD documentation. For a final manufacturing 
documentation usually make by a CAPP system for the manufacturing path of short-term and the-long 
term. The short-term is recognized by the reduce of the time-to-market and the higher quality of the 
product in the beginning of the implementation of CE. The higher quality of the product in the beginning 
of the implementation of the CE. The transition of the skills for other project take some time to adjust the 
method to the requirements of the organization. In this long term the product develop team may have 
some problem in identify lower priority items and lose a bunch of time in the process of make a decision 
(Componation, 1999). 
 
   The supply change can be considering a third approach. In this case the integration between the 
enterprises is critical for the knowledge of each enterprise limits. A supply change must be consider a 
partner and develop the new products together. The communication is very important to set the design 
development. In this case the transparence of the manufacturing and its limits is very important to make 
the decisions for develop a new product (Hoedemaker, 1999). 
 
   Toyota make a successful in CE in develop many small prototypes, a strong organizations of the 
activities without the necessity of a multifunctional team to make small decisions, and just do the final 
choice at the end. In this case they avoid in given up of some good solutions on the process of develop the 
new project (Sobek, 1999). 
 
   The CE brings many changes in the way of see the flow of the product development and a become a 
routine practice (Componation, 1999), but must of the time the enterprises do not need all the changes or 
can make its gradually. 
 
   Most of the bibliography speck about the integration of the product, but a critical factor is predict values 
to make a decision during the process of develop the design. This paper describe how we can use fuzzy 
constrains to predict manufacturing values on the earlier stage of the design. 
 
 
3 Design and manufacturing environment 
 
Not many products are new or innovative that actually belong to the manufacturing platform of the 
enterprise. Most of the information can be explained through knowledge and linkages between different 
design stages. The design is represented by six stages — the conceptual, the embodiment, preliminary, 
detail, process planning, and manufacturing. The conceptual stage is responsible for the ideas and 
functions of the product design. The embodiment stage represents the details of the geometric features 
and manufacturing. The detail design stage is the documentation of the project. The process planning 
stage is developing the product fabrication and assembly. The manufacturing stage is the final stage that 
aggregates the all information of the design to make a product. 
 
   The planning and design process is divided into the following phases: product planning and clarifying 
the task, conceptual design, embodiment design, and detail design. The working steps proposed for each 
of the main phases must be considered the main working steps. The results of these main working steps 
provide the basis for the subsequent working steps. Some results in many lower levels working steps are 
required such as collecting information, searching for solutions, calculating, drawing and evaluating. 
Each of these working steps is accompanied by indirect activities such as discussing, classifying and 
preparing. 
 
   Before a commercial product can be designed there has to be a product idea, that promised to lead to a 
technically and economically viable product. In many companies the product planning department is 
expect to follow the development of product idea through the design and manufacturing departments, and 
then to watch over this market behavior. This includes monitoring the financial position and market 
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success of the product and, if is necessary, taking appropriate corrective measures. Companies deal with 
product planning in different ways, in many cases is a good sense of a director or an individual employee. 
However, systematic procedures are frequently used to find new ideas, there are much easier to measure 
the time and the cost of product planning and development. The basis and beginning point is marketing, 
that provides an interface between customer and product planning. The internal and external stimuli for 
product plan come from marketing, the company, and others sources. Those give us five main working 
steps: Analyzing the Situation, Formulating Search Strategies, Finding Products Ideas, Selecting Products 
Ideas, and Defining Products. 
 
   The Conceptual Design consist in identify the essential problem through abstraction, by establishment 
of function structures and by the search for appropriate working principles and their combination, the 
basic solution path is down through the elaboration of a solution principles. 
 
   The Embodiment Design must determinate the overall design (general arrangements and spatial 
compatibility), the preliminary from design (components shapes and materials) and the production 
process, and provide solutions for any auxiliary functions. 
 
   The Detail Design completes the embodiment of technical products with final instructions about the 
layout, forms, dimensions, and surface proprieties of all individual components, the definitive selection of 
material and a final scrutiny of the production methods, operating procedures and cost. In this phase is 
responsible to elaborate the production documents, especially of detailed components and assembly 
design and of appropriate parts list. 
 
   The Process Planning is a role in detailed procedures by which work pieces or parts are convert from 
the initial stage (raw material form) to finished stage (desire form). Product design data such as 
geometrical features, dimensional sizes, tolerances, material, and finishes are analyzed and evaluated to 
determine the appropriate workstation available within the manufacturing systems concerned. Those 
detail methods are then documented into process plane or processes sheets, which server as technical 
instructions on the shop floor, and assure the desired characteristics of the final product. 
 
   The Manufacturing is understood as a series of activities including customer need recognition, design, 
material selection, planning, material transformation process, quality assurance, and logistic management. 
Basic means the material transformation processes through machines, tolls, and any device to get the 
design model. Manufacturing is responsible to do or build the product, including fabrication of part 
number and assembly. Some critical conditions are dealt with tolerance a finishing for transformation the 
material through the available machines.  
 
   The environment of computer applications that aid concurrent engineering are CAD 3D CAD 2D, CAP 
P, CAM, expert systems, etc. In this case, we link the product features between different stages of 
development. So in each stage we can have more detail of the design and can represent its limits and 
anticipate some design values for the project development. At the same time, we do not need to detail all 
the features of the project for documentation. In this case the results of this information can be used to 
start the documentation of the design in a CAD system and the process planning in a CAPP system. (Pahl 
and Beitz, 1997). 
 
 
4 AI and fuzzy logic 
 
The Artificial Intelligence (AI) look like a computer ability to think (BENCH-CAPON, 1990). Inside of 
this point of view the AI represents tree of decision that you can validate restrictions through dates. The 
domain, constrain and restrictions represent a declarative environment to relate the knowledge 
(TAYLOR, 1988).  
 
   The fuzzy logic theory is a simplification of the classical logic theory approach. The classic approach 
consider only crisp values, for example 0 or 1, or true or false. The fuzzy theory is a set of values between 
0 and 1 according with the truth-value that you set. One example of truth-value is if you set as 0.5 and 
your values are minimum 1, mode 3, and the maximum 7, the range of values that you can have are 
between [2,5]. Throughout the enterprise environment there is inherent imprecision and soft 
specifications represented by cost, quality and dimensionality. Soft specifications are more prevalent in 
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the early stages of the design and within manufacturing in its use of tolerances, imprecision is more 
prevalent. We use fuzzy data to model the inconsistency and imprecision. This helps the designer to 
develop the idea of the design project without the necessity of precise specifications and values. Later, 
some information can be more precise in other design stages while other information must still deal with 
imprecision in the parameters in the fabrication and assembly environment. This is the imprecision of 
manufacturing tolerances and can be better described using a fuzzy numbers. 
 
   The description matches the distributed processing environment in a fuzzy constraint system. The appli-
cations are built in the FUZCON (Fuzzy Constraint Processing System), MS-Access database, and using 
Delphi to build the user interface. It is divided into four modules: conceptual design, embodiment design, 
processes planning, and manufacturing. All these modules exchange information among them selves and 
with different databases. All the data are used for manufacturing components of a hydraulic pump. 
 
 
4 Problem 
 
The enterprise is a subsidiary in Brazil, and consists in sales hydraulic pumps by order and standard. In 
spied of be by order the parts number are standard to the customer. The factory does not need to develop 
a conceptual design of a new product just make some alterations to attendance of specifications or 
material changes of marketing. This made constant consult to preliminary evaluation of the viability 
design cost. 
 
   It does not exist multifunctional times. Usually the employee change is because some one gets out of 
the enterprise. Chefs trust in the individual experience of each employee to develop embodiment and 
detail design. The knowledge pass is not formal trough the enterprise or the employee. This area is 
extremely pressed that make difficult to interchange design and manufacturing functions. 
 
   The enterprise has a good computer automation degree in the embodiment and detail design phases. 
These represented by 3D CAD to model and 2D CAD to documentation and a CAPP system to integrate 
to the manufacturing. It does not have any expert system to integrate and validate functions. The 
information stream is aided by a Work Group system that can used to pass Email and mandatory actions. 
  
   There are many numerical control (NC) machines associated to a machine center. There is also an effort 
to standardization the information part number in families that is represented by the Group Technology. 
  
   The only pointer of performance is the manufacturing quality measure. There is no point performance 
to the design or any decisions make. 
 
   The Research & Development sector is located in USA. The research is represented by under gradua-
tion final project developed by trainees.  
 
 
4.1 What are the problems? 
 
In the description of the industry engineer, you can find some problems, it is not so difficult to compare 
with the necessity in integrate function to get in the Concurrent Engineering environment, there are: 
No multifunction times;  
No integration between design phases and manufacturing process;  
No integration between the systems CAD 3D, CAD 2D, CAPP, CN program;  
No system to analyze cost with changes in the design or manufacturing phases;  
No formal documentation of the knowledge;  
No complete standardization of the information to use Group Technology. 
 
 
4.2 What are the goals? 
 
There are four goals that was discuss between professors and industrial professional: 
Integration of information between embodiment design, detail design, process planning, and manufac-
turing phases trough a system; 
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A system that helps in costs analysis in changes of design, process planning and manufacturing; 
Data standardizing; 
   The researched enterprise environment has presented some problems and difficulties in engineering. 
This can be identified as necessities of integration that are present in Concurrent Engineering. For 
example: a company does not have any multifunctional teams, any integration between the design and 
manufacturing stages, does not have any system to analyze cost and viability in changes design 
parameters, etc. To help address these problems we model an application which is explained later in this 
article. 
 
 
5 System 
 
The emphasis of this paper is describing a computer application developed to predict values. The example 
is made on the development of parts of a hydraulic pump. The development stages of the design are 
conceptual, embodiment, process planning, and manufacturing. In the conceptual stage the designer just 
have an idea new product, the quality, and the dimensions, some information about the cost Will be very 
helpful to make decisions in this early stage. In the embodiment stage of the design the designer define 
the geometric features, the material, and some specifications. The process planning stage document the 
manufacturing process and optimize the manufactory process cost. The manufacturing stage of the 
product is the machines and tools of job shop, represented through its features in a database.  
 
   It was made a computer application divide in four modules as: Conceptual Design, Embodiment 
Design, Process Planning, and Manufacturing.  
 
 
6 Example  
 
The designer is checking the possibility of made a pump house. To solve it the designer must give for this 
component a proportional dimension (ex. Big), quality (high),and the system generate a high cost solution 
for this specific case. In others cases that you have more then one solution you must set the value to see if 
is possible or not. The next stage is representing the dimensions and quality values for geometry and -
manufacturing features in the embodiment design that is automatic restrict the domain by conceptual 
when choose, 'enormous', 'big', 'medium', 'small', or 'standard'. When the embodiment designer chooses 
the manufacturing features as: through hole, assembly guides hole, surface glides, etc., it propagates the 
relation and defines the process planning and the possible machines with its set of tools. The cost, the 
tolerance, and the finish, as the dimension restrict set of machines. The sum of process time plus 
cost/hour of each machine calculate the cost.  
   When the tolerance is higher the application can accept the solution if the respective truth-value is 
significant in the range of fuzzy numbers. In this case some solutions that are usually ignore, can be 
significant in the process optimize cost or give some alternatives for the manufacturing. 
 
 
7 Results  
 
The expected results of the computer application involve three goals. The first, demonstrate integration of 
information between conceptual design, embodiment design, detail design, process planning, and manu-
facturing stage through a prototype system. The second, a system that helps in cost analysis when changes 
are made in design, process planning and manufacturing. The third, use fuzzy constraints to model data 
inconsistency. The data at each design stage is used to determine the viability of the project and its cost. 
 
 
8 Conclusion  
 
This research expects to develop a computer application that helps in the making decision of a designer, 
process planner or manufacturing engineer. In each stage we validate the information and anticipate 
others such as cost or quality. The expected results and the industry summarize the interests of each 
author in building applications to aid the design and manufacturing using fuzzy constraint. In this 
approach the link and the anticipation of the data values helps the Concurrent Engineering environment to 
deal with different possibilities for the design and manufacturing. 
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Proposal for an aggregate  
planning model of production in  
a sugar and alcohol plant linked  
to the fluctuation of prices in  
cash markets and the future markets 
 
Carvalho M1, Pratti F 
 
 
Abstract: The objective of this paper is to show a model of aggregate production planning to support 
decisions of management and board level of sugar and alcohol plants, maximizing its margin of 
contribution. We conducted a case study in a sugar mill and alcohol in southeastern Brazil to validate the 
proposed model. The results are consistent, making this model a very useful and rentable tool for sugar 
and alcohol mill management. 
 
Keywords: Plants of sugar and alcohol, aggregated production planning, mixed integer linear 
programming, quadratic programming, Markowitz portfolio models. 
 
 

 
 
1 Introduction 
 
Brazil has become a reference in the field of sugarcane industry. According to Unica (Union of cane 
sugar industry, a business association of mills in Brazil), sugarcane production in Brazil is expected to 
reach 1 billion tons in 2020. Due to the international pressure, Brazil is constantly innovating and seeking 
to improve their technologies in this area to maintain his position of dominance in this sector. At the same 
time, entrepreneurs are increasingly seeking effective solutions to manage their business. 
 
   This paper is structured according to Bertrand and Fransoo in their article “Operations management 
research methodologies using quantitative modeling”, thereby dividing as follows. In the session 2 we 
have the explanation of some key concepts concerning the sugarcane industry sector, structuring the 
problem. In the session 3 some ideas are explored from previous works. In the session 4 we have the 
presentation of the research method. In the session 5 it is shown the mathematical model used to get the 
results. In the session 6 the results are presented. In the session 7 we have the conclusion and perspectives 
for future studies. 
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2 Operational dynamic of the sugar and alcohol sector in Brazil 
 
According Brunstein (2005), the economic model of the sugarcane system can be structured as follow in 
the figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Levels of planning and integration in the production  
and sale of sugar and alcohol. 
 
In the figure 2 it is possible to see a brief overview of the whole scenario concerning the tactical level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Main issues discussed in this paper.  
 
 
Through the use of the proposed model objective is to give a solution to this problem of relationship 
between sectors, maximizing the profits of a sugarcane mill. 
 
 
3 Previous works 
 
The main concern of this paper is to show an aggregated planning model for sugarcane mills that could 
help them increasing their taxes of profitability. While others studies have investigated some parts of the 
tactical planning, this one has proposed a model integrating this whole section. Speranza et al. (2000) 
developed a work in which he determined the best mix for a stock lot, maximizing its profitability and 
minimizing the shifts under the mean. It was a great signal of application in the sugarcane sector. 
Burnquist et al. (2002) showed an analyze of the sugar and alcohol prices oscillations aiming to establish 
the best period to get the best profitability taxes to each product. The studies of Higgins (2004, 2006) 
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showed good results in improving efficiencies at the harvesting and transport of cane.  However, only by 
themselves they are very limited due to the current level of competition and changes in the sugarcane 
industry scenario. In a study conducted by Paiva (2009), there were an integration of the process 
involving the agricultural and industrial parts. However, they did not consider the commercial part in 
their work. Another study by Torres et al. (2007) shows the whole integration but in a very limited way. 
He fixed many costs of production and prices of sugar and alcohol not allowing the best results in terms 
of price forecast and overall profits maximization.  Carvalho (2009) discusses the integration between 
agricultural, industrial and commercial parts. Take into account the variations sugar, ethanol prices, and 
tradability of products in domestic and foreign market and uses the Markowitz models (Markowitz et al, 
1959, 1992) to minimize the risks in choosing production mix of the products of the sugar cane plants. 
 
 
4 Research method  
 
The techniques used in this work: literature review, experimental research and interviews made with the 
managers of mills in order to validate the model. It is thus based on a case study. 
 
 
5 The Proposed Model  
 
This model gives us the profits maximization. The model formulation is divided into commercial and 
industrial stage. The commercial stage feeds industrial with production mix information linked to sugar 
price fluctuations and alcohol and agricultural stage supplies data with sugarcane varieties. 
 
 
5.1 Semi- variance model of Markowitz analysis scenarios - The commercial hedge stage 
 
Hedging is defined as a financial transaction to protect certain assets of a business against unexpected 
changes in prices. In this work, it is used a model of choice of product mix for Hedge linked to 
profitability and minimizing risk.  This is a quadratic programming in the objective function and the 
model idea is to maximize the return on investment of each product in hedge funds: sugar, anhydrous 
alcohol and hydrated alcohol, as follows. 
 
Sets and indices 

sPRB : probability associated with scenario s;  T: profitability target desired by plant managers; p : index 
for  

products that will make up the hedge, namely VHP sugar, AEAC alcohol and AEHC alcohol; spVE , : 

expected value of product p to compose the mix under scenario s; pX : percentage of product p to make 

up the hedge; pPM
: minimum holding (%) of product p in hedge;  sDVU  : deviation of returns above 

average  

under scenario s; sDVL : deviation of returns bellow average under scenario s; sR : probability 
associated with all products p under scenario s; µ: average of all returns associated with the respective 
probabilities of the scenarios. 
 

Objetive Function 

∑
=

=
5

1s
2)s(DVLsPRBZMin

                      (1) 

Constraints  

1,...,5s,
3

1p
sp,.VEpXsR =∑

=
=

         (2) 

1,...,5s,µsRsDVLsDVU =−=−     (3) 
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∑
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                                  (4) 

1,2,3p,pPMpX =≥      (5) 

∑
=

=
5

1s
s.RsPRBµ

                     (6) 

Tµ >        (7) 

1,...,3p,0pX =≥      (8) 

Model explanation 

 
   The objective function in (1) minimizes the deviation of return below the target profitability. In (2) has 
the profitability associated with all s scenarios and p products. In constraint (3), it is observed that the 
deviation below the mean (DVLs) for each setting is made so that the subtrahend can be minimized in the 
objective function. In (4), the sum of the percentages of each product in the hedge valley 100%. In 
constraint (5) there is a lower limit preventing each product has its participation in the lower hedge PM 
(%) a minimum interest. In constraint (6), the mean µ is equal to the sum of the probabilities of each 
scenario with their returns. In (7), the average is imposed greater than or equal to T. target profitability 
Constraint (8) ensures no negative share of products in the hedge. Restriction necessary if the modeler 
want to delete the constraint (5). 
 
 
5.2 The industrial stage 
 
Sets and indices  
v: varieties of cane (out of 15 possible varieties); p: commercialized products: sugar VHP, alcohol 
AEHC, alcohol AEAC and molasses; t: week; ss: source of supply; oss: outsourced source of supply; tt: 
type of transport; ot: own transport; k: industrial/commercial processes of sugar, alcohol and molasses; e: 
types of inventory.  
 
Inputs of the industrial model 

tptValuePISpo , :Value at the internal spot market of the product p in the week t; tptValuePESpo , : Value at 

the external spot market of the product p in the week t; tpeValuePHedg , : Value at the future market of the 

product p in the week t; MinMilling : minimum milling; MaxMilling : maximum milling; tWC :  Working 

Capital necessary for week in order to deal with financial issues at the mill; etpSC ,, : Inventory capacity 

of the product p in the week t at the inventory type e;  tPWT : Percentage of mill’s working time during 

the weeks of analyze t; tpDemHedge , : demand for the product p in each week t due to the hedge of 

product p; tpDemSpot , : Spot internal demand for the product p in each week t; tkvpAGY ,,, : Agro industrial 

yields of each product p generated from the cane variety v, due to the process k and in the week t; pIS : 

Initial Inventory quantity of the product p; ssvPlanSeason , : Availability of each cane variety v according to 

the supply source ss in the week zero; tssvalCostsAgricultur ,,var : agricultural costs of the cane variety v; 

tkocCostIC ,Pr : Cost of each industrial/commercial process k in each week t; tkpdIndComYiel ,, : 

Industrial/commercial yield of each product p in each process k and in each week t;  tzpTCO ,, : taxes of 

commercialization of the product p by the commercial process z in the week t; teInventoryC , :  cost of the 

product inventory;  α : Percentage of permissible cane coming from outsourced;  TranspCap : Mill’s 
transports capacity; tttTranspCost , : cost of transporting of each ton of cane in each week t;  
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tkpHedgeCommercial ,, :Commercial revenues coming from all hedges sellings of the products p from each 

process k and in each week t; tkRISpotCommercial , : Commercial revenues coming from all sellings at the 

Spot internal market and from each process k and in each week t; tkRESpotCommercial , : Commercial 

revenues coming from all sellings at the Spot external market   and  from each process k and  in each 
week t; tPCQ : decision variable of the processed cane quantity according to the industrial process k in the 

week t; tssvVCQ ,, : decision variable of cane quantity of the variety v  in each week t; tttTCQ ,, : decision 

variable of how much to transport of cane in each week t; oInvPr : decision variable of how much to store 
of each product p in the end of week t; tX : binary variable for choosing the industrial/ commercial 
process; tssvAvailCAne ,,  :availability of each cane variety at harvest in the beginning of each week t 

related to each source of supply ss (own or outsourced); tkPCQHedge , : Quantity of processed cane by the 

industrial process k in order to satisfy the hedge’s quantities the in each week t; tkPCQSpotI , : Quantity of 

processed cane by the industrial process k in order to satisfy the Internal Spot market in each week t; 

tkPCQSpotE , : Quantity of processed cane by the industrial process k in order to satisfy the external Spot 

market in each week t; tCM : Contribution margin of the mill in each week t. 
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yMtMinMilling
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, 0, ≥tkPCQSpotI , 0, ≥tkPCQSpotE , 0≥tCM                           (29) 

 
 
 
6 Case study and results   
 
This study was undertaken in Junqueirópolis, state of São Paulo, Brazil. In order to verify the perfomance 
of the proposed model, it was made a comparison between the real results of the mill during one season 
and the computational ones (the computational model is named SOVTICE) for the same period. VHP 
refers to the sugar, AEH and AEAC are two types of alcohol and molasses is the sub product. These 
products can be commercialized to the internal, external or future ("hedge of the product") markets.  
   In the table 1 are shown the results. 
 
 
Table 1 
Comparison of economic results. 
 
 

Indicators  Results of Usapa (RU)  Results of SOVTICE (RS)  (RS-RU) / RU  
Agricultural costs 335,6 currencies 321,4 currencies -4,2%  

Selling of VHP sugar to the 
internal Market  

231.435 sacks of 50 Kg  62.345 sacks of 50 Kg  -73,1%  

Selling of AEHC to the 
internal Market  

33.789.232 m³  28.345.323  -16,1%  

Selling of AEAC to the 
internal market  

13.789.232 m³  8.345.323  -39,5%  

Selling of molasses  0  0  0%  
Selling of VHP sugar to the 
external market   

986.544 sacks of 50 Kg  1.234.346 sacks of 50 Kg  +25,1%  

Selling of AEHC to the 
external Market    

3.234.224 m³  2.345.784 m³  -27,5%  

Selling of AEAC to the 
external Market   

10.349.247 m³  18.332.245 m³  +77,1%  

Hedge of VHP  23,4 currencies  123,5 currencies  4,3  
Hedge of AEHC  0 currencies  45,6 currencies  -  
Hedge of AEAC  25,6 currencies  98,5 currencies   2,8  
Contribution Margin  1105 currencies  1181,1 currencies  +6,9%  
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   Analyzing the results, it is possible to note significant differences between the products destination for 
internal and external markets between the decisions of the company Usalpa and the Sovtice model. The 
selling of AEAC to the internal market was 39,5% lower and to the external +77,1% higher with the 
model application. Besides that, this model helped to save money in the agricultural part (-4,2%) and the 
contribution margin has increased (+6,9%). It suggests that the model has a great accuracy when it comes 
to choose the best path of commercialization and the best mix of production. 
 
   It is worth mentioning that it was not possible to show the financial values due to the ask of the 
managers for keeping it in secret. It was ended up divided by a constant but the results still interesting, 
reinforcing the ideia that this model is a very useful tool when it comes to profits maximization.   
Finally, in the work of Higgins (2006), his model application to five large Australian mill regions through 
strong industry participation resulted in up to a 7 per cent increase in net revenue, a similar result. 
 
 
7 Conclusion 
 
The problem of maximizing the contribution margin is indeed complex and it has been analyzed for many 
years in some sugarcane producers countries (Australia, India, Brazil) and there is much yet to discover 
and develop about this theme. 
  
   In this work it is given a significant contribution. It is shown a new model able to integrate the three 
areas of the tactical planning (agricultural, industrial and commercial parts) which could help many 
producers to enhance their profits. The results are interesting, being possible also to make some 
changes/adaptations in this model according to the reality of each mill in order to reach even better 
results. 
    
   Finally, there are several paths for future research to be conducted in the sector taking this work as 
basis. It is possible to integrate this model to logistics studies. In the agricultural part it is possible to add 
up choices (inputs, fertilizers) to the model which could improve the productivity of the canes varieties 
and in the methodological part developing a work in pool plants in order to verify the adequability of the 
model.  
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Comparative Study between  
Financial Performance of  
Companies that Compose  
Corporate Sustainability Index  
and  BOVESPA Index 
 
Santis P1, Albuquerque A2, Lizarelli F3 
 
 
Abstract: Stock Exchanges around the world have created indexes to offer its investors the option to 
prioritize sustainable companies. In Brazil, the initiative came from the São Paulo Stock Exchange to 
launch the Corporate Sustainability Index (ISE). In search of greater knowledge on the subject, we 
analysed the financial performance of companies from two different indexes. The first is the ISE and the 
second, the Bovespa Index (Ibovespa), which is the indicator of the most traded and representative assets 
of the Brazilian stock market. We aimed to compare the differences in economic and financial 
performance of the companies included in these indexes. For this, profitability and liquidity indicators 
were calculated and multivariate statistical tests were applied. From the analysis, it was observed that 
there is no evidence of differences in economic and financial performance of the companies belonging to 
the studied indexes. 
 
Keywords: Corporate Sustainability Index; Performance Analysis; Economic and financial performance. 
 
 

 
 
1 Introduction 
 
In the business world, sustainable development means adopting strategies and ac-tivities that meet the 
needs of the business and its shareholders today while pro-tecting, supporting and enhancing natural and 
social resources that will be needed in the future. This concept also suggested by the World Commission 
on environment and Development (BUSINESS…, 1992). 
   At the beginning sustainable development discussions, sustainability was seen as an obstacle to 
business growth. However, it is assumed today that the continuity of organizations is based on economic, 
social and environmental pillars, having the necessity of creation of alternative ways of production 
(SOUZA et al., 2001). 
   In the financial market, the main stock exchanges, started to offer their investors the option to prioritize 
companies that carry the principle of sustainability that would form the sustainability indexes (SOUZA et 
al., 2001). Indexes exist to demonstrate the performance of capital markets and are an indicator, which 
represents the behaviour of stock prices of a particular market at a given time period, still measuring 
overall economic trends (MALACRIDA; YAMAMOTO, 2006). 
   The first sustainability index established, in 1999, was the Dow Jones Sustainability Index (DJSI), an 
initiative of the New York Stock Exchange to track the performance of the shares from most important 
companies in the world regarding to economic, environmental and social criteria (DOW JONES 
SUSTAINA-BILITY INDEX, 2014). 
   Two years later, in 2001, the London Stock Exchange created its sustainability index, FTSE4Good 
(FTSE INDEX SERIES, 2014). In 2004, it was the Johannesburg Stock Exchange turn to launch the first 
sustainability index in developing countries (CUNHA; SAMANEZ, 2013), starting the JSE SRI index 
(Johannesburg Stock Exchange Socially Responsible Investment Index), which evaluates a set of aspect 

                                 
1 Paula de Santis (paula_santis2@hotmail.com) 
2 Andrei Aparecido de Albuquerque (andrei@dep.ufscar.br) 
3 Fabiane Letícia Lizarelli (fabiane@dep.ufscar.br) 
   Production Engineering Department, University of São Carlos.  
   Rod. Washington Luís – SP-310, Km. 235 CEP 13565-905, São Carlos – S.P., Brasil. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 210 

related to social, governance, and environmental issues, sustainability, and climate change (JOHANNES-
BURG STOCK EXCHANGE, 2013). 
   In Brazil, the initiative came in 2005 from the São Paulo Stock Exchange (BM&FBOVESPA), by 
launching the Corporate Sustainability Index (ISE). Basically, what ISE measures is the average return on 
a theoretical portfolio of shares of publicly traded companies listed on BM&FBOVESPA with the best 
sustainability practices (BM&FBOVESPA, 2014). Several studies focused on ISE were made, 
contributing to discussions on the topic. Machado et al. (2012) consider whether the investment made by 
companies have a relationship with the inclusion of those companies in the ISE portfolio. Nobre and 
Ribeiro (2013) made a re-search addressing the relationship between the participation of a company on 
ISE and the required degree of cognitive complexity, concluding that a higher degree of cognitive 
complexity is necessary for organizations that seek sustainability. 
   Nevertheless, a very relevant issue on the subject is whether the investments necessary for the 
consolidation of an organization that fits in corporate sustainability standards are economically and 
financially justified. Studies on the ISE with an emphasis on financial results are given mainly to analyse 
the relationship between adherence of companies to the ISE and the company's value (ANDRADE et al, 
2013) and to assess how has behaved the average profitability of the ISE portfolio compared to other 
portfolios provided by BM&FBOVESPA (MACHADO; MACHADO; CORRAR, 2009). 
Some researches about the financial returns compare the ISE, the Ibovespa and the Brazil Index (IBrX). 
Analysing data of the ISE, Cavalcanti, Bruni and Costa (2009) were able to conclude that the return of 
ISE companies is similar to the companies in other indexes. Rezende, Nunes and Portela (2009), studying 
data from December 2005 to March 2007, were able to conclude that the ISE companies has no better 
return than others in different indexes studied. 
   Following the direction of the analysis previously discussed, this study aims to investigate, in the 
Brazilian stock market, the return of the companies in the ISE portfolio in comparison with the return of 
companies that are part of other index from the stock exchange, ie, if the efforts demanded from the 
companies to meet requirements stipulated by BM&FBOVESPA to be recognized as a sustainable 
enterprise, and to be part of ISE, are economically justifiable. For this research, the index used as a 
comparative standard to ISE was the Bovespa index (Ibovespa). The Ibovespa index is an average 
performance indicator of the prices of most traded assets and representative of the Brazilian stock market 
(BM&FBOVESPA, 2014).  
   The research goal is to compare three different groups of companies: companies that are included only 
in the ISE, the companies that are included only in the Ibovespa and the companies that are part of both 
indexes. The evaluation is done by comparing the economic and financial performance among the three 
groups. 
 
 
2 Methodological Procedures 
 
To achieve the proposed objective, the identification of companies that were part only of the ISE 
investment portfolio, companies were only part of the investment portfolio of the Ibovespa and 
companies that were part of both portfolios, from 2009 to 2013, was made. For these companies, 
economic and financial ratios were calculated, specifically the profitability ratios ROA (Return on 
Assets), ROI (Return on Investment) and ROE (Return on Equity) and the liquidity rations LI (Rapid 
Liquidity), LC (Current Ratio), LS (Quick Liquidity) and LG (General liquidity). After having those 
ratios statistically exanimated through multivariate tests, specifically Cluster, Kruskal Wallis and 
Hotelling's T2 analysis, made it possible conclusions about the purpose of the research. 
   For the present study, the nomenclature adopted was index to refer to indicators of stock exchanges, as 
the ISE or Ibovespa and ratios to reference the methodology of economic and financial analysis like ROA 
and LC, for example. 
 
 
2.1 Sample Selection and Period Considered 
 
An initial review of the companies that composed each one of the studied indexes, ISE and Ibovespa, 
showed that considering all the companies that were part of Ibovespa, approximately 40% were also part 
of ISE. Because of this influence, an analysis considering all the companies in those two indexes would 
be markedly impaired. Considering that, the analysis was made based on three companies groups: 
companies that were part of ISE and Ibovespa (named Group 1), companies that belonging to ISE and not  
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to Ibovespa (named Group 2), companies belonging to Ibovespa and not to ISE (named Group 3), as 
stated before. Lopez, Garcia and Rodriguez (2007) adopt a similar procedure when analyzing the Dow 
Jones Index Sustainability. This grouping was done for the year 2013 and the four previous years (2012,  
2011, 2010 and 2009). The groups were formed by year, thus a company that was part of ISE and not part 
of Ibovespa in a certain year (Group 2), could be part of both indexes (Group 1) in another year, for 
example.  
   A new separation was made, leaving in groups 2 and 3 only companies that were part of a single index 
in the last five years. 
   From these three new big groups formed, comparisons among groups were made and every company 
belonging to more than one group was added to the Group 1. After this process, the list of companies in 
each sample was formed.  
   The data necessary for the calculation of the financial ratios (of profitability and liquidity) was made in 
Economática® database. Thus, the data used in the re-search is from a secondary source. Companies that 
belonged to “Finance and In-surance Funds” sector in the database were excluded. This decision was 
taken because companies in this sector have some peculiarities when presenting its financial statements. 
To calculate some of the ratios, it was necessary to deducted income taxes (IR). The discount rate was 
consi-dered a 34%. 
 
 
2.2 Analysis Tools 
 
To make possible to formulate conclusions about the studied indexes, the use of statistical analysis was 
required. Hair at al. (2009, p.23) argue that the most part of the information available can be analyzed and 
understood with univariate statistical tests, but a large portion demand more complex multivariate 
statistical techniques to convert such data into useful information. Mainly (2008) states that, in many 
cases, better results are provided with the use of a single multivariate test than with the use of a large 
number of univa-riate tests.  
   The software used was STATISTICA® and after an initial analysis of the data, it could also be 
concluded that the three appropriate analyzes would be the Hotelling's T2, Kruskal Wallis and the 
clustering analysis. 
 
 
3 Data Analysis 
 
 
3.1 Ratios 
 
Profitability and liquidity ratios were calculated annually, from 2009 to 2013, for a total of 70 companies. 
To present the data, an average of every ratio, year by year, of all companies belonging to each of the 
proposed clusters was made; companies exclusive to ISE, companies exclusive Ibovespa and companies 
presented in both indexes was calculated. The results can be found on Table 1. 
 
 
Table 1 
Profitability and Liquidity average ratios  
calculated for three groups. 
 
 
 Exclusively ISE Exclusively Ibovespa ISE and Ibovespa simultaneously 

Ratios 2009 2010 2011 2012 2013 2009 2010 2011 2012 2013 2009 2010 2011 2012 2013 
ROA 0,11 0,02 0,05 0,04 0,04 0,10 0,02 0,02 0,02 0,03 0,08 0,02 0,03 0,01 0,03 
ROE 0,35 0,28 0,19 0,17 0,23 0,28 0,22 -0,59 0,11 0,60 0,22 0,22 0,17 0,12 0,17 
ROI 0,15 0,02 0,06 0,06 0,05 0,25 0,04 0,04 0,03 0,05 0,30 0,08 0,09 0,02 0,11 
LC 1,71 1,95 1,53 1,68 1,76 1,95 1,83 1,77 1,67 2,55 1,49 1,51 1,46 1,55 1,49 
LI 0,65 1,01 0,55 0,57 0,62 0,76 0,73 0,77 0,65 0,79 0,58 0,61 0,55 0,62 0,58 
LG 1,71 1,99 1,88 1,90 1,96 1,98 2,02 1,74 1,76 1,78 1,79 1,81 1,85 2,06 1,87 
LS 1,46 1,77 1,31 1,40 1,52 1,57 1,50 1,45 1,36 2,25 1,26 1,25 1,19 1,19 1,29 
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   It can be observed that the profitability index average values are very close. After 2010 the profitability 
ratios are smaller and that fact may be related to the global financial crisis, whose apex occurred in 
October 2008, with the collapse of Lehman Brothers bank. The average liquidity ratio values are also 
very close. Despite small differences, there is relative homogeneity of the among groups. This fact was 
confirmed by the statistical analysis presented on the following section. However, it is not possible to 
reach conclusions only with the comparison of the average rates, so statistical tests were applied. 
 
 
3.2 Cluster Analysis 
 
Cluster Analysis was performed for each year studied, analyzing the seven variables (rates) that are 
considered to form the economic and financial performance. The result of the Cluster Analysis made on 
the STATISTICA® software for the year of 2009, according to Ward's method, can be seen in Figure 1, 
below. The same was done for all years. 
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Fig.1  
Result for the Cluster Analysis for 2009. 
 
 
   The formation of homogeneous clusters, containing only companies present in either Group 1, Group 2 
or Group 3, cannot be observed. Also, analysis made for the same data with the Single Linkage method 
had simi0lar results, without the formation of homogeneous groups. For cluster analysis different 
methods were used as simple linkage, complete linkage and Ward's shown above. All had the same 
results. 
   For the other years, 2010, 2011, 2012 and 2013, similar result was found: despite small proximities in 
between companies belonging to a same group, the formation of homogeneous groups did not happened. 
The composition of the groups was more related to the sector to which the company belongs than the 
index. 
 
 
3.3 Hotelling’s T2 Analysis 
 
The Hotelling’s T2 test was done for the same variables, the liquidity and profitability ratios, in pairs of 
Groups. Thus, for each year, the analysis was made for companies exclusive from ISE and companies 
exclusive from Ibovespa (ISE*Ibovespa), to companies exclusive from Ibovespa and companies present 
in both indexes (Ibovespa*BOTH) and to take companies exclusive from ISE and companies present in 
both indices (ISE*BOTH). The p- value calculated for each year and each pair of Groups can be 
visualized on Table 2. 
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Table 1 
Results for the T2 Analysis from 2009 to 2010. 
 
 

Test 2009 2010 2011 2012 2013 
ISE*Ibovespa 0,55089 0,22669 0,209823 0,316442 0,542883 
Ibovespa*Both 0,570682 0,622893 0,537263 0,342485 0,560155 
ISE*BOTH 0,538241 0,321433 0,483678 0,093667 0,199955 

 
 
   As T2 is a hypothesis test, p-value determines the acceptance or rejection of H0, which means that with 
a certain level of significance (95%) the mean of both analyzed groups are the same. The acceptance of 
H0 happens for any p-value greater than 0,05. In Table 2, p-values are always greater than 0.05, therefore, 
there is no difference between the means of the groups. It was also done Kruskal Wallis test to identify 
whether all populations have identical distribution functions (H0) against the alternative hypothesis that at 
least two populations have different distribution functions. The test was performed for all ratios every 
year (univariate test) and only for LC in 2012 p-value was less than 0.05 indicating rejection of H0. But 
when populations were compared in pairs was not confirmed difference between them. 
 
 
4 Conclusions 
 
Considering the economic and financial results obtained by the calculation of the profitability and 
liquidity ratios for the studied companies and the restrictions imposed by the statistical methods applied 
on this research, there was no difference found in between companies exclusively from ISE, companies 
exclusively from Ibovespa and companies presented to both indexes.   
   Based on that, it was concluded that there are no significant differences on the economic and financial 
performance of the companies studied, regardless of the proposed Groups. Furthermore, on the Cluster 
Analysis, it was observed certain proximity of companies according to their sectorial classification, 
following trends already observed and studied by other researchers. It indicates the possibility that the 
companies economic and financial performance is more influenced by the sector they belong or external 
variables than the efforts done towards sustainability. 
   Also, comparing the results with other similar published studies, it can be noted that the outcomes from 
this research is quite similar to the one found in the works of Rezende, Nunes and Portela (2008), 
Cavalcante, Bruni and Costa (2009) and Machado, Machado and Corrar (2009). Regarding to the study 
performed on the London Stock Exchange by Collison et al. (2008), the results are conflicting, since the 
authors ascertained that the financial performance of the shares owned by the FTSE4Good (the stock 
exchange sustainability index) is higher than the stocks present in other indexes. The results also differs 
to the study of Lopez, Garcia and Rodrigues (2007) about the Dow Jones Sustainability Index, that 
concluded that there is a negative effect on the financial performance of the companies due to the 
adoption of sustainability policies. 
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Leverage organizational  
performance in a food industry:  
a case study of the improvement  
of product quality attributes with  
the use of multiple regression analysis 
 
Kall E1, Silveira OF da2, Siluk JC3 
 
 
Abstract: The likelihood of implementing improvements interested organizations to contribute to 
increase in performance. This improvement plan was carried out in CVI Soft Ltda industry, franchised 
The Coca-Cola Company, in quality control sectors, maintenance and production. Measuring the 
improvement plan, it requires the application of statistical tool correlating the dependent and independent 
variables. Methodologically analyzed samples for 10 consecutive days for a generic The line 03 in order 
to demonstrate the correlation between the gas loss (dependent variable) for the torque and sequence days 
(independent variables) and thus performing the multiple regression. Torque is the force applied on the 
cover in the system open / close and it is essential its standardization and control to reduce the loss in over 
15% of gas during the day. There was a negative and strong correlation with carbonation and the 
sequence of days. Adjusting the regression equation with significant (ANOVA), it was found that the 
value of F (31.93067) is greater on the day being the sequence p (0.000481) lower beyond the adjusted R-
squared (0, 77460933) most find themselves in this variable. Thus, it was found by multiple linear 
regression equation that allows one to predict the carbon dioxide reduction of correlation. 
 
Keywords: Multiple Regression, correlation, improvement plan. 
 
 

 
 
1 Introduction 
 
The feasibility of implementing an improvement plan stimulates the interest on the subject of 
organizations in various industries because it contributes not only to improve the quality of products, 
services and processes, but also it allows a significant increase in organizational performance, in culture 
change and increasing human capital (SANTOS and MARTINS, 2008). 
   The plan aims to add improvements to deployment of strategic planning. However, according to Sellito 
and Ribeiro (2004) an important part of the strategic planning of organizations is the measuring of their 
results. If the measurement is inconsistent with the strategic goals, these cannot be achieved. To Bittici 
(1995) a system to measure results must have some capabilities: (i) to form the global view, avoiding 
local sub optimization; (ii) to deploy strategic objectives to operational levels; (iii) to provide the full 
understanding of structure of goals and conflicts; (iv) to adopt a hierarchical fashion, similar to a system 
of information, considering the operational capacity of the organization to collect and store the data 
required; and (v) to consider aspects of organizational culture.  
   It is known that the management system is a crucial ingredient of responsiveness to changes in the 
environment, because it determines the way in which the administration realizes the challenges, diagnoses 
their impacts, decides what to do and implements its decisions (ANSOFF; McDONNEL, 1993). And 
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continuous improvement, according to Caffyn (1999), can be conceptualized ad a broad process focused 
on incremental innovation, which involves the entire organization.  
   However, to be able to measure the improvement plan it is necessary to accomplish an application of 
statistical tool so that the variables which are studied can be correlated. In order to check whether there is 
a relationship between two or more variables, or to determine whether the changes for one of the 
variables are accompanied by changes in the other one, a multiple regression analysis will be used to 
check for correlation between the loss of gas bottled beverages with torque.  
   For this work the variables studied were the effect of torque in plastic lids (torque) and the loss of gas in 
beverages, plastic covers tend to lose gas – especially if misapplied in the closing process – as days pass 
by, due to the chemical composition of the caps, which contains polypropylene, and the fact that they 
have undergone elastic deformation, the soda plastic bottled loses a certain amount of carbon dioxide 
(CO2), both through the walls of PET (polyethylene terephthalate) and the cover. 
   One of the goals of this improvement plan was to reach, basically, three sectors: quality control, 
maintenance, and production. Occasionally, one of the main purposes is to ensure the quality of 10 
essential attributes for the enterprise sector of quality control for placing the rating. The attribute 
approached was the torque, which is the force applied on the lid in the open/close system. This force is 
not standardized or when not performed preventive maintenance on equipment in the specified period, it 
will generate and application in the covers by magnetic head out of the determined specification.  
   The level of carbonation will vary from product to product and for each there is a good effervescence. 
This is due to the flavor, taste and characteristics of different beverages. In general terms, fruit drinks are 
carbonated at low levels, colas and alcoholic beverages at medium levels, and other beverages such as 
tonics at high level to enable its dissolution in the liquid component in the carbonator (HAMMER and 
FRANCIS, 1993; TOCCHINI and NISIDA, 1995).  
   It is extremely important that, after its determination, the carbonation is maintained in established patter 
depending on the type of beverage and the degree of acceptance by the consumer (TOCCHINI and 
NISIDA, 1995; MARTINS, 2012).  
   The loss of carbon dioxide in beverages is an important factor to be considered in quality control of a 
product. This control involves not only the production stage, but also the characteristics of packaging 
systems and used for storage, transportation and distribution (DANTAS, 1999).  
   The study was conducted in the industry CVI Refrigerantes Ltd., franchised by The Coca-Cola 
Company and Heineken Brazil, with factory located in Santa Maria and Distribution Centers in Passo 
Fundo and Santa Cruz do Sul. CVI operates in the food producing, marketing lines and distributing 
beverages from The Coca-Cola Company, Heineken and Fonte Ijuí, with approximately 798 employees. 
The company has a factory in Santa Maria with 23,000 m2 of built area and total area of 90,000 m2, plus 
distribution centers in Passo Fundo and Santa Cruz do Sul. The total area covered by CVI is 126,533 
km2, representing 44.9% of area and 25.3% of the population of the State of Rio Grande do Sul. It 
currently operates with 4 lines that include modern manufacturing equipment (1 line for filling cans, 2 
lines for PET packaging and 1 line for returnable glass bottles), making it self-sustaining in glass 
containers, aluminum cans and PET. Currently there are several categories of products available, all 
within the field of beverages, such as soft drinks, beers, juices, teas, energy drinks, mineral water, 
flavored waters, chocolate beverages and sports drinks. 
 
 
2 Objective 
 
This paper aims to conduct a verification of the amount of gas loss in a particular drink that reaches the 
consumer as standardized as possible.  And, on this aspect, find an equation which allows predicting the 
correlation reduction of carbon dioxide through a statistical technique known as multiple linear 
regression. 
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3 Methodology 
 
To carry out the analysis of these data, scatter diagram, tests of correlation coefficient and regression 
analysis were used. Through regression analysis it is possible to calculate the value of a quantity in 
relation to the others, or combination of others (LEITE et al., 2006). By statistical process, it is 
determined an algebraic expression that relates the dependent variable (time – days) to the independent 
variables or explanatory of their behavior (SANVICENTE and SANTOS, 1995).  The option to perform 
this study with multiple regression is due to the fact that statistical analysis technique exists in a large 
number of independent variables, able (or not) to explain the variation found on the dependent variable 
(HAIR, Jr et al., 2005), mentioned in the work, which is the loss of carbon dioxide.   
   In addition, multiple linear regression is useful for selecting which variables are really meaningful and 
that, therefore, contribute to a better adherence of the model. 
   Another important point is that the multiple regression equation allows you to add any number of 
independent variables, which can take continuous or discrete values (SAMOHYL, 2009).  
   The pairs of values of two variables may be placed in a cartesian diagram called “dispersion diagram”. 
The advantage of building a scatter diagram is that, often a simple observation already gives a fairly good 
idea of how the two variables are related.  
   A measure of the degree and sign of the correlation is given by the covariance between two random 
variables X and Y, which is a numerical measure of linear association between them, and defined by (1): 
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   It is more convenient to use a measure of correlation, the correlation coefficient Pearson estimator as 
ρxy, defined by (2): 
 

rxy = 
( )

yyxx

xy

yx S.S

S
ˆˆ
y,xCov
=

σσ
             (2) 

 
 

rxy = ( ) ( ) ( ) yy

xy

yyxx

xyxy

S

Sb

SS

SS

nn

n
xy .

.

.

S . S

S
  

y
 - y . 

x
 - x

y . x
 - 

2
1

yyxx

xy

2
1

2

2

2

2

===

!
!

"

#

$
$

%

&

!
!

"

#

$
$

%

&

!
!

"

#

$
$

%

& ∑∑∑∑

∑∑∑  

 
Where: the sums of squares are (3):  
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n = number of observation pairs  
   The correlation coefficient rxy is only an estimate of the population correlation coefficient ρxy and one 
must not forget that the value of rxy is calculated based on the “n” data pairs.  
 
   Often the sample points can have a correlation and yet not population. In this case, there is a problem of 
inference, since rxy ≠ 0 is not guarantee that ρxy ≠ 0. The problem can be solved by applying a hypothesis 
test to check if the value of rxy is consistent with the sample size n, in the significance level α, that there 
really is linear correlation between the variables.  
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H0: ρ = 0 (there is no correlation between X and Y) 
H1: ρ ≠ 0 (there is correlation between X and Y). 
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   The correlation coefficient is a measure of linear relationship or more variables, and denoted by (R) 
indicates the closeness of the points to the regression line and the closer R is to 1.0, the closer the points 
are the linear regression; the closer R is to zero, the poorer is the adjustment of the regression line to the 
points (MAHER, 2001).  
   The square of R, known as the coefficient of determination or (R2) regression, aims to disclose as the 
independent variables explain the variation of the dependent variables, i.e., is a measure that seeks to 
reflect how the values of Y are related to X, varying from 0 to 1, so that the closer to 1 the better (LEITE 
et al., 2006).  
   According to Milone and Angelini (1995) correlation and regression are statistical technique that are 
based on the concepts of sampling to know how and if two statistical variables from the same population 
or not, are related to each other.  
   According to Gujarati (2000), possible relationships between the explanatory variables of the 
phenomena fall into “simple regression analysis" when studying the dependence of one variable with 
respect to a single explanatory variable, and in “multiple regression analysis" when the study includes 
more than one independent variable to explain the dependent variable. 
More broadly, the techniques aim to generate a regression line that best fits a set of data points 
representing all data on certain variables, where the resulting estimates have a broader basis (LEITE et 
al., 2006).  
Regression analysis aimed to investigate how the amount of gas and number of valves (independent 
variable) influence the elapsed time (dependent variable). The statistical tools available in the software 
Statistica were used for application testing. 
 
 
4 Results 
 
For a preliminary analysis of the existence of correlation between torque, time and carbonation, Table 1 
and Figure 1 function as both exemplification and representation of the tests, which showed the torque 
behavior in relation to gas on line 03 along time. Samples of product X were analyzed along a 10-day 
period. A 50-percent variation in torque and 17.32 percent of gas loss were noticed, considering the 
reduction from the first to the last sample. The acceptable levels of gas loss cannot be higher than 5-8 
percent; levels above that imply gas loss through the cap, thus showing that the main cause for gas loss 
was the plastic deformation provoked by the action of the magnetic heads. 
 
 
Table 1 
Carbonation and torque tests on line 03. 
 

Sequency Date Torque (lb.in) Carbonatacion (Vol)  

1º 05/04/2011 12 4,85 

 
% Torque variation: 50% 

% Gas lost: 17,32% 

2º 06/04/2011 10 4,57 
3º 07/04/2011 11 4,57 
4º 08/04/2011 8 4,51 
5º 
6º 
7º 
8º 

          9º 
          10º 

13/04/2011 
14/04/2011 
15/04/2011 
16/04/2011 
18/04/2011 
19/04/2011 

10 
12 
11 
10 
6 
6 

4,36 
4,28 
4,31 
4,46 
4,20 
4,01 
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Fig.1  
Graphic of the Carbonation and Torque Test on line 03. 
 
 
   As the purpose of this study was to find out an equation to predict the correlation of carbonic gas 
reduction by considering two independent variables (days and torque), first it was necessary to check the 
existence of correlation between those two variables. 
   The first step was to build the scatter plot, according to Figure 2, which shows the correlation. The 
closer the coefficient is to – 1 or + 1, the stronger the correlation is; on the other hand, the closer the 
coefficient is to zero, the weaker the correlation is. In this case, there is a negative, strong correlation. 
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Fig.2  
Graphic of dispersion. 
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   The next step was to conduct a significant regression between the variables to find out which 
independent variable was the most suitable to the model. The table 2 shows the significant regression 
analysis between variables. 
 
 
Table 2 
Results of the multiple regression. 
 

Variable sequence days Variable days and torque 
sequence 

Variable torque 

F 31,93067           14,61593  5,189359 
p-value 0,000481       0,003170  0,052233 
multiple R 0,89423304       0,89822040  0,62725627 
R-Squared 0,79965273       0,80679988  0,39345042 
Adjusted R-squared 0,77460933       0,75159985  0,31763173 
comments 10  10  10 

 

 
   As can be seen in Table 2, by combining the three possibilities to adjust the regression equation, F value 
is higher for the day sequence, and p-value is lower in this variable. By analyzing the adjusted R-squared, 
the highest of them is in this variable. 
   For the test of model significance, two possibilities were considered from the selection shown in Table 
2. Table 3 presents a comparison between the two regression models designed for the two best F values 
and the best adjusted R-squared. X1 is the independent variable ‘day sequence’, X2 is the independent 
variable ‘torque’, and Y is the dependent variable ‘gas loss’. 
 
 
Table 3 
Multiple regression models. 
 

Model I Y = 4,791333 – 0,894233X1 
Model II Y = 4,652776 – 0,826035X1 + 0,108619X2 

 
 
   The best model that could be found was model I, as defined by the values seen in Table 2. However, as 
the values of adjusted R-squared for both models were close, the option was to analyze the adjusted R-
squared, since it must be preferred to the R-squared; F statistic, from the variance analysis, combined 
with its p-value, is preferred to the adjusted R-squared. The other step was the normality test (Figure 3) of 
the parameter defined as ‘day sequence’. The independent variable ‘days’ was selected for this model. 
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Fig.3  
Analysis of normal sequence of days. 
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   It is known that the p-value is the lowest significance level that leads to the rejection of the null 
hypothesis Ho; the lower the p-value, the more significant the test. In this case, p = 0.89237, that is, p < 
5%, so it is accepted that Ho does not follow a normal distribution. The normality condition is not 
necessary for obtaining the estimators of minimum squares, but it is fundamental for defining the 
confidence intervals and significance tests. This is also evidenced in Figure 4, which illustrates the 
distribution of the regression residuals, indicating that they do not follow a normal distribution. 
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Fig.4  
Analysis of normality of the regression residuals. 
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Fig.5  
Analysis of homoscedasticity. 
 
 
 
   For this model, outliers have not been found. Outliers generate false estimations in the model. Besides, 
the standard residual has a mean value equal to zero and constant variance, which show the occurrence of 
homoscedasticity. 
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   Regarding the assumption of independence, the existence of autocorrelation among data should be 
considered, i.e. whether an observation was influenced by or influenced the observations performed both 
before and after it (JORDAN, 2009). By using the Durbin-Watson test, it is possible to conclude that 
there is no independence among data; therefore, there is no autocorrelation. !
   The assumption of multicollinearity can be indirectly checked through the p-values of the coefficients 
obtained from the regression analysis. As all these values were extremely significant, even if there were 
multicollinearity, it would be overcome by the strength of relation existing between the variables 
(SAMOHYL, 2009). When there are more than two strongly related independent variables, there is 
multicollinearity. Multicollinearity significantly affects the coefficients of the regression equation by 
altering the value and even its sign in comparison to what would occur if this problem did not exist. The 
verification of existence of collinearity is performed through the examination of the correlation matrix by 
relating all the variables of the analysis, or by considering other criteria, such as the variance infraction 
vector (VIF). In this analysis, there is not problem of multicollinearity. 
 
 
5 Conclusions 
 
Finally, the main statistical assumptions of correlation and regression (normality, homoscedasticity, error 
independence, multicollinearity and linearity) were confirmed, thus evidencing the significance of the 
results obtained. 
   The main limitation of this mathematical and statistical model is the fact that the equation obtained does 
not faithfully represent the dynamical process that occurs in the procedure, which in this case is the indi-
vidual application of each plastic cap by the magnetic head. The mathematical equation found is static.  
It was noticed that there is a negative, strong correlation with both the carbonation and the day sequence; 
by performing the significant regression (ANOVA) to adjust the regression equation, it was found that the 
F value (31.93067) is higher for day sequence, and the p-value (0.000481) is lower in this variable. By 
analyzing the adjusted R-squared (0.77460933), the highest of them is in this variable. Thus, an equation 
to predict the correlation of carbonic gas reduction has been found through the statistical technique 
known as multiple linear regression. 
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A quick and simple way  
to feed data for using in the  
implementation of software  
route planning: methodology,  
error analysis and case study 
 
Domínguez-Caamaño P1, Comesaña-Benavides JA, Prado-Prado JC 
 
 
Abstract: This article aims to solve the problem of feeding data for the use of algorithms or methods of 
planning delivery routes. The proposed solution consists in using as input in the Route Planning Software 
(RPS) the corresponding coordinates to postcode where the customer is located, and not the coordinates 
of the customer, as to obtain the coordinates of the customer requires typically much time and effort. Also 
it is shown that the loss of precision inherent in the method is not important for long runs. This work is 
complemented with a case study where proposed methodology was used and good results were obtained; 
it aims to serve as an example of how this method is applicable to a real case. 
 
Keywords: VRP; Zip Code; Geographic coordinates. 
 
 

 
 
1 Introduction 
 
There is abundant literature dealing with Vehicle Routing Problem (VRP), focusing mainly in the design 
methods with increasing accuracy and computational complexity. 
   Examples, known for their simplicity, are Savings Algorithm (Clarke & Wright, 1964) and 2-phase 
methods, such as petal and sweep (Ryan et al, 1993; Solomon, 1987). The first is based on minimizing 
the miles traveled by each vehicle to meet demand by drawing arcs between points whose assignment on 
the same route would generate maximum savings compared to serve each point independently; this 
process is repeated until all points belong to a route. The latter are simply ways of dividing the work areas 
into sub-areas more easily computable to be resolved with some other algorithm. 
   However there are also more complex solutions such as genetic algorithms (Holland, 1975), based on 
the evolution and natural selection, Ant-colony Optimization (Colorni et al, 1991), which mimic the 
behavior of ants when they seek food, or other techniques to those or other situations. 
   This important amount of different solutions/answers demonstrates the difficulty of finding an optimal 
solution to the problem. The number of alternatives is so big, that ways to reduce the number of 
possibilities to evaluate would be welcome. That is the philosophy of heuristics and metaheuristics. 
   Furthermore, the applicability of these methods, in a route planning system (RPS), to real transport 
processes is limited for several reasons: 
 

•!Growing and changing restrictions (delivery schedules, driving times, hygienic 
conditions, restrictions on working time of drivers, etc.). 

•!Feeding the positioning data for the algorithm requires a lot of manual work, especially 
if the company wants to establish a route planning system with a broad portfolio of 
customers already established. 
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   In his article Classical and modern heuristics for the vehicle routing problem Gilbert Laporte (2000) 
suggests, that existing algorithms were sufficiently varied and accurate, and that probably it was time to 
get simpler and faster ways to implement them even losing some accuracy in resolution. 
 
 
2 Objective 
 
This article aims to solve a common problem, the difficulty of feeding data for the use of algorithms or 
methods for planning delivery routes. 
   The proposed solution is to use the corresponding coordinates to postcode where the customer is located 
as input in the RPS, instead of the coordinates of the customer. It is the same situation for suppliers, but 
we will focus on the client in this article. 
   The main disadvantage is possible loss of accuracy of the RPS, though a huge advantage could be 
achieved: frequently the data of zip code is already contained in the customer file, and in any case it is 
very easy to obtain. 
   With the proposed methodology, the coordinate data of the postal code can be assigned directly and 
automatically to each client. 
   Also the method used to characterize the error and display the results will be discussed in detail for the 
Spanish peninsular provinces. 
   Finally, proposed methodology is applied to a real case: a Spanish company with a fleet of 85 vehicles 
and over 20,000 delivery points. It had to face, with the assistance of the authors, the difficulties arising 
from the implementation of a route planning system. 
   This methodology is easy to extrapolate to other regions, but the conclusions and calculations are solely 
applicable to the mainland of Spain. 
 
 
3 Methodology 
 
The process is divided into three stages:  
 

1.! Allocation of geographical coordinates to postal codes 
2.! Calculation of distances between coordinates 
3.! Determination of the maximum error 

 
 
3.1 Allocation of Geographical Coordinates to Postal Codes 
 
As a table linking postal codes to geographic coordinates was not available, the authors had to get that 
information by themselves. 
   For this task the Google Maps APIs (Application Programming Interface) were used. This APIs provide 
location information from a postal code which can then be displayed on a map. This information is 
obtained accessing a URL that has to be composed of several parameters. In this case we have used the 
following: 

http://maps.googleapis.com/maps/api/geocode/json?components=postal_code:ZCxxx&region=es&sensor=fals
e 

where ZCxxx corresponds to the Zip Code for which information is requested. 
   In response to this query, Google Maps server provides various data, among which are the following: 
 

•!In section “results/formatted_address”, address is obtained in text format 
 
•!In section “results/geometry/location”: 

-! “lng”, longitude in number format 
-! “lat”, latitude in number format 

 
•!In section “results/geometry/bounds”: 

-! “northeast/lat”: latitude of the northeast point of the rectangle used to display  
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     the zip code 
-! “northeast/long”: longitude of the same point 
-! “southwest/lat”: latitude of the Southwest point of the rectangle used to display  
    the zip code 
-! “southwest/long”: longitude of the same point 

 
 
   The coordinates of the display rectangle may be interesting to display a zip code on a map, and even 
also to have a rough idea of the maximum dimensions of the area covered by the code. 
   It is important to note that there are valid postal codes not listed in the Google server and for which the 
information returned does not correspond to Spain, these points have been properly checked and 
debugged using textual address obtained. Many of these points corresponded to public entities postcodes 
and PO (Post-Office) boxes. 
 
 

                           
 
Fig.1  
Distribution of postal codes in Spain. 
 
 
As shown in Figure 2, there are notable differences by region. The north and coastal areas are more 
densely populated and therefore postal codes are closer together. 
 
 
 
3.2 Calculation of Distances between Coordinates 
 
Once all the coordinates were obtained, the method used to find the straight line distances had to be 
chosen. Three options were considered: 
 

•!The Pythagorean Theorem: it is the easiest solution, but it should be only used when  
the points are close enough to consider that Earth's surface is flat. 
 

•!Haversine formula: it considers the Earth a sphere, it is a simple formula with  
a much higher accuracy than the Pythagorean Theorem using spherical trigonometry 
(Robusto, 1957). 
 

•!Vincenty's formulae (Vincenty, 1975): they are two widely recognized iterative 
formulas. They consider the Earth to be an ellipsoid of revolution to parameterize its 
flattened shape at the poles, which guarantees high precision. 
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   After different tests, Haversine formula has been selected for its simplicity and accuracy. It has been 
checked that the difference between this formula and distance in Google Maps is only a few tens of 
meters (Olivera et al, 2012). 
 
   Dist= 6378.7*{cos-1[sin(Lat1)*sin(Lat2) + (cos(Lat1)*cos(Lat2)*cos(Lon2-Lon1))]} (1.1) 
 
being Lat1 and Lon1 the latitude and longitude of the first point and Lat2 and Lon2 of the second. 
 
 
3.3 Determination of the Maximum Error 
 
The error will be directly proportional to the size of the zip code where the customer is located. 
   In this study we wanted to obtain the maximum error committed, although as will be seen later in the 
case study, the actual error is always less, as the worst case scenario was considered. 
   The distances between all postal codes were calculated and then the minimum distance of each was 
found. This distance value gives an idea of the area occupied by the ZIP code. Also this value is greater 
than the distance needed to get out of that zip code. The maximum of these values was calculated by 
province. 
 
 
Table 1 
Maximum error (in km) by province. 
 
 

Province Max. Error Province Max. Error Province Max. Error 
Álava 15.4 Granada 20.3 Palencia 16.1 
Albacete 25.6 Guadalajara 13.4 Pontevedra 5.9 
Alicante 12.9 Guipúzcoa 6.6 Salamanca 12.2 
Almería 14.1 Huelva 14.1 Cantabria 9.4 
Ávila 11.5 Huesca 12.3 Segovia 8.2 
Badajoz 14.7 Jaén 15.7 Sevilla 17.6 
Barcelona 7.9 León 9.2 Soria 13.1 
Burgos 12.8 Lérida 10.5 Tarragona 9.5 
Cáceres 16.3 La Rioja 13.4 Teruel 11.9 
Cádiz 14.2 Lugo 10.5 Toledo 13.7 
Castellón 10.3 Madrid 11.0 Valencia 10.9 
Ciudad Real 16.0 Málaga 10.8 Valladolid 11.9 
Córdoba 15.2 Murcia 12.1 Vizcaya 14.8 
La Coruña 8.6 Navarra 9.3 Zamora 8.6 
Cuenca 14.1 Orense 9.7 Zaragoza 12.9 
Gerona 8.5 Asturias 14.0   

 
 
 
 
4 Case Study 
 
The company under study is dedicated to the manufacture and distribution of raw materials to the 
customers’ facilities. It is located in Galicia, in northwest Spain, and distributes mainly to the provinces 
of Orense and Pontevedra, with a portfolio of over 20,000 customers. 
   For transport it has a fleet of 85 trucks of different capacities, equipped with a GPS controlled by 
software in real time. The delivery routes are made every day by the shipping department staff based on 
their experience. 
   The project the authors develop in the company was focused on reducing transportation costs, that the 
alternatives considered (reduction of loading and unloading times, increase of resources utilization and 
other organizational improvements) so were intended to reduce the time and the total driving distance 
This reduction was particularly promising because more than 50% of the cost of each truck depended on 
the kilometers traveled (mainly fuel and depreciation of the truck, but also maintenance and repairs), 
which could only be reduced improving routes. 
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4.1 Implementation Process 
 
Purchasing route planning software was taken into consideration to carry out the route optimization 
project. But before buying, certain issues must be analyzed. 
   This software requests as starting data the coordinates of all customers, but this information was not 
available in the database of the company. It only provides address, zip code and name of the town. Using 
the address or the name of the town was quickly discarded, because these fields had not been entered 
standardized (partly due to the use of two official languages in that part of Spain: Spanish and Galician). 
   It was decided to manually enter the first 500 customers by revenue, representing high percentage of 
total turnover. 
   This work takes longer than provided (a part-time worker exclusively for 4 weeks) because there was 
some difficulty finding on the maps customers’ facilities, as they are located mainly in rural areas and 
generally have not good access. 
   To georeference the remaining customers, the use of the same method was rejected for its high person-
nel cost and its limited impact on the total turnover of the company. So it was decided to use the 
approximate method discussed above. This task took less than two days whereas the same part-time 
worker would have taken almost 4 years at his current cadence of 25 localizations per day. 
   With this data collected, software was ready for use. 
 
 
4.2 Results 
 
The average error in this case is much lower than that described in the general methodology since the 
latter calculates errors for worst possible cases. 
   This error is calculated by finding the actual error of 500 points entered manually. The total average 
error was 3.65 km. 
 
 
Table 2 
Comparison of actual errors with the maximum (in km),  
in the provinces in which the company operates. 
 
 

Province Max. Error 
(Methodology)  

Max. Error 
REAL 

Average Error 
REAL 

La Coruña 8.56 5.24 3.39 
Lugo 10.51 10.23 3.77 
Madrid 11.04 10.99 10.98 
Ourense 9.74 9.69 3.64 
Asturias 13.99 12.82 7.24 
Pontevedra 5.89 4.91 2.86 
Salamanca 12.19 1.91 1.50 
Zamora 8.63 4.65 2.11 

 
 
 
 
5 Discussion and future research 
 
The proposed methodology has proved practical, easy and quick to apply. The resulting error levels are 
acceptable or unacceptable according to the use intended for that data. For relatively long distances 
(national or international transport) an error of about 10 km is perfectly acceptable. However the degree 
of accuracy could be insufficient to provide good results for capillary distribution in small distances with 
many stops. 
Some future research could be: 
 

•!Application of the method to other countries, in particular would be extremely interes-
ting to others which have postcodes covering smaller areas, such as Portugal and UK. 
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•!Calculation of one or more specific "wiggle factor", which characterizes more precisely 
the actual distance traveled. It could be calculated for Spain, by province, by type of 
road, by type of journey (urban or suburban), etc. 

 
•!This study could also be complemented with the implementation of the method exposed 

to different VRP, analyzing if it causes some decrease in the optimal results. 
 
 
6 Conclusions 
 
In this paper we have presented a methodology which is simple, affordable and reproducible to avoid 
manual work that requires the implementation of route calculation software. 
   The results obtained show that, although it might not be the most suitable for short-range or urban 
transport, is a sufficient approximation for transport of medium and long hauling. 
   The case study has shown a direct functional application that is intended to serve as an example of the 
application of this methodology. 
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An update of Wiggle factor  
for Spanish road transport 
 
Domínguez-Caamaño P1, Comesaña- Benavides JA, Prado-Prado JC 
 
 
Abstract: The Wiggle Factor (WF) is a correction factor defined as the ratio between the real distance 
travelled by road and the straight line between the two points. It is commonly used to estimate route 
distances for land transport. Though WF is an approximation, certain degree of accuracy is required, 
because it is frequently used to calculate fuel costs (which represent approximately half of the total truck 
costs). This article shows that the most common Wiggle Factor, 1.2, is not a good approximation for 
Spanish roads. In addition, we present a methodology to calculate the WF that can be applied to other 
countries or specific zones. 
 
Keywords: wiggle factor, road transport, routing 
 
 

 
 
1 Introduction 
 
Today, measuring distances between two points is available to everyone. There are numerous solutions 
that allow a basic internet user to know the distance between two points when given either the address 
(including post-code, name of the city, etc) or the coordinates. It is also a simple task to obtain the actual 
distances and even alternative routes. 
   This context is perfect for the proliferation of solutions to optimize transport distances. There are many 
solutions to vehicle routing problems (VRP), but all of them require to locate customers and suppliers on 
a graph, to calculate the distances between them. 
   With a very high number of clients, the straight line distances can be easily obtained, while finding the 
actual distances between points can be an arduous task. 
   Some mathematical approaches were developed and improved since the 60s (Christofides & Eilon, 
1969; Love & Morris, 1979 y 1988; Berens & Körlig, 1985; Stokx & Tilanus, 1991). Some of those 
models were based on tachographic distances, but nowadays, software tools allow us to calculate a 
significantly higher number of routes easily. 
   To estimate the real distances, Cooper proposed the use of a factor of "curvature of the road" or Wiggle 
Factor (WF) in the 80's (Cooper, 1983). He determined a value of 1.2 for UK roads, which has been wide-
ly accepted and used by the scientific community (Ronen, 1988; Mckinnon & Ge, 2006; Rushton, 2010). 
   The main advantage of a WF against a mathematical approach is its simplicity, as sometimes ease of 
calculation and intuitive formulation could be as important as accuracy. 
 
 
2 Objective  
 
The aim of this paper is to establish a methodology for calculating a WF to suit specific needs. 
To show the use of this methodology, a series of WF values are calculated for the mainland of Spain.  
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3 Methodology 
 
The process is divided into three stages: 
 
1. Selection of key points to calculate distances 
 
   The selected points depend on the type of path you want to analyze. 
   If a general WF is required a good option is to choose random points. However, if one wants to analyze 
a particular type of infrastructure, only points connected by one of those should be chosen. 
   If the points are too close, non-representative values could be obtained, thus one should choose them 
separated enough (with a minimum distance) and never in the same town. 
 
2. Getting straight line and road distances 
 
   Straight distances can be easily calculated either by using spherical trigonometry or more accurate 
methods like Vincenty formulae (Vincenty, 1975). 
   To find distances by road, a simple and feasible option is to use a GPS navigation software or a route 
calculation system. 
 
3. Calculation of WF and analysis of results 
 
   The WF for each path is obtained by dividing the road distance by the straight-line distance. 
   Thus, by analyzing a significant number of routes, a general WF can be found averaging individual   
WFs. 
 
 
4 WF in Spanish roads 
 
To determine this value we have followed the methodology presented above. The goal is to get two 
factors, one for any pathway and another exclusively for high-capacity routes (typically motorways). 
 
 
4.1 Selection of key points to calculate distances 
 
To obtain the first WF, 149 random points were selected, which generated over 11,000 routes. 
For the second, 47 capitals of province generated 1,081 routes 
 
 
4.2 Getting straight line and road distances 
 
The straight line distances were obtained using the coordinates and the Haversine formula (Robusto, 
1957). This formula uses spherical trigonometry to find the shortest distance, so an error is committed 
considering that the Earth is a sphere. This error is not significant if the points have similar latitudes. 
Road distances were obtained using the APIs (Application Programming Interfaces) of Google Maps. 
Supplying the coordinates of two points, these APIs return the distance in kilometers between them. 
This requires sending the Google Maps servers a query like this: 

http://maps.googleapis.com/maps/api/distancematrix/json?origins=|lat1,lon1&destinations=|lat2,lon
2 

where Lat1, Lon1, Lat2 and Lon2 are the coordinates to the points for which distance is requested. 
An example of this query is: 

http://maps.googleapis.com/maps/api/distancematrix/json?origins=|43.0881092,-
9.1566855&destinations=|42.5799573,-8.9617984 
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   From this query, Google Maps servers send the distance and travel time, for which they use the 
following format: 

 
{ 
   "destination_addresses" : [ "Rúa Mt Lorenzo Mene Trabad, 13, 15959 Ribeira, A 
Coruña, Spain" ], 
   "origin_addresses" : [ "Unnamed Road, 15125, A Coruña, Spain" ], 
   "rows" : [ 
      { 
         "elements" : [ 
            { 
               "distance" : { 
                  "text" : "79.5 km", 
                  "value" : 79480 
               }, 
               "duration" : { 
                  "text" : "1 hour 30 mins", 
                  "value" : 5421 
               }, 
               "status" : "OK" 
            } 
         ] 
      } 
   ], 
   "status" : "OK" 
} 

 
 
   As shown in the example, the sub-element "distance" has two values that include the distance. The first 
in textual format and the second in numeric format ("value", presented in meters) 
   This process, as described in the preceding paragraphs, was performed for all possible pairs of points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Distances between Pontevedra and Valencia.  
Straight line distance (769 km) vs road distance  
(972 km). WF = 1.26. 
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4.3 Calculation of WF and analysis of results 
 
A WF value was calculated for each route by dividing the actual road distance by the straight line 
distance.  
Mean and Standard deviation have been calculated for each case. 
 
 
Table 1 
WF data. 
 

Case Mean Std. dev. 
Random points 1.36 0.157 
Capitals 1.29 0.111 

 
 
   The results show that both mean and deviation are higher in the first case. 
   Most of the Spanish area (84.2%) is considered rural (INE, 2012). Thus, the first WF characterizes 
mainly road infrastructure in these areas. 
   The second WF characterizes high-capacity roads (typically motorways). 
   Therefore, for rural areas the first one must be used while the second one would be most suitable for 
long haul using high-capacity roads. Using a WF is not recommended for urban transport. 
 
 
5 Discussion and future research 
 
The Cooper’s WF value 1.2 is the most widely used to date. In this paper we demonstrate that it is not a 
good approximation for the Spanish road infrastructure. 
   Furthermore, using the proposed methodology, different WF values can be easily calculated for specific 
geographical areas or infrastructure, which helps improving accuracy. 
   Future research could focus on the calculation of various WF with different levels of detail, or even 
differ-rent infrastructures such as railways. 
 
 
6 Conclusions 
 
In this paper we have presented a methodology to calculate a Wiggle Factor for any situation. This 
method-logy is simple enough to be applicable to other geographic areas without any specific software 
tool, which makes it very useful in cases when one tries to optimize transportation routes quickly and 
economically. 
   Moreover, the paper presents an update of the WF value in Spain, distinguishing two variants for 
different contexts. 
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The Influence of the Crossover  
Operator on Genetic Algorithms  
Applied to the Job Shop  
Scheduling Problems 
 
Modolo V1, Menezes F1, Grassi F1, Pereira F2 
 
 
Abstract: Due to its complexity, the job shop scheduling problem is classified as NP-hard and therefore, 
extremely difficult to solve. In general, these problems are addressed using metaheuristics optimization 
techniques such as the Genetic Algorithm (GA). In the search for better solutions using the GA, a number 
of different approaches of the method have been proposed varying - among other things - the form of 
representation of the solution, thus requiring the design of custom genetic operators. In theory, the form 
of representation and the operators may influence the generation of feasible solutions and, therefore, the 
use of traditional operators may be preferable. The objective of this article is to study the effects of the 
canonical crossover operators in a binary version of the GA, applied to the job shop environments, 
regarding the quality of the solution and the proportion of feasible solutions generated in the process of 
optimization. 
 
Keywords: Production scheduling, Job shop, Genetic algorithm, Crossover operators. 
 
 

 
 
1 Introduction 
 
Combinatorial optimization problems are problems for which the difficulty of resolution grows 
exponentially, and fit the types of problems known in the literature as NP-hard (Fan; Zhang, 2010). The 
main difficulty has been the large number of possible solutions, which results in a very large search 
space, preventing the use of exact methods, such as branch-and-bound algorithm, in which the 
computational cost would be huge (Reeves, 1993). Therefore to deal with NP-hard combinatorial 
optimization problems, researchers have been using heuristics and meta-heuristics methods, due to  
several approaches and quickly finding sub-optimal solutions, or even optimal ones, in a reasonable 
computational time (Norving; Russel, 2004).  
   Among the combinatorial optimization problems, the job shop scheduling problems are one of the most 
recurring in the literature, which briefly is to allocate limited resources to perform a set of tasks (Pinedo, 
2008; Jain; Meeran, 1999). In this context, the use of Genetic Algorithms (GA) has been widespread 
(Gonçalves et al, 2005; Lukaszewicz, 2005; Qing-Dao-Er-Ji; Wang, 2012; Wang; Zheng, 2002; Abdelma-
guid, 2010). In the search for better solutions using the GA, various approaches have been proposed, such 
as the representation of the solution (Abdelmaguid, 2010). In general, the different representations require 
the customization of genetic operators which may compromise its efficacy. Deserves special attention in 
this case the crossover operator, which can produce a major impact on the number of solutions generated 
in the GA (Garen, 2002; Jain; Meeran, 1999). 
   Recently, a genetic algorithm with binary representation was proposed (DSGA), based on indirect 
representation of the solutions for the scheduling problem, using a concept of dynamic seed to produce 
solutions (Grassi; Triguis; Pereira, 2014). The approach makes use of the canonical operators, originally 
developed for the binary representation, in order to minimize the generation of non feasible solutions, 

                                 
1 Valdemar Modolo Júnior (vmodolo@uninove.br) 
   Fenanda Morán Menezes (fernandamoran@uninove.edu.br) 
   Flavio Grassi (flaviograssi.fg@gmail.com) 
2 Fabio Henrique Pereira (fabiohp@uninove.br) 
   Industrial Engineering Post Grad Program, Universidade Nove de Julho.  
   Francisco Matarazzo, Av., 612, 05001-100, Água Branca, São Paulo, Brazil. 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 236 

which is a recurring problem in approaches involving specialized operators. That study highlights the 
efficiency of the dynamic seed approach in the generation of feasible solutions, but does not make any 
further investigation of the effects of different types of crossover operators. The objective of this article is 
to study the effects of the canonical crossover operators in the DSGA, applied to the scheduling problems 
in job shop environments, regarding the quality of the solution and the proportion of feasible solutions 
generated in the optimization process. 
 
 
2 Job Shop Scheduling Problems 
 
The Job Shop Scheduling Problem (JSSP) can be described as follows: 
   There are a finite number of jobs and machines, where a job is defined by a sequence of operations that 
must be performed in a given ordination, which are known as tasks. Each of these operations is performed 
by a machine that consumes certain amount of time, and each machine can perform only one operation at 
a time, where preemption is not allowed. The machines can be grouped according to its tasks in a real 
world environment (Pinedo, 2008). 
   In the Job Shop, the sequences of machines each job must be processed are fixed, so the problem to be 
solved is to determine the sequence of the jobs on each machine, such that the execution time elapsed 
since the beginning of the first job to the end of the last, is reduced to the minimal. This measure is 
known as makespan, and is often used as a benchmark for comparison of performance because it is one of 
the simplest criteria for measuring performance on scheduling problems (Rodammer; White, 1988). 
 
 
3 Genetic Algorithm 
 
Genetic Algorithm (GA) is a technique that consists in finding solutions based on mechanisms that mimic 
the Darwinian process of evolution. In general, it differs from other heuristic methods in the following 
aspects: it deals with a set of points known as population instead isolated points; it operates in an encoded 
area instead directly in the search space of the solutions, using the value of an objective function, called 
fitness; and it uses probabilistic transition rules, rather than deterministic ones (Goldberg, 1989). 
   The classic procedures performed by a GA is to create an initial population and calculate the fitness 
value of each point, called individuals or chromosomes. The development of new generations in this 
population is also carried out by inserting the chromosomes in the current population using genetic 
operators: the crossover and the mutation. The crossover operator determines the mechanism that 
combines two or more existing chromosomes to create two or more children; the mutation operator 
promotes random changes in chromosomes, in order to cover as much of the options and ensure a broader 
access to the search space. 
   One of the most critical steps in GA is the way in which the solutions are represented and the way the 
crossover operators work with them, because an inadequate definition of the representation may cause an 
increase in non-feasible solutions when individuals are modified by the action of the crossover and 
mutation. 
   Among the different approaches, the binary representation is considered the traditional one, wherein the 
solutions are encoded using binary strings of length n. 
   The motivation for the use of binary encoding comes from the theory of schemes (Holland, 1975). 
Being easy to use and handle, simple to analyze and theoretically there is no uniformity in the operators. 
 
 
3.1 Crossover Operators used in a Binary Representation 
 
As mentioned earlier in this research, the representation is one of the most important steps when one 
makes use of genetic algorithms, and for each type of representation of the solutions it also has distinct 
types of crossover operators, due the fact the way each chromosome is encoded is intrinsically related to 
the crossover operation. This means that certain types of crossover operators used in the binary 
representation does not make sense if applied to other representations. In the context of binary 
representation, we highlight the following three types of crossover operators: one-point crossover, 
uniform crossover, and the even odd crossover. 
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3.1.1 One-Point Crossover 
 
This method randomly chooses one point of intersection, thereby dividing the chromosome into two 
parts. After the split, there is an exchange of the position among the called father 1 and father 2. One 
child will have the first segment of the father 1 and the last segment of the father 2, where the other child 
will be the reverse. 
 
3.1.2 Uniform Crossover 
 
The method used by uniform crossover operator is based on a randomly generated bit mask. In order to 
generates the first new chromosome (child 1), a bit mask, previously generated, is read sequentially (bit 
by bit), and when the mask bit is equal to 1, the child receives the bit value from the father 1, otherwise it 
receives the bit value from the father 2.The rule is reversed for the generation of the second child. 
Applied to GA, there is no substantial differences on the performance of the uniform crossover compared 
to the n points crossover when n > 1. The one-point crossover is the case when n = 1, where n is the 
number of points that will be chosen to segment the chromosome. 
 
 
3.1.3 Even Odd Crossover 
 
In the even odd crossover, the new generated child takes the bit values of the even alleles from one father 
and the odd alleles from the other father, according to their position. Then the reversed process takes 
place in order to generate the second child. 
 
 
4 Materials and Methods 
 
This paper deals with the Genetic Algorithm with Dynamic Seed as presented in (Grassi; Triguis; Pereira, 
2014). The approach applies a classic GA as an inner level, in which the candidate solutions are generated 
through a permutation of a initial feasible solution called seed. To ensure the viability of the initial 
solution, the seed is generated based on the FIFO rule (first in, first out), which operates a permutation 
based on the binary chromosome. 
   Additionally, an external level runs to update the seed dynamically. After the execution of a number of 
classic GA generations in the inner level, the best solution obtained and the corresponding permuted seed 
are used in a new internal iteration of the GA.  
   The experiments were designed to evaluate the effects of crossover operators in the results of makespan 
and the proportion of feasible solutions. These experiments have been accomplished using a two-way 
ANOVA without replication, which means only one observation for each combination of the nominal 
variables. So, the interaction effects between the factors were not considered. A subset of JSSP 
benchmarks known as LA (Lawrence, 1984), were used in the experiments. The implementation of the 
method was performed using the GAlib, which is a GA library written in C ++ by Matthew Wall, from 
the Massachusetts Institute of Technology (GAlib, 2012). 
   Table 1 present the GA parameters adopted during the experiments. The choices of the values were 
mostly based on literature (Yamada, 2003; Mitchell, 1997). 
 
 
5 Results 
 
Crossover operators and rates were varied as defined in Table 1, and the results of the proposed approach 
was compared with Abdelmaguid (2010), who makes use of the AG with six usual representations for 
JSSP as follows: Operation-Based (OB), Random Key (RK), Preference List-Based (PL), Priority Rule-
based (PR), Machine-Based (MB), and Job-Based (JB). Table 2 shows the makespan values obtained 
with each of the representations, in which N and BK stand for the number of operations and the best 
known makespan, respectively. 
   For the tested problems, the DSGA had equal or better results for all the approaches evaluated, but the 
LA04, in which the MB approach found the best known value, while the DSGA presented a gap of 0.8% 
compared to the earlier. In terms of computational times, however, the MB representation took an average 
of 550 seconds to solve problems with 50 operations, compared to about 35 seconds on the DSGA. 
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   As expected, the higher the crossover rate, the higher the total number of evaluations, due a higher 
number of newly created different individuals that need to be evaluated. In fact, considering the LA01, 
the total number of evaluations is the parameter that is more affected in response to the crossover rate. It 
is also observed an influence of crossover rate, albeit smaller, the proportion of feasible solutions, as can 
be seen in Table 3 in the analysis of variance. 
 
 
Table 1 
GA parameters adopted. 
 

Parameter Value 
Representation Binary (DSGA) 

Selection Steady State 
Replacement Rate 90% 

Population Size 10 
Crossover One-Point (OP), Uniform (UN), Even Odd (EO) 

Crossover Rate 30%, 50%, 70%, and 90% 
Mutation Flip Bit 

Mutation Rate 1% 
Generations ≥ 10,000 (25 inner and 400 externals) 
Stop Criteria 400 * (25 generations without improvement) 

Fitness Function Simulation model coded in C language 
 
 
 
Table 2 
Best results obtained in each approach. 
 

Problem N BK OB RK PL PR MB JB DSGA 

LA01 50 666 666 666 675 671 666 700 666 
LA02 50 655 676 686 715 675 684 718 655 
LA03 50 597 631 637 669 650 625 645 617 
LA04 50 590 607 614 633 629 590 675 595 
LA05 50 593 593 593 593 593 593 605 593 

 
 
 
   The results of the effects of the crossover operators and crossover rate over the makespan, the 
proportion of feasible solutions, and the total number of evaluations, for the LA02 problem, are presented 
in Table 4. Values in bold represent that the best known solution was obtained. The influence of the 
crossover rate on the proportion of feasible solutions is especially important because it is the reflection of 
a positive correlation between these two variables (correlation coefficient, R = 0.973367). This means 
that the higher the crossover rate, the more feasible solutions are generated. The results in this direction 
were similar for all other cases tested. Was observed in all cases (except in LA05 problem) a low negative 
correlation between the proportion of feasible solutions generated and the value of makespan (coefficient, 
R ≈ -0.5). This indicates that the generation of a higher number of feasible solutions can lead to better 
makespan values, as expected. 
 
 
Table 3 
Analysis of the effects of the factors over the responses 
 to the LA01 problem: makespan (mkp), proportion of feasible  
solutions (%fs), and number of evaluations (n). 
 

Source of  
Variation 

Mkp %fs n 

p-value  p-value p-value 

Operators 0.779  0.844 0.517 

Crossover Rate 0.145  0.034 0.000 
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Table 4 
Results for the LA02 problem. 
 
 

Operator Rate Makespan % Feasible Evaluations 
ED 0.3 705 0.9269 52149 
ED 0.5 667 0.9422 63216 
ED 0.7 670 0.9464 74410 
ED 0.9 670 0.9464 74410 
OP 0.3 660 0.9318 52315 
OP 0.5 667 0.9383 62994 
OP 0.7 672 0.9478 74198 
OP 0.9 655 0.9565 84957 
UN  0.3 660 0.9314 52577 
UN  0.5 710 0.9372 63081 
UN  0.7 667 0.9490 74121 
UN  0.9 672 0.9548 85145 

 
 
 
6 Conclusions 
 
This paper conducted a study of the effect of crossover operator in the performance of the genetic 
algorithm when applied to the job shop scheduling problem. The experiments were performed using a 
genetic algorithm schema with dynamic seed, which is based on an indirect binary representation of the 
solution. 
   By adopting the binary representation, unusual for this sort of problem, the DSGA allows the use of 
conventional operators, which in theory, are more efficient considering the generation of new feasible 
solution by crossing other viable solutions each other. The experiments demonstrate that, in general, the 
tested operators have no such a influence on the results. However, it was observed that the crossover rate 
has a positive correlation, and close to 1.0, leading a higher proportion of feasible solutions generated in 
the search process, therefore contributing to the convergence to better makespan values. 
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Controlling Production in Hybrid  
Make-to-Stock/Make-to-Order  
Manufacturing 
 
Oliveira P1, Pereira M2, Barros P3, Pereira G4, Dias L5, Fernandes N6, Carmo-Silva Sthor7 
 
 
Abstract: The hybrid make-to-stock/make-to-order manufacturing is a well-known strategy that captures 
the benefits of both make-to-stock and make-to-order strategies. This paper addresses this hybrid 
environment in a two-stage flow shop system with an intermediate buffer between stages. The study 
provided guidelines for selecting an appropriate production control mechanism for releasing orders to the 
MTO stage, when the MTS stage is operated under a simple base-stock replenishment policy. Results 
show that workload based order release can be a suitable approach to production control in this hybrid 
production environment. 
 
Keywords: hybrid make-to-order/ make-to-stock; Base-stock; POLCA; WLC. 
 
 

 
 
1 Introduction 
 
Worldwide competition is compelling manufacturing companies to shorten delivery times (Morikawa et 
al. 2014), while offering high product variety. The hybrid make-to-stock (MTS)/make-to-order (MTO) 
manufacturing allows companies to delay differentiation, reducing delivery times and inventory costs in 
comparison to the pure MTO and MTS strategies, respectively.  
   Manufacturing MTS and MTO items in two stages is a challenging task. In the MTS stage, common 
components or semi-finished products are firstly produced to an intermediate inventory. In the MTO 
stage, the semi-finished components are assigned to customer orders for customization. The intermediate 
inventory acts as a decoupling point between stages. High inventory of semi-finished products means 
high holding costs, whereas low inventory may increase the waiting time of orders and delivery times due 
to stock-outs. Therefore, in addition to inventory decisions, order release and dispatching decisions 
should determine the company capability to quote short and reliable delivery times and, thus, to remain 
competitive. In spite of this, most research on inventory location in supply chains ignores the intricacies 
of scheduling, typically assuming that orders are processed in the sequence in which they arrive to the 
production system (Kaminskya and Kayab, 2008). 
   In this paper, we study the controlled release of orders to the MTO, combined with inventory 
replenishment using a Base-stock policy (Kimball 1988; Lee and Zipkin 1992) at the MTS stage. The 
production control mechanisms applied at the MTO stage are workload Control (WLC) (Bertran and 
Wingaard, 1986; Kingsman 2000; Stevenson et al., 2005) and POLCA (paired-cell overlapping loops of 
cards with authorization) (Suri, 1998). The objective is to satisfy the MTO demand within competitive 
delivery times and, at the same time, to avoid the stock-outs of semi-finished products made to stock. The 
controlled release of orders to the MTO stage ensures that orders are not released too early or too late, 
while maintaining the workload at workstations low and stable. Inventory replenishment according to a 
Base-stock policy ensures that the semi-finished products’ buffer is filled to the required level, without a 
rigid order release plan to the first stage.  
   Most of the workload-based order release studies found in the literature refer to job shops and MTO 
manufacturing. Research effort in the area of workload control for MTS-MTO systems with 
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unidirectional production flows is rather limited. Moreover, to the best of our knowledge WLC and 
POLCA hardly have been compared in this environment. This paper seeks to address this research gap, by 
investigating the impact of load-based order release in the context of the hybrid MTS-MTO production 
environment above described. Discrete event simulation is used to model and analyse the system perfor-
mance under the production control mechanisms referred. In particularly the following research questions 
are addressed: what is the level of inventory that should be held at the intermediate buffer of semi-
finished products in order to obtain a given fill rate? How should orders be released to the MTO stage? 
   The remainder of this paper is organized as follows. In Section 2, we present the simulation study 
carried out, including the simulation model, the experimental set-up and the performance measures 
considered. In Section 3, we discuss the results of the simulation study, and finally, in Section 4 of the 
paper, we summarize key results and managerial implications. 
 
 
2 Simulation Study 
 
We consider a simulation model of a hypothetical two-stage manufacturing system with unidirectional 
production flows. Stage one consists of workstations 1, 2 and 3, and manufactures common components 
from raw materials. Stage two consists of workstations 4, 5 and 6, and manufactures end items to order, 
according to the customer specifications, from components made at stage one. Whenever a customer 
order arrives a common component available in the intermediate buffer is allocated to the order. We 
assume that each customer order requires just one component. However, when a customer order arrives 
and finds the intermediate buffer empty, the order is backordered. Backorders are filled after the common 
components become available following processing at stage one. The first stage is capable of 
manufacturing two different common components that are then customised in the second stage into, 
virtually, an infinite number of end products. 
   As customer orders arrive their operation times are identified and due dates established. It is assumed 
that all orders are accepted and enough raw materials are always available in the beginning of the first 
stage. Orders inter-arrival times follow an exponential distribution and, as in previous studies (e.g., 
Oosterman et al., 2000), due dates are market driven and set by adding a uniformly distributed time 
allowance to the order arrival time. In this study, the allowance varies between 25 and 45 time units. This 
leads to approximately 8% of orders being tardy when immediate release of orders to the second stage is 
used, for a fill rate level of 90%. This has been verified through preliminary simulation tests. The 90% fill 
rate level means that 90% of arriving customer orders are filled from inventory and then made 
immediately available for release into the second stage. 
   In the simulation model, operations’ processing times follow an exponential distribution, with a mean 
of one time unit. The arrival rate combined with the routings and processing times ensures that utilisation 
is 90% at all workstations, except at workstations four and six. These have 20% of protective capacity. 
This means that, in the second stage, workstation five is a bottleneck. Moreover, we have made the 
following assumptions: (a) workstations operate asynchronously; (b) workstations capacity remains 
constant over time and no breakdowns have been modelled; (c) set-up times are sequence-independent 
and included in the operation processing times; (d) distances and transportation times are assumed to be 
negligible; (e) information of production control events is transmitted instantly. 
 
 
2.1 Production Control at the Two Production Stages 
 
Production Control addresses two main functions: order release and materials flow control. Order release 
determines the time and the orders to be released into each production stage. Release decisions are 
usually based on order urgency and on its influence on the current shop floor situation (Henrich et al., 
2004). Materials flow control coordinates the flow of materials and production needs throughout the 
production process. This essentially involves workstation activation, i.e., the start of processing when 
materials are available and taking decisions for moving production orders between workstations. Clearly, 
priority-dispatching rules play an important role within materials flow control. These determine which 
orders in queue should be selected next for processing once a workstation becomes idle. 
   In the production system considered, an arriving customer order will consume a semi-finished product 
from the intermediate buffer and flows immediately into a pre-shop pool, waiting its release to the second 
production stage. So, orders must wait in the pool for capacity availability at the second stage. The use of 
a pre-shop pool can reduce the level of work-in-process (WIP) and allow better control over the flow of 
production orders through the shop. Orders in the pool are sequenced according to their urgency, i.e., to 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 243 

their due date, and released under the control of a specific release method. When a customer order arrives 
at the production system, an MTS order is also released to the first stage for the replenishment of the 
common component consumed by the customer order. Base-stock control is applied at the first stage of 
processing for production control. Under this mechanism, demand information is simultaneously 
transmitted to all workstations of stage one when a customer order arrives to the production system.! The 
idea is that all workstations know about each customer order as it arrives and start immediately to 
manufacture a replacement item.  
   The role of priority dispatching is a very modest one when order release control is applied, because the 
choice among jobs is limited due to short queues (Land and Gaalman 1998). Thus in this study shop floor 
dispatching at both stages is based on the first-come-first-served (FCFS) priority dispatching rule that 
supports the natural flow of the orders through the shop, stabilising operation throughput times. 
 
 
2.2 Experimental Design and Performance Measures 
 
Thirty-six simulation cases were tested (2 order release mechanisms; 9 workload norms/ POLCA cards; 
and 2 levels of the fill rate), and each test case runs 100 replicates. The time horizon for a simulation run 
was 93000 time units and only data of the last 90000 time units were collected. 
   The release of orders to the second stage of production was tested at two levels, i.e., under POLCA 
control and under Workload Control (WLC). POLCA operates by providing a fixed number of production 
authorisation cards at each pair of workstations. POLCA uses overlapping loops of cards between 
workstations. These ensure that workstations will only process orders for which capacity has been 
reserved at the next downstream workstation in the manufacturing routing of the order. Cards are not part 
number specific and can be acquired by any order waiting release in the pre-shop pool or entering the first 
workstations of the pair. Cards are attached to an order at the first workstation of the pair and detached 
after its completion at the second workstation. Detached cards are sent back to the first workstation, 
where they can be attached to new production orders entering the system. In our study we consider that 
one order requires just one production authorisation card from each pair of workstations in the routing of 
the order. 
   WLC operates by releasing orders to the shop floor at fixed time intervals, of 4 time units in our study, 
in such a way that each workstation is provided with a balanced inflow of work and workstations’ 
maximum limits of workload authorized, i.e. the norms, are not exceed. Workload accounting is based on 
the corrected aggregate load approach (Oosterman et al., 2000).  At the moment of order release to the 
shop floor, there is a contribution to load of each workstation which the released order will visit. After 
operation completion, this contribution is deducted from the workload of the respective workstation. 
   The mechanism applied to release orders to the second stage of processing was tested at 9 levels of 
restriction by tightening workload norms (in the case of workload control), or by restricting the number of 
available cards per overlapping loop (in the case of POLCA), stepwise down from infinity. Norm levels 
are limits imposed to the workload allowed at workstations. Infinity means that no limit is imposed on the 
workload that can be released to the shop. Card counts are limits on the number of cards that can be used 
to operate the production system. When infinity is assumed, this means that no restriction is imposed on 
the number of jobs that can be released to the shop or entering overlapping loops.  
   The order fill rate, which is the percentage of orders filled from the semi-finished products buffer, was 
tested at two levels, namely 90% and 99%. Note that the fill rate is expected to approach 100% as the 
semi-finished products inventory increases and tends to infinity. Thus, Base-stock control aims at 
determining the minimum inventory at each workstation of the first stage to achieve the desired fill rate, 
i.e., 90% and 99%. This was determined through pre-test simulation runs.  
   Performance was measured using the percentage of tardy orders, the standard deviation of lateness 
(StdL), the shop throughput time STT) and the total throughput time (TTT). The STT refers to the time 
that elapses between order release to the second stage and order completion. The TTT is the STT plus the 
pool delay and plus the time that orders wait for semi-finished products availability. We also recorded the 
average inventory of semi-finished products required to achieve a given fill rate and the order waiting 
time, i.e. the time that orders wait for semi-finished products availability at the intermediate buffer. 
 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 244 

3 Simulation Results and Discussion 
 
This section discusses the results of the simulation study described in the previous section. Comparisons 
between the production control mechanisms are based on the Student paired t-test. Results are summa-
rised in Table 1 and in Figure 1. In Figure 1 the percentage of tardy orders, the total throughput time and 
the standard deviation of lateness are plotted against the shop throughput time for different combinations 
of the experimental factors. By comparing plotted curves we can determine the differences in 
performance between production control mechanisms. A marker on a curve is the result of simulating the 
mechanisms at a specific workload norm or card count. Nine workload norm levels/card counts have been 
simulated, including infinity. Infinity means periodic unrestrictive release of orders to shop floor in the 
WLC curve and immediate release in the POLCA curve, and refers to the rightmost mark on each curve. 
 
 
Table 1 
Average inventory of semi-finished products  
and order waiting time. 
 

Performance results 90% Fill Rate 99% Fill Rate 
Average Inventory 15.3 38.9 
Order waiting time 1.20  0.08 

 
 
   From Table 1 it can be observed that, as expected, for a higher fill rate a higher average inventory of 
semi-finished products is required. It also results in a lower order waiting time for semi-finished products. 
Increasing the fill rate from 90% to 99% increases the average inventory of semi-finished products about 
154%, i.e., from 15.3 to 38.9 units and decreases the order waiting time about 93%, i.e. from 1.2 time 
units to 0.08 time units.  
   From Figure 1 it can be observed that increasing the fill rate from 90% to 99%, leads to a lower 
percentage of tardy orders for both mechanisms applied to the MTO stage. A higher fill rate means a 
higher probability of orders being filled from the intermediate buffer of semi-finished products, and 
therefore, lower shop throughput times throughout the MTO stage and lower percentages of tardy orders 
are likely to result. However, this is obtained at the cost of having a higher inventory of semi-finished 
products between production stages. Although a lower percentage of tardy orders is obtained, this seems 
not to be due to a reduction in total throughput time as this slightly increases with the fill rate (see Figure 
1b). So, there has to be a reduction in the standard deviation of lateness for the 99% fill rate to justify the 
tardy orders curve behaviour, as in fact it happens.  
   Note that a lower percentage of tardy orders may result from a lower average lateness and/or a lower 
variance of the lateness. The former is achieved by having lower total throughput times. Since the total 
throughput time is the shop throughput time plus the pool delay and the time that orders wait for semi-
finished products availability, and having into account that the order waiting time for semi-finished 
products is lower under a 99% fill rate, as shown in Table 1, we can conclude that increasing the fill rate 
increases the pre-shop pool delay of orders. 
   Results also show that WLC outperforms POLCA for the percentage of tardy orders under both, 90% 
and 99% fill rate. One possible explanation and conclusion for this, is that the workload-based release of 
WLC is a better strategy for orders’ release in production situations with high-variety, customization and 
unidirectional production flows, than the one adopted by POLCA, solely based on the number of jobs, 
and not on their workload. 
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Fig.1  
Performance results for:  
(a) percentage of tardy orders;  
(b) total throughput time (TTT);  
and standard deviation of lateness (StD Lateness). 
 
 
4 Conclusions and Managerial Implications 
 
The main goal of this research was to extend the application of workload control (WLC) theory to the 
hybrid make-to-stock/ make-to-order (MTS-MTO) production environment. In the study it was verified 
that WLC outperforms POLCA in the ability to deliver orders on time. This was verified for different 
levels of service to the customer surrogated by the fill rate from inventory to arriving customer orders. 
Therefore, unless practical advantages can be envisaged by the use of car-based mechanisms, such as 
POLCA, WLC should be used to control the release of order to the MTO stage. 
   The results also show that simulation can be used to determine the suitable levels of inventory of semi-
finished products for achieving a given fill rate. The ability of discrete-event simulation not only for 
evaluating the performance of production control mechanisms, but also for tuning the control parameters 
for high performance can be seen as appealing functionalities to managers in practice.  
   Evaluating the impact of broader sets of replenishment control policies and shop configurations in 
context of the hybrid MTS-MTO production is an issue that deserves further investigation and will be 
addressed by the authors in future work. 
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Comparison of different  
production strategies for the  
economic lot scheduling problem 
under different environments.  
A simulation study 
 
Cortés-Fibla R1, Vidal-Carreras PI2, García- Sabater JP3 
 
 
Abstract: In the present work we carry out a simulation study to compare the performance of production 
strategies for the Economic Lot Scheduling Problem (ELSP). The search for the production strategy for 
the ELSP with the best performance has necessarily to introduce the consideration of the production 
environment. We suggest some elements affecting the production environment, such as utilization, 
number of items, and stochastic behavior on demand. Under this approach, we compare, through a 
simulation study, the cost of five different production strategies. The results of this study confirm that the 
performance a production strategy is strongly dependant on utilization and number of items. 
 
Keywords: ELSP; Scheduling; Simulation; Complexity; Uncertainty. 
 
 

 
 
1 Introduction 
 
The economic order quantity (EOQ) inventory model, was presented by (Harris 1913). Since then, 
inventory management has been an area of intensive research, with a great number of published works, 
since it is a key activity, and thus an area of concern, in any manufacturing facility. A particular area of 
research in inventory management is the economic lot scheduling problem (ELSP), which focuses on 
accommodating cyclical production patterns of several items on a single facility. The solution to the 
ELSP involves two critical decisions. On the one hand, the lot-sizing decision, that is, determining the 
quantity of each item to be produced to minimize total costs. On the other hand, the scheduling decision, 
that is, deciding when the items are produced. Since it is not the intention of this paper to present an 
extensive review of the literature, we will limit our citations mostly to those papers that were directly 
related to this paper. 
   The simplest approach to solve the ELSP lot-sizing decision is the Independent Solution (IS), which in 
fact uses the economic order quantity defined in (Harris 1913) to determine the lot-size for each product. 
The IS approach ignores any condition for feasibility, and therefore it is common to find situations in 
which the optimal solution under this approach is not feasible. Other relevant methods in the literature to 
solve this problem are: Common Cycle (CC) (Hanssmann 1962), Basic Period (BP) (Bomberger 1966), 
Extended Basic Period (EBP) (Elmaghraby 1978) and Lot-Sizing Variation (Dobson 1987).  
   Regarding the ELSP scheduling decision, one of the first rules of scheduling is attributed to Delporte 
and Thomas (Delporte & Thomas 1977), who set a series of heuristics to establish the order in which 
items are to be manufactured. Some interesting simulation studies presented in the literature are (Vergin 
& Lee 1978; Leachman & Gascon 1988; Kou & Yang 2009; Löhndorf et al. 2014). In (Levén & 
Segerstedt 2007), an interesting scheduling policy is presented, described with a simple and small 
numerical example. As regards demand type, in (Sox et al. 1999) the authors refer to the problem where 
demand is assumed to be time varying as stochastic economic lot scheduling problem, and present a 
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complete literature review. Another interesting and up to date SELSP review is presented in (Winands et 
al. 2011).  
   We employ the term complexity to refer to the static or structural complexity of the problem (Frizelle 
1996), and not in relation to the algorithmic complexity of the mathematical problem, which actually has 
been proven to be NP-Hard (Hsu 1983). For a given variant of the ELSP problem, there are several 
factors that affect the complexity of the problem depending on their specific values in the data set. We 
call these factors drivers of complexity. In this paper, we consider only the effect of utilization and 
number of items as drivers of complexity. As regards uncertainty, it is frequent to find, in real situations 
in industry where ELSP arises, uncertainty in relation to the behavior of some data throughout the 
planning horizon. In this paper, we consider the stochastic behavior of demand as a driver of uncertainty. 
The objective of our simulation study is to compare the behavior of five different production strategies 
under different environments of complexity and uncertainty. 
 
 
2 Problem definition and description of the strategies 
 
We consider the classic ELSP problem of lot sizing and scheduling several items i=1..g on a single 
machine, where only one product can be produced at a time, with the objective of minimizing the average 
total costs. We assume the following behavior for the rest of the parameters of the problem: 
 

•!The production rate per item, pi is deterministic and constant. 
•!Production setup times Ai, and setup costs ci, are independent of the production sequence. 
•!Inventory holding costs hi, are proportional to the inventory levels Ii. 
•!Product demand rates di are stochastic, but stationary. 
•!Shortages result in lost sales.  
•!Production capacity is sufficient to meet demand. 

 
   The objective of any production strategy is to minimize the total cost, TC, resulting from the sum of 
inventory holding costs, setup costs, and lost sales costs. For our simulation study, we have considered 
five different productions strategies, which we will describe according to the classification introduced in 
(Winands et al. 2011), based on the critical elements of the production plan, i.e. lot-sizing and scheduling 
policy. 
 
 
Heuristics 1 & 2 
 
Heuristics 1 and 2 are based on the classical “order point mechanism” (s, Q), where production orders are 
released only when inventory falls under a certain reorder stock level si. Should the inventory of two 
different articles be below s, the article with the lowest run out, as defined in (Segerstedt 1999), is 
released. The lot size is fixed for each item along the planning horizon based on a specific lot-sizing 
criterion.. In this case, Heuristic 1 uses the IS approach for the cycle time TIS calculation, while Heuristic 
2 uses the CC approach to calculate the cycle time TCC. The corresponding lot sizes QIS

i, QCC
i are defined 

in (3.1) and (3.2) respectively: 
 

Q"#$ = d$T"#$ = ()*+*
,*(./

0*
1*
)
                    (3.1) 

 

Q33$ = d$T33 = d$
( )*4

*56
,*+*(./

0*
1*
)4

*56
                    (3.2) 
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Heuristic 3 
 
Heuristic 3 is based on the stable cycle time heuristic (SCT) presented in (Fransoo 1993). The aim of this 
production strategy is to keep the variance of the cycle times as low as possible. Target cycle times, are 
calculated using the heuristic defined in (Doll & Whybark 1972), including a feasibility check based on 
(Leachman & Gascon 1988). We name this cycle time TSCT and the corresponding lot-sizes Qi are defined 
in (3.3): 
 

Q$ = s$ + d$T#39 − I$                                       (3.3) 
 
 
The scheduling policy is based on the run-out times, so that the product with the shortest run-out is 
scheduled in first place for production. Once this production order is finished the next product is selected 
for production. We have included a minimum run-length to avoid too short cycle lengths that may lead to 
very high setup costs. See (Fransoo 1993), for more details on this procedure. 
 
 
Heuristic 4 
 
In Heuristic 4 we consider the dynamic cycle length heuristic introduced in (Leachman & Gascon 1988). 
This production strategy is based on the concept of slack between batches. There is a positive slack 
between two particular batches when the inventory level of the second item is large enough to avoid a 
stock out situation during the time it takes to the batch of the first item to be completed. Conversely, there 
is a negative slack when the inventory level of the second item is not large enough to avoid a stock out 
situation. In this production strategy, the cycle time is calculated on the basis of the basic period cycle 
times heuristic as in (Doll & Whybark 1972). This fundamental cycle, TBP is used to calculate the 
corresponding lot sizes, as in (3.4): 

Q$ = s$ + d$T<= − I$                                        (3.4) 

 
   Again, as regards the scheduling policy, the items are prearranged based on their run out times. The 
production strategy intends to reduce the stock outs by observing the slack for every item on the schedule. 
If the slack for an item is negative, the fundamental cycle time is proportionally reduced so that the slack 
for every item is positive. Then, the production order of the first item on the schedule is released with the 
recalculated batch size according to the reduced cycle time. Once this production order is finished the 
procedure starts from the beginning, arranging the products and calculating the slack time of every item 
again, considering the fundamental cycle, TBP. As in Heuristic 3, we have included a minimum run-length 
to avoid too short cycle lengths that may lead to very high setup costs. See (Leachman & Gascon 1988) 
for more details on this preocedure. 
 
 
Heuristic 5 
 
Heuristic 5 is based on the heuristic procedure presented by Leven and Segersted in (Levén & Segerstedt 
2007), based on (Leachman & Gascon 1988). In this production strategy the lot sizing criterion is based 
on the optimal cycle time for each item, calculated by the IS approach as in (3.1). The most significant 
aspect of this strategy is that successive batches of the same item are treated explicitly, since according to 
the lot sizing criterion described, it is possible that several batches of the same item can be scheduled 
before the first batch of other item in the schedule. Again, the heuristic arranges the products according to 
their run out. Then, the feasibility of the schedule is checked, so that if any of the batches has a negative 
slack, the batch sizes will be decreased by a scaling factor. After doing that, the batches need to be 
arranged again and the feasibility check carried out. If the schedule is still not feasible, a new reduction 
should be made and further iterations should run until a feasible schedule is found. This scheduling 
procedure will start every time a production batch is finished, and look ahead at a predetermined number 
of batches, which in our study is 8 batches. See (Levén & Segerstedt 2007) for more details on this 
procedure. 
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3 Simulation model 
 
To evaluate the performance of the heuristics described in section 3, we have developed a simulation 
model of discrete events with the SIMIO simulation software. The architecture of this model is formed by 
the simplest structure: Source – Server – Sink, being the server who decides both the schedule and the lot 
size by means of algorithms developed in C #, in which the heuristics have been implemented. 
 
 
Experimental factors 
 
For the simulation study we worked with the basic Bomberger 10-item data set (Bomberger 1966). Many 
studies in the literature have used this same data set (Segerstedt 1999), (Soman et al. 2006),(Doll & 
Whybark 1972), (Qiu & Chang 2009), (Holmbom et al. 2013). It is well known that this data set is 
particularly complex to handle, strongly heterogeneous, with a wide range of values for some features of 
the items, for instance demand or production rates.  
   The first driver of complexity mentioned in the introduction is the utilization level. We have run 
experiments with the aforementioned data set, with 4 different levels of utilization, by increasing demand 
rates, in each case (> = ?@

A@
B
CD. ): 0.22; 0.44; 0.66; 0.88.  

   As described in the introduction, we also consider the variation of number of items, to be an element 
that introduces complexity in the problem. To consider this driver of complexity, we have defined three 
equivalent data sets, for 20, 30 and 40 items, from the basic 10-item Bomberger data set. The data set of 
20 items consists of two basic10-item data set, where the demand rate for each item has been reduced 
two-fold, so that the level utilization remains unchanged. The same procedure has been used to build the 
30 and 40-item data sets. 
   Finally, to analyze the effect of situations of uncertainty, we considered the effect of stochastic demand. 
Thus, the actual demand considered in the simulation study is stationary stochastic from a normal 
distribution, mean di, with three different coefficients of variance, 0.1, 0.3, 0.5. 
We consider the total cost as the sum of three cost components: Setup cost, Inventory holding cost, and 
Non delivery cost. Non delivery costs are usually difficult to determine, and therefore can introduce 
arbitrariness in the results (Edward A. Silver, David F. Pyke 1998). In our simulation study, as in (Soman 
et al. 2006), we have considered a lost sales of 10% of the product cost. 
 
 
Simulation dynamics 
 
All simulations are run over 960 production days, representing 4 production years, as in (Brander et al. 
2005). After a 960-days warm-up time, the average annual total cost is calculated. This warm-up is 
necessary to override the effect that some of the initial conditions, particularly the initial stock, may have 
on the comparison of the different production strategies in the simulation study. In (Vidal-carreras et al. 
2009)  the authors demonstrated that a warm-up period between 600 and 1000 days is adequate to obtain 
stable results with some of the more commonly employed heuristics in simulation studies for the ELSP. 
The algorithm corresponding to each simulation strategy described in Section 2 was programmed in our 
model for the decisions regarding lot sizing and scheduling to be made in each case. At the end of each 
period the demand for each item is generated, and the inventory levels are updated. Every time a 
production run ends, the inventory levels are also updated. 
 
 
4 Simulation results and discussion 
 
The aim of our simulation study was to evaluate the influence of complexity and uncertainty of the 
environment on the performance of different strategies. We considered the annual average cost as the 
main performance measure of the strategies. The total cost for the IS approach, which as explained in the 
introduction is a lower bound for the problem, is given by (5.1) 
 

 
EF = 2HCℎCJC 1 − ?@

A@
B
CD.                      (5.1) 
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   Figure 1 shows the total average cost for the production strategies described in section 2, at different 
utilization levels, considering a demand coefficient of variance of 0.3, with the 10, 20, 30 and 40 items 
data set described. 
 
   As depicted in the picture, at low utilization levels (below 0.44), regardless of the number f items, the 
best performance, actually quite near to the lower bound, is alwas obtained by the strategies based on the 
IS approach cycle time, (s,QIS) and Leven & Segersted. For the rest of the strategies, as expected, the cost 
performance is worse at this utilization levels, since they are using a lot sizing criterion based on non 
optimal cycle time (CC and BP). This different cycle times are defined to simplify the problem, i.e. 
reduce the    complexity, of finding a feasible production schedule which, at this level, is already simple 
enough. At higher levels of utilization, this behavior changes significantly. The complexity of the 
problem of finding a feasible schedule is considerably higher, so strategies based on CC o BP, such as 
(s,QCC), Fransoo and Leachman&Gascon tend to perform better. Therefore the (s,QCC) strategy has a 
reasonably good performance at utilization of 0.66, compared to the rest of the strategies. However, when 
the utilization increases to 0.88, the number of stockouts with this strategy increases considerably, leading 
to a high impact of the lost sales cost and a bad performance of the strategy. This effect is even more 
evident when the number of items increases. The performance of the Fransoo and Leachman&Gascon 
strategies, both with cycle times based on the BP approach, is considerably better in comparison to the 
rest of the strategies, at higher utilization levels. With both strategies, the number of sockouts is 
practically none, even at utilization of 0.88. The leaachman&Gascon method has a better performance 
compared to the Fransoo method in both, setup and holding costs, since it adapts the cycle length to a 
more feasible schedule. It is interesting to observe that the Leven&Segersted production strategy, based 
on IS, keeps an acceptable cost performance, even at utilization of 0.88, due to its capability of adapting 
the cycle times to a feasible schedule. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Influence of utilization and number of items  
on Total Average Costs. (CoV 0.30). 
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   With reference to the effect of uncertainty, driven by the stochastic behavior of demand, we have 
observed an interesting effect related to the influence of variation in demand in relation to the utilization 
level. Figure 2, shows the effect of the increase of the coefficient of variance in demand rates with the 10 
items data set. At low utilization levels (0.22), the effect of the coefficient of variance is almost 
imperceptible, whereas at high utilization (0.88) this effect is quitly more significant, especially for 
Heuristics 1, and 2 that don´t have the capability of adapting the cycle times. At his utilization level, the 
production schedule is almost at its limit of feasibility so that any variation in the level of demand has an 
observable result in costs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Effect of increasing CoV in demand rates  
at different utilization levels (10 items Data Set). 
 

 
5 Conclusions and further research 
 
The simulation study carried out in this work intended to demonstrate that search for the production 
strategy for the ELSP with the best performance has necessarily to introduce the consideration of the 
production environment. There are many elements that determine this production environment. We 
classified them in two main categories: drivers of complexity and drivers of uncertainty. Particularly in 
this paper, we considered utilization and number of items as drivers of complexity, and stochastic 
behavior of demand as driver of uncertainty. In the conclusion of their survey, (Winands et al. 2011), 
suggest that research should pay more attention to the comparison between different policies. The results 
of our simulation study confirm that the performance a production strategy is strongly dependant on 
utilization and number of items. In our opinion, this conclusion is absolutely key for industrial 
applications of the ELSP, where the scenario changes drastically, sometimes even in the same facility 
when, for instance, facing seasonal demand. We have demonstrated that the conclusions drawn from a 
study of a particular production strategy conducted under specific conditions, may not apply or may even 
cause opposite results than expected, when applied under different conditions. We intend to go deeper 
into this conclusion introducing new drivers of complexity and uncertainty, as those mentioned in the 
introduction. Another interesting area of study that could help supplement and reinforce the conclusions 
of this study is the use of hyper-heuristics (see (Burke et al. 2013)), as they can prove useful in seeking 
the most appropriate production strategy for a particular scenario of complexity of uncertainty of the 
ELSP. Finally we consider also to be an interesting area of work the possibility of analyzing, through a 
large scale simulation study, the influence that experimental factors such as the simulation period, the 
period of warmup, or the initial stocks may have in performance of the production strategies. 
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Development of a simulation  
study for a production line in  
an automotive company 
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Abstract: The demand for competitive products with low price and high quality standards is mandatory 
in the contemporary competitive global market. To achieve these targets, companies need to increase their 
productivity, which means that they need to produce more units in less time with considerable quality 
standards. In this work, it is developed a simulation study for an automotive company to analyze the 
dynamics of a line that produce backrests for the back part of cars. The main objective is to evaluate the 
current operations and to determine some possible ways to improve the productivity of the line by 
eliminating waste. The case study reported in this paper is part of the outcome of the business internship 
program sponsored by the Department of Economics, Management and Industrial Engineering of Univer-
sity of Aveiro, Portugal, for the students in the Industrial Engineering and Management master program. 
 
Keywords: automotive company; production line; productivity; simulation. 
 
 

 
 
1 Introduction 
 
The ultimate goal of the majority of the organizations is to eliminate the waste in their systems in order to 
reduce the costs for the company and consequently, to allow the company to drop off the price of the 
manufactured goods maintaining high quality standards. 
   The company has to explore the productive system to find the sources of waste and to eliminate them 
so, it has to identify the hidden and unhidden wastes, to classify them, to define priorities of action, to 
find the root causes for the wastes in analysis and to enumerate and evaluate possible solutions, 
implementing the best solution (Gupta and Jain, 2013). Lean manufacturing concepts and tools are 
proving to be a good practice for those organizations who want to become more competitive through 
waste reduction and value-added creation. The advantages of implementing lean principles and tools are, 
for example, significantly reduced inventory and lead times, better delivery performance, improved space 
and resource utilization, and enhanced productivity and quality (Pavnaskar et al., 2003). In addition, 
simulation techniques are probably one of the best engineering tools to analyze the performance of 
complex industrial systems, enabling the development of a computer based replica of the system in 
analysis with the incorporation of complex interdependencies and uncertainties (Villarreal and 
Alanís, 2011). Simulation enables companies to capture the dynamics of their systems and to evaluate 
different scenarios through the analysis of a broad set of performance measures. 
In this work, simulation will be used to study a manufacturing line dedicated to the production of a 
backrest to incorporate in vehicles. Since automotive industry is a sector that started implementing the 
lean manufacturing concepts a long time ago, the lines of the company are already stabilized and balan-
ced so, the main idea was to explore deeper the operations of the line to search for wastes and test the 
possible solutions to eliminate or reduce them in order to increase the overall productivity of the system. 
   The case study reported in this paper is the outcome of the business internship program sponsored by 
the Department of Economics, Management and Industrial Engineering of University of Aveiro, Portugal, 
for the students in the Industrial Engineering and Management master program. 
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2 System-in-analysis: the production line and the process 
 
The system-in-analysis in this study is a production line that belongs to a multinational company in the 
automotive sector which produces several car products in factories spread all over the world. This specific 
factory, in Portugal, only produces cushions and backrests for the vehicles. The company wants to 
analyze the backrest production line because this specific product is a newest one in the shop-floor and 
consequently, is not so well-known and controlled as the others produced in the factory. 
   The process flow chart is illustrated in Figure 1. The production line has five main workstations (WS) 
and two dedicated full-time workers. The raw materials (RM) and the wires (W) are the main inputs of 
the line processes and the subgroups (SG) are the main outputs of the processes, being also inputs for the 
subsequent processes along the line. The final product is the assembled backrest. 
   The first three workstations are welding machines and are operated by worker 1. This worker is also in 
charge of the welding inspection operation. In this inspection the product may follow three paths: i) the 
product pass the inspection and follows to workstation 4 transported by a hook, ii) the product does not 
comply with the quality requirements but it can be reworked to be recovered, and iii) the product is scrap 
(has defects impossible to recover) and is transported to the scrap jig. These three situations happen with 
different frequencies that correspond to the percentages of 97%, 2% and 1%, respectively. 
   After the welding inspection there is another welding workstation, operated by worker 2, and finally 
there is an assembly workstation, also assigned to worker 2. After this final workstation there is a small 
packaging operation performed by worker 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Backrest Process Flow. 
 
 
   The company’s goal regarding the number of backrests to produce is 448 backrests per day which 
corresponds to 32 jigs each day (each jig has 14 backrests). One problem that the company is facing is 
that with the two existing shifts the production target is not reached so, the company was forced to add an 
half a shift. This measure, as expected, increases the costs for the company. 
   The company is also facing some problems with the third welding machine (WS3) and the assembly 
workstation (WS5). The operators are forced to stop the production several times a week due to defects 
caused by these two machines. The maintenance or engineering team needs between ten minutes to an 
hour to repair both machines. The second welding machine has also problems. Sometimes, when the 
worker is preparing the materials for the machine, the sensor does not detect the raw materials in spite of 
their presence and correct position. This happens because the sensor does not always work properly and 
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the worker has to remove the materials and put them in place again (he lost some seconds doing this 
operation). 
   Since the use of simulation is particularly advantageous when the complexity or operational variability 
of the systems under study renders the application of purely analytical models impossible, it was decided 
to develop a simulation study to evaluate the current operations of the production line and to test some 
possible ways to improve the productivity of the line by eliminating waste. 
 
 

3 Simulation study 
 
In recent years, a lot of research in how to develop a simulation study has been made and it is possible to 
conclude that the required steps to achieve the best path include problem formulation, conceptual 
modelling and data collection, operational modelling, verification and validation (V&V), experimen-
tation, and output analysis (Kelton et al., 2010). These steps were the ones followed in this study. 
   A simulation model of the current operation of the production line was developed in order to document 
the current state of the system in analysis, identify waste in the process, and improving its productivity. 
The relevant operational performance measures (KPIs) such as throughput, schedule utilization of 
resources, cycle times, work-in-process, and queue statistics were analyzed to allow the proposal of a set 
of changes to the existing manufacturing operations. The model was developed using Arena® software 
from Rockwell Software. 
   In developing the simulation model, particular care was taken to model the production line as close to 
reality as possible. In this stage it was necessary to determine which data would be necessary to use in the 
model and if this information was available. 
   The line has two shifts of operation. The first one operates from 6.00 a.m. to 2.30 p.m. and the second 
sift operates from 2.30 p.m. to 11.00 p.m.. The shift includes break periods, lunch/dinner times and 
periods for cleaning the equipments. The availability of data for the processing times of the tasks 
involved in the line allowed the fitting of proper distributions to these data (theoretical and empirical). 
The distributions and its parameters were selected using the Arena’s software module Input Analyzer 
(Table 1). The distributions obtained were analyzed through visual inspection, square error value and p-
value, in order to guarantee a “good” fit. 
 
 
Table 1 
Probabilistic distribution for workstations processing  
times in seconds (Input Analyzer). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   The operational model was developed using several modules from Arena software templates and it was 
developed a 2D animation model (Figure 2) illustrating the dynamic behavior of resources, buffers, and 
transporters. 
 
 
 
 
 
 
 

!

 

 Operator (se-
conds) Machine (seconds) 

1st Workstation Empirical 16 

2nd  Workstation TRIA(19.5, 23, 29.5) Was not considered (instanta-
neous) 

3rd Workstation Empirical NORM(81.9, 1.84) 
Self inspection Empirical Not applicable 

4rd Workstation Empirical Empirical 
5th Workstation 59.5 + WEIB(10.2, 1.61) 

Packaging 51.5 + 30 * 
BETA(1.58, 0.783) Not applicable 
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Fig.2  
Animation model (2D) of the production line. 
 
 
   After the operational modeling phase of the study it was conducted the V&V phase and the results were 
analyzed. It was possible to found that the line only produces between 26 and 27 jigs per day which is not 
the desired target output. The line is balanced in terms of workers’ utilization. In terms of machine 
utilization there is a small difference between machines held by operator one and by operator 2. In the 
WS2 there is a significant difference between the number of backrests that enter and the ones that leave 
the workstation. This problem appears to be a good opportunity to improve the operations and increase 
the line productivity. 
 
 
4 Simulation-based analysis of strategies for possible improvements  
in the production line 
 
 
4.1 Scenarios in analysis 
 
The difference between the backrests that enter and leave the WS2 reinforced the idea that this operation 
needs to be further analyzed and improved. So, the first scenario to test refers to the improvement of the 
operation of the sensor on WS2 before assembly the materials to weld (increases one second on the 
preparation of the materials by worker 1 and eliminates the failure on the welding machine 2). The 
downtime of this machine corresponds to the time when the worker takes out the materials of the 
machine, touch the sensor and put back again the materials. 
   The second scenario corresponds to the improvement in the sensor and to a change in the layout of the 
line. This potential improvement derives from the observation of the line during the internship. It is 
noticed that worker 2 has to walk a considerable distance to go from WS4 to WS5 (more or less four steps 
which corresponds to approximately 3.5 seconds). After changing the layout this time was reduced for 
approxi-mately 1.5 seconds. 
   On the third scenario it was tested, additionally, the hypothesis of transferring the final packaging 
operation from worker 2 to worker 1. This action was defined after analyzing the utilization rates of the 
workers. 
 
 
4.2 Results 
 
Analyzing the results obtained in the different simulations it can be concluded that with the introduction 
of relatively small modifications the system-in-analysis is able to finish more backrests that those which 
are finished currently. 
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   In the current situation (scenario without improvements) the line only produces between 26 and 27 jigs 
per day with two working shifts. This output value increases in the majority of the defined and tested 
scenarios, reaching a mean value of 28 jigs per day in the third scenario (Figure 3). This corresponds to a 
throughput of more (approximately) twenty backrests per day comparing with the current solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Number of jigs produced per day in the different scenarios  
(statistical estimates of the performance measure based on 95% confidence intervals).  

 
 
   In the Figure 4 it is presented the cycle time of WS5 (the time between backrests leaving WS5) and the 
cycle time of the line (after packaging). It is on the third scenario that is observed the smallest cycle time 
and also where is observed the smallest time lost with the packaging operation. 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
Cycle time of WS5 and of the line in the different scenarios  
(statistical estimates of the performance measure based on 95% confidence intervals). 
 
 
The results of these simple experimental scenarios need to be further explored but it seems obvious that 
with small improvements the line can increase its throughput. The desired productivity target is not yet 
achieved, with these two working shifts, but the company is analyzing other scenarios. This simulation 
study needs some refinements but the outcome of this high-level analysis is promising and the decision-
makers are taken it into account. 
 
 
5 Conclusions 
 
This project can be considered as a successful case study of university/industry interaction in the 
industrial engineering field. The student who accompanied the project on site was crucial in this process, 
as she combined the knowledge of the tool being used (simulation) with the perception gained on the 
production process details. 
   The simulation study needs refinements but, it is clear for the company that simulation is a valuable tool 
to support operations management. Simulation techniques involve considerable costs (software, training), 
but the benefits of avoiding disrupting systems or implementing “poor” operational solutions can faster 
outweigh the initial investment (Ramos et al., 2015). 
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   This work can be used to show the benefits that companies can get from these collaborative studies and 
the advantages that can be achieved through the use of simulation to design and analyze manufacturing 
systems. 
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Evaluating Perceptions on  
Executive Support in Project  
Management 
 
Felekoglu B1 and Ozmehmet Tasan S2 
 
 
Abstract: Executive managers are responsible to set long-term objectives for their companies, formulate 
strategies to reach these objectives and enable implementing these strategies through projects. Effective 
management of each project is therefore necessary for the future of the company. Previous research 
suggests that executive support is important in project management. This support can reveal itself in 
many ways. It is important to ensure that project team really feels supported as much as executives feel 
that they provided the necessary support. This study investigates if senior managers and project teams 
have a similar view on executive support. Since innovative projects are strategically essential and usually 
considered as key projects in the project portfolio, this study focuses on executive support during new 
product development (NPD) projects using real data collected from NPD projects. In order to investigate 
the difference between perceptions of executives and project teams on support, a set of hypotheses were 
developed and tested. The results of this study show that although as a generalization executive support is 
important in project management process, there are different perceptions of the project team and 
executives on the manifestation of this support which are detailed in this paper. Implications are discussed 
in the conclusion. 
 
Keywords: Executive support; Project management; Perception; New product development. 
 
 

 
 
1 Introduction 
 
Recent research on project management not only focuses on the factors affecting success of the project 
but also on how projects contribute to the strategic goals of organization. Executive managers are 
responsible to set long-term objectives for their companies, analyze and formulate strategies to reach 
these objectives and implement strategies through projects. The strategic alignment of projects becomes 
vital to save and effectively use organization resources (Too and Weaver 2014). For this reason, 
executive managers need to take part in project portfolio process, which ensures that only the most 
valuable projects are approved and managed across the entire organization. Moreover, previous research 
has shown that their support is also needed during the implementation of the projects that are selected. 
Especially in new product development (NPD) projects this support even becomes vital since those 
projects are flagship projects in the portfolio.  
   Executive support in NPD projects can reveal itself in many ways. This support can be a facilitator in 
one organization where it is a barrier in the other depending on people’s perception; which is affected by 
personal and group characteristics such as expertise, experience and hierarchical level (Rubenstein et al. 
1976). New product team leaders who perceive high senior management support are more likely to be 
successful (Barczak and Wilemon 1992) as they are more likely to become more interested in the project, 
take greater ownership and be more willing to take risks (Swink 2000). Not only team leaders but also 
other NPD personnel who perceive involvement of executive in NPD become more enthusiastic about the 
project, more interested to perform their tasks in coordination with others and more willing to take risks 
(Rodríguez et al. 2008). 
   In the NPD context, executives and the NPD teams can be viewed as two different groups of people 
having their own group structure, norms and values. The perceived similarities within each group would 
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naturally suggest an intergroup perception difference. NPD team’s perception of executive support during 
the NPD project is, therefore, likely to be different from executive’s perception of providing the 
necessary support to the project team. Literature gives an indication of the difference between perceptions 
of top managers and NPD team members (Rubenstein et al. 1976, Barczak and Wilemon 2003) but there 
is a lack of empirical investigation on how perceptions of executive and NPD team might differ for the 
support provided by executives. This study aims to fill this gap. 
The remainder of the paper is organized as follows. In section 2, a detailed literature review is provided 
on technical and social aspects of executive support in NPD projects. In section 3, the perception 
difference in executive support is investigated in terms of suggested hypotheses. In section 4, research 
methodology is explained. Analysis and findings are presented in section 5. Finally, section 6 concludes 
this study with the implications for theory and practice. 
 
 
2 Literature Review  
 
Based on a detailed review of the literature, the supportive behaviours of executives at NPD projects were 
classified in two groups, namely, technical and social support and these will be explained in the following 
subsections. 
 
 
2.1 Technical Support 
 
In this study, technical support refers to executive’s supportive activities related to the managerial and 
process requirements of the project and these activities are important for the progress of the project. They 
are often mandated in the companies’ operating procedures or formal NPD processes. Traditionally, 
technical activities by which senior management supports in NPD projects were considered as strategic 
planning and resource allocation. These activities hold their importance in today’s NPD setting and can 
be extended to include setting direction, determining the relative priority of the project and reviewing the 
progress.   
Support of executives in NPD projects by strategic planning entails setting the critical milestones for 
evaluation, determining the flow of activities and identifying the timing of key events. It is not micro 
managing, but setting the boundaries inside which the NPD team has flexibility to plan their activities 
(Wheelwright and Clark 1995).  
   Perhaps the most frequently referred support of senior management in NPD projects is by providing 
resources (e.g. Bao and Yang 2004, Barczak and Wilemon 2003, Carbonell and Rodríguez-Escudero 
2009, Cooper and Kleinschmidt 1996, Gomes et al. 2001, Green 1995, McDonald and Eastlack Jr 1971, 
Reilly et al. 2003, Rodríguez et al. 2008, Swink 2000). Any NPD project requires mainly three types of 
resources, which are financial, physical and human resources. It is senior management’s responsibility to 
make sure that the ongoing NPD projects have appropriate financial resources. Assigning appropriate 
people to the key roles of the project is also a critical role of senior management. Again senior 
management will invest in the development of human resources as needed. NPD project teams also need 
physical resources such as facilities, rooms and equipments to carry out their work.  
   As each NPD project is part of a bigger portfolio of projects within the overall NPD strategy of the 
organization, it is important that executives set clear direction to the project team to keep the project 
within this broader picture and to keep the team focused on a specific goal (Swink 2000). NPD team 
members were found to become less prone to team stressors and anxiety when the executive supports the 
vision of the project (Akgün et al. 2007).  
   Executives also support NPD projects by determining the relative priority of the NPD project (Green 
1995). This helps to build a trusted relationship between the NPD team and executives, to enable 
executives better allocate the limited resources of the organization and better address the individual NPD 
project need and to ensure internal support for the project.  
   Another activity by which senior management supports NPD projects is to actively review the NPD 
project progress. One of the primary ways of executive involvement in NPD projects is through review 
meetings (Barczak and Wilemon 2003, McDonald and Eastlack Jr 1971, Bonner et al. 2002). The 
supportive role not only requires executive to review the progress of the project in light of changes to 
plans, commitments or objectives but also to take the necessary actions as a result of their review 
(Wheelwright and Clark 1995).  
   Although the supportive technical involvement of executive is deemed to be helpful, it would be 
prudent to also consider “social aspects” of their involvement. 
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2.2 Social Support 
 
Social support of executives in NPD projects refers to the executive’s supportive activities in which they 
spend time and be in contact with the NPD team or the other people in relation to the NPD project, mostly 
to deal with the psychological and social aspects of the NPD team requirements.  
Throughout the development process, the NPD team may need support from other functions or working 
groups who are not a part of the core NPD team. Senior management can disseminate results to the others 
(Green 1995) and help to secure and sustain this internal support (Reilly et al. 2003, Wheelwright and 
Clark 1995).  
   During an NPD project the team might need knowledge sources outside the company. The team can 
seek external help themselves, however, these initiations may be easier and more effective if the team has 
guidance and help from senior management in reaching relevant external resources (Green 1995). This is 
because the senior management has the position to see the big picture and use their extensive network to 
reach relevant external resources and therefore the ability to secure help from outside the company more 
easily and quickly (Wheelwright and Clark 1995). 
   NPD is a collective effort. Each NPD project requires coordinated teamwork. Encouraging teamwork 
between functional groups is another supportive activity of executive in an NPD project (Rodríguez et al. 
2008). When compared to the routine activities of an organisation, NPD requires tighter integration 
between functional departments.  
   Communication between NPD team members is critical for their exchange of knowledge. Executive 
support positively influences willingness of team members to exchange knowledge (in terms of donating 
and collecting) with the other team members (Lin 2007). Executive can provide an organisational setting 
which stimulates communication. 
   Another supportive activity of executive is their guidance to the NPD team in dealing with unforeseen 
contingencies. The team can most probably overcome the minor abrupt changes and problems. However, 
when the team encounters major unanticipated circumstances, they need guidance to deal with these 
situations. Senior management can help the team in those times by providing guidance (Reilly et al. 2003, 
Wheelwright and Clark 1995). This guidance may be through sharing experience, giving advice, 
providing resource, or securing external help.  
   The NPD team is likely to experience stress and conflicts throughout the NPD project (Barczak and 
Wilemon 2003). The team is, therefore, prone to make mistakes or experience interim failures from time 
to time within the unpredictable nature of NPD. Senior management can support the NPD team by being 
prepared to accept occasional failures as a natural part of NPD (Rodríguez et al. 2008).  
   Another supportive activity of executive is to create an open atmosphere. Increased employee 
autonomy is part of the socio-technical system and reflects the participative approach to leadership. This 
participative leadership approach puts emphasis on creating an atmosphere where members of the work 
group feel enthusiastic and comfortable enough to share their ideas and thoughts (Carbonell and 
Rodríguez-Escudero 2009, Hunt 1980). It is senior management who encourages this open atmosphere.  
   In summary, seven technical and seven social supportive activities of executives were identified and in 
the next section the importance of understanding the differences in perceptions for executive support will 
be explained and hypotheses will be developed. 
 
  
3 Differences in Perception and Hypotheses Development 
 
As discussed above there are different ways by which executive can support an NPD team. However, 
executives and NPD team members might have different perceptions about the executive support in the 
NPD project. Understanding the mismatch between perceptions of these two groups is important for both 
parties. After all, people learn more from differences, than similarities. This awareness can help them 
better empathize each others’ feelings and expectations. In addition, project success is more likely to be 
influenced by the extent to which the team perceives that they are supported by executive than the extent 
to which executive feels that they are being supportive. If the team has not felt the supportive 
involvement of their executive, it matters little how much executive thinks that they have been 
supportive. In fact, a study of in-depth interviews with NPD team members qualitatively reveals that NPD 
team members feel little support of their senior managers (Barczak and Wilemon 2003). This common 
feeling of being neglected by senior management, leads us to the following hypotheses: 
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H1-14 The level of executive support in NPD projects perceived by executives is higher than the level 
perceived by the NPD team.   
1-14 refers to each of seven technical and seven social supportive activities of executives which were 
written italics and explained in the literature review above.  
 
 
4 Research Methodology and Findings 
 
In this study, the difference in views of executives and NPD team on executive support in NPD projects 
was statistically investigated. Data was collected at project level and for each project, responses of both 
executive representative and NPD team representative were collected. 14 measurement items are used 
which cor-respond to the 14 sub-hypotheses that were introduced in section 3.  Respondents were asked 
to indicate the degree of their agreement with each statement on a five-point Likert scale from “strongly 
disagree” to “strongly agree”.  
   The hypotheses were tested with one-tailed Wilcoxon’s paired signed ranks test at the 0.05 significance 
level using the data for supportive technical and social activities of executives collected from both 
executive and NPD team representatives.   
   The results of the Wilcoxon’s paired signed ranks test are summarized in Table 1. Significant values are 
written with asterisks. The resulting one-tailed p values indicate that executives perceived significantly 
higher level of support in the NPD project for seven of the 14 measurement items of executive supportive 
activities than the NPD team. 
 
  
Table 1 
Wilcoxon’s paired signed ranks test results – measurement  
items of executive supportive activities. 
 
 

  H1-14 
1-tailed 
p value 

Technical 
supportive  
activities 

1. Executive set a clear direction to the project team 0.0062* 
2. Executive determined the relative priority of this project 0.0054* 
3. Executive had an active role in strategic planning of the 
project 0.0045* 

4. Executive provided sufficient financial resources to the 
project 0.0505 

5. Executive allocated appropriate physical resources (e.g., 
facilities, rooms, equipments) to the project 0.0409* 

6. Executive assigned appropriate people to the key roles 
of the project 0.1446 

7. Executive actively reviewed the progress of the project 
in light of changes to plans, commitments or objectives 0.0446* 

Social 
Supportive  
activities 

8. Executive played an active role in building support for 
the project within the company 0.1949 

9. Executive was available to secure help for the project 
from outside the company when needed 0.0166* 

10. Executive encouraged teamwork between functional 
groups (e.g., R&D and Marketing) 0.0681 

11. Executive provided an organizational setting for the 
project team which stimulated communication among team 
members 

0.3669 

12. Executive was available to guide the project team to 
respond to unexpected events or deal with unforeseen 
contingencies when needed 

0.0222* 

13. Executive was prepared to accept occasional failures as 
a natural part of new product development 0.1056 

14. Executive created an atmosphere where the project 
team was free to raise questions or concerns 0.2420 

 
*Significance level: p< 0.05 
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5 Conclusion   
 
This study demonstrated how views of executives and NPD teams on executive support differ. The results 
indicated that executives perceive a higher level of support than the NPD team perceives. More 
specifically, although executives thinks that they set a clear direction to the team, provide necessary 
physical resources, have active role in strategic planning of the project and in reviewing the progress of 
the project, determine its relative priority, are available to secure help from outside the company and to 
guide the team through unexpected events, the team thinks that they do to a significantly lesser extent. 
This finding confirms that there is a mismatch between perceptions of these two groups. It also 
complements the findings of Barczak and Wilemon (2003) indicating that NPD team members perceive 
lesser support from their top managers but provides more detail on the aspects of support which are seen 
as insufficient by the team. Awareness of this difference in perceptions is important for both parties as it 
might help them to better empathize each others’ feelings and expectations. Hidden expectations might 
depreciate team morale and ultimately their performance. Mutual understanding of needs and building a 
shared language might foster effective collective effort, which eventually might improve work 
satisfaction and bring better performance. 
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Application of Data Mining  
Techniques and Competitive  
Intelligence for efficiency  
gains in Public Service  
Selection Exam Agencies 
 
Junior R R S1, Neumann C 2 
 
 
Abstract: This paper is based on the application of massive data mining techniques to databases related 
to Public Service Selection Exams to highlight specific knowledge skills discovery. The main observation 
pointed out was related to the high absence rate, especially by candidates who are exempt from the 
registration fee. The information regarding the absence rate is exploited to obtain higher efficiency, 
saving resources in renting facilities, allowing investment in anti-fraud technologies and eventually, 
reduction in registration fees, allowing for a greater number of people to participate in Public Service 
Selection Exams. This is clearly a competitive advantage over peer companies. This paper demonstrates, 
using simulations and under certain assumptions, that there is no risk in using a “7% excess-capacity” rate 
in the examination rooms. 
 
Keywords: Competitive intelligence; Data Mining; Efficiency gains; public service selection exams; 
simulation. 
 
 

 
 
1 Introduction 
 
In general, the Brazilian society regards positively admission to public service through selection exams, 
seeing an opportunity for all citizens to access public office positions based on merit rather than relying 
on personal relationships, sponsorship or kinship. Initially, this paper’s objective is to extract knowledge 
from databases derived from candidates registered in Public Service Selection Exams using data mining 
techniques. Furthermore, the knowledge demonstrated in the initial stage was explored through 
competitive intelligence, seeking efficiency gains in the use of resources for use in Public Service 
Selection Exams Agencies. If the services provided by the Public Service Selection Exams Agencies are 
efficient, there is a possibility to increase investments in security and other aspects related to the 
applications of the exams, as well as a reduction of registration fees. 
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2 Related papers 
 
Several articles approach the extraction of knowledge using data mining techniques. Freitas CMDS, 
Nedel LP et al (2008), provides an overview of the issues dealing with knowledge discovery and 
visualization of information on social networks, specifying a structure for data representation, a set of 
data mining techniques for knowledge acquisition and a learning mechanism machine to act rationally on 
the environment and improve performance in future tasks. There are also articles published about 
competitive intelligence and the advantages of its use in organizations, as demonstrated by Canongia C, 
Santos DM, Zackiewicz M (2004) and Colauto RD, Gonçalves CM et al (2004). 
 
 
3 Theoretical Framework 
 
 
3.1 Global Process Data Mining and Competitive Intelligence  
 
According to Ragab AHM, Noaman AY et al (2014), data mining is the process of knowledge extraction 
from large databases. Its techniques apply advanced computing methods to discover unknown 
relationships, summarize results of analysis observed in data sets and demonstrate clear and 
understandable relationships between data. According to Witten IH, Frank E, and Hall MA (2011), there 
are essentially four techniques, namely: Classification: learning technique that provides a data set, a 
sample of examples, which support the classification of a set of unknown data; Association: learning 
technique that seeks an association between some characteristics in data sets; Clustering: learning 
technique that seeks to find, within a set of data, elements which are grouped in a given pattern, and 
numerical prediction: learning technique to predict numerical quantities (non-discrete). 
   Currently, the strong relationship between information management, knowledge management and 
competitive intelligence is easily noticeable. It is understood that information management operates with 
explicit knowledge, while knowledge management operates with tacit knowledge. As for competitive 
intelligence (CI), it operates with both of them, explicit and tacit knowledge, and is characterized as a 
process. The CI establishes relationships and interconnections between information management and 
know-ledge management (Valentim MLP (2002)). 
 
 
4 Methodology  
 
The methodology for this paper includes the discovery of knowledge through data mining techniques and 
its use as an organizational competitive intelligence. For the process of knowledge discovery, we will use 
the consolidated steps of the overall process known as KDD, explained by Fayyad UM, Piatetsky-Shapiro 
G et al (1996): selection, pre-processing, transformation, data mining (DM) and evaluation / 
interpretation. Later, competitive intelligence will be used, adding a descriptive statistical analysis to 
verify important cost-related information to perform simulations. With the simulations, the competitive 
intelligence can be established for gaining competitive advantage through service efficiency increase 
(with cost savings) in application of exams by Public Service Selection Exams Agencies. 
 
 
4.1 Selection, pre-processing, transformation data, data mining and Evaluation 
 
The necessary data is selected and collected. The data used in the analysis was provided by the Brazilian 
Research on Evaluation and Selection Center and Event Promotion (Cebraspe), also known as Cespe, 
which started its activities in the 70s, conducting admission exams to the University of Brasilia (UnB). 
After the Constitution of 1988 was promulgated, Cespe also began conducting Public Service Selection 
Exams. The pre-processing is the transformation of the data. In this paper, two tools were used in this 
step, namely: The Database Management System (DBMS) SQL Server Express (Microsoft) and the GNU 
RStudio Statistical Data Analysis. The status of of applications processing was standardized. Applications 
paid through invoices or other barcode documents, such as the GRU (Union Payment Form) were labeled 
as the “Invoice” category. For the attendance situation in selection exams, the following categories were 
considered: "absent", "present", "eliminated" and "not summoned for examination" (description assigned 
to the records of candidates whose payment situation is equivalent to "canceled registration"). 
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Disqualifications of applicants during the exams for reasons stated in the exam notice (event rules) were 
grouped in the "Eliminated" category. 
   Initially, the technical classification with logistic regression algorithm was used to find a relationship 
between the attributes with a response variable. As a response variable, the attendance situation was 
chosen, that is, the intention is to verify which attributes influence the attendance of candidates 
(categories). 
   Once the previous step is concluded, all predictor variables significantly associated with the response 
variable were selected. Using a decision tree it is possible to obtain an induction model in "yes-no" 
format, to be constructed dividing the different classes according to their attributes. The result obtained is 
shown in Figure 1 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Decision tree obtained with the predictor variables. 
 
 
   The decision tree displays a structure with a four-variable response, namely: "absent" (green color is 
highlighted), "eliminated ", "not summoned to the exams" (orange color is highlighted) and "present" 
(purple color is highlighted). Since the number of occurrences for the "Eliminated" variable was 
insignificant, the structure failed to represent this variable. 
   After analysis of the decision tree and using business knowledge, it followed that the list presented by 
the “not summoned to the exams" category was unnecessary. However, the other relationship was a 
surprise, since, despite the suspicion that the abstention rate for the candidates exempted from the 
registration fee (exempt candidates) would be higher than that of candidates who paid the admission fee, 
the discrepancy was greater than expected. What the decision tree shows is that 70 percent of participants 
who are exempt from registration fees did not attend the location in which the exams were administered. 
 
 
4.2 Application of competitive intelligence 
 
The usefulness of the analysis of the burden imposed by exempt candidates who were absent was proved. 
However, this paper’s approach was to use the information regarding the absence ratio for all applicants, 
which stands at more than 1/4 of the properly allocated candidates. As mentioned before, since this is a 
more significant number, it offers, in principle and depending on feasibility, a higher possibility for 
savings. 
   The search for efficiency in the services provided through the optimization of resources, that is, the 
search for a competitive advantage making the most efficient use of the exam sites, requires using the 
information regarding the absence, taking into account the following: a) ensure administration of the 
exams without risk to the candidates, seeking to always have proper facilities for the exams; b) provide 
facilities with enough spare positions to bear candidates not contemplated in the admission log list, 
caused by force of injunctions, unidentified payments by the agency responsible for the exams or any 
inconsistency in bank service charges. 
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Data for surveys of costs 
 
In order to verify cost reduction it is necessary, in the first place, to locate and analyze cost data regarding 
the facilities designated to carry out the exams. The survey used two databases, namely: 
 

1.! The candidates database aforementioned in subsection "Selection, pre-processing and 
transformation data". General information about registered candidates database: Total 
candidates: 3,783,863; Total candidates, effectively registrated: 2,261,400; Total exams 
(events): 27 and Total exam rooms: 51,074. 
 

2.! A spreadsheet of facilities designated to carry out exams, including rent rates, used in 
events during March/2014, provided by the sector responsible for renting facilities 
designated to carry out exams. Here we highlight the following: 

 
 
   The spreadsheet included 1,231 facilities designated to carry out exams and the average rent rate was 
R$ 2,716.12. Since the base date for the information was March 2014, the inflation rate corresponding to 
the elapsed period (March / 2014 to December / 2014), of 5.10%, was applied. The updated average rate 
after adjusting for inflation was R$ 2,854.64. Costs related to hiring Coordinators, deputy coordinators, 
room supervisors and other important staff in Public Service Selection Exams were informed by Cespe‘s 
sector responsible for hiring, using the price currently practiced (without corrections). The same sector 
also reported the reserve percentage, when appropriate, for each of the staff member. 
 

An important information from the sector responsible for facilities designated to carry 
out exams was that there is always a spare room reserved for contingencies and risks, 
that is, to serve candidates who have injunctions, or to consider candidates whose 
invoices were not processed by banks, even when actually paid, etc. The spare rooms 
have an average capacity for 30 candidates. Historically, the usage of the spare room 
never exceeded 40%. Therefore, the remaining 60%, or 18 seats, in the spare room can 
be used for candidates belonging to rooms with exhausted capacity (oversized to 
account for absences). 

 
   The expected number of absentees, usual in Public Service Selection Exams, will be called "Controlled 
Absention" (CA). The number of attendees in excess of expectations in a given exam room will be called 
"Unexpected Attendance" (UA) 
   According to the data collected to estimate costs, the mode of the absence percentage was 25%. Thus, 
the simulations can be performed with the absentee percentage inferior to the mode, seeking an ideal 
percentage of "Controlled Absention" (CA), considering the business aspects already placed, which must 
be met for the proper conduct of selection exams. 
 
 
4.3 Simulations 
 
Simulation is a technique used for both the design and evaluation of new systems, as well as for the 
physical reconfiguration or changes in control and (or) existing systems operation rules. The applications 
of simulation have increased in all areas, assisting managers in decision-making of complex problems and 
enabling a better understanding of processes in organizations (Sakurada N, Miyake DI (2009)). 
   For the simulation in place, the instructions used were based on database standard language (SQL), the 
candidates database, and a database management system (SQL Server Express - Microsoft®). The simula-
tions were carried out according to the following steps for each (integer) percentage rate below the mode: 
   1. Establishment of the percentage to be simulated as input (initiates at 24, the first integer below the 
mode of 25); 2. Summarization in temporary table of all the exam rooms containing the following 
information: event, exam room, number of registered candidates, absent candidates, absence percentage 
and amount of UA. The UA information was obtained for each room calculating the product between the 
number of candidates in the room and the percentage to be simulated, rounding to the next whole number 
(if the number obtained is not full). This result is subtracted from the number of absentees in the room. If 
the result is a positive number, then there is an indication that the number of absentees was smaller than 
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the expected absentees (occurrence of the "UA"). 3. Summarization in temporary table of all the exam 
rooms, containing the number of exam rooms, the number of rooms with UA and the number of candi-
dates that were classified as UA. 4. Count of the occurrences (exam sites) where the number of candidates 
classified as UA may gene-rate some kind of problem due to insufficient places in the spare room. 
   In this case, only rooms which had an UA superior than 18 were considered, because, as reported by the 
responsible sector for hiring facilities designated to carry out exams, there will always be up to 30 spare 
places, with the possibility for 18 candidates, considering the UA (60% capacity as reported earlier). Also 
considered were the facilities in which the quantity of candidates classified as UA surpasses the amount 
of rooms, given that the average number of rooms per facility is also 18. 
   Considering 8% of CA applied to each room, that is, increasing its capacity in virtual terms, only two 
rooms presented problems. Even in this case, it would be difficult to experience any kind of real problem, 
given that in these places there were no candidates with injunction (leaving a greater capacity in the spare 
rooms). Nonetheless, since the requirement was to use 60% of the spare room (18 seats), not 30 seats 
(average capacity of the spare rooms), the simulation ensures the use of 7% of CA (with zero problem). 
The probability of UA in a room, according to the data used in the simulation, is less than 5%. 
 
 
Table 1 
Results of simulations. 
 
 
 
 
 
 
 
 
 
 
 
5 Conclusions 
 
This paper demonstrated it is possible for Public Service Selection Exams Agencies to analyze 
registration data through data mining techniques, emphasizing certain aspects that are not always clear to 
managers and decision makers. As noted, it was still possible to explore, seeking competitive advantage, 
the results obtained though data mining techniques. Obviously, to obtain competitive advantages, the 
study should consider certain security, quality and business rules principles that permeate the 
organization. Knowing the business rules is essential to easily realize the opportunities to be exploited, 
such as competitive advantages, from any highlight. 
   The minimum safe level for CAs, for purposes of renting facilities (spare rooms), of 7% is feasible, 
without harm or consequences due to lack of capacity (100% of the facilities designated to carry out 
exams), as observed in the analysis of the data used in the simulation, which represent a fairly significant 
and diverse sample.  The possibility of using a higher percentage of CAs safely is not ruled out, providing 
financial returns and greater competitive advantage, as long as the principle of spare room capacity, of 18 
participants (60%), is increased. In this case, it is necessary to conduct a risk analysis to decrease the 40% 
percentage of spare rooms capacity for contingency situations (candidates not included in the registration, 
designated under injunctions or unidentified payments by the Public Service Selection Exams Agencies 
due to inconsistencies in bank procedures). 
   It is emphasized that this analysis considered specific aspects of capacity, whereas there will be a spare 
room for every 18 rooms designated. Certain aspects, such as room supervisors training, procedures to 
relocate candidates to spare rooms, etc, were not considered. It is thus recommended the implementation 
of additional measures to the competitive intelligence such as: a) The formalization of these instructions 
in case of UAs in rooms; b) Implementation of team training to properly relocate candidates to spare 
rooms without constraints, among others. 
 
 

Controlled Absention (CA) percentage tested Rooms designated to carry out exams 
with problems 

24% 1147 

… … 

9% 20 

8% 2 

7% 0 
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If the CA level considered was 7% for each designated room, considering a cost of R$ 
11.93 per candidate as per the obtained data, considering only the designation coss for 
each candidate (excluding printing, drafting and other costs) and considering 
2,261,400 designated candidates (distributed in rooms) in 27 exams used in the 
simulation, the savingscould reach R$ 1,888,495.14 (one million, eight hundred 
eighty-eight thousand, four hundred ninety-five reais and fourteen cents). 

   With the financial savings obtained, it would be possible to invest in security procedures in Public 
Service Selection Exams to prevent fraud. There is also the possibility of a reduction in fees, allowing 
more citizens to apply. The strengthening and increase in credibility of the Public Service Selection 
Exams procedures are essential to reduce the discretionary appointment of employees by government 
officials and to ensure that the public in general is served by the most capable people. 
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Performance Evaluation of  
Order Acceptance Decision  
under Static and Dynamic  
Settings 
 
Sujan Piya, Ahm Shamsuzzoha1 
 
 
Abstract: This paper develops two different methods of order acceptance and rejection decision (OAD). 
The developed methods represent decision making under static and dynamic settings respectively. These 
methods are analyzed using arena simulation software and comparisons are made to understand the 
situation under which one OAD setting outperforms others. 
 
Keywords: Order Acceptance; Simulation; Static and Dynamic Decision. 
 
 

 
 
1 Introduction 
 
One of the major strategic decisions in MTO system is to decide on which order to accept from the 
customer and which to reject. Basically, there are two situations at which company makes such decision. 
Paper such as (Piya et al., 2012) has considered dynamic situation where the company makes decision as 
soon as customer arrives with their order in the system. On the other hand, company may make such 
decision at a point of time in the period after accumulating some orders as considered in Fabrice and 
Roel, 2011. Making decision under such situation constitutes static decision. From the discussion it can 
be noticed that there are papers dedicated to static setting of OAD and others on dynamic setting. No 
attempt has been made to study the situation under which specific setting is better than the other. 
 
 
2 Objective 
 
The objective of this paper is to develop two OAD methods, representing static and dynamic settings 
under flow shop production system. For both methods OAD is based on the available capacity with 
respect to the due date and profit. 
 
 
3 Methods  
 
 
3.1 Dynamic OAD: Once a new customer arrives with certain information such as batch size and due 
date the company will check the present workload in the system.  If the new order could be fitted within 
the existing workload, the order will then be scheduled for production and expected completion time 
determined. If it is less than or equal to the exogenously fixed due date, then the order will be checked 
further for expected profit. If the expected profit is at least equal to the minimum profit margin 
earmarked, then the order will be accepted. 
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3.2 Static OAD: OAD under static setting works on a periodic basis. In this setting orders that arrive 
within certain time window of a period is accumulated and OAD is done once the time window of a given 
period is completed. Therefore, this setting represents selection of order from an order sets based on some 
criteria. It means that before the OAD is done, the order will remain in the order pool. At the decision 
point, based on all the accumulated orders in the order pool and past orders production schedule will be 
generated using earliest due date (EDD) dispatching rule. This helps to know the expected completion 
time of each new order. 
 
 
4 Result 
 
Table 1 shows the results of numerical analysis conducted using ARENA software. From the table it is 
obvious that as compared to dynamic setting, more orders are rejected in static settings. The reason is that 
in this setting orders are accumulated for decision making and accepted orders are dispatched all at once 
creating long queues in the initial workstation rather than making decision immediately after each arrival 
and start production. However, even though rejections are more, the difference in total profit is not 
drastic. It indicates that static setting is more selective in the decision process and tries to accept 
profitable orders. In terms of tardiness, static OAD is significantly better than that of the dynamic system. 
The reason is that in dynamic setting more orders are accepted without being able to take the decision by 
streamlining the schedule based on different orders. Also, in terms of average time the order spent on the 
system static system is better. 
 
 
Table 1 
Simulation result for OAD. 
 
 
 
 
 
 
 
 
 
 
 
4 Conclusion 
 
This paper developed static and dynamic models of OAD in a flow shop production environment. 
Numerical analysis is carried out to evaluate the performance of these models. Analysis indicates that 
each setting is effective under the given situation and based on the objective function of manufacturer. 
This research can be extended to consider the problem in a Job shop production system. 
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Parameters OAD 
Dynamic Static 

Accepted orders 176 154 
Orders rejected 19 41 
Total Profit ($) 494.51 468.40 
Average tardyness (days) 2.31 0.83 
Average time in the system (hr) 32.76 14.74 
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A simulation-optimization  
approach for production  
planning and scheduling 
 
Moniz S1, Marques A, Carvalho S, Pinho de Sousa J 
 
 
Abstract: In this paper, we propose and assess a Simulation-Optimization (SO) method to solve a real 
world planning and scheduling problem that has been addressed by the authors in the metal working 
industry. We present an experimental study comparing the iterative SO approach developed by Kim and 
Kim (2001) with our SO method that considers new types of capacity and production constraints in the 
optimization model. Preliminary computational results have shown that the proposed method tends to 
outperform Kim and Kim (2001) approach, both in terms of total products produced and value of the 
objective function. 
 
Keywords: Production planning, Scheduling, Simulation-Optimization, Discrete-event simulation,           
Linear Programing. 
 
 

 
 
1 Introduction 
 
Market competitiveness pushes industrial companies towards a continuous improvement of production 
systems. Production planning and scheduling are often viewed as critical functions to reduce operational 
costs and to improve the performance of those systems. In general terms, planning and scheduling 
problems comprise the allocation of resources to competing customer orders across a time horizon that 
ranges between several days and one year. The related problems are very difficult to solve due to their 
combinatorial character, the fact that they are very resource constrained, and to high levels of uncertainty. 
This paper addresses part of these problems by proposing a new Simulation-Optimization (SO) method. 
   Production planning decisions are related to tactical decisions made for medium-term time horizons and 
aim at determining optimized production mixes, lot sizes, assignment of orders to work-centers, and 
release plans. Resource allocation decisions and capacity constraints are often modelled in an aggregated 
way. On the contrary, scheduling decisions concern operational decisions made for relatively short time 
horizons and aim at obtaining feasible production schedules at the level of the shop floor. Scheduling then 
involves decisions such as ordering and sequencing of the operations in the work-centers. Since, in prac-
tice, planning and scheduling decisions are deeply interconnected, research has been focused on solving 
the integrated planning-scheduling problem (Moniz, Barbosa-Póvoa, Pinho de Sousa, & Duarte, 2014).  
   To efficiently solve the planning and scheduling problem, models must accurately consider the lead 
time of the production line. This lead time can be defined as the total time between the release of the 
product to the shop floor and its output at the end of the line, ready to satisfy the demand. The critical 
decisions here are to determine, for each product, the quantity and the timing when it should be released 
to the shop floor. However, it is known that when the release rate leads to a workload that is close to the 
line capacity, the lead time significantly increases (Hopp & Spearman, 2001). So release decisions 
depend on the estimation of the lead time and this time depends on the resources utilization that depend 
on the release decisions. This circular dependency has been addressed by several authors in the past 
(Modigliani & Hohn, 1955). More recently this challenge has also been addressed by (Kacar, Irdem, & 
Uzsoy, 2012; Safaei, Moattar Husseini, Z.-Farahani, Jolai, & Ghodsypour, 2010; Sel & Bilgen, 2014) by 
applying clearing functions or simulation-optimization approaches. Interesting reviews in this area have 
been published by (Figueira & Almada-Lobo, 2014; Negahban & Smith, 2014; Pahl, Voß, & Woodruff, 
2007). 
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   In this work, we improve the SO feedback loop by proposing new capacity constraints for the 
optimization (LP) model. The innovative characteristic of the proposed constraints relies comes from the 
fact that the total processing time is estimated and handled in the left side of the capacity constraints. 
Moreover we introduce additional constraints that account for the excess of amount released by the 
optimization model. The remainder of the paper is structured as follows. In section 2 a literature review is 
presented. The case study is introduced in section 3, and it is followed by a section described the SO 
approach. Then in section 5, we present some computational results. Finally, section 6 provides some 
concluding remarks. 
 
 
2 Literature review 
 
A straightforward way to model the production lead lime is to consider that it is constant and independent 
of the workload. This approach is generally considered in Material Requirements Planning (MRP) 
systems and in the most mathematical programing models for solving planning problems (Missbauer & 
Uzsoy, 2011; Pochet & Wolsey, 2006). The main problem associated with this approach is that the 
derived production plans tend to overestimate the effective capacity of the production system, especially 
when the resources of the production system have high utilization rates. To tackle this problem models 
use additional parameters, attempting to capture the nonlinear behaviour between workload and 
production lead time (Pahl et al., 2007). 
   In early papers, orders release is constrained by extended lead time parameters that are incorporated in 
the capacity constraints of an LP model. Hung and Leachman (1996) perform production planning with 
the fractional lead times being estimated for a given release plan and allowed to be spread over several 
time periods. Byrne and Bakir (1999) propose the adjustment of the available work-center capacity based 
on the effective work-center load obtained in the simulation. Kim and Kim (2001) extended the two 
previous works by proposing new capacity constraints of the LP model that simultaneously estimate the 
lead times and the effective capacity of the work-centers. Later Byrne and Hossain (2005) modify the left 
side of the capacity constraints to consider an effective load ratio per product, operation, and work-center; 
and the right side with the probability of availability of the work-center. 
   More recently, general approaches using SO have been proposed. Acar, Kadipasaoglu, and Day (2009) 
develop a general approach that uses a simulation model to provide lower bounds to a mathematical 
programming model. Bang and Kim (2010) address the production planning and scheduling problem of 
semiconductor wafer fabrication, and propose an iterative optimization approach involving three steps. In 
each iteration, the values of waiting time and the inventory level in the bottleneck workstation obtained in 
simulation are used for updating the parameters of the LP model. In a recent work, Marques, de Sousa, 
and Rönnqvist (2014) develop a SO approach for short term planning of forest operations. 
 
 
3 Case study 
 
In this paper, we address the production planning and scheduling problem of a job shop manufacturing 
system that produces engineered metal components. Customer orders specify quantities and delivery 
dates. There are 6 work-centers and the number of machines in each work-center is depicted in Figure 1. 
The product routings and operational costs are assumed to be known. The case is deterministic and 
involves the production of 4 types of products during 3 weeks. It is assumed that the available time per 
week is 2,400 minutes. The objective is to minimize the operational costs by determining the allocation of 
the products to work-centers and the corresponding sequencing. The discrete-event simulation model has 
been built in SIMIO and a FIFO dispatching rule has been used in the work-centers. The exception is the 
first work-center (C01) that alternates processing in a cyclical way among the products that have been 
released. 
 
 
 
 
 
 
 
 
 
Fig.1 
Production system. 
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4 Simulation-optimization approaches 
 
The iterative SO approach that has been tested is based on the procedure proposed by Byrne and Bakir 
(1999) and then adapted by Kim and Kim (2001), and has been classified as Recursive Optimization 
Simulation Approach (Figueira & Almada-Lobo, 2014). The first step consists in running a LP model to 
determine the release plan. In the second step a discrete-event simulation model runs with the release plan 
previously determined by the LP model. Statistics concerning the loading ratios and work-centers 
utilization are collected during the simulation. In a third step, the capacity constraints of the LP model are 
adjusted with the loading ratios and the work-centers utilization parameters, as obtained by the 
simulation. The procedure stops after a determined number of iterations has been reached. 
 
 
4.1 Kim-Kim (KK) approach 
 
The LP model of Kim and Kim (2001) is given by expressions (1-5). The model considers four types of 
continuous variables. !"# define the amount of product released at time $; %"&  are auxiliary continuous 
variables that define the quantity of output of product ' at time (; )"& represent the inventory amount; and 
*"& represent the backorder amount for each product and time interval. 
   The objective function (1) is to minimize the total costs, by considering production (+"&), inventory 
(ℎ"&), and backorder (-"&) costs. The capacity constraints (2) have, at the right side, the work-center 
utilization parameters (./&) and, at the left side, the loading ratio (0"1/(#,&)) of product ' and operation 5 on 
work-center 6 and period (, when the product release occurs in period $, such that $ ≤ (. Both ./& and 
0"1/(#,&) parameters are updated in each iteration of the procedure. The processing time of product ' in 
operation 85  and work-center 6  is given by 9"1/ . Constraints (3) express the relation between product 
releases and production affected by the loading ratio parameter. Constraints (4) are the inventory balance, 
and constraints (5) enforce the non-negativity of variables. For more details concerning this LP model 
please see Kim and Kim (2001). 
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4.2 Proposed approach 
 
In the KK approach the values for the 0"1/(#,&) parameters are computed after each simulation run and 
refer to each planning period of the optimization model. If the initial release plan (determined by the LP 
model) is far from the optimal solution, the estimated loading ratios retrieved by the simulation may 
wrongly guide the SO approach and can lead to very poor solutions. The approach proposed in this work 
replaces constraints (2-3) by constraints (6-7) and considers one additional type of constraints (6) to 
impose an upper bound on the release amounts. 
   In our approach, we iteratively estimate the average loading ratios relative to any time period of the 
release plan, instead of obtaining loading ratios to fixed time periods as done by (Hung & Leachman, 
1996; Kim & Kim, 2001). The new parameters (80"1/\∗ ) represent the loading ratios of operation 5 and 
work-center 6 at time ^ relative to the release of product '. Constraints (6-7) result from the introduction 
of the new loading ratio parameters into constraints (2-5). Finally, constraints (8) are applied only to the 
subset of products that have output production in the optimization model larger than the effective 
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production in the simulation model. For those products, we set the upper bound %"∗ for the release variable 
so as to correct the excess of product release. 
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5 Computational results 
 
Preliminary computational results show that the KK approach rapidly converges to solutions where the 
total output of the production plan obtained by the LP model is similar to the total output resulting from 
the simulation model. Nevertheless, the use of the loading ratio and work-center utilization parameters in 
the capacity constraints results in better solutions, both in terms of total output and objective function 
value. In particular, since the work-center utilization parameters are computed based on the values of the 
previous simulation run, the increase of the amount released in the LP model will be strongly constrained 
in the next iterations. Therefore, we can say that the KK algorithm serves well the purpose of getting 
feasible production plans and schedules, however it is quite limited in improving solutions during the 
iterative approach. On the contrary, considering the LP model with constraints (6-8), the total output of 
the production line tends to increase, and the total cost of the production plan tends to be lower, when 
compared with the results obtained by the KK approach. 
 
 
Table 1 
Proposed approach results. 
 
 

Period Product Iteration 1 
 

Iteration 2 
 

Iteration 3 
Release Output 

 
Release Output 

 
Release Output 

1 

1 48 48  115 115  137 136 

2 203 203  192 161  178 148 

3 207 207  184 175  186 162 

4 260 260  260 260  260 260 

2 

1 52 52  96 96  89 89 

2 253 253  220 215  230 221 

3 163 163  169 170  164 167 

4 200 200  200 200  200 200 

3 

1 132 132  18 18  0 0 

2 235 235  369 344  375 351 

3 138 138  84 88  89 98 

4 140 140  140 140  140 140 

Total output 2,031 2,031  2,047 1,982  2,048 1,972 
Obj. function 772,666.6  820,838.9  834,226.2 
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  Table 1 summarizes the preliminary results for the new approach. In the third iteration the total output 
and objective function value outperform the KK approach in more than 10%. The results of the following 
iterations show, as well, that the results of the proposed approach always outperform the KK results. 
However, convergence cannot be guaranteed. A relevant practical aspect of this algorithm is that it can 
provide reliable planning and scheduling solutions in less than 3 minutes. The LP model was 
implemented using ILOG/CPLEX version 12.5.1 and the simulation model was built in SIMIO, running 
on an Intel Core i7-4700Q with 12 GB of RAM. 
 
 
6 Conclusions 
 
This paper presented and assessed a new Simulation-Optimization (SO) approach for solving production 
planning and scheduling problems. A new loading ratio parameter has been proposed and an additional 
set of constraints that impose an upper bound on the amount of products released has also been 
introduced. The performance of the approach (KK) suggested by Kim and Kim (2001) and the proposed 
SO method have been compared in a real world planning and scheduling problem from the metal working 
industry.  
   Preliminary results show that the KK approach rapidly converges to feasible production plans. 
Nevertheless, the solutions obtained tend to be poor in what concerns the total output and objective 
function value. In general, the method proposed in this paper clearly outperforms the KK procedure. 
   These findings are consistent with the results obtained by Irdem, Kacar, and Uzsoy (2010) that 
demonstrate the convergence of KK approach and with the results presented by Kacar et al. (2012) that 
show that the solutions obtained by the KK approach are outperformed by clearing functions methods.  
   Finally, the preliminary results presented in this paper suggest that the performance of iterative SO 
approaches, such as (Byrne & Bakir, 1999; Hung & Leachman, 1996; Kim & Kim, 2001), can be 
improved by developing new types of capacity constraints and bounds for the LP model, based on the 
results provided by the simulation runs.  
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A Mixed-Integer Linear  
Programming Model for Slots  
Allocation in Congested Airports 
 
Araúzo JA1, Ramírez-Ferrero M2, Villafáñez- Cardeñoso FA3, López-Paredes A4 
 
 
Abstract: Airlines that intend to fly to/from airports need to obtain a permission to use the full range of 
airport infrastructure. The permission, which is given by an airport coordinator, is named time slot. The 
objective of this paper is to develop a mixed-integer linear programming (MILP) model aimed to allocate 
slots according to the airlines’ preferences and the capacity constraints currently specified for the airports 
in the Europe. Unlike other works, our proposal includes the possibility to reject flights when the slots 
demand exceeds the airport capacity. The proposed MILP model has been implemented by OpenSolver 
for Excel and tested with randomly generated examples. 
 
Keywords: Operational Research; Airport Slot Allocation; Linear Programming. 
 
 

 
 
1 Introduction 
 
Airport coordinators allocate slots in a two-stage process: primary and secondary slot allocation. The first 
one produces the main allocation; later, the second one allows the transfer of slots among airlines, subject 
to the coordinator’s approval.  
   The primary allocation of slots in European airports is an administrative process governed by the EU 
Regulation 95/93 (Council Of The European Communities 1993) and the global principles defined by the 
International Air Transport Association (IATA 2012). The procedure, which is based in historical rights 
(the so-called grandfather rights), has the advantage of reducing transaction costs, but it is not an efficient 
system from the economic point of view. 
 
  
2 Objectives 
 
The aim of this paper is to develop a mixed-integer linear programming (MILP) model with the objective 
of allocating airport capacity more efficiently and accommodating the schedule to fit airlines’ 
preferences. 
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3 Methods 
 
The airport slot allocation problem is formulated as a mixed-integer linear programming problem in 
which the total utility (sum of each airline’s utility) must be maximized subject to: (1) capacity 
constraints which limit the number of arrivals and departures that can occur in a specific time interval and 
(2) scheduling constraints that force the departure of each flight to happen after a minimum turnaround 
time from its arrival. 
   The model is an extension of the model proposed in Zografos, Salouras and Madas (2012), in which we 
have included the possibility of flights to be rejected when the demand of slots exceeds the airport 
capacity. 
 
 
4 Results 
 
To validate and assess the proposed MILP model, we have implemented it by means of OpenSolver for 
MS Excel. The model has been used to solve some scenarios in which the problem size and the load 
factor have been varied. 
 
 
5 Conclusion 
 
Test results show that this approach is able to deal with big size and overloaded problems. This will 
permit, for future works, to develop models for several interconnected airports. 
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A conceptual model to manage  
supply sequences in automotive  
industry for Nissan Barcelona 
 
Bautista J1, Fortuny-Santos J2 
 
 
Abstract: This paper presents an action research experience in Douki-Seisan in cooperation with the 
Nissan Factory in Barcelona. Three suppliers are involved in the experience to improve the way they 
perform synchro deliveries of parts to Nissan. Supplier issues are analysed and a decision making tool is 
developed for a supplier. 
 
Keywords: Lean Manufacturing; Douki-Seisan; Supply Chain Management. 
 
 

 
 
1 Introduction 
 
This paper discusses an action research experience in three suppliers of the Nissan factory in Barcelona. 
Each automaker may have a different manufacturing philosophy but currently all relate to the lean 
manufacturing paradigm. In order to re-build the Japanese economy after World War II, with none of the 
financial resources or economies of scale available to the American auto giants, the Japanese automotive 
industry realized that, if they were to take on the American automakers, they would have to work in a 
different way. Toyota developed the Toyota Production System (TPS), a low-inventory, mixed-model 
approach in which material was pulled “just-in-time” (JIT) through the manufacturing process, without 
wasteful activities and with a set of employees engaged in improving the system. (Sugimori et al., 1977; 
Ohno, 1988). The term “lean manufacturing” -famous through “The machine that changed the world” 
(Womack et al. 1990)- is a generalization of the TPS that can be extended to other contexts. The core of 
lean is founded on the concept of continuous improvement and the elimination of unproductive 
manufacturing practices or waste. 
   Adopting lean manufacturing affects the way a company is managed and how it structures its relations 
with employees, customers and suppliers.  When a firm has achieved a certain degree of leanness, it tries 
to extend lean manufacturing practices to its suppliers (David and Eben-Chaime 2003). However, 
different automotive suppliers have different capabilities and therefore they may require a significant 
reorganization in order to implement management methods prescribed by the client company.  In 
consequence, the aim of our research is the development of a methodology to (i) identify the level of 
leanness in three suppliers and their capability and willingness to adopt lean tools in order to cut waste 
and unevenness in their relations with Nissan; (ii) identify the necessary conditions to extend lean 
manufacturing to suppliers; and (iii) develop the tools to fulfil such conditions (processes used within a 
facility and over distribution connections in order to improve delivery and manufacturing of parts). This 
methodology can be extended to the suppliers of the suppliers in order to guarantee a real supply network 
management. 
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2 Understanding Douki-Seisan and the Nissan Production Way 
 
This paper is based on a research project conducted at the Barcelona School of Engineering (ETSEIB) 
promoted by Nissan Motor Ibérica. The Nissan production system is far less popular than TPS, and thus, 
the first step of our methodology is to understand the particularities of lean manufacturing at Nissan. 
Beyond a theoretical background, section 2, mostly written after Bautista (2004), corresponds to 
qualitative research methodology based on interviews with engineers and area managers at Nissan’s 
Barcelona plant in order to adjust our investigation to the needs of the company.  Following Schwandt 
(2000), academics were directly involved with Nissan’s participants in an attempt to fully understand the  
Douki-Seisan concept (DS) by means of collaborative work on this project. 
   The postwar aim of Nissan was the same than that of Toyota, but these companies developed different 
tools based in different principles, and therefore in the 1980s both manufacturing systems were different 
although some methods were the same (Cusumano, 1989).  The differences include a preference for 
automation and information systems in Nissan. In 1971, Nissan started using   a computerized system to 
coordinate vehicle orders with materials and component procurement, in house parts production, transport 
and final delivery of completed automobiles to dealers (Cusumano 1989). 
   In the 1990s, Nissan developed the Nissan Production Way (NPW) to outline its synchronized 
production philosophy: to manufacture according to the real consumer order while coordinating all 
operations and materials.  The two pillars of the NPW are (De Goldfiem 2003): 
 

1.!Never ending synchronization with the customer in terms of Quality, Cost and 
Time. The term Douki-Seisan means synchronous manufacturing. It involves 
sequenced and simultaneous/synchronized production:  After a customer places 
an order with a dealer, there has to be synchronization between the manufacturer, 
the supplier and the dealer with an efficient process flow without any disruptions. 
This requires sharing information and an efficient procurement and 
manufacturing system. 

 
2.!Never ending quest to identify problems and put in place solutions: Identify gaps 

between desired manufacturing state and present manufacturing settings. 
 
   At Nissan, DS is an ideal state of a production plant where all the processes get information from the 
customers at same time, in order to establish a continuous flow, free of defects without changes in the 
scheduled sequence. This means that all processes can have advanced information on demand and 
therefore types and quantities of products can be scheduled and sequenced. Then, all processes can start 
their setup operations. In conclusion, DS can be described as a manufacturing methodology that transfers 
customers’ orders to all the processes at same time in order to achieve a continuous and smooth 
production flow with zero product defects, zero equipment breakdowns, minimal setup time, minimal 
inventories and no bureaucracy in the manufacturing process.   
   DS has two important targets: (i) products must be manufactured following the scheduled order and (ii) 
existing defects must be detected before products leave the manufacturing process. These features allow a 
reliable and smooth operation of the manufacturing process, without much delay and with fewer 
inventories between stations. If all the steps of the process could be synchronized, then work in process 
inventory would disappear.  
   Nissan insists on the importance of keeping the manufacturing sequence that was previously scheduled 
for its mixed-product assembly lines. This way, all processes can manufacture parts and subassemblies 
according to the same schedule and inventories are not necessary.  Nissan has some indicators to track the 
performance of the manufacturing process: 
 
   Actual Production Lead Time (APLT). This term refers to work-in-process inventory (WIP) and is 
measured  as the time that the manufacturing process can be  fulfilled with the available inventories 
(Equation 1). 
 
 

 

€ 

APLT =
WIPprocess

Daily _ productionprocess∀  process
∑  (1) 
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   Scheduled Sequence Achievement Ratio (SSAR). Equation 2 shows the percentage of vehicles that keep 
the scheduled sequence (vehicles not overtaken by other vehicles. 
 
 

 _
__

line

line
Line VehiclesTotal

overtakennotVehicles
SSAR =  (2) 

 
 
   Scheduled Time Achievement (STAR).  Equation 3 shows the percentage vehicles that reach the end of 
the process on time (less than  ±1 hour margin with respect to the scheduled time).  
 
 

€ 

STARLine =
Vehicles_on _Timeline
Total _Vehiclesline  

 (3) 

 
 
 
   DS encompasses five different types (or categories) of activities that refer to different elements:  
 

•!Category 1: The assembly line sticks to the scheduled deadline and scheduled 
sequence. 
  

•!Category 2: Parts and subassemblies manufactured in the assembly plant flow toward 
the assembly line as they are processed in perfect synchronicity. 

  
•!Category 3: Suppliers produce and deliver according to the schedule. The assembly 

line and the suppliers are synchronized. 
 

•!Category 4: Transportation facilities (ships, trucks) are managed in order to avoid 
delays in delivery and final products waiting to be shipped. 

  
•!Category 5: DS aims at synchronization with the customer. Order Lead Time (Time 

from customer order received to customer order delivered) has to be short (Car 
assembled and delivered to customer within two weeks of order).  This requires a 
flexible manufacturing system and the cooperation of the dealers and the sales 
department. 

 
 
3 Improving the capabilities of suppliers 
 
According to the DS concept, the following step is to extend synchronous manufacturing and 
synchronous delivery to suppliers, aiming at the achievement of DS category 3, which is about improving 
the capabilities of suppliers in order to remove the risks associated with batch manufacturing (inventories 
and shortages). 
   This improvement project requires assessing the present situation, defining the desired situation and 
finally discovering how to reach the final situation from the starting point.  The assessment of the level of 
leanness of the suppliers was done by means of interviews. Currently, some models (See  Almomani et al, 
2014) are available to formally evaluate practices that refer to inventory, team approach, processes, 
maintenance, layout/handling, suppliers, setups, quality, and scheduling/control. Depending on the results 
of the survey, it may be necessary to extend lean thinking to suppliers in order to help them understand 
lean manufacturing and develop the necessary work procedures.  Examples on how to do it can be found 
in MacDuffie and Helper (1999) who describe the experience of six suppliers of Honda in North 
America.  The methodology can be used by any lean company.  Once the supplier is on the maturity path 
towards lean manufacturing, the car manufacturer may implement a supplier management system that 
includes supplier selection, improvement, certification and evaluation, for the objectives of continuous 
improvement, cost reduction and elimination of wasteful activities (Guo and Xu, 2007).  
   Taking into account the importance of synchronization and keeping the scheduled sequence, the  
desired situation can be expressed as: (i) The scheduled sequence should not have to be changed and 
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SSAR (Equation 2) should be over 90%); (ii) If suppliers should know the information about the 
scheduled sequence in advance then suppliers could manufacture their products according to their client’s 
sequence and put them in bins; (iii) Transportation to the client’s plant would be done in sorted 
containers, full of sorted bins -thus, workers on the assembly line would easily find the parts that they 
need, and in the necessary order-. 
   Besides, the consecution of the above objectives would help to attain measurable results such as: (i) 
Inventory reduction; (ii) Reduction in the amount of plant space taken up by the inventories; (iii) 
Reduction in logistic costs (Gudehus and Kotzab 2012);  (iv) Product availability and wait time; (v)  
Reduction in the number of stock-outs (due to the synchronization between supplier and automaker); (vi) 
Flexibility of the production process; (vii) Flexibility for new product launch. 
   Given the above requirements, a tangible outcome of this project should be an innovative model to 
sequence supplies such as a management system focused on achieving the desired synchronicity 
objectives to meet customer requirements by means of a certain organizational structure; sets of policies, 
procedures and processes; and human, material and financial resources needed to deploy supplies 
management. 
 
 
4 Defining a conceptual model and a decision making tool 
 
A task force made up of academics and Nissan’s area managers, visited Nissan’s plants in Barcelona and 
also visited suppliers A, B and C. For the aim of our project, suppliers are classified depending on their 
capability to manufacture and deliver part in synchronicity with the car manufacturer: 
 

1.! Suppliers such as company A, which is devoted since 1980 to manufacturing 
complete seats, which are manufactured in synchronicity with the automaker and 
delivered in synchronicity. Company A, a subsidiary of an American company, has 
more than 250 employees and is located 5 km away from Nissan’s plant. 
 

2.! Suppliers that deliver parts in synchronicity although they do no manufacture in 
synchronicity with the automaker’s schedule. Company B, performs “synchro” 
deliveries of plastic parts from a warehouse that keeps a couple of days in inventory.  
The warehouse is replenished from the supplier’s plant, where parts are manufactured 
in batches. Company B, a subsidiary of a North American company since 1999, is 
located 69 km away from Nissan. With 200 employees, Company B manufactures 
plastic parts for Seat and, mainly, for Nissan. 

  
3.! Suppliers that neither manufacture nor deliver in synchronicity.  Company C is a 

company born in Barcelona in 1947.  Since 1991 it has been stamping parts for Nissan 
(and other companies). Currently it delivers chassis from its facilities 27 km away 
from the Nissan factory. It has 500 employees. 

 
Four different questions of practical interest seemed to be feasible: 
   

•!To compute the lot size that would yield a better synchronicity for a given demand 
and for a known production rate and setup time. 

  
•!To compute the transfer lot size taking into account the existing constraints about 

transportation from the supplier manufacturing plant to the buffer warehouse in order 
to improve synchronicity. 

  
•!To compute the transfer lot size (and the response time between call off and the 

delivery in place) taking into account the existing constraints about transportation 
from the buffer warehouse to the car assembly plant in order to improve 
synchronicity.  

 
•!To compute WIP in the manufacturing plant and in the buffer warehouse as a function 

of the degree of synchronization between the supplier and the carmaker.  
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 290 

   The relationship between the automaker and any supplier can be modelled as the relationship between 
two systems (Figure 1). 
   The automaker is considered the Main system (M) while the supplier is considered the Supplier system 
(S). The Main system has several attributes such as a sequence of units that has been previously 
scheduled (Sm), a vector of time values (tm), including cycle time, process time, setup time. In turn, the 
Supplier system has a sequence of units (Ss) that can be similar or not to Sm; and their own time vector 
(ts). Between both systems, there is a flow of information and a flow of physical products.  The Main 
system has to send information about Sm to the Supplier sufficiently in advance (tms), where tms is the 
response time of the Supplier. tsm is the transfer time vector from the Supplier to the Main system and 
qsm is a vector of transfer lots from Supplier to Main. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Conceptual model of the relationship between the automaker  
(Main system) and its suppliers (Supplier system). 
Relevant variables are shown. 
 
 
   This conceptual model is really practical: Company A is very close to Nissan’s factory. Then, frequent 
deliveries are possible because tsm is small (a 10 minute trip). tms can be small too (every 15 minutes, a 
15 minute-sequenced schedule  for the following 15 minute time cube is available) and synchronization is 
possible. Short production runs and small delivery lots are possible too. However, Company B is further 
away. One hour is necessary to take parts to Barcelona. Besides, some processes have long setup times 
(ts). In consequence, the response time (tms) of this supplier is higher and thus the Main system has to 
send information enough in advance. This hinders synchronization. It is necessary to reduce the setup 
time in order to reduce lot size and response time. Meanwhile the information on Sm should be distributed 
sooner, because the required lead time, at the time of the study, was shorter than tms.     
   A final outcome of the research was a piece of software for company C. The aim of the program was to 
help company C take better decisions related to smooth-synchronized manufacturing problems. The 
program can accept a bill of materials (BOM) coming from any process in the system; display a multi-
level BOM explosion; compute a manufacturing sequence of units that ensures a constant rate of 
consumption of all the necessary components using a variant of the Toyota Goal Chasing Method;  
compare the resulting sequence with a user defined sequence; compute when each component is needed; 
display  the consumption of a component over time for a particular sequence; display the deviations from 
regular consumption in order to compute the necessary inventories of parts and the amount of inventories 
generated by regular manufacturing; compute the SSAR  and STAR indexes of a sequence and compare 
them with another sequence. 
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5 Conclusions 
 
Douki-Seisan  aims at the total synchronicity between all the  processes along the supply chain. Some 
internal processes make it difficult to keep the sequence because they are performed in batches. Besides, 
it is very complicated to keep the scheduled sequence beyond tier 2.  
   All the steps of the methodology described in this paper can be used by any company that wants to 
involve their suppliers in lean management. The conceptual model to study the degree of synchronicity   
between two companies is a first step in the definition of the necessary conditions to allow synchronicity 
between companies. The completion of the model requires a full list of conditions or constraints to be 
logically derived. Then, it would represent either an optimization problem or, at least,  a constraint 
satisfaction problem (CSP), which asks whether there exists a feasible solution, or otherwise, gives clues 
on where the processes should be improved (time management, transportation means selection...). 
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Reverse Logistics of Agrochemical  
Pesticide Packaging and the Impacts  
to the Environment 
 
Mello MF1, Scapini R2 
 
 
Abstract: Over time, agriculture has proven to be an important economic development factor for Brazil. 
The evolution and the need for productivity caused a large increase in the use of pesticides in agriculture 
and with it, the need to give proper treatment to packaging. With these agricultural activities in evidence, 
it is not possible to keep the crops without the use of pesticides. In 2000, it was created the 9,974 law as a 
decree Law 4,074/2002, which regulates the reverse logistics of empty containers of pesticides. This 
study intends to demonstrate that there are still producers who have difficulties in finding the correct 
destination to pesticide containers because of lack of knowledge of the law or because they acquire 
chemicals illegally, without a specific origin. The instruments for protecting the environment, such as 
licensing and environmental legislation stand out as high points, since it has the general objective of 
analysing and demonstrating how reverse logistics helps minimize the impact and the possible environ-
mental and health problems caused by the incorrect disposal of pesticide containers of and along with a 
group of farmers. 
 
Keywords: Reverse Logistics; Packages; Pesticides. 
 
 

 
 
1 Introduction 
 
Agriculture, in a country like Brazil, acts as an important development factor. However, it brings along a 
concern about the used packages of pesticides. The pesticide containers are hazardous to health and the 
environment when discarded improperly. 
   This study is justified to the extent that it aims to demonstrate the main problems of reverse logistics 
caused in the environment with improperly discarded pesticide containers along with the lack of 
knowledge that farmers have about the proper disposal of empty pesticide containers, where to take them 
after using and how to clean themselves before returning them to their suppliers. 
   According Razzolini Filho and Berté (2009), the distribution channels are responsible for providing 
reception facilities for the return of empty containers, that in accordance with the principles laid down by 
law, while the manufacturer is responsible for the collection and the disposal of used packages.  
   So the aim of this paper is to analyze and demonstrate how the Reverse Logistics helps minimize the 
impact and possible environmental and health problems caused by the incorrect disposal of pesticide 
containers of a group of farmers. 
 
 
2 Theoretical Fundament 
 
This chapter contains information of authors, institutions and laws that gave theoretical support to this 
article. 
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2.1 Business Logistics 
 
As Ballou said (2011), business logistics is the process of strategically managing the organization, from 
acquisition, handling and storage of raw materials to the final consumer. In addition to the information, 
flows that move the products, in order to provide differentiated services to customers, making it possible 
to reduce costs and thus increase profitability. 
   To Berkowitzet et al (2000), logistics encompasses all activities aiming to send the amount and the 
right products to the right places at the right time and at the lowest possible cost. The performance of 
these activities is called logistics management, which in turn corresponds to the practice of organizing the 
effective flow with respect to raw material costs, the product inventories in process, finished products, as 
well as related information from the point of origin to the point of consumption to meet the clients’ 
requirements. From this definition, three elements can be emphasized: First, logistics handles the 
necessary decisions to move a product from the source of raw materials to consumption or the product 
flow. Second, these decisions need to be taken efficiently in costs. While it is important to reduce 
logistics costs, there is a limit, and this is the third point of emphasis. 
   According to Ballou (2011), business logistics is responsible for studying how management can, in the 
best way, provide the level of profitability in distribution services to customers and consumers, making 
planning, organizing and controlling an effective staff for handling activities and store device to facilitate 
the flow of producers. 
 
 
2.2 Reverse Logistics 
 
Established by Law # 12,305, of August 2nd, 2010, the National Policy on Solid Waste (PNRS), 
regulated by the decree # 7404 of 23 December, 2010, brings the shared responsibility for the life cycle of 
products, reverse logistics and the sectorial agreement. 
   Paragraph XII of the law defines as Reverse Logistics: economic and social development tool 
characterized by a set of actions, procedures and means to enable the collection and the recovery of solid 
waste for the business sector to reuse in its cycle or other production cycles, or other environmentally 
disposal. (Brazil, 2010). 
   This definition takes into account that the flow of goods in a supply chain does not end with the final 
consumer or the industrial user because "[...] companies now realize that a supply chain can work the 
other way." (Berkowitz et al, 2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 
The life cycle of products ‘from cradle to grave 
Source: Razzolini Filho and Berté, 2009.  
Adapted by the authors. 
 
 
   Thus, the same authors point out that reverse logistics is a process of recovery of reusable and 
recyclable materials, of returning and of reprocessed products from the point of consumption or use, for 
repair, repro-cessing or disposal. 
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   According to Buchemann (2005), when a product is launched in the market, the company directors 
expect it to have a long and productive life, although they know that will not sell forever since it has a life 
cycle. 
 
 
2.3 Reverse Logistics 
 
People are concerned about what they consume and how they consume and therefore are changing their 
spending habits because they realize that it is necessary to preserve the planet. This means that 
individuals must rethink the way they consume as well as their behavior, such as the practice of reuse of 
products and/or packaging by the end of its useful life, taking care with the final destination of post-
consumer waste. (Razzolini Filho; Berté, 2009) 
   The authors note that this will only be possible with the effective participation of business and public 
organizations, because only with the engagement of consumers, major changes in the environment as a 
whole will not happen. 
   In this scenario, changes occur related to various products, such as models of cars, lamps, clothes, 
papers, among others. It is essential, therefore, the commitment of organizations to reduce environmental 
impacts. If consumers change, organizations will react, giving them what they want. 
   There is greater entrepreneurial and individual awareness in order to change the patterns of 
consumption, there will be benefit for all involved and the organizations that precede these requirements 
will gain competitive advantages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 
Destination processes of empty packages. 
Source: Leite, 2009 – adapted by the author. 
 
 
   For Dias (2011), the environmental impact is defined as the change in the environment, caused by man. 
Thus, there are environmental impacts of all types, from the smallest one, which substantially modifies 
the natural environment, and even the one that affects nature deeply, causing problems for humans such 
as pollution of air, water and soil. 
   According to the National Association of Distributors of Agricultural and Veterinary Pesticides (2000), 
the disposal of empty pesticide containers is a complex procedure that requires the effective participation 
of all those involved in the manufacture, marketing, use, licensing, inspection and monitoring activities 
related to the handling, transportation, storage and processing of those packages. 
   Considering the great diversity of packaging and pesticide formulations with different physical charac-
teristics and chemical compositions and the requirements established by Federal Law # 9,974 of 06/06/00 
and the decree # 3550 of 07/27/00, it was prepared a manual containing the minimum and necessary 
procedures for the safe disposal of empty pesticide containers, with the concern that any risk from 
handling are minimized to levels consistent with the protection of human health and the environment 
(ANDAV 2000). 
   Thus, ANDAV (2000) says that the users' responsibilities are: preparing the empty containers to return 
them in the receiving units; performing cleaning of washable rigid packages which can be triple or under 
pressure; keeping non-washable rigid packaging properly capped and without leakage. 
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   Moreover, it is necessary for users to carry and return the empty containers, with their lids, to the 
nearest receiving unit, seeking guidance from the dealers on where to return within up to one year from 
the date of their purchases. Also, we need to keep the proof of delivery of packaging and the receipts of 
purchases. 
 
 
   ANDAV also highlights the responsibilities of dealers: providing and managing receiving units 
(stations) for the return of empty containers by the users/farmers; upon the sale of the product, informing 
users/farmers about the washing procedures, packaging, storage, transport and return of empty containers; 
informing the address of the nearest receiving unit of empty packaging, setting forth this information in 
the Invoice of Sale of the product; to be included in the prescriptions issued, the final destination of 
information on the packaging; in cooperation with the government, educational programs and 
mechanisms of control and encouraging to WASH the packages/containers (triple or under pressure) and 
the return of empty containers by the users. (ANDAV, 2000) 
   Pesticides are classified by ANVISA (2011) in four classes of danger to health. Each class is 
represented by a color on the label and the product label. The class I, of extremely toxic products, is 
represented by the red color of the label; Class II is represented by the color yellow and refers to highly 
toxic products and Class III identified by blue indicates the moderate toxic ones. The green color is 
responsible for representing the little toxic ones, belonging to class IV. 
   For Gonçalves et al (2002), the contamination of surface waters, especially rivers and streams is fast 
and happens immediately after irrigation. There have been serious problems arising from the application 
of herbicides in flood irrigation; in furrow irrigation, water carries applied, and herbicides, fertilizers, 
pesticides and sediment. 
   Water contamination can also occur more slowly through a water table, which receives fertilizers, 
pesticides and herbicides dissolved in the applied water. Such contamination, according to Goncalves et 
al (2002), can be aggravated if there are soluble salts in the soil, therefore, when it infiltrates in the water 
containing the salts applied in the field, it will even dissolve the soil salts, becoming more harmful due to 
environmental contamination and pesticide residues in food, it can be estimated that the next resident 
populations in areas of cultivation and urban dwellers are also significantly exposed to the harmful effects 
of these chemical agents. 
 
 
3 Methodology 
 
As this study aims to examine the reverse logistics of empty pesticide containers, it has been based on the 
literature and research in the field, held in April 2014, from 1st to 22nd. There were 130 surveys via e-
mails personally, of which 98 of them returned. 
   Through these surveys, personal data and general knowledge data were collected, regarding to the 
return of empty pesticide containers, used in the properties of those people surveyed, located in some 
cities of Rio Grande do Sul state, Brazil. The objective of covering several cities was to assess the 
knowledge and the culture of many farmers in relation to the return of used packaging of pesticides. 
   Thus, this research is measured and the farmers' knowledge about the proper disposal of empty 
pesticide containers and the protection of the environment is analyzed in accordance with current 
legislation. 
 
 
4 Results 
 
The survey results showed that females who remain in the field are only 10%. This can be justified 
because women are more sensitive and prefer to go to town in search of other professions which do not 
require much physical effort or even to take care of household chores. The males who stay in agriculture 
are 90%. This percentage is justified because men learn in their early ages to take part in the farm work 
watching the father figure, driving machinery and taking care of animals, actively participating in the 
crops and in the results so that they can keep the production processes in their properties. 
   Asked about the law of pesticide containers only 4% reported that they know it, but also only 8% said 
they fully know the law. It is a small percentage of farmers who know the legislation and it is worrying. 
Along with these data, it can be noticed that most farmers have information of the pesticide legislation. In 
this case, they will only dispose the packages improperly if there is no interest of preserving the 
environment and people's health. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 296 

   As for the supplier of pesticide products require, at the time of sale, the return of empty containers, 56% 
of respondents answered that the supplier requires the return. This is about a breach of legislation that 
requires that suppliers require the return of used packaging. 
 
   It was asked what kind of packages can be washed and 43% of the farmers responded that they do no 
know what these packages are. However, 57% of them do not know or know little about the process of 
package washing. This lack of knowledge might be the cause of serious damage to the environment.  
In relation to the behavior of farmers in return the used packaging, 76% of respondents answered that 
return the used packaging to their suppliers. Yet, another concern given: 8% of farmers burn their 
packaging, which creates serious damage to the environment. 
   Whereas the pesticide containers have hazardous waste to the environment and health of those working 
in agricultural practices, it was asked if they have knowledge about proper disposal of the packaging. A 
positive fact is that only 6% said they did not know it. Although, the vast majority, 94% of them do know 
about the proper disposal of packaging. 
   Finally, it was asked if farmers have some degree of difficulty in giving the correct destination to used 
pesticide containers. The significant percentage of 39% of respondents told that they have mean (average) 
and much difficulty in giving correct destination to packaging. This item was shown that only 7% have a 
hard time in giving correct destination of pesticide containers, likely the farmers have no knowledge of 
the law or acquire chemicals illegally without origin, making it difficult to deliver to the supplier because 
in return the farmer must present the purchase invoice from the supplier, it receives proof of delivery 
which should keep filed in their properties to show in the event of a possible inspection. So it is important 
to facilitate the return with new methods, so the authorities could review the current system. 
 
 
5 Final considerations 
 
It was shown in this research what can be done for the legislation of empty pesticide containers to be fully 
met, once it is still short of the desired, because there is a strict supervision of government agencies 
towards manufacturers and distributors of agrochemical pesticides. 
   The survey of 98 farmers showed that 90% are males while 10% are females. This is due to the fact that 
work on the farms is more practiced by men. In terms of age, it was noticed that people who remain 
working in agriculture are in the range from 21 to 40 years old. Regarding to the area of the property, 
most have properties from 51 to 200 hectare. 
   Pesticides providers do not require the return of packaging, but inform in the observations, of the 
invoice, where they must be returned. The percentages related to farmers who know the law and return 
properly packaging, belong to the group that have ecological awareness, care about the environment and 
make the purchase at the authorized locations. But those who do not know and do not make any return, 
probably acquire them in the clandestine mode, so it can not be assessed. 
   Thus, the overall objective was achieved through the demonstrated results and the analysis of this 
important issue which is the Reverse Logistics of agrochemical packaging. 
   Finally, because of the importance and the relevance of the topic, researches and incursions on this 
subject should be carried out in order to seek knowledge and assist farmers in the proper disposal of 
pesticide containers. 
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Impacts of a tracking and  
tracing system for containers  
in a port-based supply chain 
 
Muñuzuri J1, Escudero-Santana A, Onieva L, Cortés P 
 
 
Abstract: The visibility of containers throughout the entire supply chain provides multiple benefits for 
shippers, terminals and transport providers. Nevertheless, intermodal transport chains often appear as 
“black boxes” to the cargo owners and their clients, who lose track of the container until it arrives at the 
final end of the chain. We describe here the configuration and features of a novel low-cost system to track 
and trace containers in an intermodal supply chain, provide information to shippers regarding delays and 
other unexpected events, and assist terminal operation accordingly. We then analyze the positive impacts 
of such a system over the entire supply chain, identifying the requirements of the main chain actors 
regarding the availability of information and how the proposed system contributes to the fulfilment of 
those requirements. 
 
Keywords: Containers; tracking and tracing; supply chain; logistics; port. 
 
 

 
 
1 Introduction: supply chain visibility 
 
The evolution of supply chain management (SCM) over the last half century can be described through an 
increase in integration and information sharing (Muzumdar and Balachandran, 2001). The first phase, 
encompassing from World War II until the late 1980s, witnessed the development of the departmentalised 
or functional SCM, with areas or departments operating in an isolated environment and decisions being 
made by managers within each area. The second phase covered from the late 1980s to the late 1990s and 
gave birth to the concept of integrated SCM, incorporating tools like advanced planning and scheduling 
systems (APS), enterprise resource planning (ERP) and business process reengineering (BPR). Finally, 
the third phase corresponds to the transformation of supply chains into value networks, with integrated 
and centralised planning, focusing on increased availability and sharing of information and thus aiming 
for higher customer service levels and lower supply chain costs. 
   Vernon (2008) examines the most important attributes of supply chain visibility and proposes a more 
precise definition, i.e., “Supply chain visibility is the identity, location and status of entities transiting the 
supply chain, captured in timely messages about events, along with the planned and actual dates/times for 
these events”. According to a study which was conducted among 524 companies in North America and 
Europe (Aberdeen Group, 2006), nearly 80% of the respondents pointed to a lack of critical supply chain 
process visibility and had started or were planning to take actions to enhance their visibility-related 
technology both for domestic shipments and global supply chains. Furthermore, Muzumdar and 
Balachandran (2001) identified four key elements as essential for achieving operational success when 
supply chains migrate from push to pull models: 
 

•!Visibility across the entire supply chain 
•!Flexibility of supply and sourcing options 
•!Responsiveness to changes in customer demand and product lead times 
•!Rapid new product introductions based on market trends and new designs. 
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   If companies are strongly focusing on these elements, all the different links participating in the supply 
chain should be equally prepared to facilitate them, and this is one of the reasons why tracking and 
tracing systems for containers have evolved so notably over the last few years (Ahn, 2005; Schmidt et al, 
2008), so that companies can track their shipments throughout the long-haul operations. The same can be 
said of terminals, where tracking and tracing facilitates the monitoring of loading, unloading and moving 
cargo (Shi et al, 2011), but also enables the terminal to share all that valuable information with shippers 
and logistics operators. Seo et al (2014) describe information sharing as one of the main components of 
supply chain collaboration, which in turn helps to create reciprocal benefits by also satisfying shippers’ 
requirements. 
   We present here a novel low-cost tracking and tracing system which, in combination with a series of 
planning tools and automatic devices, provides visibility throughout the entire containerised transport link 
of the supply chain. Our aim is to demonstrate how this type of system covers all the visibility-related 
requirements of the supply chain. 
 
 
2 Supply chain requirements 
 
The main drivers that force companies to implement visibility solutions in order to remain competitive in 
today’s business environment or even better distinguish themselves among competitors by offering 
premium services to customers include the following (Aberdeen Group, 2006): 
 

•!Improve on-time delivery performance 
•!Proactively alert customers of late shipments 
•!Reduce lead times and lead time variability 
•!Just-in-time and lean programs causing shorter delivery windows 
•!Ability to make midcourse corrections 

 
   The achievement of these customer-related goals can be translated into a series of requirements 
addressing critical parameters that technology solutions should provide in all the links of the supply chain 
for a successful overall performance. These visibility requirements can be grouped into six categories 
(Boile and Sdoukopoulos, 2014): 
 
1.! Transparency: this implies the availability of accurate information regarding the location of the 

shipment, which is expected to enable exception management while improving container utilisation and 
availability. Improved visibility of containers will also assist in the better organization of receipt and 
last mile delivery leading to more efficient management of local fleets. 
 

2.! Security: improved visibility across the extended supply chain is expected to reduce the number of 
pilferages and damages while alert notifications regarding unexpected events (e.g., unauthorised 
opening of the containers’ door) can ensure secure container transport leading to significant benefits for 
several involved actors (e.g., reduced waiting time for customs clearance due to enhanced container 
profile in terms of security issues). 
 

3.! Reliability: visibility enables logistics operators to enhance customer satisfaction and strengthen their 
company profile by providing highly reliable services. 
 

4.! Timeliness: accurate information regarding the containers’ estimated time of arrival may have a 
positive impact on supply chain processes (e.g., better arrangement of terminal operations, faster 
customs clearance, etc.) thus reducing lead time, achieving faster delivery of products and ultimately 
reducing the door-to-door lead time. 
 

5.! Costs: since reducing container transport costs is within the goals of all supply chain actors, supply 
chain visibility can lead to: 

 
•!Reduced administration costs due to less customs physical inspections  

and requirements 
•!Reduced communication costs due to improved access of all involved actors  

to supply chain data 
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•!Savings in customs’ business organisations and processes. 
6. Effort/efficiency: Better management/arrangement of the whole supply chain is expected to be realised 
by improving supply chain visibility leading also to better organisation of intermodal connections (e.g., 
better management of truck and rail operations) as well as better arrangement of terminal procedures 
(e.g., yard planning). 

 
3 System description 
 
Our proposed system (see Fig. 1) covers the transport link of a road-train-vessel port-based container 
supply chain. Its main elements are: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Schematic representation of the proposed system. 
 
 
A.!The tracking/tracing of containers on trains is achieved with specifically designed sensors that 

communicate with a concentrating unit located in the locomotive, instead of using individual GPS 
con-nections for each container, which enormously reduces cost and energy consumption. Besides, 
additional sensors detect any unexpected event in the container, like its opening or an anomalous 
temperature raise. 

B.! The availability of real-time information can provide valuable input for the planning of drayage fleets 
used for the collection and delivery of containers. 

C.! The access of the train to the port terminal is facilitated with automatic signal boxes, and planned with 
a specifically built planning unit. 

D.!The sequence of vessels and trains entering the port is planned in order to minimize lead times. 
E.! The inland waterway that gives access to the port is also equipped with a smart navigation system, to 

guide vessels, plan crossings and any other events, regulate light buoys and detect timing deviations. 
F.! Finally, the container loaded onto the vessel is also tracked by means of a concentrator similar to the 

ones installed on trains. 
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   Another advantage of this system is that it functions on a common database which brings shippers and 
carriers together by providing a single interface. For shippers, they do not need to log into the different 
carriers’ system in order to know a specific consignment’s status. They can gain uniform visibility of all 
the shipments regardless of which carrier physically delivers them. For carriers, they do not need to log 
into different shippers’ system in order to keep them updated of the shipment status. This removes the 
replication and saves them time and efforts (Wang and Potter, 2008). 
 
 
 
4 Expected impacts 
 
Our objective here is to determine the expected supply chain impacts of the system described above. 
Table 1, adapted from Boile and Sdoukopoulos (2014), contains a list of requirements linked to the six 
categories described in Section 2, together with the stakeholder groups (L for logistics operators and 
carriers, T for the terminal and S for the shipper) that would be positively affected by the fulfilment of 
each requirement. Then, for each requirement, the last column of the table contains the expected outcome 
of our system as described in Section 3: “**” indicates that the system, as it is currently defined, will have 
an impact on the fulfilment of this requirement, whereas “*” indicates that the system does not directly 
provide the fulfilment of the requirement, but provides the basis for the development of tools which may 
fulfil it in the medium term. 
   It is interesting to note that logistics operators and carriers (including here rail operators, naval 
operators, and – in case of a further extension of the system – drayage haulers) would be positively 
affected by the fulfilment of almost any of the requirements in Table 1. On the other hand, the terminal 
would be mostly interested in those functionalities affecting its internal operations, in order to improve 
the smoothness and efficiency of container flows through the facility. Finally, the shipper is mainly 
concerned with supply chain issues, including the management of delays or anomalies, container security, 
transport reliability and cost. 
   With respect to the proposed system, it does not fulfil completely any of the six categories of 
requirements, but does have an effect on all of them, except for cost. Nevertheless, the system constitutes 
a first step towards the fulfilment of the unaddressed requirements, allowing for the development of 
additional tools and services focused on them. Even in the case of cost reduction, the availability of real-
time data on the location and status of containers provides invaluable input to inventory, routing and 
planning systems, which in turn help reduce supply chain costs and inefficiencies. 
 
 
Table 1 
Supply chain requirements related to the provision  
of a container tracking and tracing service. 
 
 

Category Requirement Description Stakeholder System 
Visibility Transparency and visibility on terminal shipping processes L, T ** 

Earlier information on hinterland transport T ** 
Visibility during recovery processes from anomalies (reactive) L, T, S ** 
Traceability of empty containers for better repositioning 
strategies 

L * 

Enablers of exception management  L, T, S ** 
Accuracy of position of container in terminal area  T * 

Security Opening of container only once/as less as possible  L, T, S * 
Fight counterfeiting  L, T, S * 
Reduce theft  L, T, S ** 
Avoid cargo damage (liability issue) by knowing the sensitivity 
of the commodity 

L, T ** 

Reliability Decrease lead time variability and capture deviations within 
margins 

L, S ** 

Timeliness Reducing total door-to-door time, minimise idle time L, S ** 
Reduce dwell time at terminals by improved availability of 
information to different actors thus contributing to better 
process planning 

L, T ** 

For some users, waiting time can be functional L, T, S * 
Enabling companies to go intermodal by reducing complexity L * 
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and solving interoperability issues 
Contribution to e-freight and internet of things vision becoming 
a reality 

L, T, S * 

Cost Reducing total door-to-door cost L, T, S * 
Efficiency Reducing administrative burden/single window offering one 

stop-shop-service 
L, T, S * 

Pre-announcement of hinterland operators to improve terminal 
efficiency 

L, T, S ** 

Value added services from platform: automatic document 
generation from users 

L, T, S * 

 
 
 
5 Conclusions: potential supply chain benefits 
 
We have shown that the proposed system impacts the supply chain from multiple points of view and with 
respect to multiple actors. We conclude our work discussing the potential benefits provided for shippers 
whose supply chain incorporates the described system in its intermodal link. These benefits constitute a 
significant increase of the service level offered by the terminal to the industrial actors, with the 
corresponding impact on their business processes. The potential benefits include the following: 
 

•!Better supply chain visibility through real-time information regarding the 
containers’ location and integrity status 

•!Potential lead time reduction 
•!Enhanced supply chain cooperation through information sharing between partners 

along the supply chain 
•!Better arrangement of pickup and delivery procedures in terminals due to 

information on the exact time of vessels’ arrival 
•!Competitive advantage resulting from the ability to create premium services 

through the real-time tracking of containers, making companies unique in the 
market. 

•!Reduction of communication costs 
•!Container fleet capacity reduction and better decision making as a result of the 

real-time management of containers and accurate data on container movements 
•!Easier communication with customs authorities – early notification of container 

ETA and integrity 
•!Better organization of intermodal connections. Alerts regarding the availability of 

the cargo (when and where it is available) can assist in better managing truck and 
rail or other mode operations. 

•!Improved container safety and security through alarms and alerts regarding any 
unexpected events (exception management) 

•!Savings in customs’ business organization and processes 
•!Delayed deadlines for decision making with respect to the final destination of the 

cargo 
•!Better management/arrangement of the whole supply chain 

 
   As an example, Table 2 (adapted form Arendt et al, 2011) shows some disruptive situations that may 
arise in the intermodal chain and how the proposed system could help to alleviate or overcome them. 
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Table 2 
Possible benefits provided by the proposed  
system to the supply chain in case of different  
disruptive situations. 
 
 

Scope Disruptive 
situation Benefit provided by the system 

Punctuality 
Container misses 

ship at port of 
departure 

Alerts and information exchange 
avoid a cascade of disruptions in the 

supply chain 

Transshipment Unscheduled 
transshipment 

Communication regarding new 
vessel and time and place of 
departure avoids disruptions 

ETA/ATA Labor capacity 
peaks 

Reporting of ETA during sea/rail 
voyages result in opportunities to 
adjust inbound logistics planning 

Cargo quality/reliability 
monitoring 

Cargo damaged 
upon reception 

Monitoring of cargo quality may 
help to determine liability 

Lead time analysis Shipment exceeds 
time windows 

Alerts and information exchange 
avoid a cascade of disruptions in the 

supply chain 
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Application of the tools of  
Production Engineering for the  
reduction of dead time in an  
assembly line 
 
Mello M F1, Fassini G M2 
 
 
Abstract: The constant changes in the agricultural equipment market have brought many challenges to 
the productive sectors inside the organizations. Once the market is increasingly competitive, the 
industries lack of efficient working methods and companies seek intensely to adapt themselves to a 
methodology to assist in the standardization of production processes. The main objective of this work is 
the application of some tools of Production Engineering to improve the operating times in an assembly 
sector of a metal mechanical industry. The focus is to establish and to define the guidelines of the used 
methodology, the so-called ‘Just in time’, to seek the reduction of dead time in the process of the 
assembly line according to the reality of the companies. Change processes are very conditioned to the 
environment, the culture of who receives them and leads them. Thus, this project also aims to aid in the 
maturation of the staff in this cultural aspect, seeking the development of operators in a new operating 
process. 
 
Keywords: Dead times; Methodology; Culture. 
 
 

 
 
1 Introduction 
 
Once Brazil is a developing country, agriculture acts as an important development factor. However, it 
brings with it some concerns in the industrial area where high costs can often derail the industrial 
development. Along with the advancement of mechanical metal industry, technologies and an 
increasingly competitive market, it is clear that large companies should not differentiate only on the 
innovation and performance of their products in the countryside. When it comes to continuous 
improvement in machinery and equipment usage, optimization has significance to generate results to 
industry. However, analyzing the perspective of Production Engineering focused on assembly processes, 
the emphasis happens because of the importance of improving the physical arrangements in order to 
achieve cost reduction, standardization of processes, operations and, as a result, an increased productivity. 
   The company researched is an agricultural implement industry located in the northern region of Rio 
Grande do Sul state, Brazil. It has a great position in the domestic market and is a sale leader. The 
company has around 2,200 employees and its constant evolution is a challenge to remain competitive in 
the market. 
   Thus, this study aims to demonstrate the application of the concepts of Production Engineering seeking 
to increase the uptime rate in an assembly line that currently is lacking of a working method. It aims to 
achieve the development of processes to reduce costs and lead time, in order to increase the company's 
profitability and serve customers more quickly, thus becoming more competitive in the market. 
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2 Concepts of physical setting 
 
The physical arrangement, also known as layout, is the way of how the resources used for the 
manufacture of a product are placed. The layout of the study is not restricted to the positioning of the 
equipment in the factory plant, it also covers issues such as productive material flow, consumption of 
components, manufacturing methods, support services and time available for manufacturing. 
   For Shingo (1996), the production is a process network and operations. In order to achieve improve-
ments in the production process one must distinguish the product flow (process) from the workflow 
(operation). Therefore, a suitable layout contributes to the improvement of processes and operations 
According to Peinaldo and Graemi (2007), there are five basic types of layout: 
Physical Arrangement by Product; Physical Arrangement by Process; Cellular Physical Arrangement; 
Physical Arrangement by Fixed Position; Physical Arrangement Mixed. 
 
 
3 Philosophy Just in Time 
 
According to Correa and Gianesi (1996), the system ‘Just in Time’ (JIT) originated in Japan in the mid-
1970s, and its basic idea and its development credited to the Toyota Motor Company, which was looking 
for a management system that could coordinate production with the specific demands of different models 
and vehicle colors with minimal delay. For Shingo (1996), however, JIT is more of a technique or a 
combination of the production management techniques being considered as a complete "philosophy", 
which includes aspects of the material management, quality management, physical arrangement, product 
design, work organization and human resource management. 
   To Antunes (2008) although the success of JIT delivery system is trampled in the cultural 
characteristics of the Japanese people, more and more managers have become convinced that this 
philosophy is composed of management practices that can be applied anywhere in the world. According 
to Shingo (1996), JIT system has as its fundamental objective the continuous improvement of the 
production process. The pursuit of this objective occurs through a mechanism of reduction of stocks. 
High volume of stocks tend to mask the problems. The objectives of stock reduction, manufacturing 
reduction, working force involvement, the continuous production flow and improvement, present in JIT 
philosophy, require some changes in order to get productive resources in a manufacturing company. The 
traditional layout for companies that produce certain variety of products has been the layout of process or 
the functional one. 
 
 
4 Stages of the layout planning 
 
For Lobo (2010), time in the layout planning is important because the implementation of a new layout is 
usually costly. This is why a good planning must be done to avoid relocations or replacements of 
machines and spaces. In Table 1, the stages of the layout planning are shown. 
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Table 1 
Stages of the layout planning. 
Source: Lobo, 2010 – adapted by the authors. 
 
 

STAGES DESCRIPTION 

Stage 1 

Location 

It specified the location of the area to which the layout is planned. This 
may be an existing area or a new one. It is important to determine 
whether the rearrangement or new layout will be in an area in use,       
in a storage area to be disabled, in a new building or reused elsewhere. 

Stage II 

General Physical 
Arrangement 

In this stage, it is specified the relative position among the various 
areas. The flow models are worked and the areas are worked in sets,  
so the interrelationships and the general settings of the areas are 
established in a crude form. These layout sketches are called coarse 
layout, block layout, the relative location of areas. 

Stage III 

Detailed Physical 
Arrangement 

In the detailed physical arrangement, the position of each machine and 
equipment is exposed. This stage specifies each physical characteristic 
of the area including the supplies and services. 

Stage IV 

Implementation 

In this phase, the movement of machines and equipment is carried out 
according to what was detailed and approved in the stage III, it is also 
made a survey of the financial resources necessary for the 
implementation. 

 
 
 
5 Methodology 
 
As this study aims to suggest improvements in the production process in order to reduce the dead time, it 
is based on the concepts of Production Engineering. Through a research, the process data were collected 
for the initial analysis of the critical points. Data were collected and analyzed in the months of April, May 
and June 2014. The company researched is an industrial company of agricultural equipment located in 
northern of Rio Grande do Sul state, Brazil, and has approximately 2,200 employees. 
   It was carried out the evaluation of the current working system of the assembly line of the company 
above mentioned. The assembly line department has 102 employees operating in approximately 5,000 m², 
running the processes of the assembly line in this company. The results are described based on 
observations in the aspect of the assembly process; in the cultural aspect; in the ergonomic aspect; and in 
the logistical aspect. 
 
 
6 Results 
 
Initially, it was made an analysis of the current process. The surveys were divided into three distinct main 
areas. They are: 

– Working logic: based on the concepts of ergonomics, short manufacturing, 5S, ‘milk 
run’, the technical characteristics of the assembly line as well as the analysis of the 
current logic of work is raised. 
– Functional Table: survey of ergonomic issues, requirements of filling the functions 
of employees, training, skills and segregation of this information to the profile 
designed by the company.  
– Working environment: survey of environmental safety conditions and auxiliary 
devices, survey of the layout conditions, survey of the environment among operators. 

   The analysis of the current situation is made by assessing the applied physical arrangement, 
composition of flowcharts work on the macro level and study of time and motion of assembly processes. 
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6.1 Working logic aspect 
 
We note the following points about the aspect of working logic, according to the survey data conducted 
on the current situation: 

– Lifting structures as well as assembly and transportation devices are working 
properly. 
– The current logic of supply logistics is deficient in some points making the assembly 
not possible at the planned time. 
– There is no definite supply flow. 
– The assembly line does not follow a 'takt-time’ in an orderly manner, thereby 
managing the run-in time according to good or bad conducts of the assembly 
processes. 
– The parts with production problems are not assessed before the assembly process 
and the machine inspection is carried out after the whole assembly of the product.  

   The assemblers face some ergonomic problems due to the machine position in the assembly line. The 
same is assembled from the start to the end of the process at a height of 1.80 meters making the arms of 
operators get extremely tired at the end of the working day. 
   Currently, the process of pre-assembly is held in a separate pavilion of the main line with about 2,000 
m² and distant eighty (80) feet. This distance creates a very high logistics costs and consequently a 
vulnerability in a very large system, in the transport, because of the disability of some packages, the parts 
are damaged affecting the quality of the final product as the assembly line does not evaluate the visual 
quality of them before the union of the sets. 
 
 
6.2 Staff aspect 
 
It was noticed a serious lack of a working method in the staff, therefore, one of the most difficult 
obstacles to work is the culture of operational base. It can be seen in this analysis that the operating base 
cannot follow some basic concepts of an organization. The rules are set aside and turned into exception at 
work. Nowadays, the company works with 102 employees focused on the assembly process. 
 
  
6.3 Working environment aspect 
 
It was perceived in this analysis that, because the company is not given a modern working method, 
various problems occur in the workplace hindering a better productivity. They are: 

– Corridors (hall): blocked by assemblies, clogged by parts packed around awaiting 
for the assembly process and obstructed by devices and/or tools or objects in general. 
The lack of space in corridors are caused by obstructions and the disruption of the 
flow of parts and raw materials.  
– Temperature ranges: Ventilation systems are not efficient resulting in a hot work 
environment during the Summer and the structure does not have a heating system with 
heating function in the Winter. 
– Culture: Organizational culture, which imposes accelerated rhythm of production, 
and the personal culture of employees still struggling to assimilate, produce at 
minimum cost with quality and in a clean and organized environment. 

 
 
6.4 Description of the intervention 
 
By having these data about the current process, the development focused on reducing the in-process and 
the optimization of its logistics process and the physical arrangement was started, making the operator 
work with footage of the suitable working area. The stock was previously accumulated in 6 machines 
now works with only the machine that will be used by the main line, without any floor space for 
accumulation of unnecessary stock. The pre-assembly line supplies the main line laterally. This new 
concept has reduced the cost of transportation of pre-assembled components to numbers close to zero. 
The whole process was based by using an action plane f the model 5W2H for the transition. 
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   Along with the defined action plan, the physical arrangement started changing. Walking corridors were 
created, a demarcation located next to the main hall where the assembly operators should move not to 
interfere in the space that belongs to the flow of the logistics department. This intervention was successful 
and today all operators only move around in the area allocated to them. In order to eliminate one of the 
major problems already highlighted in the analysis before the intervention, the main corridors were clear. 
The logistics and the assembly departments were involved in this stage. So, it was defined a team that 
initially would be responsible for monitoring and for the cultural development of the operators. It can be 
concluded that the goal was achieved and today the corridors are free. 
   In this scenario, it was performed a time measure on April 23rd 2014, analyzing the operative and 
inoperative times of the production assembly process. After the interventions already described, a new 
time measure was performed on June 10th 2014 and it was perceived an improvement in the daily 
performance indicator of operators. Table 2 shows the time measures before and after the improvement 
actions. It should be noted that Table 2 refers to the production in the assembly process. The percentages 
do not match and the assembly process show that the operator is performing other tasks that do not 
correspond to their main functions. 
 
 
Table 2 
Functions and percentage data of the measured times. 
 
 

FUNCTION PERCENTAGE OF 
OPERATING TIME 
23.04.14 

PERCENTAGE OF 
OPERATING TIME 
10.06.14 

IMPROVEMENT 
INDEX 

Assembly 49.3% 62.1% 12.8% 

Verifying parts 28.5% 10.4%  

Others 15.2% 24.4%  

Tools 4.3% 2,4%  

Maintenance 1.5% 0  

Movement 1.2% 0.7%  

Total 100% 100%  

 
 
   It is clear in Table 2, at the time measure of April 23rd 2014, that analyzing the operative and 
inoperative times, operators have on average, on a day's work, 50.7% of their time as dead time, that is, 
making tasks other than the mounting (assembly). On the other hand, on June 10th 2014, after the 
improvement actions, we can see an improvement in the indicator that shows the daily performance index 
of operators. In the survey data before the intervention, we note that operators reached less than 50% of 
their workday acting in their assigned roles. Comparing the two measurements of time, there is an 
increase of 12.8% in the operating time, that means, the operator who spent less than half of his day being 
productive in his role for the company now reaches numbers above 60%. This is the result of measures 
taken in relation to production. 
 
 
7 Conclusion 
 
It became clear in this research, the importance of using methodologies of Production Engineering in 
search of better competitiveness in companies. It is known that the reduction of waste and the 
improvement of the operational performance enhances the financial performance of organizations. This 
paper proposed, through the use of production engineering tools, to identify and to improve operative 
time within an assembly line in an industrial production process. Thus, the overall objective was achieved 
through the demonstrated results and the analysis of this important issue which is the constant pursuit of 
continuous improvement. 
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   Regarding the cultural aspect, it was achieved in a short space of time, making the leadership and the 
operational base understand the new concepts to transform them allies in the change process at work. 
   Regarding the working environment aspect, the improvement of the ergonomic aspect comes as a 
consequence of an entire work performed, as mentioned in the analysis previous to the intervention. The 
operators used to work for hours standing and with theirs arms raised. Because it is heavy work, operators 
sometimes ended up extremely tired, reducing their productivity. After the intervention, the operators 
started working with proper ergonomics positions. 
   So with the application of Production Engineering tools, it was decided that each department carries out 
its real function without interfering in the responsibilities of other areas, working with low stock 
production, product quality and maximum organization in the industry. These features are great allies in 
reducing dead times, since they help assemblers in the daily process and add much in the cultural 
development of each worker. 
   Finally, because of the importance and relevance of the topic, new incursions of research in this area 
should be made, increasingly seeking knowledge on the subject and assisting in the search for better 
productivity and profitability for organizations. 
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Ten Years of Supply Chain  
Management Research in Brazil 
 
Machado M C1, Macau F2, Santos C E3 
 
 
Abstract: This paper explores the supply chain management (SCM) research in Brazil from 2004 to 
2014, identifying research opportunities in this domain. A literature review was performed, 
comprehending articles from Brazilan scholars, collected in two major academic data bases. An 
established framework to categorize this literature is applied to identify: (i) current status of high level 
supply management research in Brazil; and (ii) main streams, both theoretically and methodologically. A 
thematic analysis is done on the content, positioning Brazil's recent publications related to SCM context, 
emphasizing research drivers and opportunities for future work.   
 
Keywords: Supply Chain Management; Thematic Analysis; Literature Review; Brazil. 
 
 

 
 
1 Introduction 
 
The study of supply chain management (SCM) in Brazil in recent years had a considerable increase. As 
seminars and journals, especially in the business and production engineering fields, demand for abstracts 
and full papers in English, comparison along what is published there and mainstream SCM content is 
increasingly possible. As discussed in Bortollossi & Sampaio (2012), logistics and SCM are popular, well 
developed themes, calling attention to both academics and practitioners. This is aligned to international 
developments in the field, where SCM has received more and more attention through the years, given 
phenomena like the Globalization and IT developments.  
   The international scientific community carried out different studies on literature review in SCM. Some 
developed frameworks for future analysis (Alfalla-Luque et al. 2013; Croom et al. 2000; Almuiet & 
Salim 2014; Gunasekaran & Ngai 2005; Seuring & Müller 2008). Other categorized researches given 
their particular approach to SCM, such as: humanitarian issues, sustainability, strategic planning, 
knowledge management and governance (Abidi et al. 2014; Gold et al. 2010; Lambiase et al. 2013; 
Martin et al. 2006; Rajurkar & Jain 2011; Shukla & Jharkharia 2013; Torres Valdivieso & García Cáceres 
2008). This article presents a systematic literature review on papers selected in two major academic 
databases, which present both (i) SCM as a central topic; (ii) a Brazilian journal as host for the material; 
(iii) at least abstracts and keywords published in English. The objective is to perform a systematic litera-
ture review of the Brazilian context, analyzing information and methodologies to identify well-developed 
themes, and overlooked ones to be prioritized for a more complete research in the area in Brazil. 
 
 
2 Supply Chain Management in Brazil 
 
The study of supply chains gained momentum in the last decade (Fig. 1). It is established as an important 
area of business management, being one of the main topics in the domain statement of the Operations 
Management division of the Academy of Management. Respected academic journals, such as the Journal 
of Supply Chain Management and Management Science are devoted to studies in the field. 
 
 
 

                                 
1 Marcio Cardoso Machado (marciocmachado@uol.com.br) 
2 Flavio Macau (professor@flaviomacau.com)  
3 Carlos Eduardo Santos (carlos.santos@ifmt.edu.br) 
   PGA. UNIP. Rua Dr. Bacelar, 1212 - Vila Clementino - São Paulo – SP, 
   CEP 04026-002. FEA, PUC-SP. Rua Monte Alegre, 984,  
   Perdizes - São Paulo - SP, CEP: 05014-901 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 311 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 
Citations of Supply Chain Management in Web of Knowledge. 
Source: Authors. 
 
 
   In Brazil SCM is in the domain statement of the Operations and Logistics Group of the ENANPAD 
congress (main academic event in the country), and is represented in academic journals such as the 
Journal of Operations and Supply Chain Management. To grasp which topics are presented in Brazilian 
studies, we did a systematic review of papers published from 2008 to 2014. 
 
 
2.1 Systematic review 
 
In a systematic review the most relevant information for a given topic is selected, following a logical 
sequence that reduce bias and guarantees an adequate coverage (Abidi et al. 2014). Researches following 
the same steps should be able to replicate the process, resulting in robust and transparent results. A logical 
and exhaustive process of data mining is done in the literature review, involving published materials in a 
systematic way, which allow for peer reviewers a better position to audit assignments. This article 
conducts such systematic review, following Tranfield et al. (2003) steps: 
 

•!Planning: to evaluate the status of high level supply management research in Brazil, 
and to establish its research streams both theoretically and methodologically, an 
assessment of representative academic publications on supply chain management in 
Brazil was performed. After consulting with expert Brazilian scholars two databases 
were selected (Scopus and SciELO), both containing  journals that, since 2008, are 
involved in an effort to publish in English language. Instead of developing new 
classifications, the categories suggested by Croom et al. (2000) (see Table 2) were 
chosen to support comparisons with other studies. 

 
•!Searching: supported by the experts, the keywords chosen to capture SCM publishing 

in Brazil were "supply chain" OR “supply chain management” OR “logistic”. 
Literature review was performed in the end of December 2014, involving a ten-year 
period of data collection (although the next session focus on the 2008 - 2014 period). 
Journals were res-tricted to those related explicitly to business management, decision 
science, engineering, and social sciences. A relevant amount of related articles was 
found (Table 1). 

 
 
Table 1 
Protocol for database search. 
Source: Authors. 
 

Database Scope Number of publications 
Scopus Title, abstract and keyword 1799 
SciELO Title, abstract and keyword 452 
Total  2251 
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•!Screening: to guarantee replication, a criteria was established to exclude articles from 
the original 2.251 list. Articles had to be empirical or theoretical, blind reviewed, 
published from January 2004 to December 2014, in Brazilian journals that take part of 
the CAPES-Qualis list (a local rank for academic journals). Papers that were 
duplicated, that did not contain at least one Brazilian author, and that were submitted 
to conferences only, were excluded (except for Souza et al. (2014) literature review on 
SCM). Abstracts from the 71 remaining articles were read to eliminate those where 
SCM was not a central topic, e.g. when the unit of analysis was an aspect of a firm 
inserted in a supply chain (not SCM per si). This resulted in a list of 53 articles clearly 
related to SCM studies in Brazil, conducted with Brazilian scholars (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 
Paper screening methodology based on Abidi et al. (2014) & Wilding et al. (2012). 
Source: Authors. 
 
 

•!Extraction, synthesis and reporting: the remaining 53 articles were classified 
according to Croom et al. (2000) categories, considering the level of analysis (dyadic, 
chain, network), and the elements of exchange (assets, information, knowledge, 
relationship).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 
Number of selected articles in SCM published in Brazil from 2004 to 2014. 
Source: Authors. 
 

 
   Also, an epistemological classification was performed, involving methods of analysis (theoretical and 
empirical), and paradigms (prescriptive and descriptive). The distribution of the 53 selected articles, per 
year of publication, can be found in Fig. 3. 
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2.2 Literature Review – thematic analysis 
 
Croom et al. (2000) two dimensional approach to literature thematic analysis enables to address both the 
level of analysis (dyadic, chain and network) and the element of exchange (assets, information, 
knowledge or relationship). The level of dyad analysis is divided into relationships between supplier and 
manufacturer, and between manufacturer and distributors. In the chain level there is no division. In the 
network analysis level divisions occur depending on the nature of the operation (downstream or 
upstream), or take the network as a whole. 
 
 
Table 2 
Number of papers classified in each supply chain thematic matrix cell.  
Source Adapted from Croom et al. (2000) 
 

Level of analysis Elements of exchange 
Assets Information Knowledge Relationship 

Dyadic     
-! Suppl. Manuf. 4 2 3 4 
-! Manufa. Dist. 4 1  2 

Chain     
-! Suppl. Manuf. 

Dist. 
14 1 2 2 

Network     
-! Up Stream 4 1   
-! Down stream 3    
-! Whole 4   2 

 
 
   Each matrix cell represents the level analysis and the element of exchange (Table 2). The 53 articles 
were meticulously read and categorized, resulting in extensive notes (available upon request for 
comparison and discussion) as to which categories they fit best. A recurrent situation was the possibility 
to place a given article in more than one category. To ensure that a given paper did not result in multiple 
contributions, therefore with a heavier weight than others to determine actual trends, each article was 
allowed to occupy only one category - that which represented best its central characteristic. As a 
consequence, the sum of all cells result in the 53 analyzed articles. 
   However, analyzing it vertically, 33 articles involved asset examination, while 5 involved information, 
5 involved knowledge, and 10 involved relationships. Therefore, there was a clear trend into the more 
explicit, economic trait of SCM. 
 
 
2.3 Literature Review – method analysis 
 
Again Croom et al. (2000) structure was applied to categorize the methods employed in each of the 53 
articles. The epistemological dimensions ranged from theoretical to empirical in one axe, and from 
prescriptive to descriptive in the other. Fig. 4 presents the results. Each quadrant represents the amount of 
crossing perspectives found in the body of articles. 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 
Literature classification according to the method analysis. 
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   There is a trend toward descriptive theoretical papers (53%), similar to that observed in Croom et al. 
(2000) (56%). Descriptive, theoretical papers are a bit far of (17% against 11%), as well as prescriptive 
theoretical (13% against 6%), and prescriptive empirical (17% against 27%).  
   Therefore, descriptive papers predominate in Brazil (70%), aligned to the 67% found by Croom et al. 
(2000) in international literature. This suggests a strong focus in understanding what happened in the past 
in SCM, rather than suggesting what to do in the future. One may see a clear trend into explaining (a 
scholar activity) rather than acting (a practitioner activity).  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig.4 
Literature classification according to the method analysis. 
 
 
   However, in Brazil the percentage of empirical papers (70%) is lesser than that observed in the 
international literature (83%). This may suggest an earlier stage in the study of SCM, where concept 
dissemination and understanding is still necessary to solidify the area's foundation within the country. 
Before comparing even more extensively, what is going on in the field, it is necessary to align and share 
definitions and models, adapting them to the local reality. 
 
 
3 Research agenda for SCM in Brazil 
 
Research on SCM in Brazil is increasingly seeking for visibility in the international community, as shown 
in the indexation of Brazilian journals in international databases, and also in the insertion of Brazilian 
authors in international journals of greater visibility. The typical Brazilian author in the last 10 years 
directed his/her research in SCM to the dyadic or chain level of analysis, working with assets as exchange 
elements, with empirical, descriptive analysis. To achieve parity with the SCM community more research 
in the network level of analysis should be conducted, applying structures such as those proposed by 
Harland et al. (2004). In addition, mixing academic and practitioner perspectives might enhance the 
development of the area, contributing for more opportunities of international insertion. 
 
 
4 Conclusion 
 
Research on SCM increased in Brazil in the last 10 years, with a growing number of academics and 
journals aiming for more international relevance, inserting research done in the country in the 
international arena. This article studied published papers from 2004 to 2014, observing the remarkable 
jump started in 2008, which aggregated a number of local publications to the international mainstream. 
Through systematic literature analysis, it was possible to identify actual trends and future opportunities of 
research in SCM in Brazil. The current status of high-level supply management research in the country 
point to empirical, descriptive material, analyzing the dyad or the chain, focusing on its assets (an 
economic perspective). Chains should receive more attention as unit of analysis, and an effort to extend 
research in less prominent areas - such as information, knowledge, and relationship aspects of SCM - 
might contribute to a greater participation of Brazilian authors and journals worldwide. Today's status 
reflect the current need to translate concepts and ideas to local conditions. To achieve greater relevance, a 
shift is needed toward innovative, practitioner based applications. 
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Environmental management  
in companies in the food sector:  
the state of the art 
 
Viles E1, Santos J2, Ormazabal M3, Jaca MC4 
 
 
Abstract: The food sector, given its size and impact, should be one of the principal focus of the environ-
mental management progress. This article aims to analyze the scientific advances in the field of environ-
mental management in food companies through a literature review of the last 10 years. Trends in research 
linked to the environmental management of food and/or beverage companies are analyzed by classifying 
the literature into five themes: culture/models, environment, logistics, materials and process. 
 
Keywords: State of the art, food sector, environmental management. 
 
 

 
 
1 Introduction 
 
In recent decades, all types of organizations have incorporated within the workplace different tools in 
order to promote awareness of environmental impact and to comply with legislative requirements and 
requirements for protecting the environment (Claver et al., 2007). These environmental tools range from 
techniques from Life Cycle Analysis (LCA) or product and service eco-design to the implementation of 
environmental management systems in accordance with different standards and norms or environmental 
performance evaluations (Emilsson and Hjelm, 2002). 
   However, many companies remain reluctant to incorporate environmental improvements or do not 
exploit the potential of environmental management. Many companies are satisfied with simply having an 
environmental management system through a certification such as ISO 14001. 
   The European food industry is the largest industrial sector in the EU (14.9% of annual turnover) but it is 
heavily fragmented (out of 287,000 companies, over 99% are SMEs). The sector, in Europe, contributes 
to 23% of global resource consumption and 18% of global greenhouse gas emissions, it represents 5.3% 
of the worldwide industrial energy consumption, and it is considered one of the largest producers of 
wastewater. These data warrant the need to know in depth what the state of the sector is in terms of 
environmental management and what scientific advances are taking place in this field. 
   Specifically, this paper analyzes the scientific advances in the field of environmental management in the 
food sector by reviewing the scientific literature of the last 10 years. This study focuses mainly on analy-
zing trends in the research linked to the environmental management of food and/or beverage companies. 
   The article first details how the literature review was carried out and the criteria for article selection. 
Then it analyzes and classifies the selected articles, and finally it presents the conclusions of the study. 
 
 
2 Literature review 
 
In the scientific domain, the database of reference is, undoubtedly, the ISI Web of Knowledge. It allows 
users to conduct structured studies, to know what citations appear in each article, to filter results by topic, 
and to access any summary; hence, any article can be classified according to the subject or keywords. 
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   For this study, during November 2014, we consulted for articles and reviews for the period 2004-2014, 
using a combined subject search with the key words "food industry" and "environmental management". 
The initial search areas were environmental sciences; ecology; food science technology; agriculture; 
public, environmental, and occupational health; engineering or operations research management science; 
and water resources. 
   The query returned 352 articles, which are shown distributed by year in Figure 1. There is a slight 
increase in the number of articles published each year, although the year 2014 is not representative as all 
the publications have not yet been incorporated and indexed on the web. 
   The first noteworthy aspect of the query results is the diversity of scientific journals in which articles 
have been published, for a total of 203 journals. Just one article was found in 154 journals and 1, 2 or 3 
articles were found in 185 journals. The three journals that have published more articles are: Journal of 
Cleaner Production (20 articles), British Food Journal (14 articles) and Journal of the Science of Food and 
Agriculture (10 articles). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Distribution of articles by year. 
 
 
   A diverse set of topics were found in the articles, so we proceeded to classify them by first looking at 
the title and abstract and the following content criteria stablished beforehand for the analysis: 
 

•!Climate. Of the 352 articles, 19 articles focus on aspects related to the impact that 
food manufacturing has on climate change. 

 
•!Ecosystems. This topic covers 41 articles that address how to defend certain marine 

ecosystems, flora or fauna, or how to encourage the captive breeding of certain 
species. 

 
•!Management. 115 articles address issues of business management, and these are the 

ones that will be analyzed in depth and reclassified in the next section. 
 

•!Chemical/Biological. 50 articles explain the effect that chemical or biological agents 
have on water quality or on manufactured products. This group also covers the effects 
of pesticides on production. 

 
•!Natural Resources. 29 articles explain the problems of natural resource scarcity and 

how to encourage their proper use with policies and actions that can be implemented 
in companies, especially on livestock farms. 

 
•!Health. 62 articles analyze the effects that the production of food, pesticides or 

bacteria have on people’s health. Articles covering food safety in food production 
companies are also in this section. 

 
•!Technology. 36 articles deal with applying technology to non-productive sectors such 

as perishable goods, crops, water treatment plants or genetic modification. 
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   Table 1 shows this classification by year of publication for the 352 articles. The total number of articles 
for each category is also provided. 
 
 
Table 1 
Initial classification of the articles. 
 

Category / Year 
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Climate 1 0 1 1 0 2 2 2 4 1 5 19 
Ecosystems 3 0 4 6 3 6 6 1 4 4 4 41 
Management 5 10 14 6 8 11 10 6 16 18 11 115 
Chemical/Biological 4 1 3 5 5 1 7 5 7 7 5 50 
Natural Resources 1 3 1 4 0 3 5 4 2 6 0 29 
Health 3 4 1 4 8 9 6 11 6 10 0 62 
Technology 0 2 4 5 0 2 3 5 6 7 2 36 
Total / Year 17 20 28 31 24 34 39 34 45 53 27 352 

 
 
 
3 Research on environmental management in the food sector 
 
As described above, after the initial classification, 115 articles were identified as having content directly 
related to aspects of environmental management in companies in the food sector. Although articles 
related to environmental management in any company of the sector were considered, this study will be 
focused on the productive sector and consequently two groups of articles are going to be eliminated: 
 

•!Other sectors. 30 articles cover issues of environmental management in retail 
companies, supermarket chains, fish farms, water treatment companies or intensive 
agriculture. 

 
•!Other studies. 10 of the 115 articles focus on environmental problems from the pers-

pective of consumers, stakeholders or marketing strategies and company 
communication. 

 
   As a result, the final list of scientific publications that cover environmental management in food 
production companies is comprised of 75 articles. Figure 2 shows the distribution of these articles by 
year, where no trends are observed. 
   The distribution of articles across journals remains highly fragmented (36 different journals), although a 
third of the articles are from three journals: Journal of Cleaner Production (15 articles), British Food 
Journal (6 articles) and International Journal of Production Economics (5 articles). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Distribution of the final set of articles by year. 
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3.1 Selection criteria. Final classification 
 
Once the publications that did not respond to the objectives of the present article were removed from the 
study, a detailed reading of the abstract, objectives and keywords of the 75 articles was undertaken. 
Below a thematic grouping is proposed, taking into consideration 5 areas or aspects that affect the 
environmental management of a company in the food sector: 
 

•!Culture/Models. Articles in this area present environmental management models, 
barriers to the adoption of environmental policies or models of environmental 
sustainability for companies. 

 
•!Environment. A company’s environmental requirements depend largely on the 

conditions established in the environment where it is located. On the one hand, 
environmental legislation sets requirements that affect the way the company carries 
out certain processes. On the other hand, the environmental culture of the people sets 
the level of the workers’ environmental commitment. Ten of the articles are part of 
this area and they focus principally on legal aspects. 

 
•!Logistics. In addition to the company itself, a company’s customers and suppliers 

make up the company’s environmental efficiency, setting new restrictions concerning 
packaging, transportation, etc. In this sense, most of the 12 articles included in this 
area focus on the sustainability of food companies’ supply chains. 

 
•!Material. The efficient use of raw materials should be dealt with separately from the 

production process. One reason for this is that an environmental impact has already 
been generated due to their production. Another reason is that maximum use of raw 
materials should be undertaken wherever it is possible to reuse them. The 20 articles 
in this area make proposals for reducing waste in or recovering it for further use. 

 
•!Process. The area where a company can better manage its environmental impact is its 

own transformation process, which often has the greatest impact. Out of the 26 
articles that address issues related to process, 9 deal with technical aspects, 3 propose 
process management indicators, 8 use tools to analyze environmental impact, and 6 
present proposals to reduce water consumption in the process of transformation. 

 
 
Table 2 
Year of publication for the final set of articles. 
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Culture/models 0 0 0 0 0 1 2 0 2 2 0 7 
Environment 0 0 2 1 1 0 1 1 2 0 2 10 
Logistics 1 0 0 0 0 2 1 0 1 1 6 12 
Material 3 0 2 2 4 2 0 0 3 3 1 20 
Process 1 2 6 1 1 2 3 3 3 4 0 26 
Total 5 2 10 4 6 7 7 4 11 10 9 75 
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Table 3 
Citations received per year. 
 
 

Aspect / Year 
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Culture/models 0 0 0 0 0 0 2 5 13 14 24 58 

Environment 0 0 0 11 4 3 2 7 7 3 6 43 
Logistics 0 1 2 2 10 3 13 4 17 31 33 116 
Material 0 0 0 8 22 38 43 63 79 90 50 393 
Process 0 0 4 15 37 47 50 68 114 142 136 613 
Total 0 1 6 36 73 91 110 147 230 280 249 1223 

 
 
 
   Tables 2 shows the number of articles published in each category and Table 3 shows the number of 
citations received by those articles in the period under study. It is important to highlight that only 3 
articles out of the 75 have no citations and that only 8 have fewer than 5 citations. 
 
 
3.2 Most cited articles 
 
Due to space constraints it is not possible to analyze the 75 articles and their references in detail. We will 
therefore analyze the most cited articles in each category, with the aim of covering the scientific 
community’s interest in the topics tackled in those articles. We will therefore analyze the ten most cited 
articles across all categories that account for more than 50% of the citations (720 of a total of 1223), 
which means that they can be thought of as the base of the scientific literature on environmental 
management in companies in the food sector. 
   Generic models facilitate the adoption of successful environmental strategies. Because some of them 
are adjusted to comply with the requirements set by standards such as ISO 14000, it is possible to identify 
barriers or incentives for the implementation of environmental regulations, especially in developing 
countries (Masood et al. 2010). The models also rely on tools such as life cycle analysis to assess the 
environmental impact that different types aspects of the food industry have (Notarnicola et al., 2009). 
   It is clear that the environment surrounding a company establishes the framework for action and the 
requirements that the company has to fulfill on environmental issues. On the one hand, it is necessary to 
comply with the law and avoid polluting, which can be more demanding in some countries (Murty et al., 
2006). The culture of the company also facilitates or hinders the adoption of the proposed general models. 
For example, it is possible to identify proposals that align environmental management models with 
quality assurance models (Seymour et al., 2007). 
   Companies are not isolated and if they want to reduce the environmental impact of their products, they 
should be aware of the supply chain and make it more sustainable, even in the area of bottle and container 
reverse logistics (Gonzalez-Torre et al., 2004). It is a complex problem that also supports integration with 
sustainability and food security, even through simulation models (van der Vorst et al., 2009). 
   The raw material used in the production processes of the food industry has a limited use and the 
concern about waste revalue is particularly important in this sector, whether it involves olives (Roig et al., 
2006) or fish (Arvanitoyannis et al., 2008). In this way it is essential to reduce and manage the 
environmental impact caused by raw materials. 
   Finally, the most obvious point of control at a company is its own transformation process, and scientific 
publications in this field focus on technological implementations, such as wireless sensors (Wang et al., 
2006) or new systems to reduce water consumption (Oelmez et al., 2009). 
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4 Conclusion 
 
Although the number of publications in the food sector area is growing, there is no correspondence 
between scientific interest and the interest shown by companies and governments about the 
environmental impact generated by this sector. Therefore, in light of the present study on the state of the 
art, it is clear that much work remains to be done to improve the environmental management of 
companies in the food sector. The number of citations associated with the articles analyzed is still low and 
corresponds to a research area of with development potential. The main aspects that this line of research 
should focus on could be framed in the five presented areas: Culture/models, Environment, Logistics, 
Material and Process. 
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The impact of Supply Chain  
Management on the innovation  
process: systematic literature review 
 
Zimmermann RA1, Ferreira LM2, Moreira AC3 
 
 
Abstract: Innovation generation is increasingly seen as a collaborative process carried out with the 
participation of different actors within or outside the organizations. In this context, the influence of the 
supply chains over innovation process is a current topic of great interest. This paper aims at contribute to 
the improvement of the knowledge about the relationship between supply chains and the innovation 
process by means of a systematic literature review. The identification and analysis of sixty relevant 
papers on the field showed the complexity, the topicality, and the broad character of the theme as well as 
indicated opportunities for future researches. 
 
Keywords: supply chain management, innovation management, organizational performance, systematic 
literature review. 
 
 

 
 
1 Introduction 
 
The complexity of the business environments, as a result of the globalization, elevates the impact of 
external factors over the organizations’ overall performance. Innovation management is increasingly seen 
as a collaborative process carried out with the participation of different actors within or outside the 
organizations (Berghman, Matthyssens, & Vandenbempt, 2012; Chesbrough, 2010).  
   Among external aspects that exert such influence are drivers and barriers derived from the relation whit 
external actors, economic uncertainty, government policies, legislation, market technological intensity, 
and competition. The influence of the supply chains over innovation process is a current topic of great 
interest (Golgeci & Ponomarov, 2013; Narasimhan & Narayanan, 2013; Oke, Prajogo, & Jayaram, 2013; 
Roy, Sivakumar, & Wilkinson, 2004).  This relationship was explored in recent Special Issues in journals 
as Decision Sciences and Journal of Supply Chain Management. 
   Supply chains are networks where suppliers and clients share the common objective of provide products 
and services to the final clients and enterprises rely on their partners to have innovative inputs 
(Narasimhan & Narayanan, 2013; Oke et al., 2013). Being historically vital for organizations for its 
strategic and financial impact, supply chain management has become more relevant as society becomes 
more and more concerned with knowledge. As a result knowledge and information flows are added to the 
traditional monetary and physical flows what increases its management complexity as well as its 
importance for processes undergoing little impact before, such as innovation management. 
   Thus, this paper aims at contribute to the improvement of the knowledge about the relationship between 
supply chains and the innovation process. For this, we conducted a systematic literature review, which 
analysed published papers about the topic, in order to know what has been studied in the literature and 
identify gaps and possible areas for future research. The question that the paper aims to answer is: 
considering that the innovation process is impacted by external factors, how the supply chains impact the 
innovation process and performance? 
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   In the next section, we present the methodology used, including the research question formulation, 
definition of papers selection and exclusion criteria, and analysis criteria. Then we present the results in 
two parts: (1) context of the literature on the topic – predominantly quantitative analysis; (2) qualitative 
analysis aims to answer the research question. Finally, we present the research conclusions. 
 
 
2 Methodology 
 
The paper uses the Systematic Literature Review (SLR) method as presented by Denyer and Tranfield 
(2009). SLR is the identification, selection, analysis, and synthesis of existents studies on a given topic 
and their clearly presentation in order to know what is known and what is not known about the subject 
(Denyer & Tranfield, 2009). The five steps proposed by the authors are used: (1) research question 
definition; (2) location of studies; (3) selection and evaluation of studies; (4) analyses and synthesis and; 
(5) presentation and use of the results. This method aims to ensure that the review is transparent, 
auditable and your repetition is possible. 
   The first step is the definition of the research question, which has to be clear to ensure the focus of the 
study. The defined question is: considering that the innovation process is impacted by external factors, 
how the supply chains impact the innovation process and performance?  
   The next step is the location of relevant studies to answer the research question. The ISI Web of Science 
database was used once it comprises the main works on the field. This strategy is used in many literature 
reviews on this field. We defined three categories of key words: (1) term related to innovation: 
innovation, innovate, innovativeness. We decided to use the term innovate* to include all the 
possibilities; (2) the terms supply chain and SCM; (3) and the terms align*, partner*, coordinat*, 
collaborat*, relation*. The search considered all the possible combinations of the three categories of key 
words. Only Journals were surveyed, limited to the areas of management, economics and engineering. 
There were no restrictions to the date of publication. The first search showed 627 articles.  
   Thereafter, the abstracts and keywords were read and the following question had to be positively 
answered so that the paper was selected: the paper has the relationship between supply chain and the 
innovation process as a clear objective? Using this criterion, 98 articles were selected. Finally, the entire 
articles were read to verify their contribution to answer the research question. After that, 60 papers were 
selected. Doubts and disagreements were discussed until a consensus was reached. 
   Following other authors’ suggestion and as a mean to improve the confidence of the selection, three 
researchers simultaneously analysed the articles. Doubts and disagreements were discussed until a 
consensus was reached. At last, the articles were analysed in two stages: (1) quantitative stage to know 
the literature context of the topic; (2) qualitative stage to identify and describe the main contributions of 
the articles to the topic. 
 
 
3 Literature context – quantitative analysis  
 
The analysis criteria used in this stage were year of publication, journals published, authors’ location 
(country), and theoretical perspective of the papers. The relationship between SC and innovation is a 
relatively new topic in the literature. Most of the articles are quite recent, and sixteen of the sixty papers 
were published in 2013 (Fig. 1). Eleven papers were published in 2014, and six in 2011 and 2012, 
totalling more than 60% of the articles in the last four years. The recent interest on the subject is justified 
for the growing importance of innovation as a competitive advantage factor, as well as the importance of 
collaboration between organizations. 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Number of articles per year. 
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   Regarding to the source of the publications, the analysed papers were published in twenty-three 
different Journals, what evidence the relevance and the broad character of the topic. The Journals with 
more papers published were the International Journal of Production Economics with nine articles, the 
Journal of Supply Chain Management and the Journal of Operations Management with seven papers 
each and the Supply Chain Management – An International Journal with six. The main Journals present 
high Impact Factors according to the Journal Citation Report and the first three are in the first quartile in 
their categories. 
 
 
Table 1 
Main Journals. 
 

  Journal Number of articles 

1 International Journal of Production Economics 9 
2 Journal of Supply Chain Management 7 
3 Journal of Operations Management  7 
4 Supply Chain Management-An International Journal 6 

 
 
   In what refers to location of the authors, the papers have a considerable dispersion, showing that the 
topic has a global interest. Although there is a predominance of papers held in the United States of 
America (about 50%), the number of articles of Europe and Asia are relevant. Regarding to the authors, 
once again there is a great dispersion. Twelve authors have two articles published and no author has more 
than two. Finally, between the institutions with the largest number of publications, we can highlight the 
Michigan State University, with seven papers and the Hong Kong Politechnic Univesrsity with five. 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Countries with more published papers. 
 
 
   The analysis of the articles also showed the inexistence of a predominant theory in this topic. In the 
sixty analysed papers, we identified more than ten theories as basis of the studies. The theories most cited 
were the Transaction cost economics, with seven papers, the Knowledge-based view, with six, Resource-
based view, with five, Network theory, Contingency theory and Relational view theory, with four papers 
each. Sixteen papers do not refer the theory used. 
 
 
4 Impact of the SC over the innovation process – qualitative analysis 
 
Innovation is seen as a collaborative process carried out with the participation of different actors within or 
outside the organizations. Great innovators depend on external actors to assure great part of the advantage 
in what refers innovation (Fawcett, Jones, & Fawcett, 2012). Ozman (2009) and Radas & Bozic (2009) 
state that innovation is more effective when seen as a collective process and that collaboration with other 
enterprises is an important part of enterprise efforts toward innovation. Hieh & Tidd (2012), claim that 
the higher the degree of novelty of innovation, the greater should be the intensity of knowledge sharing. 
   Jarayam & Pathak (2013) argue that the knowledge integration is an effective strategy to obtain better 
performance in the product and process development process. In this sense, Radas & Bozic (2009) 
highlight the alliances with research centres and universities, beside clients and suppliers, as facilitators to 
the innovation process. 
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   Few companies have the set of skills or have the necessary resources for the development of all 
components of their final products (Yeniyurt, Henke, & Yalcinkaya, 2014). Fitjar & Rodriguez-Pose 
(2013), argue that companies engaged in external collaboration tend to be more innovative than 
companies that depend exclusively on its own resources and knowledge. Among the external partners, SC 
actors are recognized as potential contributors to the innovation process (Jean, Kim, & Sinkovics, 2012; 
Yeniyurt et al., 2014). Roy et al. (2004), claim that innovation is not only influenced by relationships with 
suppliers, but is largely a result of these interactions. 
   Typically SC are designed to harmonize routine activities between partners, not including the 
innovation process (Bouncken, 2011). Considering the growing market competitiveness, however, is 
noticeable that companies, in most cases, do not have all the necessary resources internally, and try to 
build relationships with partners who own these resources, especially with other SC actors (Ettlie & 
Pavlou, 2006; Oke et al., 2013). Partners located upstream in the SC provide updated information on the 
preferences of consumers and on new trends. Partners located downstream, in turn, tend to provide 
current knowledge of new technologies (Bouncken, 2011). The level of participation of the partners in the 
innovation process also depends on their position in the chain. The farther the partner is located in the 
chain, upstream or downstream, the lower the level of participation in the innovation process (Wynstra, 
von Corswant, & Wetzels, 2010).  
   As companies become more specialized, increases the importance of engaging the SC partners in the 
innovation process. Becomes crucial that companies align their internal research and development 
strategies with the knowledge available in the chain in order to achieve better performance with regard to 
innovation (Narasimhan & Narayanan, 2013). Soosay, Hyland and Ferrer (2008) claim that the ability to 
work in partnership with other SC actors allows companies to integrate their operations, generating 
greater efficiency and facilitating innovation, both radical as incremental.  
   Petersen et al. (2005), argue that there are different levels of liability of suppliers in the process of 
develop-ping new products of its customers. When the supplier is involved in an informal and superficial 
way and the client makes all decisions, the relationship is called White Box. When there is a formalized 
integration and decisions and product development are conducted jointly, we call a Grey Box. Finally, 
when the development is coordinated and carried out primarily by the supplier, according to customer 
specifications, it is called Black Box (Petersen et al., 2005).  
   Golgeci & Ponomarov (2013) claim that the ability and the magnitude of the innovations of the 
companies are related to the resilience of the SC. Considering the growing importance of the SC to the 
organizations performance and the impact of disruptions, increased resilience can be seen as an 
improvement in the performance since it reduces the risk of ruptures. According to these authors, 
companies must invest in their innovative capacity not only to be competitive and improve its 
performance, but also to respond to the risks and disruptions in uncertain environments. 
   Narasimhan & Narayanan (2013) reinforce the hypothesis that innovation should be seen as a 
collaborative process, where the SC has a fundamental role. They define innovation as "the process of 
generating changes in products, processes and services that results in the creation of value for the 
company and its customers by leveraging the company's own knowledge and / or its SC partners." 
   Thus, considering the analysed studies, the relationship between the SC actors is a potential facilitator 
of the innovation process.  The main features described as facilitators in the articles analysed are: trust 
between partners, ease and frequency of information sharing, shared decision-making, integration of 
information systems and efficient management of the chains. Some features of the supply chains, 
however, can act as barriers to the innovation process. One of these barriers is the difference of the 
technology used by the actors, particularly between customer and supplier (Peitz & Shin, 2013). Another 
important barrier is the difficulty of establishing trust relationships between actors of SC (Fawcett et al., 
2012). 
   Finally, it is clear that there are different characteristics of the SC able to positively influence the 
organizations performance with regard to innovation. Given this influence, companies adopt different 
strategies in order to involve the other SC actors in their innovation process. Among the articles analysed, 
the following main strategies have been identified: (1) partnerships for specific purposes - development of 
a new product or process; (2) coordination of projects by the client company; (3) Integration of the 
product development process between actors of the SC; (4) Strategic alignment between actors in SC; (5) 
Strategy of open innovation. 
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5 Conclusions 
 
The increasing complexity of business environments, which increases the impact of external factors to the 
overall performance of organizations and the perception that innovation is a collaborative process 
involving external actors, explains the growing number of published studies on the relationship of 
innovation and SC.  
   Using the methodology of systematic literature review, we identified and analysed articles that explore 
the relationship between SC and the innovation process. The analysis showed the complexity of the topic, 
its relevance and its broad character. Companies, in general, do not have the necessary resources or skills 
internally necessary for the success of the innovation process. The main reason to collaborate with other 
organizations, therefore, is the access to these resources, especially to knowledge. Thus, collaboration 
with external actors becomes relevant to the innovation process of organizations. 
 
   Therefore, the SC affects the innovation process and their performance in many ways as facilitators or 
barriers to the process. The way organizations manage the innovation process relatively to the SC is 
addressed in different ways in the literature. Among the sixty analysed articles, we identified five main 
action strategies. From the articles, we also conclude that little has been studied about the influence of SC 
on the different types of innovation and the different stages of the innovation process, as well as the 
reality of services and SME. Another gap identified is the study of alignment of Supply Chain 
Management Strategies and Innovation Management Strategies to improve organizational performance. 
   Finally, the main recommendation for future research is the in-depth empirical studies on the use of 
different strategies for innovation applied to the SC. Also, it is recommended to carry out empirical 
studies on facilitating factors and barriers to the innovation process. Although, as shown in this article, 
some factors have been identified, there are no studies that explore this subject in depth. 
 
 
 
6 References 
Berghman, L., Matthyssens, P., & Vandenbempt, K. (2012). Value innovation, deliberate learning mechanisms and 
information from supply chain partners. Industrial Marketing Management, 41(1), 27-39. doi: 
10.1016/j.indmarman.2011.11.014. 

Bouncken, R. B. (2011). Supply Chain Contingencies: The Effects of Up-Stream Directives on Supplier's Innovation 
Performance. Emj-Engineering Management Journal, 23(4), 36-46.  

Chesbrough, H. (2010). Business Model Innovation: Opportunities and Barriers. Long Range Planning, 43(2-3), 354-
363. doi: 10.1016/j.lrp.2009.07.010. 

Denyer, D., & Tranfield, T. (2009). Producing a systematic review. In D. A. Buchanan & A. Bryman (Eds.), The 
Sage Handbook of Organizational Research Methods. London: Sage. 

Ettlie, J. E., & Pavlou, P. A. (2006). Technology-based new product development partnerships. Decision Sciences, 
37(2), 117-147. doi: 10.1111/j.1540-5915.2006.00119.x. 

Fawcett, S. E., Jones, S. L., & Fawcett, A. M. (2012). Supply chain trust: The catalyst for collaborative innovation. 
Business Horizons, 55(2), 163-178. doi: 10.1016/j.bushor.2011.11.004. 

Fitjar, R. D., & Rodriguez-Pose, A. (2013). Firm collaboration and modes of innovation in Norway. Research Policy, 
42(1), 128-138. doi: 10.1016/j.respol.2012.05.009. 

Golgeci, I., & Ponomarov, S. Y. (2013). Does firm innovativeness enable effective responses to supply chain 
disruptions? An empirical study. Supply Chain Management-an International Journal, 18(6), 604-617. doi: 
10.1108/scm-10-2012-0331. 

Hsieh, K.-N., & Tidd, J. (2012). Open versus closed new service development: The influences of project novelty. 
Technovation, 32(11), 600-608. doi: 10.1016/j.technovation.2012.07.002. 

Jayaram, J., & Pathak, S. (2013). A holistic view of knowledge integration in collaborative supply chains. 
International Journal of Production Research, 51(7), 1958-1972.  

Jean, R.-J. B., Kim, D., & Sinkovics, R. R. (2012). Drivers and Performance Outcomes of Supplier Innovation 
Generation in Customer-Supplier Relationships: The Role of Power-Dependence. Decision Sciences, 43(6), 1003-
1038. doi: 10.1111/j.1540-5915.2012.00380.x. 

Narasimhan, R., & Narayanan, S. (2013). Perspectives on supply network-enabled innovations. Journal of Supply 
Chain Management, 49(4), 27-42. doi: 10.1111/jscm.12026. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 327 

Oke, A., Prajogo, D. I., & Jayaram, J. (2013). Strengthening the innovation chain: the role of internal innovation 
climate and strategic relationship with supply chain partners. Journal of Supply Chain Management, 49(4), 43-58. 
doi: 10.1111/jscm.12031. 

Ozman, M. (2009). Inter-firm networks and innovation: a survey of literature 18(1), 39-67. doi: 
10.1080/10438590701660095. 

Peitz, M., & Shin, D. (2013). Innovation and waste in supply chain management. Journal of Economic Behavior       
& Organization, 86, 191-199. doi: 10.1016/j.jebo.2012.11.013. 

Petersen, K. J., Handfield, R. B., & Ragatz, G. L. (2005). Supplier integration into new product development: 
coordinating product, process and supply chain design. Journal of Operations Management, 23(3-4), 371-388. doi: 
10.1016/j.jom.2004.07.009. 

Radas, S., & Bozic, L. (2009). The antecedents of SME innovativeness in an emerging transition economy. 
Technovation, 29(6-7), 438-450. doi: 10.1016/j.technovation.2008.12.002. 

Roy, S., Sivakumar, K., & Wilkinson, I. F. (2004). Innovation generation in supply chain relationships: A conceptual 
model and research propositions. Journal of the Academy of Marketing Science, 32(1), 61-79. doi: 
10.1177/0092070303255470. 

Soosay, C. A., Hyland, P. W., & Ferrer, M. (2008). Supply chain collaboration: capabilities for continuous 
innovation. Supply Chain Management-an International Journal, 13(2), 160-169. doi: 10.1108/13598540810860994. 

Wynstra, F., von Corswant, F., & Wetzels, M. (2010). In Chains? An Empirical Study of Antecedents of Supplier 
Product Development Activity in the Automotive Industry. Journal of Product Innovation Management, 27(5),      
625-639.  

Yeniyurt, S., Henke, J. W., & Yalcinkaya, G. (2014). A longitudinal analysis of supplier involvement in buyers' new 
product development: working relations, inter-dependence, co-innovation, and performance outcomes. Journal of the 
Academy of Marketing Science, 42(3), 291-308.  

 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 328 

Planning routes and shifts  
driving for a small business  
of road passenger transport 
 
Aparicio P1, Muñuzuri J2, Escudero A3, Grosso R4 
 
 
Abstract: The presented work is done for a company that currently operates twenty lines of passenger 
transport in the metropolitan area of Seville. The planning of these was originally carried out manually, 
building routes and shifts in an Excel spreadsheet. In order to automate the process as much as possible. It 
was designed and implemented by a scheduling algorithm that would be much simpler than other 
algorithms in the literature and that, in addition, would make it possible to allow mixing vehicles and 
drivers between the lines. The objective was, firstly, to employ the minimum number of drivers; then, it is 
trying to use the least possible number of vehicles; finally, the study tries to reduce as much as possible 
the amount of split shifts. In addition, restrictions on the design of routes and shifts were added. At all 
times the service frequencies remained above the set limit. To allow the possibility of unexpected demand 
peaks, was established in the capacity of each route some slack. 
 
Keywords: planning routes; shifts driving; bus; passenger transport; algorithm 
 
 

 
 
1 Introduction 
 
Planning passengers’ bus services is a complex optimization problem, because the conditions and 
restrictions that often occurring in them, they are usually specific to each case. This necessitates the use 
of simplified or partial approaches to reach good enough designs. Thus, the global problem of planning a 
bus service is broken down into basic modules, in a total of five, according to the original description of 
(Ceder, 1986), shown in Table 1. Many scientific papers focus on each of the steps shown in Table 1, 
sometimes considering several stages at once. Ceder and Wilson propose a two-step algorithmic 
procedure to establish the network design and service frequencies, whereas (Guihaire, 2008) carried out 
an extensive collection of articles focusing on the planning of schedules in the network. Finally, regarding 
planning on driving schedules, (Ernst, 2004) collected studies about heuristic approaches (e.g., Martello, 
1986), column generation methods (Desrochers, 1989) metaheuristics (Wren, 1995), or even multi-
objective approaches (Lourenço, 2001).  
   This paper focuses on the last three stages of the planning process associated with the establishment of 
schedules of buses and shifts driving. These problems, which are based on prior knowledge of the 
network and the minimum frequency step and the demand divided time slots and all data cost and time 
constraints can be addressed in multiple ways. The most advanced approach is to solve the three problems 
together (Ball, 1983; Rodrigues, 2006; Mesquita, 2008). However, this approach has the disadvantage 
that it requires solving a linear optimization problem at some point in the execution of the algorithm. 
   An approach is taken in this case because it is a small company with few lines, is a heuristic approach 
that seeks a reasonably good solution in a time interval reduced to provide guidance to the company in 
planning schedules and shifts driving. Thus, we decouple both problems, using the result of the first as 
input for solving the second. The goal of the algorithm is: first, it expects to employ as few conductors as 
possible; then, will seek to use the least possible number of vehicles; eventually pursue reduce as much as 
possible the amount of split shifts that are required. 
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Table 1 
Bus services planning process (Ceder, 1986). 
 
 

Inputs required Planning activity Outputs 

Demand data 
Network Design 

Route changes 
Supply data New routes 
Route performance indices Operating strategies 
Budget or subsidy available 

Establishment frequency Service frequencies Buses available 
Service policies 
Demand for time slots 

Timetable development Trip departure time 
Trip arrival time 

Start and end time of service 
Travel time 
Deadhead times 

Bus schedules Bus schedules 
Break or rest periods 
Time restrictions 
Structure of operating costs 
Driver work rules 

Drivers scheduling Driver shifts schedules 
Staff costs or structure cost 

 
 
 
   The problem consists in the planning of a company that operates twenty lines in the metropolitan area 
of Seville. The lines have radial character, operating from a terminal in the city of Seville and another 
located in the metropolitan area. Three different terminals in Seville, with approximately equal numbers 
in each line. The lines need two planning processes per year (winter and summer). At the beginning of 
our work, this process was done manually for each of the lines separately, using a spreadsheet. 
Automating the process, attached to the possibility of combining lines between vehicles and drivers that 
have the same terminal. Thus, this work presents great opportunities for increased efficiency. 
 
 
2 Problem definition 
 
From the files of the company, it was known the following information for each of the lines: the round 
trip time (rt), the number of daily services (ns), the start and end of the journey, the first hour (hf) and last 
hour (hl) of departure, the demand for each slots in each line (D). If a line has several variants (i), the 
number of daily services (nsi) and the round trip time (rti). As is reflected in Table 1, the complete 
planning, scheduling and shifts driving also required information on the costs involved and the time 
constraints applicable to each line. This information is detailed below: 
 

•!Structure cost. The cost applicable to the service depends on the type of activity, basi-
cally, drivers can perform three types of functions: 
 
– Time of presence (TP): It is the time spend next to the vehicle without driving. 
There is an obligatory time presence of 10 minutes at the beginning of each day to 
prepare the vehicle, and a similar end for the liquidation of the cash box. 
 
– Time driver-no-receiver (TDNR): The driver is driving the vehicle without carrying 
passengers. Such times are for the routes from the garage to the header line and vice 
versa, or fictitious route which are placed on service planning. 
 
– Time driver-receiver (TDR): The driver is driving the vehicle carrying passengers. It 
corresponds to the regular bus services. 

 
The time costs associated with these three types of functions have the next relation: cost per hour (TDR) > 
cost per hour (TDNR) > cost per hour (TP) 
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•!Temporal restrictions. There is a restriction on driving times and rest periods of 
drivers. This restriction is described by the following four principles: 
 
– Driving shift: There are two types of shifts: full and split shifts (morning, evening). 
 
– Length shift: normal shifts are 8 hours, and maximum an extra additional hour a day. 
 
– Start and end of shifts: morning shifts often end before 15h, and often start later than 12h. 
 
– Rest periods: Maximum period of continuous driving is 6h. If the shift is longer, it is 
obligatory to introduce a break period of at least 15 minutes, if it is higher, is recorded 
at the present time. However, in split shifts that break is at least 1 hour, but time will 
not be considered presence if the break is longer. 

 
 
3 The proposed solution 
 
The proposed solution is presented in Figure 1. The solution consists of an initial analysis and a heuristic 
calculation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
The planning algorithm. 
 
 
 
3.1 Initial analysis 
 
The initial calculation, which is initially determined, the number of buses to be used in each line and a 
first approximation to the schedules of them, the lines of the company are classified into different groups, 
and this consists of several steps: 
 

•!The calculation of the number of buses needed for each line, estimated from: 
  

!" = $%& ∙ (!&& $%&& )                (4.1) 
 

Also, is calculated: the travel time in one direction (ttd = rt / 2), hours of service  
(hs = hl – hf + ttd) or the number of buses needed (nb = ns · rt / hs). 
 
•!Grouping and closing of the lines. If the decimal part of the nb is greater than 0.85 

(modifiable parameter) will be considered closed lines. For the remaining lines, to 
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identify those lines that are coincident, that is, they share the same terminal point in 
Seville. Then: 
– All possible groups of matched lines are tested, in order to maximize the number of  
closed groups. 
– Afterwards, groups of lines that are mismatched and not closed are tested, to 
building all possible closed groups. 
Accordingly, four cases are defined: 
– Type A: Individual lines closed with one vehicle 
– Type B: Lines individual closed with two or more vehicles 
– Type C: Groups with two or more vehicles 
– Type D: Lines with various routes with different times. These lines are treated as 
belon-ging to type C. 

 
Thus, the total number of buses is obtained, rounded to the next whole number needed for each line and 
closed group buses. 
 
 
3.2 Heuristic 
 
After preliminary analysis, the heuristic calculation performs the final planning, the heuristic is divided 
into two modules: the bus schedules and the driver shifts planning. 
 
 
3.2.1 Bus schedules 
 
The planning module of bus schedules, is based on a historical demand of each line and travel times 
according to the time of day. Route designs are done by determining the number of vehicles required and 
departure times. 
   To understand the heuristic, an operation of a bus, with four services (two departures and two arrivals, 
between two terminals) is shown in Figure 2. For each service, it has shown time in each terminal, 
departure time in one terminal and arrival time in the other, in the line, the slope defines speed and 
distance between both terminals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Description of the operation of a bus line with two services. 
 
 
 
The operation of the heuristic for determining bus schedules depend on the type of line, according to the 
definition in the preliminary analysis. The procedure for each type of possible lines are described: 
 

•!Type A: lines that only need a single vehicle for all services, the process is as follows: 
  

– The only vehicle defines their services beginning at the start time of service (hf). As 
in Figure 2, outward journeys are defined at (hf + rt, hf + 2 rt, hf + 3 rt,...) and return 
journeys at (hf + ts, hf + rt + ts, hf + 2 rt + ts,…) to meet the demand or minimum 
service associated with each slot time. When all services in the time slot have been 
performed, the bus is waiting for the next service. The process continues in this way 
until the end of the day (hl). 
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•!Type B: lines with two or more vehicles for all services, the process is as follows:  
 
– Times are determined for the first vehicle in the same way as in the type A. 
 
– For the second vehicle, the backward process is performed. Defined the routes 
backwards from the time of the last arrival (hl - rt, hl - 2 rt, hl - 3 rt,…) and from the 
opposite terminal (hl - ts, hl - rt - ts, hl - 2 rt - ts,…), until the start of the day. 
 
– If it is necessary a third vehicle, there is reintroduced forward, like the first. The 
departure time of the first service will be the midpoint between the first and the 
second vehicle departure time (hm). From there, we proceed identifying services until 
the end of the day. 
 
– The process continues in this way until the number of vehicles needed is completed. 
 

•!Type C: The situation is more complex when are line groups with two or more vehicles, in 
which is known amount of vehicles, and are shared the services assigned to them all. In such 
lines, the heuristic operates in a greedy way, following a similar procedure to the previous cases. 
This preliminary estimation about time schedules is built on the classification of lines made 
above. Thus: 
 
– Allocate to each group enough buses as indicated by the integer part of bn. 
 
– Allocate these bus schedules following the same pattern than in type A and B. 
 
– For other buses: if it is only a single, is considered shared between all lines of the 
group. If they are m buses to be distributed in n lines of the group (with m<n), take the 
m lines with decimal part upper to bn, and combine with remaining nm lines trying 
than the sum of lines in all combinations is as small as possible. 

 
– If the bus has to serve p lines, in each line is proceeded with the calculation D/bn, 
for the morning and afternoon. These bus travel is sequentially allocated to bus lines 
based on that calculation. 

 
 
3.2.2 The driver shifts planning 
 
Driving shifts are constructed taking into account the break times, lunch times if there are split shifts, 
time constraints driving and the associated costs. It allows multi-shift worker allocation along the lines, 
that allowing a single worker is allocated to different lines on the same day, depending on the needs of the 
service and trying to optimize break times. 
   For a line or group of lines with bn necessary vehicles and dn drivers needed. Two possible cases may 
occur: First, if n = 1, all the time will be assigned to a single conductor. Second, if n>1, further fulfilling 
that n = 2 • bn, we will focus on this case. Finally, if n> 1 and n> 2 • bn. 
   In the second case, each vehicle was initially allocated two drivers, one at the opening and one at the 
end of the day. The number of services tn that are assigned at the beginning (end) of the journey. That 
number can only be such that tn • rt is between 35% and 65% of the number of daily driving hours. This 
will give x total possible values of v. After (before) to make that number of trips, the driver can enjoy a 
short break (less than 1 hour) or long break (not less than 1 hour), and after (before) this break, the driver 
may rejoin to either bn vehicles of the line, performing all trips that still have to do the bus. 
   To show the complexity of the problem, for example, a line or group of lines with 4 buses and 8 drivers 
who could make 2 or 3 trips (two possibilities) before break, the number of possibilities before the break 
will be: VR (2,8) = 28 = 256, and the breaks can be short and long we will have 65,536 possibilities (256 • 
256). After the break, we should combine each driver with each of the possibilities of each bus. Thus, the  
four drivers who started the day could end their turn in each of the four buses, resulting V (4,4) = 24 
variants. Likewise, each conductor used to close the bus line, can start your day in each of the four buses, 
taking another 24 possibilities, and giving a total of 37,748,736 variants (65,536 • 24 • 24). This number 
would be increased by a factor that depends on the number of possible variations caused by the long or 
short break in each case. 
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   In the evaluation of each alternative, should be penalized with plb hours long break over an hour, with px 
hours extra, and with psb hours of short break over 15 minutes, where: plb < px < psb. The goal is to 
minimize the total cost. 
   The procedure for allocating drivers to the services is carried out by greedy heuristic. For each group, 
the journey of one of the nc drivers needed is allocated to one of the initial services in a line. At the end of 
that service, is assigned the new service that is closer to start of the whole group (which will usually be in 
the same line, however, this is not necessarily the case). 
   This is the process until you have covered 50% of their workday. If there is a sufficient gap between 
services for a short break, is assigned and the driver continues to allocate services to the end of their 
journey. If there is no space, the allocation of the bus drivers stop. 
   The following drivers are also assigned to services, but this time from back to front, assigning the last 
line services, until the moment of break. We proceed in the same way with all nc drivers until some of 
them are completed, and others have covered only up to their break, backwards or forwards. 
   Then are allocated the breaks to drivers, initially all short, to try to maximize the number of consecutive 
shifts and assigning services continues until completely covered. If the service earlier than can be 
assigned to a driver has an excessively large slack after the short break, this is replaced by a long break 
and the allocation is continued. 
 
 
4 Result and conclusions 
 
In this paper, we have presented a simple algorithm to schedule work shifts from driving in a 
metropolitan company with a small size of passenger transport and bus services. While it does not 
guarantee the optimal solution, it does allow the company to achieve a good solution in a small space of 
time, avoiding having to resort to commercial optimization software packages or modelled complexes.  
   The application of this methodology to the Seville company under study allowed to achieve a reduction 
of 12.5% in the number of buses required to meet all the daily services, 8% in the number of drivers and 
7.5% in the total cost of operation. It is therefore a tool effectively, susceptible as well as being applicable 
in any company with similar characteristics, in which the manual planning and lack of validation of 
procedures tend to hide great opportunities for improving efficiency and reducing costs. 
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A Two Stage Heuristic to Good  
Feasible Solutions for the Fuel  
Cost Transmission Gas Pipeline  
Networks Problem 
 
Mothé E1, Arica J 2 
 
 
Abstract: The pressure, which drives the natural gas (NG) in pipeline networks, is lost to the extent the 
NG flows. To keep the NG flow, the pressure is restored to each certain stretch of the pipeline by 
Compressor Stations (CSs). A CS is formed by several compressors, which returns the NG pressure, 
consuming part of the transported gas, causing the transmission cost. Therefore, it is necessary to 
determine the operation of the CSs to minimize their fuel cost. This problem is known as the problem of 
the fuel cost minimization of gas pipeline networks, which results an NP-complete problem. Heuristics 
working this problem must generate feasible solutions and compute their cost. This problem is addressed 
here with a two-stage approach, which sequentially generates feasible solutions and computes their costs, 
depending on a parameter. The first stage deals with feasibility and the second with cost minimization. 
The pipeline (cyclic or not) is associated to a network and decomposed in subnetworks connected by CSs. 
Given the mass flow rate at CSs as a parameter, a solution is found for a first given subnetwork using the 
feasibility stage, then, using the cost stage, are computed the minima costs to pass to the subnetworks 
connected with the given subnetwork. Using repeatedly these two stages, feasible solutions and minima 
costs to connect each subnetwork with other sub-networks are calculated sequentially, until the whole 
network is covered. Computational tests were carried out in Matlab, obtaining satisfactory results. 
 
Keywords: Natural Gas, Transmission, Pipeline. 
 
 

 
 
1 Introduction 
 
The transmission of natural gas (NG) is the gas transportation over long distances by land. It is carried out 
by pipeline networks, where NG is driven by pressure differences, which is lost to the extent that gas 
flows, due, mainly, to friction with the inner walls of the pipe and the heat exchange with the 
environment (Wu et al., 2000; Iamashita et al, 2008; Woldeyohannes and Majid, 2011). To keep the NG 
flow, the pressure is restored to each certain stretch of the pipeline by devices called Compressor Stations 
(CSs), which are formed by batteries of (centrifugal) compressors, returning the NG pressure and 
consuming part of the transported gas, causing this way the fuel transportation cost (between 25% and 
50% of total operating costs of the pipeline). This leads to the problem of finding a distribution of NG 
flow rate and pressures through the pipeline network and an operating configuration of compressors at 
each CSs to transport the NG at the minimum fuel cost. This problem is known as the fuel cost 
minimization of gas pipeline networks. Here the problem is based on steady-state gas pipeline networks, 
which can be cyclic. 
   To model the problem, a pipeline network can be identified with a network, where edges represent 
pipes or CSs and nodes their physical connections. The variables associated to the problem are the flow 
rate through the edges and the pressures at nodes. The cost function is the NG consumed at CSs, which 
depends on the suction and discharge pressures at each CSs. If the CSs are assumed composed by 
identical unit compressors, the mathematical model results nonlinear, non-convex and non-differentiable 
(c.f., Wu et al, 2000; Ríos-Mercado et al 2002; Borraz-Sánchez and Ríos-Mercado, 2009). If the CSs are 
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considered composed by non-necessarily identical compressors, the problem results in a more general 
(more complex) model: non-differentiable quadratic mixed-integer model (c.f., Iamashita et al, 2008). 
Anyway, as known the result problem is NP-Complete (which means, grosso modo, that the number of 
arithmetic operations for solving the problem raises exponentially with the problem size). 
   In the last years this problem has been addressed by several researchers on different perspectives: to 
model the problem for apply mathematical programming techniques (c.f., Wu et al, 2000; Ríos-Mercado 
et al, 2002) and to model the problem considering a more complex model, applying (meta-)heuristic 
techniques (c.f., Chung et al, 2003; Iamashita et al, 2008; Borraz-Sánchez and Ríos-Mercado, 2009;!
Woldeyohannes and Majid, 2011). Typically, the last approach considers a two stage problem, where the 
first stage leads with the feasibility of solutions and the second stage with the cost solution. 
   In this study it is addressed the efficiency to construct good feasible solutions for the problem. In the 
sense that, since a feasible solution is determined by flow rates and node pressures, where the flow rates 
through pipes have no cost and can be dispatched at different pressure levels, the cost generated at CSs, 
depends on the suction (inlet) or discharge (outlet) pressures is not unique. Therefore, it is worth studying 
which would be the suction and discharge pressures at each CS to dispatch the NG at minimum cost, 
where the flow rate through the CSs is known. 
   Given a flow rates set through the CSs, satisfying network mass balance, a two stage procedure is 
proposed to iteratively construct a good solution: the first deals with feasibility and the second with cost 
minimization. The pipeline network is decomposed in subnetworks connected by CSs (subnetworks not 
containing CSs). Beginning with a particular subnetwork, the feasibility stage is applied to find flow rates 
and pressures to dispatch the NG at this subnetwork. The set of flow rates results unique, but the 
pressures not, each node pressure can be range on a defined interval, depending on an initial given 
pressure. A procedure, based on the Newton-Raphson method, finds the flow rates and the range interval 
of pressure on each pipe and node of the subnetwork, respectively. 
   Then, the cost minimization stage is applied. A greedy searching procedure, based on bisection of the 
range interval of pressure at each suction (discharge) node of the last subnetwork, which connects trough 
a CS with another subnetwork, finds the discharge (suction) pressure, with minimum cost for the given 
flow rate at the CS. This way, by applying the first stage to the new subnetwork and then the second 
stage, the entire network is covered at a minimum cost, parametrized by the given flow rates through the 
CSs (at this point, some (meta-)heuristic technique can be used to pick another set of flow rates through 
the CSs). 
   This procedure was implemented in Matlab and computational tests were carried out in Matlab, 
obtaining satisfactory results. 
 
 
2 The Model for the Fuel Cost Minimization of Gas Pipeline Networks 
 
The CSs are usually formed by multiple centrifugal compressors. Differently of other authors (c.f., Wu et 
al, 2000; Ríos-Mercado et al 2002; Chung et al, 2003; Borraz-Sánchez and Ríos-Mercado, 2009; 
Woldeyo-hannes and Majid, 2011), in this work are considered CSs not necessarily formed by identical 
compressors, which are called generalized CSs (GCSs). Following Iamashita et al (2008), it is described 
the generalized model for the problem. 
 

Consider the pipeline network as a directed graph ),,( MLNG ∪=  where N  is the nodes set and 
NNML ×⊂∪  is the arcs set, whit L  the pipes set and M  the CSs set (Wu et al, 2000). Fig. 1 

illustrates a pipeline network, with 48=N  ( }48,...,1{=N ), 43=L ( )}47,45(),45,46(),...,4,3(),2,1{(=L

), 8=M , showing a partition in subnetworks (these ones without CSs, in dashed lines). 

   Considered the following notation: as , net mass flow rate at node Na∈  ( 0>as , if the node is a 

supply node; 0<as , if the node is a delivery node; and 0=as , if the node is a transshipment node); ap , 

gas pressure at node Na∈  (there exists lower and upper bounds for the pressure denoted by 
L
ap  and 

U
ap , respectively); abK , compressors number of CS ;),( Mba ∈  abkv , mass flow rate through 

compressor k  at CS Mba ∈),( ; }1,0{∈abkx , decision variable to operate compressors at CS Mba ∈),(

( 1=abkx , if compressor k  is activated; 0=abkx , otherwise); 
unit
abkD , domain of compressor k  at CS 
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Mba ∈),( ; ( )DabS
ababk

unit
abk p,p,vg , fuel cost function for compressor k  at CS Mba ∈),( , for 

( ) unit
abk

D
ab

S
ababk Dp,p,v ∈ , where 

S
abp  and 

D
abp  are suction pressure and discharge pressure, respectively 

(this function is implicitly known, see Paula et al (2011) for details); abab vu or  , mass flow rate through 

pipe Lba ∈),(  or through CS Mba ∈),( , respectively.  
 
 

 
Fig.1  
Illustration of a pipeline network as a directed graph,  
where dash lines show subnetworks without CSs  
(adapted from Wu et al., 2000). 
 
 

A CS Mba ∈),(  has its operational cost measured by the sum of the fuel cost of each unit compressor, 
( ) ( )∑

k

D
ab

S
ababk

unitD
ab

S
ababab p,p,vg=p,p,vg

abk
. Then, the fuel cost of the pipeline is given by 
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Therefore, the considered model is: 
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(1.6) 
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where abD  is the feasible domain CS Mba ∈),( , defined according to (2), the domains of unit 
compressors that compose it, unitD  (see (7)). Additionally, the meanings of the constraints are: (1.2), mass 
balance at each node; (1.3), mass balance at each CS; (1.4), mass flow rate and pressures dynamic at each 
pipe; (1.6), pressure bounds at each node; (1,7), feasibility of points for CSs. 

The domain of a compressor unit,
unitD , is given by 

( ) ,
!"

!
#
$

!%

!
&
'

((
)

*
++
,

-
≤≤((

)

*
++
,

-
≤≤≤≤

s

U

s

d

s

LU

s

LU
ss

L
sds

unit

p
vG

p
p

p
vG,V

p
vV,ppp:p,pv,=D

  (2) 

   where functions ( )⋅LG  and ( )⋅UG  are implicitly known (see Wu et al, 2000). unitD  is a truncated conic. 

Fig. 2 and Fig. 3 show the horizontal and vertical profiles of unitD , for fixed values of sp  and dp , 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Feasible range interval of discharge pressure for given v  and sp  

  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Feasible range interval of suction pressure for given v  and dp  
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3 The Two-stage approach 
 
The feasible stage deals with the feasibility of mass flow rates and pressures at subnetworks (SNs). As in 
Ríos-Mercado et al (2000), assume nN = , lL = , mM =  and define the incidence matrix associated 

to G  by )A|(A=A ml , where lA  is the )( ln ×  node-pipe incidence matrix and mA  is the )( mn×  node-
station incidence matrix. This allows writing the model (1.1)-(1.7) in matrix notation. 
   Considering the mass flow rate vector decomposed as mlTTT vuw +ℜ∈= ),( , where u  is the flow rate 
mass through the pipes L and v  the mass flow rate through the CSs M , the balance mass equations and 
mass flow rate and pressures dynamic at pipes in model (2.1)-(2.7) can be written as 
 

s=vA+uA=Aw ml                                                    (3) 
 

φ(u)=pATl
2                                                         (4) 

 

   where ( ) ( )22
1

2
l

T
p,,p=p …  and | | | |( )lll

T uut,,uut=φ(u) !111 . Note that if ( )ds p,pv,  is a feasible point for 
the domain of compressor stations of the pipeline, a solution ),( pu  for system (3)-(4) determines a 
distribution of mass flow rates among pipes and pressures at pipeline network nodes, if vector p  is 
between required bounds. As noted by Rios-Mercado et al (2000), finding such ),( pu  requires fixing a 
pressure in one of the nodes. This node is called reference node and its value, called reference pressure, 
is denoted by refp . The subnetwork to which refp  belongs is called reference subnetwork. 

   Consider that there exist SNm  SNs associated to the pipeline network ( 8=SNm  in Fig. 1). Assume that 

the given mass flow rate mv ℜ∈  satisfies the mass flow rate balance and let be i
lA , i

mA , SNiu , SNip  and 

SNis  the node-pipe incidence matrix, the )( mn×  node-station incidence matrix, the mass flow rate at 
pipes, the pressures at nodes and net mass flow rate at nodes of subnetwork iSN , SNmi ,...,1= , 
respectively. Form (3)-(4), finding ),( SNiSNi pu  feasible for iSN , is equivalent to solve the system 

 vAs=uA i
mSNiSNi

i
l −  (5) 

 )()( 2
SNiSNi

Ti
l u=pA φ  (6) 

 

It is known that, choosing a reference node and fixing refp  (between the known bounds), it can be found 

),( SNiSNi pu  by using Newton-Raphson method (Wu et al (2000), Iamashita et al (2008) and Paula et al 
(2011)). Thus a greedy procedure is developed considering bisection applied on bounds pressure interval 
at reference node. This way are found feasible points ),( SNiSNi pu , ],[ U

SNi
L
SNiSNi ppp ∈ , for i -th SN. 

Note that, from a greedy point of view, ),( U
SNiSNi pu  should be considered to operate the i -th SN, but 

others points, with ),[ U
SNi

L
SNiSNi ppp ∈  could be considered if necessary. The feasible stage, in this way, 

is formulated. 
   The minimization cost stage is based on considering that a vector ( )puv ,, , satisfying (3)-(4), is feasible 

for model (1.1)-(1.7), if njppp U
j

L
jj ,...,1],,[ =∈ , and miDppv i

D
i

S
ii ,...,1,),,( =∈ , where iD  is the 

feasible domain of the i-th CS (Paula et al, 2011): 
 
 { }KkxDppvvxvxvppvD k

unit
kDSDkKKDSDi ,...,1},1,0{,),,(,...:),,( 11 =∈∈++==  (7) 

 
   where ),...,( 1 Kvv  is a possible partition of the inlet mass flow rate v  at the respective CS, among its K  
not necessarily identical compressors. 
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   See Fig. 2 (Fig. 3), to note that if they are given the suction (discharge) pressure Sp  ( Dp ) and the 

respective CSjv  mass flow rate to be operated at the j-th CS, the point jDSCSj Dppv ∈),,( , if 

],[ U
D

L
DD ppp ∈  ( ],[ U

s
L
ss ppp ∈ ), where the minimum cost operation is given by ),,( L

DSCSj ppv  (

),,( D
U
SCSj ppv ). This way, the cost stage determines minimum cost operations at each CS. 

 
 
3.1 The two stage algorithm 
 
Consider that feasible stage was applied to the i-th actual subnetwork, from a given reference node a 
given refp , finding the unique feasible mass flow rate vector SNiu  at pipes and the interval of feasible 

pressures ],[ U
SNi

L
SNiSNi ppp ∈  at subnetwork nodes. Some nodes of this subnetwork are incidents to some 

CSs, connecting it to other subnetworks. Choose one of these nodes, say node j, with 
])(,)[( j

U
SNij

L
SNij ppp ∈ , which is a suction (discharge) node for another subnetwork, say through k-th 

CS, where is given the mass flow rate CSkv . Then, the minimum cost stage finds the feasible interval 

],[:1
U
D

L
DD ppIp =∈  ( ],[:1

U
s

L
ss ppIp =∈ ), for which kDj

U
SNiCSk Dppv ∈),)(,( (

kj
L
SNiSCSk Dppv ∈))(,,( ), if 1IpD ∈  ( 1Ips ∈ ). Note that, the minimum cost stage works greedy, 

finding the greedy cost solution is given by ),)(,( L
Dj

U
SNiCSk ppv  ( ))(,,( j

L
SNi

U
SCSk ppv ). 

   The last found interval 1I  corresponds to a discharge (suction) node of the next subnetwork, say node r, 

which have feasible pressure bounds ],[:2
U
r

L
r ppI = , given by the application of feasible stage to the 

respective subnetwork, with reference node r. 
   Thus, if φ≠=∩=∩ ],[],[],[21

U
r

L
r

U
r

L
r

U
D

L
D ppppppII  ( φ≠=∩=∩ ],[],[],[21

U
r

L
r

U
r

L
r

U
s

L
s ppppppII

), then the new greedy cost solution for the k-th CS is given by ),)(,( L
rj

U
SNiCSk ppv  ( ))(,,( j

L
SNi

U
rCSk ppv

), and node r can be took as reference node, with L
rref pp =  ( U

rref pp = ) for the new subnetwork, to find 

the mass flow rates and pressure nodes for this. Note that as necessary, the value of refp  must be 

increased (decreased) in ],[ U
r

L
r pp  to get feasibility of mass flow rates and pressure nodes at the new 

subnetwork. 
   If, in the other hand, φ=∩ ],[],[ U

r
L
r

U
D

L
D pppp  ( φ=∩ ],[],[ U

r
L
r

U
s

L
s pppp ), this indicates that the interval 

],[ U
D

L
DD ppp ∈  ( ],[ U

s
L
ss ppp ∈ ) found by the greedy pressure j

U
SNij pp )(= , when the application of the 

minimum cost stage at k-th CS, generates no feasible pressures at node r of the next subnetwork. 
Therefore, it must be chosse another value for jp , in the application of minimum cost stage at k-th CS, 

such that j
U
SNijj

L
SNi ppp )()( <≤  and the new interval generated to by this stage, ],[ U

D
L
D pp  ( ],[ U

s
L
s pp ), 

satisfies φ≠=∩ ],[],[],[ U
r

L
r

U
r

L
r

U
D

L
D pppppp  ( φ≠=∩ ],[],[],[ U

r
L
r

U
r

L
r

U
s

L
s pppppp ).(It may also need a 

back to previous subnets to achieve feasibility). 
   Then, as in the above paragraph, could be found mass flow rates and pressure nodes at the new 
subnetwork. If, at last, there is not exist j

U
SNijj

L
SNi ppp )()( ≤≤ , such that the respective ],[ U

D
L
D pp  (

],[ U
s

L
s pp ), satisfies φ≠∩ 21 II , then the given mass flow rate v , through CSs, is not feasible for the 

network. The flowchart in Fig. 4 describes the two stage algorithm. 

   Additional used notation is used: },...,,{: 21 TSNSNSNSeq = , denotes a given sequence to travel along 
all the network going from one subnetwork to another through a CS, indicating the respective nodes of 

suction and discharge; 1, +iiCS  denotes the CS connecting iSN  and 1+iSN  (with the known outlet and 

inlet nodes); 1FS  denotes the feasible stage; 2FS  denotes the minimum cost stage. 
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4 Numerical results 
 
To test the two stage algorithm, it was used an adaptation of an existing case in the literature (Example 3, 
Wu et al, 2000), which is shown in Fig. 1. The adaptation consists on considering generalized CSs, 
formed by five compressors of two types: Type A, formed by the three identical original compressors of 
the example; Type B, formed by two identical compressors, different of Type A compressors. The 
correspondent data can be found in Rodrigues (2010). 
   A summary of results obtained, for )850,650,850,850,850,1100,1000,600(=v , can be found in Table 
1 and Table 2. The total cost found was 1.042759360812377e+07. 
 

 
 

 
 
 
Fig.4 The two stage algorithm to find ),( pu  with minimum cost for the network, given v  
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find the interval of feasible pressure bounds. Make  the 
interval pressure bounds for node r. 

 

STOP! There was found 
 with minimum 

cost for the network. 
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Table 1  
Summary of pipe mass flow rates found for )850,650,850,850,850,1100,1000,600(=v  
 

Pipe u Pipe u Pipe u Pipe u 
(1,2) 600.0 (17,16) 50.0 (28,29) 140.9 (37,38) 109.1 
(3,4) 200.0 (17,18) 729.7 (29,30) 55.7 (38,39) 79.1 

(4,7) 400.0 (14,19) 320.3 (30,31) 25.7 (39,40) 49.1 
(7,8) 1000.0 (15,19) 100.0 (31,32) -4.3(*) (40,41) 19.1 
(6,7) 400.0 (19,20) 420.3 (32,33) -4.3 (41,42) -10.9 
(5,6) 200.0 (18,20) 829.7 (33,44) -34.3 (43,42) 50.9 

(9,11) 200.0 (22,23) 850.0 (29,34) 85.2 (44,43) 95.7 
(10,11) 1000.0 (23,24) 650.0 (34,35) 55.2 (45,44) 170.0 

(11,12) 1100.0 (25,26) 300.0 (35,36) 25.2 (46,45) 450.0 
(13,14) 320.3 (26,27) 50.0 (36,43) -4.8 (45,47) 180.0 
(13,17) 779.7 (26,28) 250.0 (28,37) 109.1   

(*)Negative mass flow rate means flowing in opposite direction that the arbitrarily one given at the respective pipe 

 
5 Final Comments 
 
Many metaheuristic methods work generating feasible solutions that are sequentially improved. This 
work, addressing to develop metaheuristic methods, introduces a two stage algorithm to find good 
feasible solutions for the problem of fuel cost minimization of gas pipeline networks. Associated to a 
distribution of mass flow rates among the pipes and CSs of a pipeline network, with mass balance, there 
exist different pressure levels to operate the CSs. Thus the strategy to find good feasible solutions consists 
in to partition the whole network into adjacent subnetworks connected by CSs, each subnetwork without 
CSs. Then, given a feasible vector of flow rates through the CSs, a feasible stage finds mass flow rates at 
pipes of an initial subnetwork and the interval ranges of pressure levels at each node associated to the 
respective pipes, from consider the range of a reference pressure at a given node as much as possible. 
This way, considering greedy the greater (lower) level at each suction (discharge) node incident to CSs at 
that subnetwork, a cost minimization stage finds an interval range of pressure level for the other incident 
node – a discharge (suction) node. If this interval intersects the feasible interval of pressures for the new 
subnetwork, with the discharge (suction) node as reference, taking the lower (greater) level, a cost 
minimization solution for the CS is found. Otherwise, the respective suction (discharge) pressure of the 
CS must be changed, in its interval range pressure, for finding a feasible discharge (suction) pressure for 
the new subnetwork. Going from one subnetwork to another, the whole network is crossed. This two 
stage algorithm was codified in Matlab and tested in several literature examples, with very good results. 
 
 
Table 2  
Summary of pressures found for )850,650,850,850,850,1100,1000,600(=v  
 

Node Pressure Node Pressure Node Pressure Node Pressure 

1 1242.7 13 1175.3 25 848.2 37 478.7 
2 831.4 14 1066.9 26 711.4 38 316.7 
3 1150.0 15 958.6 27 708.5 39 180.4 
4 1131.4 16 1036.7 28 598.4 40 80.3 
5 1312.2 17 1039.5 29 378.2 41 50.0 

6 1131.4 18 904.0 30 336.1 42 61.6 
7 1042.5 19 946.2 31 325.3 43 170.0 
8 920.8 20 690.5 32 325.6 44 324.9 
9 932.2 21 731.1 33 325.9 45 417.2 

10 1006.5 22 889.8 34 253.7 46 477.2 
11 879.9 23 637.0 35 186.6 47 395.9 

12 838.9 24 426.3 36 169.3 48 779.5 
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On the on-hand stock estimation  
in a lost sales context and periodic  
review policy 
 
Guijarro E1, Babiloni E, Cardós M 
 
 
Abstract: Traditionally, inventory literature assumes that unfilled demand can be backordered for the 
next replenishment cycle. However, there are a lot of practical situations where, if an item is out of stock, 
backordering assumption is not applicable and unfilled demand is lost. The main problem of the lost sales 
case is the mathematical difficulty of its treatment. This paper focuses on the estimation of on hand stock 
levels just after the order arrives, i.e. at the beginning of the cycle. On one hand, this paper presents a 
review of the existing literature on the on hand stock estimation in lost sales case. On the other hand, a 
new close-form approach to compute the probability vector associated to the on hand stock levels at the 
beginning of the cycle for periodic review systems and discrete demands is proposed. Numerical results 
show that our approximation presents low deviations and overcomes other estimation methods. 
 
Keywords: on hand stock; lost sales; periodic review; discrete demand. 
 
 

 
 
1 Introduction 
 
There are two possible customer's responses when an item is temporarily out of stock: (i) unfilled demand 
is backordered and filled as soon as the replenishment order arrives or (ii) unfilled demand is lost. 
Although there are many real life situations where backordering assumption is not applicable, only a 
handful of inventory papers study optimal policies for systems with lost sales. This is mainly because 
backordering models are easier to formulate and simpler to analyze [(Hadley and Whitin 1963), (Zipkin 
2008), (Bijvank and Vis 2012)]. However, the assumption of excess demand being lost is of practical 
importance in sectors such as retailing (Gruen et al. 2002), service sector (Diels and Wiebach 2011) or 
on-line commerce (Breugelmans et al. 2006). 
   Recently, lost sales models have received more attention in inventory research and there is a 
proliferation of publications under this context [(Bijvank and Vis 2011), (Bijvank et al. 2014)]. Lost sales 
problem was formulated long time ago by (Karlin and Scarf 1958) but it is still very hard to formulate and 
deal with. In inventory systems the demand is satisfied with the available stock at the beginning of the 
cycle, i.e. just after the order arrives. At this point, if backordering is assumed, the probability associated 
to each stock state can be easily computed as the difference between the inventory position at the 
replenishment moment (which is equal to the base stock, S) and the demand during the lead time. 
However, applying the same reasoning in a lost sales context could lead to negative net stocks, so that 
finding the on hand stock probability vector becomes a challenge. Therefore, the key question in lost sales 
models is to know accurately the on hand steady probability vector at the beginning of the cycle                   
( ( )RP OH ) because not only service measures but also performance metrics must be computed based on 
them. 
   To the best of our knowledge, only (Cardós et al. 2006) propose an exact expression to compute 

( )RP OH  for lost sales context, periodic review policy and discrete demand. This expression applies only 
when there is just one outstanding replenishment order at every time, however it is not a close formula 
what complicates its implementation in practical environments. The main goal of this paper is to propose 
a new close-form approximation to compute the probability of on hand stock levels for lost sales context 
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and periodic review (R, S). Furthermore, we present a thorough review of current existing methods and 
analyze their performance. 
   The rest of the paper is organized as follows. Section 2 introduces the notation and basic assumptions of 
this paper. Section 3 describes current methods to compute the on hand stock probability vector and 
proposes a new approximation. Numerical results are presented in Section 4. Finally, Section 5 highlights 
the most relevant conclusions of this work and presents further studies. 
 
 
2 Basic Notation and Assumptions 
 
In general, the periodic review, base stock (R, S) system places replenishment orders every R fixed time 
periods to raise the inventory position to the base stock S. The replenishment order arrives after a constant 
lead time L. Figure 1 shows an example of the evolution of the on hand stock and the inventory position 
for the lost sales case. Notation used in it and in the rest of the paper is as follows: 
 

S = base stock (units), 
R = review period and replenishment cycle corresponding to the time between two 

consecutive deliveries (time units), 
L = lead time for the replenishment order (time units), 
OHt = on hand stock in time t from the first reception (units), 
IPt = inventory position in time t from the first reception (units), 
NSt = net stock in time t from the first reception (units), 
Dt = accumulated demand during t consecutive periods (units), 
ft(·) = probability mass function of Dt, 
Ft(·) = cumulative distribution function of Dt, 
X+ = maximum {X, 0} for any expression X, 
E[X] = expected value of expression X. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
On hand stock and inventory position evolution 
in a periodic review and lost sales system. 
 
 
   This paper considers the following assumptions: (i) time is discrete and is organized in a numerable and 
infinite succession of equi-spaced instants; (ii) the lead time, L, is known and constant; (iii) the 
replenishment order is added to the inventory at the end of the period in which it is received, hence these 
products are available for the next period; (iv) demand during a period is fulfilled with the on hand stock 
at the beginning of that period; (v) only one outstanding replenishment order is launched within any 
period, which means that L<R, (vi) backordering is not allowed and (vii) demand process is stationary 
with a known, discrete, and i.i.d. distribution function. 
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3 Methods to compute the on hand state probability vector  
at the beginning of the cycle 
 
As known, the on hand stock varies from 0 to S so that if the probability of each stock level were known 
we could easily compute the fill rate or the cycle service level for that probability. However in a lost sales 
context, finding the probability associated to each stock value becomes a challenge. In the literature, there 
are only several papers that deal with it. This section presents these methods and proposes a new 
approximation. 
 
 
3.1 Exact calculation 
 
(Cardós, Miralles, & Ros 2006) derive and inductive expression to compute ( )RP OH , based on 

modelling the on hand inventory as an ergodic Markov chain with a set of states {0, 1,..., S}. This 
probability vector is computed by means of calculating the probability transition matrixes of the on hand 
stock levels between: (i) the beginning of the cycle and the review moment (times 0 and R-L), 

R L jiM m-
È ˘= Í ˙Î ˚, and (ii) the review and the beginning of the next replenishment cycle (times R-L and R), 

L kjM sÈ ˘= Í ˙Î ˚ .  

Hence, R R L LM M M-= ◊  is the transition matrix between two consecutive replenishment cycles. 

Considering the case where the Markov chain is regular, lim
n

Rn
M M

→∞
=  where all rows of M are the 

same vector v , which is the principal left eigenvector and their components are positive, add up to one, 
and represents the state probabilities of every feasible value of the on hand stock at the beginning of any 

cycle, i.e. ( )Rv P OH= . 

   Note that the convergence process required to find M  requires a huge computational effort and may be 
time consuming, mainly for large values of S, which complicates its implementation in practical 
environments. However it is very useful for reference purposes. 
 
 
3.2 Non Stock Out Approximation 
 
A close form approximation to compute ( )RP OH  can be derived based on the assumption that there is 
no stockout during the lead time. In this case, the stock balance at R can be easily computed as 
 
 [ ]R R L L R L R L L R L LOH OH D S OH OH D S OH S D+

- - - -= - + - ª - + - = -    
 
Then, we can define  

( )
( )

( )
     0

1 1 0
L

R
L

f S i i S
P OH i

F S i
! − < ≤$

= ≈ &
− − =$'

                                          (1) 

 
so that the vector of on hand stock probabilities is  
 

( ) ( )( ) ( ) ( )1 1 1 0R L L LP OH F S f S fÈ ˘ª - - -Í ˙Î ˚                           (2) 

 
Expression (2) is quite similar to the backlog case, obviously except for the zero stock probability. 
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3.3 Bijvank and Johansen Approach 
 
(Bijvank and Johansen 2012) study optimal replenishment policies and suggest a close-form expression to 
approximate the average on hand stock level when demand follows a pure and compound Poisson 
distribution. To that end, authors develop an approximation to compute ( )RP OH as in backordering case 
but correcting the demand distribution with a factor Cs in order to avoid negative net stocks.  
 
 

( )
( )

( )
0

1 0
S L

R
S L

C f S i i S
P OH i

C F S i
! ⋅ − < ≤%

= ≈ '
− ⋅ =%(

                                         (3) 

 
 
 
 
   In its derivation, authors assume that L can be any value, but following the assumption of L<R, the 
computation of Cs can be simplified by 
 

( ) ( ) ( )
s

L L R R

SC
E S D E S D E S D+ + +

+

=
! " ! " ! "− − − + −$ % $ % $ %

             (4) 

 
 
 
3.4 Proposed Approximation 
 
The Non Stock Out Approximation (Section 2.2) considers an extreme situation in inventory system, 
which is precisely the most favourable: there are no stock out situations during L, i.e. OHR-L≥DL. On the 
contrary, the most unfavourable situation is being always out of stock during the replenishment period, 
which implies that OHR-L<DL. In this case, the on hand stock just after the order arrives is 
 

[ ]_R OOS R L L R L R LOH OH D S OH S OH+
- - -= - + - = -              (5) 

 
   where 
 

             [ ]0R L R LOH OH D +
- -= -                                                         (6) 

 
 
   then we need to know the value of OH0. It is assumed that: (i) we initialize the system with a stock 
equal to the base stock, i.e. OH0=S and (ii) the on hand stock at the review period is always positive, i.e. 
OHR-L>0. Under these assumptions 
 
 

              ( )_R OOS R L R LOH S S D D- -ª - - =                                             (7) 
 
    
and therefore the probability vector in an out of stock situation is expressed as 
 
 

( ) ( ) ( ) ( )( )0 1 1R R L R L R LOOS
P OH f f i F S- - -

È ˘ª - -Í ˙Î ˚                (8) 
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   The new close-form approximation proposed in this paper combines both extreme situations, taking into 
account that the probability of a stock out situation occurs during L can be computed as FR(S). Then, the 
proposed approach to compute ( )RP OH  is 
 
 

 ( ) ( ) ( ) ( )( ) ( )1R R R R RNOOS OOS
P OH F S P OH F S P OHª ◊ + - ◊                  (9) 

 
    
where ( )R NOOSP OH  represents the probability vector when there is no a stock out situation (expression 

(2)) and ( )R OOSP OH  the probability vector when the system is always out of stock during L (expression 
(8)). 
 
 
 
4 Numerical results 
 
This section illustrates deviations which arise from using approximations instead of the exact expression 
for ( )RP OH  calculation. We assume that demand follows a Poisson distribution with λ = 0.01, 0.1, 0.5, 
1, 2, 5 and 10. The inventory policy values considered are: L = 1, 2, 3, 4, 5; R = 5, 7 and S = 5, 7, 9. The 
total feasible combinations result in 189 cases. We quantify the deviations computing the module of the 
error vector with the following expression: 
 

                                                                                         

e ap
Deviation

e

-
=                    (10) 

where e is the exact ( )RP OH vector and ap is the approximate vector obtained with the Non Stock Out 
Approximation vector (NSO), (Bijvank and Johansen 2012) approach (B&J) and the new approach 
proposed in this paper (Prop.Appr.). Table 1 presents the average and the standard deviation of each 
approximation for different values of DR+L. 
 
 
Table 1 

Deviation between exact and approximate methods to compute ( )RP OH  
 
 

 Average Standard deviation 

 NSO B&J Prop.Appr. NSO B&J Prop.Appr. 
[0-0.1] 0.000 0.000 0.000 0.000 0.000 0.000 
]0.1-1] 0.000 0.000 0.000 0.000 0.000 0.000 
]1-5] 0.059 0.068 0.101 0.084 0.102 0.177 
]5-10] 0.421 0.653 0.406 0.273 0.545 0.235 
]10-20] 1.098 2.874 0.474 0.352 1.995 0.377 
]20-50] 1.485 9.160 0.159 0.371 7.720 0.268 
>50 1.420 21.469 0.006 0.094 11.801 0.021 
Total 0.678 5.401 0.166 0.667 9.609 0.276 

 
 
 
   As can be observed, the B&J estimation presents the highest average and standard deviations whereas 
the new approach presented in this paper shows the lowest. If we analyze the results for categories of 
DR+L we observe that, when demand is low, all the approximations present a good performance. However, 
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for high values of DR+L both the average and the standard deviations of NSO and B&J are increasingly 
high. 
 
 
5 Conclusions 
 
We propose a new perspective to deal with lost sales systems. Most of the papers on inventory control 
focus on proposing cost models or service metrics in lost sales context, for which they need to know the 
on hand stock at the beginning of the cycle. However, this work focuses directly on the calculation of the 
on hand stock and proposes a close formula which can be applied to compute any other inventory metric. 
We consider periodic review, (R, S) system, and discrete demands. 
   We observe that when DR+L is low, all approximations present low average and standard deviations 
corresponding to cases which most of the demand has been fulfilled. However, as numerical results point 
out, the proposed approximation presents the best performance even for high values of DR+L. 
Further researches should focus on analyzing the impact of these approximations when they are used to 
compute service measures. Furthermore, there is only one exact expression which assumes that L<R. One 
possible extension of this work is to assess the suitability of this proposed approach even when L≥R. 
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Evolution of Term Productivity 
 
Estelles-Miguel S, Andrés Romano C, Albarracín Guillem JM, Palmer Gato ME1 
 
 
Abstract: Increasing productivity means increasing efficiency of labour, that is, both physical and human 
capital which exist in either a country or a company. One of the commonest ways of measuring efficiency 
gains is calculating increases in the overall productivity of the factor; that is, the efficiency with which the 
economy transforms its production factors into goods. As discussed in this paper, the productivity 
concept has evolved over time and has incorporated new concepts into its definition, while new ways to 
measure it have appeared. 
 
Keywords: Productivity, Measuring productivity, Effectiveness, Efficiency. 
 
 

 
 
1 Introduction 
 
Productivity is defined as the efficiency of a production system: i.e., the ratio between productive system 
output and the amount of inputs used. So in a production system, there are as many productivity levels as 
there are resources. The equation becomes very complex when several input measurements or indices 
exist, and subjective weightings are often required. This is where the seemingly simple definition of 
output based on input becomes complex and confusing (Smith, 2001). 
   The importance of productivity is recognised internationally due to the changes in it being manifested in 
a country’s living conditions, essentially as a large number of economic and social phenomena. It is 
fundamental to understand the importance of a country´s productivity because productivity affects 
inflation, living standards, employment, and so forth (Sumanth, 1999). 
   In the present-day, job destruction and an unprecedentedly high unemployment rate exist in the Spanish 
economy. Despite signs of recovery in productivity, Spain´s progress in this area is slow and static. 
In this context, if the factors that affect productivity are correctly measured and identified, the likelihood 
of successfully analysing these factors, diagnosing the conditions of a company´s productivity, and 
fundamentally knowing which actions should be undertaken to improve productivity, will be greater. 
   This paper comprehensively reviews existing literature on productivity to define potential future 
research. This article is organised as follows: Section 2 offers a thorough review of productivity-related 
literature and various types of measurement in the literature. Section 3 provides the main conclusions.  
This paper forms part of a more comprehensive study carried out by the same authors. 
 
 
2 Productivity Literature Review  
 
In an environment characterised by strong competition, technological change, globalisation, market 
deregulation and fragmentation of demand, productivity has emerged as one of the main factors that 
contributes to determine competitiveness. Although the productivity concept is lengthily discussed by 
politicians, economists, managers and the media, it is often vaguely defined and poorly understood. In 
practice, lack of this knowledge results in productivity being ignored by those who influence production 
processes (Tangen, 2002). 
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Table 1 
Evolution of the productivity concept.  
Source: The Authors 
 

Author (year) Definition, Measurement of the Method to Increase it 

Quesnay (1766) The productivity concept appeared for the first time. 
Smith (1776) Indicates only increasing in two ways: 

•! Improving useful work. 
•!Increasing the amount of work. 

Marx (1867) Indicates the factors that influence it: 
•!The average worker´s level of skills. 
•!State of development in science and its technological applications. 
•!Social coordination of the production process. 
•!Scale and effectiveness of production means. 
•!Natural conditions. 

Littré (1883) Productivity as “the faculty to produce”. 
Weintraub (1937) Develops measures of work productivity in manufacturing companies. 
Timbergen (1940) Productivity as “the ratio between real output and the use of real factor 

or inputs”. 
OEEC (1950)1 Productivity as the ratio obtained by dividing production by one of the 

production factors. 
ILO (1951) Total productivity as an average that remains unaltered when each 

individual productivity remains unaltered. 
Siegel (1953) Productivity as the ratio between inputs and products associated with 

productive activities, both measured in real terms. 
                                           1Taken from Sumanth (1999). 
 
 
Table 1 
Evolution of the productivity concept.  
Source: The Authors (continued)  
 

Davis (1955) Productivity as the change in the product obtained from spent resources. 
Solow (1957) Incorporates “residual” into the productivity measure. 
Japan Productivity 
Centre (1958)2 

Productivity is what man can accomplish with materials, capital and 
technology. Productivity is mainly an issue of personal manner. It is an 
attitude that we must continuously improve ourselves, and the things 
around us. 

Fabricant (1959) Productivity as the ratio between production and input. 
Denison (1962) Introduces quality of the work done as part of the productivity concept. 
Kendrick & Creamer 
(1965) 

Functional definitions have been made for partial productivity, total 
factor productivity and total productivity. 

Klein (1965) Defines productivity as the technical aspect of exploiting resources, 
claimed that its tendency decides a company´s future. 

Farag (1967) Includes the input-output relationship in the measure of a company´s 
productivity. 

Wolf (1969) The concept of productivity is understood through the terms of function 
of production that specify the possibility to substitute between capital 
and work and other inputs. 

ILO (1969) Productivity is the ratio between output and the total input or factors 
required to produce output, and refers to productivity as total factor 
productivity. 

Correa (1970) Measures productivity by dividing total production by the value of 
inputs used. 

Yoshihara et al (1971) Analyses the repercussions of changes in productivity on the price index. 
Elliot-Jones (1972) Incorporates the input-output relationship in the companies´ productivity 

measurement. 
Hernández-Laos (1973) Productivity as the quantity of output obtained per unit of factor/factors 

used to achieve it, measured in physical terms. 
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Siegel (1976) Revises its earlier definitions, defining productivity as the relationship 
between the quantity of goods produced and the quantity of resources 
used in production, and as the family of ratios between production and 
input. 

Mundel (1976) Develops indices of productivity for companies. 
Gold (1976) Proposes the focus of financial ratios in the productivity measurement 
Taylor & Devis (1977) Proposes a model to measure total factor productivity. 
Hershauer & Ruch 
(1978) 

Proposes a servosystem model for worker productivity and claims that 
productivity relates input to output by a conversion process.  

Stewart (1978) Defines productivity as the ratio of performance to organisational targets 
among the total input parameters and incorporates the utility concept to 
measure manufacturing productivity. 

Agarwal (1979)  Proposes a compound index of productivity based on four financial 
ratios. 

 
Table 1 
Evolution of the productivity concept.  
Source: The Authors (continued) 
 

Denison (1979) Defines productivity as the efficiency of products through resources 
used. 

Sumanth (1979) Total productivity as the ratio of tangible production divided by tangible 
inputs. 

Adam et al. (1981) An indirect form of measuring productivity is to determine and analyse 
“unit” costs. 

Kurosawa (1983) Productivity as the outcome of the complex social process, consisting of 
science, research and development, education, technology, business 
management, production methods and workers organisations. 

Novelo (1985) Defines productivity as the human phenomenon determined by three 
factors and one outcome: aptitudes and attitudes of man; efforts invested 
in work; evolution of the input-output relationship; quality of work and 
labour. 

Prokopenko (1987) Productivity as the relationship between the production yielded by a 
production or services system and the resources used to obtain this 
production. 

Chew (1988) Productivity is the ratio between units of outputs and units of inputs. 
Sink & Tuttle (1989) Productivity is the ratio between actual output and expected resources 

used. 
Fisher (1990) Productivity is the ratio between total income and cost plus goal profit. 
Aspén et al. (1991)2 Productivity is the ratio between added value and input of production 

factors. 
Hill (1993) Productivity is defined as the ratio of what is produced to what is 

required to produce it. Productivity measures the relationship between 
output such as goods and services produced, and inputs including labour, 
capital, material and other resources. 

Grossman (1993) “Companies need to realise that gains in productivity are one of their 
major weapons to achieve cost and quality advantages over their 
competition. 

Thurow (1993) Productivity (output per hour of work) is the central long-run factor to 
determine any population´s average living. 

Koss and Lewis (1993) Productivity is the quality or state of bringing forth, of generating, of 
causing to exist, of yielding large results or yielding abundantly. 

Mercado (1997) Productivity as the final output of effort and the combination of all the 
human, material and financial resources that make up the company. 

Bernolak (1997) Productivity means how much and how well we produce with the 
resources used. If we produce more or better goods from the same 
resources, we increase productivity. If we produce the same goods from 
lesser resources, we also increase productivity. By “resources”, we mean 
all human and physical resources, i.e., people who produce goods or 
provide services, and the assets with which the people can produce 
goods or provide services. 
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Kaplan & Cooper 
(1998) 

Productivity is a comparison of the physical inputs to a factory with the 
physical outputs from the factory. 

                     2 Taken from Tangen (2005)  
 
Table 1 
Evolution of the productivity concept.  
Source: The Authors (continued) 
 

Jackson & Peterson 
(1999) 

Productivity is the product of efficiency by effectiveness and, at the 
same time, is equal to value adding time divided by quality. 

Al-Darrab (2000) Productivity is the product of efficiency by utilising quality and, at the 
same time, is equal to the output divided by input, and all multiplied by 
quality. 

Smith (2001) Productivity generally expresses the relationship between the quantity of 
goods and services produced (output) and the quantity of labour, capital, 
land, energy and other resources used to produce it (input). 

Moseng & Rolstadås 
(2001) 

Productivity is the ability to satisfy the market´s need for goods and 
services with minimum total resource consumption. 

Asian Productivity 
Organization (2006) 

Productivity is the belief in human progress. It is a state of mind that 
aims at perpetual improvement. It is ceaseless effort to apply new 
technology and new methods for the welfare and happiness of 
humankind. 

Lucey (2007) Productivity is an expression of how efficiently goods and services are 
being produced. Productivity is, therefore, expressed in physical or 
economic units, in quantities or in values (money). 

Trade Unionists (2008) Productivity is a process of continuous improvement in the 
production/supply of quality output/service through efficient, effective 
use of inputs, with emphasis placed on teamwork for the betterment of 
all. 

European Productivity 
Agency (2008) 

Productivity is an attitude that seeks the continuous improvement of 
what exists. It is a conviction that one can do better today than 
yesterday, and that tomorrow will be better than today. Furthermore, it 
requires constant efforts to adapt economic activities to ever-changing 
conditions, and the application of new theories and new methods. 

Roger (1998) &Russell 
& Taylor (2009) 

Productivity is the ratio of output to input for a specific production 
situation. Rising productivity implies either more output being produced 
with the same amount of inputs, or that fewer inputs are required to 
produce the same level of output. 

Chinda (2010) Productivity is the ratio of outputs to inputs. To improve this ratio, the 
organisation must implement processes of continuous improvement. 

Makris et al. (2014) Productivity is a measure of manufacturing system or process output per 
unit of input, over a specific period, used as a metric of production and 
engineering efficiency. 

 
 
3 Conclusions  
 
A relatively simple literature review has suggested that (Tangen, 2005): 
 

•!Those who use the term productivity rarely define it. 
 

•!There is lack of awareness of the multiple interpretations of the term, as well as the 
consequences to which this discrepancy leads. 

 
•!There are both verbal and mathematical definitions and approaches. 

 
 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 353 

   Ghobadian and Husband (1990) suggested that, within the similar definitions, there are three 
broad categorisations: 
 

•!The technological concept: the relationship between ratios of output to the inputs used 
in its production. 

 
•!The engineering concept: the relationship between the actual and potential output of a 

process. 
 

•!The economist concept: efficiency of resource allocation. 
 
   It is understandable that productivity integrates different variables, such as people, technology, 
machinery, resources used to produce goods and services, that benefit all the parties involved in the 
process, i.e., productivity is a multidimensional term, the meaning of which can vary depending on the 
context within which it is used. From the analysis done herein, we conclude that the definition of 
productivity has varied over time since it first appeared in 1766, and it has adapted to the times, while 
different meanings have been included in it. Productivity is seen as one of the most vital factors to affect a 
manufacturing company´s or a country’s competitiveness, which is sometimes neglected or ignored. 
   Improving productivity is a key issue to survival and success in the long run. However, the authors 
hope that this paper has illustrated that there is a shared understanding of the basic features that 
characterise this term.  
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Logistics structure and Competitiveness:   
evidence across countries 
 
Carvalho HD1, Fonseca HT2, Alvarenga DC3, Vieira TA4, Alvarenga CP5 
 
 
Abstract: The importance of logistics structure to economies is becoming increasingly significant and in 
order to support the economic growth based on exports, governments have sought to constantly improve 
the quality of logistics infrastructure of their countries, ensuring and promoting competitiveness of its 
production internationally. The consensus is that the logistics structure forms a vital link in the entire 
chain of trade, contributing to the international competitiveness of a country. This study aims to 
characterize the country as its logistics structure and relationship of this result to the promotion of 
competitiveness for them by relevance participation in world trade. To reach that goal the methodological 
procedure was performed a literature search and analysis of secondary data. Initially, through the 
identification and validation of data for countries and hence the application of multivariate data analysis 
methods to measure dimensions that allow such classification, planning, and especially the identification 
of dimensions of logistics infrastructure components in terms of promotion competitiveness. 
 
Keywords: logistics structure, multivariate data analysis, competitiveness. 
 
 

 
 
1 Introduction 
 
The logistical structure of a country, by its potential productivity generation and competitiveness 
generated to industries by itself, may be responsible for supporting existing competitive advantages and 
even the improvement of trade, internal and external, given its capability to influence on the time and 
transportation costs. 
   The importance of logistics structure for national economies is becoming increasingly significant 
(Cullinane et al., 2005) and in order to support economic growth, governments have sought to constantly 
improve the quality of logistics infrastructure their countries, ensure and promote the competitiveness of 
its production internationally. The consensus is that the logistics infrastructure forms a vital link in the 
entire chain of trade, contributing to the international competitiveness of a country (TONGZON, 1989; 
CHIN; TONGZON, 1998). 
   The continuous measurement of the logistical structure and its consequent contribution in generating 
efficiency and productivity in terms of global exchange is very important in improving the understanding 
of the logistics factor contributions to the economic growth. 
   In this context, this paper aims to categorize countries given its logistical structure and relate this result 
to its respectively competitiveness promotion terms by share in world trade. Initially, through the 
identification and validation of countries data and, consequently, by the application of multivariate 
analysis methods to measure items that allow such classification, rating and, especially, to identify the 
items of the logistical structure components in terms of competitiveness promotion. 

 
2 Methodology 
 
For data analysis, Principal Component Analysis (PCA) and Cluster Analysis multivariate methods were 
used.  PCA reduces the number of observed variables to a smaller number of principal components which 
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account for most of the variance of the observed variables. The total amount of variance in PCA is equal 
to the number of observed variables being analyzed. In PCA, observed variables are standardized, e.g., 
mean=0, standard deviation=1, diagonals of the matrix are equal to 1. The first principal component 
identified accounts for most of the variance in the data. The second component identified accounts for the 
second largest amount of variance in the data and is uncorrelated with the first principal component and 
so on. Components accounting for maximal variance are retained while other components accounting for 
a trivial amount of variance are not retained. Eigenvalues indicate the amount of variance explained by 
each component. Eigenvectors are the weights used to calculate components scores. 
   Data were collected in the IBGE, IPEADATA, Brazil Central Bank, Penn World Table, World 
Economic Forum and World Bank websites. Database references to the 2011 year given the availability 
of 109 countries data. Table 1 presents the selected variables, as well as categories (logistics and 
economics variables) and abbreviation of each variable. 
 
 
Table 1 
Analysis variables. 
 
 

Categories Variables Abbreviation 

Logistics Variables Merchant Marine (total ships with 1.000 GRT or over) MM 
Motor vehicles (per 1,000 people) MV 
Cost  to export (US$ per conteiner) CE 
Railways density (km of road per 100 sq. km of land area) RD 
Road density (km of road per 100 sq. km of land area) ROD 
Waterways density (km of road per 100 sq. km of land area) WD 
Paved Roads (% of total roads) EP 
Airports density (paved and not paved per 100 sq. km of land area) AD 
Pump price for diesel fuel (US$ per liter) CDIESEL 
Pump price for gasoline (US$ per liter) CGASOL 

Economics 
Variables 

Global Competitiveness Index GCI 
Trade (% do GDP) TRD 
GDP (current US$) PIB 

 
 
 
3 Results 
 
The Principal Components Analysis were kept the first four components (with Eigenvalues> 1), which 
represent 72.4% of total variance. The result is presented in Table 2. The values shown in columns are 
coefficients of the main components related to each of the variables presented. The Eigenvalues represent 
the variance of each principal component of all variables. 
 
 
Table 2 
Total vector of the coordinates - Analysis of the principal components. 
 
 

Variables PC1 PC2 PC3 PC4 

Merchant Marine 0.004 0.086 0.558 0.004 
Motor vehicles 0.547 0.125 -0.088 0.508 
Cost  to export -0.010 -0.099 -0.533 -0.028 
Paved Roads 0.504 0.100 -0.066 0.030 
Road density 0.558 -0.087 0.032 0.012 
Railways density 0.365 0.698 -0.117 0.010 
Waterways density 0.028 -0.040 0.614 0.017 
Airports density 0.002 0.678 -0.033 -0.024 
Diesel Cost 0.024 0.026 0.012 -0.615 
Gasoline Cost 0.019 0.020 0.011 -0.601 
Eigenvalues 1.939 1.163 1.042 1.021 
Variance % 37.60% 13.50% 10.90% 10.40% 
Cumulative variance % 37.60% 51.10% 62.00% 72.40% 
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   By observing the most relevant variables for each component, highlighted in bold in Table 2, you can 
name the analysis groups as the most significant variables for each. Table 3 shows the groups already 
been named according to the information of the estimated components. 
   In order to sort the countries according to analysis variables, Table 4 presents the top ten countries 
ranked as a result of index estimated based on principal component analysis, taking into account the 
obtained factor loadings and standardized data for countries, as well as the classification of Brazil and 
Portugal in each category. 
 
 
Table 3 
Analysis groups according to estimated components. 
 
 

Components Groups 

PC1 Roads and Vehicles 
PC2 Railways and Airports 
PC3 Waterways, merchant marine and cost to export 
PC4 Cost of fuel and potential consumption by the fleet 

 
 
 
Table 4 
Ranking of the estimated index for countries - Top Ten, Brazil and Portugal. 
 
 

Ranking Roads and Vehicles Railways and Airports Waterways, 
merchant marine and 

cost to export 

Cost of fuel and potential 
consumption by the fleet 

1 Belgium Singapore Panama Kuwait 
2 Luxembourg Germany Netherlands Qatar 
3 Netherlands Czech Republic Vietnam Bahrain 
4 Germany Switzerland China Saudi Arabia 
5 Switzerland Luxembourg Belgium Venezuela, RB 
6 Czech Republic Belgium Indonesia Iran, Islamic Rep. 
7 Singapore United Kingdom Malaysia Iraq 
8 Italy Denmark Cambodia Oman 
9 Slovenia Israel Singapore United States 

10 France Slovak Republic Philippines Malaysia 
Brazil 84ª 86ª 77ª 33ª 
Portugal 25ª 28ª 48ª 89ª 

 
 
 
   From the scores obtained by principal component analysis, it was possible to perform a sorting analysis 
through cluster analysis. The purpose of this analysis is to identify clusters of countries with common 
characteristics when grouped by the estimated components, as seen above, were determined according to 
coefficients presented in Table 2 and classified as outlined in Table 3. For the Cluster Analysis solution 
was used Ward method and Euclidean distance. The representation dendrogram obtained by applying the 
method to those obtained indices is shown in Figure 1. 
   With this result countries were divided into four analysis groups, by the dendrogram you can view the 
division into four groups is very well defined, involving countries by common characteristics, and 
generating groups containing 25, 21, 24 and 39 countries respectively. To facilitate the visualization of 
the groups and their characteristics, Table 5 shows the composition of the groups, with the countries 
belonging to each, and the mean values found for each classification context. 
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Fig.1  
Hierarchical Cluster for countries as a result  
of factor loadings obtained in the principal  
component analysis. 
 
 
   By observing the conditions for the cluster of countries, can be interpreted common features revealed 
by the average of the calculated rates. For the first group, a composition observed most notably is the 
representation of South America, Africa and the Middle East countries.  
   Among the member countries of this first group it´s possible to view some competitive advantage in 
terms of logistics infrastructure through the cost of fuel and/or the density of the fleet, however the 
absence of structural potential associated with other modes of transport also indicate countries with a 
concentration of the flow of production in a single modal, in this case we observe the predominance of 
road transport over the others, certainly with greater vascularization and density than the others.  
   For group 2 it can be seen that, despite the homogeneity observed for results of the indices, the group 
performs very heterogeneous in the composition of countries, with representatives from all regions consi-
dered in this paper. 
   Most of countries members in the third group are European representatives, with an emphasis on the 
United States and the United Arab Emirates as members. The third group members have a lower density 
of waterways in their territory, a merchant marine less expressive and/or lack of competitiveness in the 
cost to export. The fourth group analyzed is predominantly European, with the inclusion of countries 
representing Asia such as Japan, South Korea and Singapore. The fourth group has a lower average 
observed for the potential consumption of the fleet and/or a little competitive fuel costs. However, the 
fourth group have better structural conditions observed for its waterways, merchant marine and/or 
presenting competitiveness in costs to export compared to the third group. 
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Table 5 
Cluster results and respective averages for each topic. 
 
 

G Countries Roads 
and 

Vehicles 

Railways 
and 

Airports 

Waterways, 
merchant 

marine and 
cost to export 

Cost of fuel and 
potential 

consumption 
by the fleet 

1 Argentina, Bolivia, Botswana, Brazil, Cameroon, Cote d'Ivoire, 
Ecuador, Ethiopia, Georgia, Ghana, Iraq, Kazakhstan, Kenya, 
Kyrgyz Republic, Mongolia, Myanmar, Namibia, Nepal, Nigeria, 
Saudi Arabia, South Africa, Sudan, Venezuela and Zimbabwe 

22,17 18,54 27,00 76,13 

2 Australia, Bahrain, Cambodia, Canada, Chile, China, Colombia, 
Dominican Republic, Egypt, El Salvador, Guatemala, Honduras, 
India, Indonesia, Iran, Jordan, Kuwait, Malaysia, Mexico, 
Morocco, Mozambique, Nicaragua, Oman, Pakistan, Panama, 
Paraguay, Peru, Philippines, Qatar, Russian Federation, Senegal, 
Sri Lanka, Syrian Arab Republic, Tanzania, Thailand, Trinidad 
and Tobago, Tunisia, Uruguay and Vietnam 

40,67 42,82 69,64 67,23 

3 Austria, Bosnia and Herzegovina, Bulgaria, Cuba, Czech 
Republic, France, Iceland, Jamaica, Luxembourg, Moldova, 
Montenegro, New Zealand, Romania, Serbia, Slovak Republic, 
Slovenia, Spain, Switzerland, Ukraine, United Arab Emirates and 
United States 

82,19 83,48 28,52 50,05 

4 Belgium, Costa Rica, Croatia, Cyprus, Denmark, Estonia, 
Finland, Germany, Greece, Hungary, Ireland, Israel, Italy, Japan, 
Korea, Rep., Latvia, Lithuania, Netherlands, Norway, Poland, 
Portugal, Singapore, Sweden, Turkey and United Kingdom 

86,04 85,08 81,28 23,16 

 
 
   The third and fourth group highlighted countries that have representative indices for more than one 
component, this result refers to the distribution of logistics structure in these countries in more than one 
transport modal, where besides the quality associated with the conditions necessary for road transport, 
indicate better distribution of railways and airports, and in some cases, such as members of the fourth 
group, associated to a larger waterway structure.   
   In order to verify these conditions, an indicator was designed considering the position observed for each 
country, for each of the four components estimated. Intuitively, it was possible to find a general ranking 
for countries, called here only as a general logistics structure index. 
   The graphs in Figures 2 and 3 show the relationship of general logistics structure index with Trade and 
the Global Competitiveness Index. In both cases we observe a positive association between the variables, 
which could indicate that countries with better conditions observed for their logistics structures tend to 
have better results in terms of trade, measured by the representativeness of the corresponding GDP to the 
total value of trade realized by the country, as well as better conditions of competitiveness, measured by 
the global competitiveness index. The value of the correlation coefficient is respectively 0.57 and 0.68 for 
the total value of trade and global competitiveness index.  
   By quadrants of the graphics is also possible to categorize countries according to the variables 
considered, the highest incidence of the countries in lower left and upper right quadrants contribute to the 
view that the logistics structure is positively correlated with its trade and competitiveness results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 General Logistics Structure (Horizontal Axis) and Trade (Vertical Axis) 
Members of (results of Table 5):   Group1   Group2   Group3    Group 4. 
Source: Trade and GCI obtained from World Bank – Countries abbreviations4 
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Fig.2 General Logistics Structure (Horizontal Axis e Competitiveness (Vertical Axis)6 
Members of (results of Table 5):   Group1   Group2   Group3    Group 4 
Source: Trade and GCI obtained from World Bank - Countries abbreviations7 
 
 
 
4 Conclusion 
 
In the approach used in this paper for index construction, two multivariate data analysis techniques were 
used, the Cluster Analysis and Principal Component Analysis. In many cases it may be interesting to take 
advantage of the highly descriptive power of these two techniques to interpret the resulting index. 
   In general, it can be highlighted the logistics structure and the combination of modals in the flow of 
production and territory interconnection of European countries, as well as noted great potential associated 
with the cost of fuel for Middle Eastern countries and low cost for export of Asian countries. In the 
division by clusters was possible to identify structural factors that promote integration in the use of 
transportation modals mainly by countries with better logistics structures.  
   Best logistics structure conditions and factors that allow the integration of transport modals, strongly 
contribute to reduce the logistics costs throughout the supply chain. In order to verify this relationship, it 
was observed that the conditions of the logistical structure, associated with its use in an integrated 
manner, can promote commercial and productive competitiveness for countries. 
   The graphical analysis enabled visualization of a positive association between competitiveness and 
trade variables with the logistic structure of countries, this result confirms the hypothesis proposed by this 
paper and encourages further research in order to investigate beyond the relations between these 
variables, such the identification of determinant factors and causal relationships between them. 
 
 
 
 

                                 
6 Countries such as Iraq, Syria, Sudan and Cuba were not included in this graph because the World Bank does not calculate the Global Competitiveness 
Index for these countries.  
7 Argentina (ARG),  Australia (AUS),  Austria (AUT),  Bahrain (BHR),  Belgium (BEL),  Bolivia (BOL),  Bosnia and Herzegovina (BIH),  Botswana 
(BWA),  Brazil (BRA),  Bulgaria (BGR),   Cambodia (KHM),  Cameroon (CMR),  Canada (CAN),  Chile (CHL),  China (CHN),  Colombia (COL),  
Costa Rica (CRI),  Cote d'Ivoire (CIV),  Croatia (HRV),  Cuba (CUB),  Cyprus (CYP),  Czech Republic (CZE),  Denmark (DNK),  Dominican 
Republic (DOM),  Ecuador (ECU),  Egypt, Arab Rep. (EGY),  El Salvador (SLV),  Estonia (EST),  Ethiopia (ETH),  Finland (FIN),  France (FRA),  
Georgia (GEO),  Germany  (DEU),  Ghana  (GHA),  Greece (GRC),  Guatemala (GTM),  Honduras (HND),  Hungary (HUN),  Iceland (ISL),  India 
(IND),  Indonesia (IDN),  Iran, Islamic Rep. (IRN),  Iraq (IRQ),  Ireland (IRL),  Israel (ISR),  Italy (ITA),  Jamaica (JAM),  Japan (JPN),  Jordan 
(JOR),  Kazakhstan (KAZ),  Kenya (KEN),  Korea, Rep. (KOR),  Kuwait (KWT),  Kyrgyz Republic (KGZ),  Latvia (LVA),  Lithuania (LTU),  
Luxembourg (LUX),  Malaysia (MYS),  Mexico (MEX),  Moldova (MDA), Mongolia (MNG),  Montenegro (MNE),  Morocco (MAR),  Mozambique  
(MOZ),  Myanmar (MMR),  Namibia (NAM),  Nepal (NPL),  Netherlands (NLD),  New Zealand (NZL),  Nicaragua (NIC),  Nigeria (NGA),  Norway 
(NOR),  Oman (OMN),  Pakistan (PAK),  Panama (PAN),  Paraguay (PRY),  Peru (PER),  Philippines (PHL),  Poland (POL),  Portugal (PRT),  Qatar 
(QAT),  Romania (ROM),  Russian Federation (RUS),  Saudi Arabia (SAU),  Senegal (SEM),  Serbia (SRB),  Singapore (SGP),  Slovak Republic 
(SVK),  Slovenia (SVN),  South Africa (ZAF),  Spain (ESP),  Sri Lanka (LKA),  Sudan (SDN),  Sweden (SWE),  Switzerland (CHE),  Syrian Arab 
Republic (SYR),  Tanzania (TZA),  Thailand  (THA),  Trinidad and Tobago (TTO),  Tunisia (TUN),  Turkey (TUR),  Ukraine (UKR),  United Arab 
Emirates (ARE),  United Kingdom (GBR),  United States (USA),  Uruguay (URY),  Venezuela, RB (VEN),  Vietnam (VNM) and  Zimbabwe (ZWE). 
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Reduction Lead time  
Production – CASE STUDY  
OF THE SOUND COMPANY 
 
Antonio W1, Tainã R2, Baia B3, Teixeira I4 
 
 
Abstract: This paper presents a proposal for improving the Production lead time in the company of the 
Automotive sound branch, Sound. After general analysis of the factory floor, were found points delaying 
production. The company aims to reduce the production time in the short and medium term of their 
projects. It was observed in this company that the adoption of 5S program especially in inventory 
management, positive impact in handling operations, storage and personnel, as it leads to optimization of 
resources and greater motivation to reviewers by the possibility of direct participation and the well-be due 
to the more clean and organized work environment. 
 
Keywords: Lead time, program 5’s, project, reduction. 
 
 

 
 
1 Introduction 
 
This work is justified as a way to relate the theoretical foundations raised with the practice experienced 
on the shop floor, enabling the development of a theoretical study / practical, but also the improvement 
solutions for reducing lead times of product analyzed.  
   Currently, changes in the global market have as amended prices and consumer insight increasing its 
requirements regarding the production and adding value to its products and services from the beginning 
of the chain until the end of this, with the final delivery. The great competitiveness in the market requires 
companies to offer differential seeking to meet the needs of customers with the right product at the right 
time and the right place, offering quality products, fair price and excellent service (Slack 2009). 
   Lead Time is the period between the customer requests an order and delivery of the final product. A 
small order of a pre-existing item can only have a few hours of lead time, but a larger custom order parts 
may have a lead team weeks, months or even more. It all depends on a number of factors and the lead 
time can change according to seasons, holidays or product demand. (Pollick, 2010). As the lead time and 
a measure of time, it is related to flow of the production process to answer the customer's request, that is, 
the shorter production for the finished product, the lower the system costs and greater satisfaction 
customer (Tubino, 2009). 
 
 
2 Company and Problem 
 
The Sound, located in Brazil, state of Pará, currently characterized as a corporation whose corporate name 
is Electronics Leal. LTDA. It is installed on a plot of 800 m2. The fair Electronics's product mix consists 
of electronic parts in general, Accessories, films and projects of automotive sounds. The services 
provided in company facilities are sound and security in automobiles and furniture equipment. The 
company's mission is to offer the best differentiated products and services in the automotive sector, with 
technological innovation and quality that meet or exceed the expectations of our customers. 
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   Second Sight, In reference serve the automotive aftermarket in Pará, finding solutions that successfully 
meet all customers. Form a company that positively influence the lives of all who participate. Values: 
Honesty and commitment to its customers; Confidence in interpersonal relationships; Competencies and 
discipline to perform the services; Humility To recognize mistakes and correct them; Consciousness Not 
to be negligent in their responsibilities.  
   The company's after-sales department has received some complaints from customers who rightly 
question the delay of delivery of projects. The lack of standardization of its processes is clear. When was 
the last that should be done - but not the way to handle, allowing each employee to perform his task in his 
own way, and not necessarily the best. As the lead internal team is unknown, the deadline passed to 
customers are made arbitrarily: Customers who complain most end up being treated preferentially. 
 
 
3 Methodology 
 
The research is characterized as a case study, as well as exploratory and descriptive. Case study because 
there will be a thorough study of the phenomenon "the possibility of reducing actions lead time" to take 
place through the application of diversified data collection techniques that complemented and helped in 
his exhaustive study.  
   Data collection will be of primary and secondary sources. Being the primary source the opinions of 
internal and external customers of the company and literature searches, and the secondary source data of 
the company. With the analysis of the collected data will be proposed techniques for continuous 
improvement of Lead time. 
   Being guided by the PDCA methodology, as (Werkema, 2006), the PDCA cycle is a management 
method widely used in business, in which is a path to be followed, so that its targets can be achieved 
successfully. For their use, some tools can be employed to help with resources in the collection, 
processing and provision of information to conduct the PDCA cycle. 
 
 
3.1 Program 5’s 
 
Known in some organizations as housekeeping, Second Nadia Vanti (1999) the Administration 5S 
Program was born in Japan in the early 1950s, and was motivated by the need to reorganize at all levels, 
this country partially destroyed by World War II. In Brazil the program was launched in the early 1990s, 
as Bertaglia (2003). 
   The program aims to manage in a participatory manner and improve the working environment 
providing quality of life, quality of service and ease the implementation of other improvement programs. 
   For the purposes of 5S is required behavior modification of employees, otherwise they may not be 
completed. As stated Falconi (2004), The 5S program is not only an episodic event cleaning, but a new 
way of conducting business with effective productivity gains. 
   Following will be presented concepts and objectives for each of the five senses: 
1. SEIRI- Sense of use: aims to optimize the spaces, the allocation and use furniture, equipment and work 
materials in general. It is indicated that in the workplace are only organized the necessary and proper 
layout for effective use. 
2. SEITON- organization Sense: aims to sort rationally furniture, equipment, use of materials and 
documents for easy access and the use of various resources in a coherent layout. Search also define new 
ways to store consumables and set new production flows. 
3. SEISO- cleaning Sense: aims to leave always clean and in good terms to use physical resources, 
furniture and equipment used. 
4. SEIKETSU- standardization Sense: aims to promote good health in relation to physical and mental 
limitations. Still looking for the standardization of good habits of technical standards and procedures and 
effective actions. 
5. SHITSUKE- Sense of disciplines: aims to create a culture to educate, raise awareness and discipline 
the employee in order to behavior and habits that motivate continuous improvement through physical, 
mental, and moral. Search still maintaining the first four senses. 
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4 Project Results 
 
To determine the effects that does not add value in the projects manufacturing process was initially 
carried out brainstorming with a team of 10 people, composed of employees and partners of the company. 
The objective was to identify the potential effects of failure is to subsequently mount the cause and effect 
diagram. 
   Were discussed in the brainstorming points of causes involving Mao labor, business environment, 
machines such method, materials and measurement as shown in the figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
cause and effect diagram. 
Source: prepared by the author 2015. 
 
 
   After brainstorming, an analysis of 73 events took place which were scored points that does not add 
value to the process and therefore generates delayed LEAD TIME as shown in the Pareto diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Pareto diagram.  
Source: prepared by the author 2015. 
 
 
   After analyzing the Pareto chart data we found that among the causes that lead to the delayed receipt of 
applications, a special attention to the following incidents is required: excessive requests, lack of 
materials and product quit because these three events account for about 95% of delays causes. Through 
research on the spot it as decided that the average length of lead time for small projects, medium and 
grade is recorded in table 2 with a range of 8 days or so. 
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Table 1 
With the specifications Lead Time production company. 
Source: Sound data in 2014. 
 
 

Product Types Production Time 
Automotive bicycle 32 days 

Box Sound A1 32 days 
Box Sound A2 38 days 
Box Sound A3 40 days 

 
 
   Through research, and methods used in other companies with the 5S program, adapted from the best 5S 
implementation in Sound company, developing according to the need of the same. The company has the 
participation of 22 employees, including partners. 
   In brainstorming we developed an Implementation Plan, ie a way to plan and carry out the 5S program 
in a systematic way and within a management guideline, describing the successive steps to be met and a 
description of the activities to be developed. 
 
 
Table 2 
Phases and activities of the implementation of 5S. 
Source: prepared by the author 2015. 
 
 

Phase  Description  Results 

training Training 
employees on the 
5S program 

Employees are involved in program 5s. 

diagnosis Identification of 
weaknesses 
described as 
operational 
problems to be 
solved with 
implementation of 
the 5S program. 

The main problem identified was in relation to environmental 
cleaning, as there was previously no responsible for this task, 
some sectors of the unit did not have proper layout, excess 
materials obsolete, damaged, damaged with a total loss, junk. 

preparatio
n 

Definition of the 
company 
responsible for the 
program 

Commitment and awareness. 

implantati
on 

Beginning of the 
implementation 
phase. 

Organized collective effort to dispose of useless materials; 
Labeling materials; Change the "lay out" the environment; 
Definition of teams responsible for the activities; Script 
property: disposal; organization and cleanliness; Setting 
standards; 
Location set for the reserved material for disposal. 

control periodic review Establishment of inspection routines, goals and continuous 
improvement. 

 
 
   On 23.11.2014 was held the activity known as 'The BIG CLEANING DAY', the day on which the first 
three senses were put into practice. Utilization sense of where they were discarded items that had not 
utilities and separate those who could become utilized. 
 
 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 365 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Unusable items found on the big cleanup.  
Source: prepared by the author 2015. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
Rest of production found on the big cleanup.  
Source: prepared by the author 2015. 
 
 
 
   During the sense of cleanliness, with the aid of all, it wiped the internal and external walls, equipment, 
tables, chairs, cabinets, shelves and other materials that had the need for cleaning. It was created during 
deployment, the habit of leaving everyone should keep your site clean and organized labor. 
   In the sense of organization, each tool has its proper place marked for easy reference. The tools were 
arranged which has higher output, ie, are used daily. These should be close and those that are little used 
should be somewhere far, however demarcated. Put into practice the order of "first in, first out". 
In senses of standardization and discipline, an evaluation form was created from a scoring system where 
certain items, amounted to certain points. Always held by the shareholders of the company. The score and 
from 0 to 5 and the audit once a month without notice. 
   The project goal was achieved by reducing the production lead time in 56.26%  
   As the table shows. 
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Table 3 
Before and after production lead time. 
Source: prepared by the author 2014. 
 

 
Product Types Production Time 

before 5’S 
Production Time 
after 5’S 

Difference 

Automotive bicycle 32 days 14 days 18 days 
Box Sound A1 32 days 14 days 18 days  
Box Sound A2 38 days 22 days 16 days 
Box Sound A3 40 days 26 days 14 days 

 
 
5 Conclusions 
 
The use of quality tools through the PDCA method and the implementation of 5S Program for troublesho-
oting was proposed adequately to the reality of the company, resulting in several opportunities for impro-
vement, especially with regard to the reduction of LEAD TIME production in 56.26%, which was 
objective of this project. 
   For this action research were possible and feasible, meetings and training sessions were held to explain 
the reasons why the work would be developed. The commitment and dedication of all involved in the 
process were essential to that in seven months held various activities that contribute directly to the 
attainment of goals. It is important that the work is closely monitored, ensuring that rules and procedures 
are always follo-wed. Managers and employees should work together so they can seek quick solutions to 
the difficulties encountered. The change must come from both sides 
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An Empirical analysis on Supply  
Chain Risk Mitigation Strategies 
 
Arantes A1, Ferreira L M2, Thun J3, Hamann M4 
 
 
Abstract: Despite the fact that risk management in the supply chain has gained attention in recent years, 
there is still a lack of research on the topic. Thus, this paper performs an empirical analysis to validate 
possible dimensions related to supply chain risk mitigation strategies. The literature review covering 
supply chain risk management uncovered three dimensions, namely, preventive-downstream, preventive-
upstream and reactive risk mitigation strategies. A factor analysis of survey data from Portuguese manu-
facturing companies made it possible to verify and validate the existence of the three dimensions and their 
statistical significance. Finally, this result led to the proposal of a three-dimensional framework that 
allows companies’ supply chain risk mitigation strategies to be differentiated according to their nature 
(preventive-downstream, preventive-upstream or reactive). Hence, this framework could be a useful tool 
for managers to assess and develop the supply chain risk mitigation strategies of their companies. 
 
Keywords: supply chain risk management; risk mitigation; empirical analysis. 
 
 

 
 
1 Introduction 
 
Many companies are confronted to act in a business environment characterized by high complexity and 
uncertainty. Major issues such as the catastrophes like 9/11, hurricane Katrina, the Tsunami in 2004, or 
the nuclear disaster in Fukushima have raised the attention of supply chain risk management. 
Furthermore, the financial crisis has worsened the business environment not only for banks but also for 
many manufacturing companies. Besides these catastrophes and negative developments, also other 
problems such as supplier losses or quality problems have increased the importance of Supply Chain Risk 
Management (SCRM). Hence, manufacturing companies are challenged to manage their supply chains 
effectively in order to deal with these demanding developments.  
   The main purpose of SCRM is to mitigate the negative impact of external disturbances and internal 
problems or to prevent various risks to happen. Due to the fact that particular supply chain risks would 
have a higher or lower impact on a supply chain there is a need for identifying effective Supply Chain 
Risk Mitigation Strategies (SCRMSs) in order to respond to a demanding business environment with 
respect to various risks.  
   Despite the fact that in recent years SCRM has won wide attention, there is still a deficiency of 
scientific research (Jüttner, 2005). Hence, the key objective of this paper is to validate the possible 
dimensions of SCRMSs through a survey of manufacturing plants conducted in Portugal. 
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2 Literature review 
 
Independently of the particularities of an incident, the degree of damaging consequences depends greatly 
on the supply chain design vulnerability. Christopher and Peck (2004: 3) define vulnerability as “an 
exposure to serious disturbance, arising from risks within the supply chain as well as risks external to the 
supply chain”. The SCRM main purpose can be ”the identification and management of risks for the 
supply chain, through a co-ordinated approach amongst supply chain members, to reduce supply chain 
vulnerability as a whole” (Jüttner et al., 2003: 201).  
   On the one hand, the vulnerability of a supply chain depends on the number and variety of risks; on the 
other hand, the way the supply chain is secured against these risks determines the degree of vulnerability. 
Consequently, the selection of an appropriate SCRMS by means of a strategic fit among supply chain 
risks and the matching instruments must be regarded as central element of SCRM. Hence, it is important  
to shed light on the question which SCRMS would safeguard a supply chain against what kind of supply 
chain risks.  
   Atkinson (2006) studies SCRM in the context of companies that apply global sourcing and lean 
manufacturing. Moreover, the results show that SCRM strategy demands a close relationship among risk 
managers and others in the organization. Blackhurst et al. (2005) identified critical issues linked to supply 
chain disruption discovery, recovery and redesign and conclude that more effort in both the development 
of theory and tools is needed. Hendricks and Singhal (2005) found that disruptions have important 
negative economic costs and the absence of signs of rapid recovery highlight the need to pay more care to 
the disruptions’ risks. Craighead et al. (2007) presented five variables that relate the severity of supply 
chain disruptions and the supply chain characteristics, such as complexity, mode criticality, density, the 
supply chain mitigation capabilities of recovery and warning. Thun and Hoenig (2011) found that supply 
chains, in the automotive industry, are viewed as being vulnerable and that SCRM seems to increase the 
performance. Thun et al. (2011) verified that large-scale companies focus on preventive instruments, 
whereas SMEs mainly concentrate on reactive instruments for SCRM. Recently Lavastre et al. (2012) 
conclude that effective SCRM must be inter-organizational and in close linked to strategic and 
operational issues of the companies. Furthermore, the results of the study suggest that effective SCRM is 
sustained on collaboration and the creation of joint and common transverse processes with supply chain 
members. 
 
 
3 Proposal of a framework for supply chain risk mitigation strategies 
 
In the following, risks driving the vulnerability of supply chains are discussed based on an approach by 
Christopher and Peck (2004) who distinguish between external and internal supply chain risks. These 
internal risks can be differentiated into demand risks and purchasing risks. Purchasing risks are concerned 
with ”upstream” activities in the supply chain (Zsidisin, 2003); companies are faced with the risks 
connected to suppliers, e.g. quality problems of delivered products. Therefore, in this situation, an 
objective of SCRM could be the decrease of the number of errors or to increase quality levels. Demand 
risks are grounded on ”downstream” activities in the supply chain (Svensson, 2002). They can be 
associated to the distribution of final products or can be related with demand uncertainties, which might 
end in delivery bottlenecks, high level of inventories, or deficient capacity use (Cachon and Lariviere, 
2001). In this case, an objective of SCRM is to reduce the bullwhip effect, increasing flexibility and 
responsiveness. 
   Lastly, external supply chain risks deal with environmental causes that can barely be influenced and 
lead to disorders within the supply chain (Kleindorfer and Saad, 2005), which can be caused by 
sociopolitical, economical, technological or geographical reasons (earthquakes or hurricanes as well as 
terrorist attacks or political instabilities, etc.). Therefore, the main objective, in this case, is the decrease 
of vulnerability against external situations that can disrupt the supply chain.  
   There exists no single definition for SCRMS in the literature. Most of the research papers that deal with 
supply chain strategies do not consider the supply chain risks explicitly. Nevertheless, the debate of 
supply chain strategies offers a solid fundament for a practical definition of supply chain risk strategy. 
Following to Chopra and Meindl (2001: 314), ”a supply chain strategy specifies what capabilities the 
supply chain network must have to support a firm’s competitive strategy.” According to these 
characteristics, we define SCRMS as a strategic approach for managing risks within a supply chain in 
order to support its competitiveness. 
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   The SCRMSs’ instruments can have a preventive or reactive nature. Both types of instruments are 
implemented before an incident happen; however, only preventive ones display their impact in advance, 
while reactive ones only show their impact later when the incidents actually occurred. Preventive 
instruments are cause-related measures that attempt for lower the probability of risk event. Examples are 
the focus on products with constant demand and small diversity or the focus on safe markets. 
Additionally, some risks, like natural disasters, can be avoided by locating facilities in safe areas. 
Frequently, the adopted instruments do not completely eliminate the risks, but they decrease their 
probability of occurrence considerably. For example, companies can select certified suppliers in order to 
assure a good compromise between quality and on-time delivery. Moreover, supplier relationship 
management, or even supplier development, can support the reduction of uncertainties related with the 
supplier and therefore lead to reduce supply chain risks (Giuni-pero and Eltantawy, 2004). The preventive 
instruments can be further divided in upstream and downstream. 
   Reactive instruments are effect-oriented measures that attempt to mitigate the negative impact of an 
incident and do not directly act on the risks but attempt to absorbing the loss caused by a risk. 
Consequently, the design of the supply chain should be in a way that the consequences of an incident are 
softened. For that, the supply chain must be resilient, which can be attained in two ways: increasing 
flexibility or creating redundancies (Rice and Caniato, 2003). The common approach for building up 
redundancies is to create and increase safety stocks (Sheffi and Rice, 2005). The approach of dual or 
multiple sourcing is another classical example; if one supplier has delivery problems, still at least other 
supplier is available guaranteeing the delivery of parts. Although most of the mentioned instruments lead 
to higher costs, which result from the creation of redundancies, this decisions must however be viewed as 
rational if these costs are understood as an insurance premium (Sheffi, 2001).  
   In order to identify differences in the nature of SCRMSs, we suggest three dimensions: preventive-
downstream, preventive-upstream, and reactive. The preventive-downstream dimension includes 
instruments to deal with uncertainty in the demand-side of the supply chain in a preventive way. The 
focus on products with stable demand is an example. On the contrary, the preventive-upstream dimension 
of the supply chain risk strategy pretends to deal with risk linked to the supply-side. An example is the 
focus on reliable suppliers. Finally, the reactive dimension comprises instruments that deal with supply 
chain risks by creating redundancies. In this case, the creation of safety stocks is a widely used strategy.  
   Given that a supply chain risk mitigation strategy may have different dimensions, a three-dimensional 
framework can be created to assess the nature of the SCRMSs adopted by a company (Figure 1). In this 
three-dimensional framework, SCRMSs can be differentiated, in terms of their nature, in pure or 
combined strategies. A pure strategy aligns with one SCRM’ dimension exclusively;. The risk mitigation 
strategies of one of the dimension are adopted on a high degree, whereas the strategies of other 
dimensions are only adopted to a weak or medium extend. On the contrary, a combined risk mitigation 
strategy covers at least two dimensions. A particular case of combined strategy is the simultaneous 
strategy, which includes all three-dimensions SCRMSs to a high degree. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
The three-dimensional framework of supply chain risk  
mitigation strategies. 
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4 Analysis 
 
An adapted version of the questionnaire developed by Thun and Hoenig (2011) was used to data 
collection through an online survey. The recommendations of Following Dillman’s (2000) were followed, 
and an email was sent to potential respondents with a short summary of the objectives of the study, the 
contacts of the researchers and a link to the online questionnaire. After a week another email was sent. 
Lastly, three weeks after the first email, another email was sent to the non-respondents. 
   The data collection occurred over a time period of two months. The email with the link to the survey 
was sent to a potential respondents list including purchasing managers, supply chain managers and 
executives randomly selected from the subscribers of the newsletter of APCADEC (the Portuguese 
Association of Purchasing Management). From the list with 650 potential respondents, a total of 117 
responses were obtained, which means a response rate of 18%. The non-response bias was tested by using 
the extrapolation method, as recommended by Armstrong and Overton (1977). The comparison between 
early (58) and later responses (59) revealed no statistical significant differences (< 0.05) at between the 
distribution of the number of employees, respondent's position, and business revenues, which shows that 
non-response bias does not affect the data. 
   Next, the risk mitigation strategies are analyzed. The risk mitigation strategies are aggregated using a 
factor analysis (table 1). The criteria for validity and reliability of the data, the obtained factor loadings 
and their respective cross-loadings are displayed in table 1. 
 
 
Table 1 
Validity and reliability of factors. 
 
 

Risk Mitigation Strategies 
Factors 

Preventive 
upstream 

Preventive 
downstream Reactive 

Suppliers with high quality 
Suppliers with a high on-time delivery ratio  
Supplier Development  
Implement communication systems 

0.780 
0.749 
0.766 
0.645 

0.237 
0.345 
0.079 
-0.149 

-0.004 
0.094 
0.014 
0.078 

Maintain high levels of safety stock 
Install surplus production capacity 
Having excessive storage capacity 

0.029 
0.082 
-0.079 

0.011 
0.198 
0.065 

0.712 
0.812 
0.792 

Prioritize products with constant demand 
Prioritize products with reduced range 
Stabilize demand by forgoing discounts 

0.184 
0.001 
0.136 

0.816 
0.859 
0.523 

0.170 
-0.026 
0.277 

Eigenvalue  
Chronbach’s Alpha 

2.256 
0.669 

1.939 
0.725 

2.293 
0.733 

 
 
 
   The first factor stands for a (latent) preventive risk mitigation strategy related to upstream activities in 
the supply chain, such as concentrating on suppliers with high quality, high on-time delivery ratio, 
supplier development and communication systems. The second factor represents a (latent) preventive risk 
mitigation strategy related to downstream activities in the supply chain, such as the prioritization of 
products with constant demand, reduction of range and a stabilization of demand by forgoing discounts. 
Additionally, the third factor consists of a set of risk mitigation strategies related to a (latent) reactive risk 
mitigation strategy aggregating strategies such as high safety stocks, surplus production capacity, and 
excessive storage capacity. The three identified factors support the proposed three-dimensional 
framework of SCRMSs. 
   As the eigenvalue of each extracted factor surpasses the minimum threshold of 1.0, we can accept 
factors as valid. Additionally, all factor loadings are larger than 0.5 and the corresponding cross-loadings 
are lower than 0.35.  
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   To check the reliability of the factors the Cronbach’s Alpha was used. According to Nunnally (1978), a 
value of 0.7 is seen as satisfying, whereas Sakakibara et al. (1997) consider a value of 0.6 as satisfying for 
newly created scales. All extracted factors have at least a Cronbach’s Alpha above 0.6. Consequently, all 
extracted factors meet the criteria for validity and reliability and can be utilized for further analyses. 
 
 
5 Conclusion 
 
In this paper, supply chain risk mitigation strategies have been investigated through a survey of manufac-
turing companies located in Portugal. The results achieved using a factor analysis are consistent with the 
literature reviewed and confirm the existence of the three dimensions: preventive-downstream, 
preventive-upstream and reactive risk mitigation strategies. 
   Thus this work contributes to the body of knowledge on risk management and strategies in the supply 
chain literature. As a managerial implication, one may say that in order to manage supply chain risk, 
companies should be aware of the nature of the different risk mitigation strategies. The proposed 
framework could be a valid tool for to managers to assess and develop their supply chain risk mitigation 
strategies in order to improve their effectiveness. 
   This study only focuses on manufacturing companies; therefore a generalization of the results should be 
handled with care. Furthermore, future research should address the importance of the implementation 
since this aspect might have a significant impact on the effectiveness of supply chain risk mitigation 
strategies. Finally, comparable studies should be carried out in other countries and on other types of 
organizations. 
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Shipping: Management of Import  
and Export Processes and Transition  
from Public to Private 
 
Roa I1, Duran E2, Amante B3 
 
 
Abstract: The Port Authority of Barcelona (PAB) manages one of the 46 ports of general interest in 
Spain. Title of all those ports is public and therefore all activities in which PAB participates are 
developed from a public point of view. In this research, the possibility of performing these tasks from a 
private point of view will be considered. We will study the flows of imports and exports, focusing on 
administrative and transport processes. 
 
Keywords: Import, export, public, private, port. 
 
 

 
 
1 Introduction 
 
Spain is the country of the European Union, which has greater long coastline, reaching about 8,000km. 
The Spanish port system is composed of 46 ports of general interest, managed by 28 Port Authorities and 
is coordinated and controlled by the “Ente Público Puertos del Estado” (EPPE), under the Ministry of 
Public Works and has attributed the execution of port policy of the Government. 
   This port management model implies that the ownership of the land on which port facilities are built is 
public, but also that the infrastructures are publicly owned. The provision of services tends to be private 
and regulation is carried out by a public official (Martin Bofarull 2010). Typically, port authorities use to 
concession terminal spaces to private entities (Roa et al. 2013). The more efficient private sector (Guasch 
2004), then begins to take over everything that is specific to their activity (cranes, warehouses, 
equipment, etc.). 
   This organizational model is known as “Landlord” because the port manager owns the land on which it 
sits. Although there is no single model for managing ports worldwide, the general trend is to use this 
model (Ramos-real & Tovar 2010) because it allows competition between different service providers in 
the same port (Notteboom & Merckx 2006). 
   The Port of Barcelona currently holds the third position in the ranking of Spanish ports. It is classified 
after Algeciras and Valencia (Lloyds 2013) which move more transhipment cargo. 
   As a public port authority, the PAB is involved in all processes necessary to allow trade between the 
entities involved in the port business. Therefore, participates in key process flows of import and export of 
goods. 
   In this research we focus on the import and export processes, specifically those flows that have to do 
with transport processes and / or administrative and evaluate the role of PAB in all of them. The purpose 
of this study is to discern whether these activities that are carried out by a public authority would be 
assumable for a privately owned one. 
 
 
2 Activity Characterization 
 
This research focuses on two fundamental processes: the import and export of goods. Within the 
processes of import and export, hundreds of activities and flows that are related to administrative 
processes, to transport and other like security, purely customs operations, etc. can be detected. We will 
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only fix in those flows which involve the Port Authority (administrative and transport) because it seeks to 
determine whether they would be assumable by a private entity. Regardless of the type of cargo (bulk, 
containerized cargo, general cargo, etc.) are concerned, we will determine through process diagrams 
which activities are performed by the Port Authority and depart from the case study, which is the port of 
Barcelona. 
   Table 1 shows in rows the 13 activities that the Quality Plan of the Port of Barcelona relate to import 
and export processes, focusing in these flows. For columns, we study who is responsible, which can be a 
company (business) or an institution and that responsibility is highlighted with grey boxes. 
The study case examines the activities of the PAB, so we look exclusively in that column to identify 
which activities are performed by the same. 
 
 
Table 1 
Activities and responsible.  
Source: PAB (adapted) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   In yellow and numbers, the following activities are highlighted: 
 

1. Terrestrial transport. This involves managing land transport and mo-movement of 
goods entering or leaving the port 
 
2. Customs clearance. It is communicating data from the ship reaches port to the Tax 
Office, so you can make the customs clearance of goods. 

 
3. Border inspection services (BIS): The PBA has the responsibility to validate the 
control of the goods. 
 
4. Leave to enter dangerous goods. The Port Authority is the only one who can, after 
certain checks, allow input or output port, of certain goods. 
 
5. Administrative management of the scale. Berth allocation. It is an activity that can 
be delegated to each terminal. 
 
6. Circulations management. Control and management of inputs and outputs by train. 
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   Studied the main activities of the PAB, we build some process maps in order to determine when those 
activities appear, what activities precede them and how they develop 
2.1 Management Controls 
 
Management processes are those in which the PAB acts as management authority and tries to ensure its 
potentiation. Processes constructed diagrams highlight the activities of the PAB on those made by other 
entities. Thus, Fig. 1 shows the diagram of management controls on imports. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Management controls on imports. 
Source: PAB (adapted) 
 
 
   Basically, before the arrival of the ship, two processes occur. The first is the "scale request", which 
consists in PAB ask for permission to call at the Port of Barcelona and perform the tasks of loading and 
unloading goods. To grant this permission before docking ship, the PAB check the "Declaración 
sumaria". This statement must be filed with the Tax Office to assign the goods customs destination. 
   The “Ente Público Puertos del Estado”, has today an agreement of "single window" with the Inland 
Revenue, which streamlines the procedures for submission of the “Declaración sumaria”, but may be 
submitted by an individual or company directly from the Inland Revenue, so it would not be strictly 
necessary to be done by a public body. 
   Another important process that starts when the ship calls scale is the "Leave to enter dangerous goods". 
The vessel has the obligation to declare the origin and nature of the dangerous goods on board through the 
"Loading list dangerous goods" irrespective of whether they will be discharged in Barcelona or at a later 
scale. It is a process that affects port security and, if necessary, triggers certain control and management 
processes, and can also trigger emergency plans. Process management can be carried out also by private 
coordinator, to the extent that the only public entity that participates are the Forces of State Security, to 
which only the nature of the cargo is reported to their address of the incidence. 
   When the ship arrives in port, it communicates to the PAB through the "Arrival notice" and PAB (or 
directly the terminal) assign berth, a fact which triggers the process of customs control. In this process, 
the PAB only communicates Customs vessel data transmitted to it and once he has made the whole 
process of "Customs declaration", Customs informs the PAB the result. Possible customs inspections are 
not conducted by the PAB but by Customs itself. 
   If we now look just as management controls in exports (see Fig. 2), we can observe the activities 
currently undertaken by the public entity PAB. 
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Fig.2  
Management controls in exports. 
Source: PAB (adapted) 
 
 
   It can be seen that the order of realization is different, but essentially the activities are similar. In a 
document management procedure as above, the PAB know the "Export manifest", a report that is issued 
twice a week and reflects the maritime exports a country has made. 
   All activities of this group could be assumable by a private entity, because it only involve bureaucratic 
coordination and document processes done, at present, by Portic Platform, a private entity that manages 
document processes between companies, Dealers and PAB. 
 
 
2.2 Transport Processes 
 
Those processes deal with the physical movement of cargo and, in most cases occur when the ship has 
left the dock to its next destination. Transport processes also have some administrative and commercial 
tasks, without which they would be totally unworkable. In Fig. 3 the import transport process diagram is 
shown and as before, the activities currently carried out by the PAB are highlighted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 
Import transport processes. 
Source: PAB (adapted) 
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   All activities above and that have to do with scales and authorizations entry into port, are analogous to 
those shown in Fig 2. Only two new activities appear. The "Rail waybill" communicating what comes 
loaded (Rodrigo de Larrucea et al. 2012) and "Exit Control truck / train" which, although not developed 
directly by the PAB, it’s true that it controls through its security forces if necessary. Therefore, we find 
related document management or coordination of activities, which could be perfectly performed by a 
private entity processes. 
   If we now analyze the transport processes in exports (Fig. 4), It can be seen that are analogous to 
import, but obviously with a different order. We will see that any new process or activity does not appear, 
so it can be concluded that existing can be developed from the perspective of a private entity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
Export transport processes. 
Source: PAB (adapted) 
 
 
 
 

3 Conclusions 
 
Having analyzed the two flows, administrative and transportation for import and export processes, we 
have seen that there are activities made today by a public body (specifically, the PAB). However, after 
detailed analysis thereof, has not been found in any activity that must necessarily be developed by the 
public body and that was not acceptable from the perspective of a private actor. It could be concluded 
that, from an operational point of view, the management of these activities could be undertaken by a 
private entity. This could occur if a change is generated in the administration, potentially acceptable 
because public policies depend on market developments (De Borger & De Bruyne 2011). 
   EPPE is responsible in Spain to set port tariffs and subsidies, so that a private entity would always be 
under the influence of a body which regulates competition law in Spain. In the current port model, could 
not conceive a port to fix rates well below those of other ports, because would substantially increase their 
ability to attract cargo and thus, raise business, so that could unbalance the overall port system. The only 
possibility that the port managed by a private Port Authority set its own rates would go through all the 
ports of the State were in the same situation or forks with minimum and maximum for this particular port 
were set. This would then generate a situation of free market and competition. 
   The Port Authorities are responsible for campus security police "Security" and have assigned responsi-
bilities for surveillance and monitoring of compliance with the regulations by the terminals. They also 
have responsibilities for coordination of operational safety enclosure "safety" tasks that could easily be 
assigned to another agency of the administration like Harbourmaster, that has currently exclusive 
functions dedicated to shipping and vessel monitoring. The PAB also performs management                       
of concessions, regulated by the Ports Act and, today, are not assumable by a private entity sticking to the  
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Spanish Ports Law. On the other hand, one of the main activities of the PAB is to facilitate the port 
business and enhance the business of the area, so the private property of a new player should have 
necessarily barriers to ensure a maximum and minimal in these fields and guarantee that the general 
strategic lines of the government are enhanced. 
   Finally, we conclude that in the activities studied from process diagrams drawn, the PAB is responsible 
for document management of information flows. Therefore, its role could be assumed by a private 
company which should only mediate appropriate confidentiality agreements, being in evidence for these 
activities is not required at all public intervention. 
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Study on Productivity in the  
Automotive Industry 
 
Estelles-Miguel S, Andrés Romano C1 
 
 
Abstract: A production process is essential for generating added value in organisations. Today when the 
globalised world of industry relies on finding new competitiveness factors to enhance customer 
satisfaction, it is common practice to break down the scope of production systems into processes to obtain 
a competitive advantage because some historically less explored leading practices (innovation, optimising 
logistics flows, implementing information systems, etc.) are yielding positive results. The automotive 
sector has abandoned the use of work measurement and standards time tools, and everything that using 
such tools implies. Yet these tools are still useful for planning and managing productivity, and are 
becoming increasingly necessary. This paper analyses perceptions about productivity, work measurement 
and standards time, and explores how companies use these tools in the Automotive Industry in Valencia 
(Spain). A survey that collected responses from interviews with 24 automotive companies was used to 
collect data on these companies. Perceptions: data from these interviews were analysed. This article 
presents the results of this analysis. 
 
Keywords: Productivity, Work Measurement, Standards Times, Automotive Companies. 
 
 

 
 
1 Introduction 
 
For several decades, the automotive industry in Spain has been a worldwide reference for its great 
capacity to generate employment, develop new technologies and  use the most advanced processes.  
   To find out how productive a job is, the first thing to do is to assign time to each job; i.e., calculate the 
amount of time required to perform a task. For this purpose, various methods exist. Then it is necessary to 
check whether the time spent by an operator is the expected time. The earmarked time to perform work 
should take into account workers’ personal requirements and some time to recover from fatigue, and these 
times also usually considered to be conditions of the job, industry, etc. 
   Moreover, people dedicated to ergonomics and production engineers have a long-standing history of 
being interested in organising working time, particularly as far as highly repetitive tasks are concerned. 
The most well-studied characteristics have been measures of productivity and quality (system responses) 
and acute physiological responses, such as muscle activity and fatigue (of operators). These measures 
have been studied for over a century by engineers and physiologists to optimise production systems 
(Dempsey et al. 2010). Despite a common interest in time, the contributions of manufacturing engineers 
and ergonomists to modify allocation of times rarely agree. For example, efforts made by engineers to cut 
production systems or to minimise variance in processes can have negative ergonomic consequences 
(Wells et al. 2007).  
   The purpose of this paper was to study productivity in the Automotive Sector of Valencia (east Spain) 
to know the industry from within, and to also collect and analyse information on the activities that form 
part of it, the number of companies engaged in this sector, working conditions, methods for assessing 
productivity, new challenges, etc. 
   This paper is organised as follows: Section 2 discusses productivity; Section 3 explains the method and 
presents some results; Section 4 presents the conclusions. 
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2 Productivity 
 
In an environment characterised by strong competition, technological change, globalisation, market 
deregulation and fragmentation of demand, productivity has emerged as one of the main factors that 
contributes to determine competitiveness. Although the productivity concept is lengthily discussed by 
politicians, economists, managers and the media, it is often vaguely defined and poorly understood. In 
practice, lack of this knowledge results in productivity being ignored by those who influence production 
processes (Tangen, 2002) 
   Productivity is defined as the efficiency of a production system; that is, the ratio of the outcome of the 
production system and the amount of resources used. So in a production system, there are as many 
productivity levels as there are resources. Labour productivity is defined as an increase or decrease in 
yields depending on the work required for the final product. This paper addresses only the part that relates 
to human resources; i.e., productivity of labour. 
   The definition of productivity has varied over time since it first appeared in 1766, and it has adapted to 
the times, while different meanings have been included in its definition, or even tools to measure 
productivity. 
Human resources today play a strategic role in increasing the productivity of any organisation, which 
makes it superior in industrial competition. If human resources are effectively and optimally used, all the 
advantages that productivity growth supply can be obtained (Attar et al., 2012). 
   If the factors that affect productivity are correctly measured and identified, the likelihood of 
successfully analysing these factors, diagnosing the conditions of a company´s productivity, and 
fundamentally knowing which actions should be undertaken to improve productivity, will be greater. 
   For all the above reasons, the authors decided to analyse herein how companies actually view 
productivity, how they measure productivity and how they think productivity affects them. 
   Labour productivity is a useful measure as it relates to the single most important factor of production, is 
intuitively appealing and is relatively easy to measure. Labour productivity is also a key determinant of 
living standards, measured as per capita income, and is of significant policy relevance from this 
perspective. Yet it only partially reflects labour productivity in terms of the personal capacities of workers 
or the intensity of their efforts. Labour productivity reflects how efficiently labour is combined with other 
production factors, how many of these other inputs are available per worker, and how rapidly embodied 
and disembodied technical changes proceed. This makes labour productivity a good starting point for 
analysing some of these factors. One way of carrying out a further analysis is to turn to multifactor 
productivity (MFP) measures (OECD, 2001). 
 
 
3 Method and Results 
 
 
3.1 Methodology 
 
In the present study, 24 companies from the automotive sector in Valencia were visited and surveyed. 
   Although identification data and contact data (e.g., company’s name, interviewer’s name, telephone 
number, e-mail, sector and product type) were collected to identify companies and to follow up if 
responses were incomplete or not fully understood, these data were always treated confidentially. 
   Data on the companies´ sector proved useful to categorise questionnaires because they were completed 
not only by automotive sector companies, but also by companies in other productive sectors in Valencia. 
General questions (e.g., number of employees and turnover) were also asked to characterise companies. 
The questionnaire delved into measuring productivity through the description of working methods and 
engineering measurement times. 
   Surveys were completed by a range of means, including personal visits to the company, e-mail and via 
some associations that helped us conduct the survey. 
 
            Objectives: 
 

•!Analysing and identifying the factors that directly influence productivity. 
 

•!Describing the techniques used to measure productivity. 
 

•!Better knowing automotive companies. 
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Fig.1  
Methodology.  
Source: The Authors. 
 
 
3.2 Results 
 
The sample comprised 24 automotive companies from Valencia. The total number of employees in each 
company ranged between a minimum of 17 and a maximum of 700. The average company size was 286 
employees, with a mode of 50 and a median of 320. The number of direct workers or the size of the direct 
work force ranged between 12 and 698, and the mode and median were both 250. The questions 
addressed how the company was structured and how important the company considered productivity and 
its measurement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Does the company have an R&D Department?  
Source: The Authors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Does the company have a Processes Department?  
Source: The Authors. 
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Fig.4  
Does the company have a Measurement and Standard Times Department? 
Source: The Authors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5  
Does the company have a Production Control System?  
Source: The Authors 
 
 
   All the surveyed companies had implemented a quality system and only 12% had not yet certified it. All 
the interviewed company managements believed that it is useful to use methods and times. 
   Note that for the following questions, companies could choose more than one option. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6  
What is measuring production times useful for?  
Source: The Authors. 
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Fig.7  
What is studying methods useful for?  
Source: The Authors. 
 
 
 
5 Conclusions  
 
The participants of the survey neither gave a definition of productivity nor received a request to do so. 
Perhaps it would have been interesting to see how each company understood productivity, and the 
distinctions that different companies may have included in the concepts.  
   The participating companies understood that productivity is important for their company and for 
maintaining the company in the market, as seen in the questions that addressed how companies were 
structured, and how important they considered productivity and its measurement. In fact 100% of 
companies reported that they should improve their productivity. The majority of companies (87%) had a 
Processes Department, whereas only 50% had a Methods and Time-Management Department, although a 
Processes Department often performs the job of assigning a time to each task. The automotive industry 
attaches much importance to quality systems; indeed 100% of the interviewed companies had quality 
systems.  
   The main important reasons to use times were planning, workload, cost and saturation lines, and in that 
order. It is interesting to note that nobody indicated the issue of incentives in the automotive industry. 
although it was an important issue in other surveyed sectors. This may be because the automotive sector 
works on assembly lines which must always work at the same speed, where none must be faster than 
others. Therefore time serves to plan rather than to incentivise. The use of methods were: increase 
productivity, ergonomics, standarise methods, safety, and reduce monotonous work.  
   The authors of the present study consider productivity to be fundamental for companies. Nevertheless, 
the majority of companies failed to attach the importance they should to productivity. Yet when they 
reflected on this fact, they realised but they should give more priority to productivity. Methods and time 
management are not only tools to improve productivity, but can also be used to plan, calculate costs of 
outputs, workloads and overburdening in the company, improve job security, analyse job ergonomics, and 
perform many other important tasks. 
   Another block of questions was also included in the questionnaire, but these will be analysed in other 
related studies. This paper forms part of a larger work on productivity in various productive sectors. 
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Application of Hybrid  
Symbiotic Organism Search  
on Flow Shop Scheduling with  
a New Learning Effect 
 
Amirian H, Sahraeian R1 
 
 
Abstract: The present article proposes a hybrid learning effect model which takes into account the 
previous experience of the operator, separates the machine/manual times and considers truncation. The 
developed model is fitted to experimental data to investigate its accuracy. The fits are compared with 
those of four other well-known position based learning models. Next, each learning model is applied to 
the large scale flow shop problems which makes them strongly NP-hard. Hence, the problems are tackled 
by a hybrid meta-heuristic named Symbiotic Organism Search Simulated Annealing (SOS-SA). The 
algorithm combines the fast and easy implementation of SOS with the powerful local search of SA. The 
proposed algorithm is tested on flowshop benchmark problems and the results show its validation. 
 
Keywords: Scheduling; Learning Effect; Flow shop; Symbiotic Organism Search; Simulated Annealing. 
 
 

 
 
1 Introduction 
 
Classic scheduling treats the processing times of jobs on different machines as constant input data. 
Empirical analysis of processing times, however, indicates contradictory results (Biskup, 1999). In other 
words, the workers are likely to demand less time to perform tasks as repetitions take place due to 
increasing familiarity with the operation, the tools and the workplace, and because shortcuts to the task 
execution are found (Jaber, 2011). This phenomena is known as "learning effect" in scheduling. The 
importance of the effect lies in the fact that under the effect of learning, the optimum schedule might 
change. Thus ignoring the effect leads to considerable loss in profit, time and energy. Learning effects are 
formulated according to empirically developed learning curves (LCs). A LC is a mathematical description 
of workers’ performance in repetitive tasks. With each passing year new models for position based 
learning effect are proposed but most are based on four commonly adopted learning curves. These are 
classic log-linear, Dejong's, S-curve and Plateau LCs. In the present study, the models based on these LCs 
are compared with a newly proposed hybrid learning effect. Understanding the differences between LCs 
with this comparative analysis leads to the selection of an appropriate learning model in respect to the 
work environment. This, in turn, leads to a good estimation of processing times, a proper scheduling and 
finally, a considerable reduction in production cost. Moreover, to emphasize the applicability of learning 
effects, the models are carried out on large scale classic flow shop problems using a hybrid version of a 
recently introduced meta-heuristic named Symbiotic Organisms Search (Cheng & Prayogo, 2014) with 
Simulated Annealing (Kirkpatrick et al., 1983). The rest of this paper is organized as follows. Section 2, 
shows the available learning curves formulations and examines our proposed model. In section 3, we 
discuss the pros and cons of each curve. Section 4, gives a brief introduction on SOS-SA and shows the 
results achieved by adding learning effects to classic flow shop systems. The paper is then concluded in 
section 5. 
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2 Position Based Learning Curve Models 
 
Let i j rp  be the processing time of thj  job in thr  position of thi  machine, ( 0)a a ≤  the learning rate, 
(0 1)M M≤ ≤  the machine time ratio, B  the prior experience and C the steady-state performance of an 

operator. Now, we summarize the most popular position based LCs previously used in the scheduling 
literature (Table 1). 
 
 
Table 1 
Summary of commonly used LCs 
 
 

Model Formulation Parameters Feature Reference 

Log-
linear 

a
i j r i jp p r=  

a  Added the learning 
rate 

Biskup (1999) 

Dejong (1 )..( )ai j r i jp p M M r= + −  ,a M  Separation of 
manual and machine 
times 

Okolowski & 
Gawiejnowicz 
(2010) 

S-Curve (1 )( ).( ). a
i j r i jp p M M r B= + − +  , ,a M B  Adding Operator’s 

experience 
Jaber (2011) 

Plateau . ai j r i jp C p r= +  ,a C  Added Truncation 
effect using steady-
state performance 

Baloff  (1971) 

 
 
 
Proposed Hybrid LC: In our paper (Amirian & Sahraeian, 2015), we introduced a model based on the 
previous learning curves as (2.1). However, the model used maximum operator for truncation. This led to 
higher errors in comparison to the models such as Plateau that uses addition operator as a means of 
truncation. Hence, imitating Plateau LC, the model is modified as (2.2). This modification decreases the 
mean square error while maintaining the generalization of the model. 
 

( (1 ). {( ) , }). 1,... ., , , 1, ,ia
i j i j ji j r i j i jM M max B r C i mp j r np + − = = …= +             (2.1) 

 
( (1 ). ( ( ) )). 1,..., , , 1, ,. i

i j
a

i j i j i jj jr i M M C Bp r i m r np j+ − + = = …= +                (2.2) 
 
 
 
3 Which Learning Curve Should Be Used? 
 
It’s a constant challenge for managers to find the correct LC model for a work environment. The best way 
to make sure that the learning model is in tune with a particular production is by gathering the empirical 
data on the site. Then we can estimate the parameters by fitting the models to the data using mean square 
method (MSE). The LC with the lowest MSE is usually considered to be the most precise option. 
However, other factors such as the prediction ability of the model and the number of required parameters 
should be considered as well before choosing a learning model. An example is suggested by Zhang et al. 
(2014) for a construction project in China. The data for the accumulative average time needed to finish 40 
levels of a high-rise project can be found at their paper. To test our hybrid model and compare it to the 
others, we fitted each model to the first 20 real data of the construction project and calculated the mean 
square error of each model in table 2. Then we predicted the 40 points using the fitted model in figure 1. 
As can be seen in table 2, the Dejong’s and Plateau have the lowest MSE, closely followed by the 
proposed hybrid and log-linear model. S-curve, however, showed the worst performance. Now, let’s 
examine figure 1, where the variance of achieved results from the real data for each model are plotted. 
Note that values close to zero are more desirable. As can be seen in figure 1, the proposed hybrid has the 
lowest variance in all 40 points which basically means it has found the real data with very little error.  
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Once again Dejong and Plateau show similar performance. Next comes log-linear, and finally S-curve              
shows the worst performance. However, in evaluating a LC, most researchers believe that the model with 
the lowest MSE is the best option. This is only partially true, since a mean square error which is 
calculated on limited data (e.g. 20 data here), does not guarantee a good prediction ability of that model 
for all the points (e.g. all 40 points). Now, in relation to human learning, there is always a point where the 
operator stops learning since s/he has fully grasped the workings of the process and from that point on 
there is no reduction in the processing times. Imitating the literature, we will call this phenomena the 
"truncation effect" and emphasize that only a model that takes this effect into account can be a good 
option. Among the available models, both the Plateau LC and the proposed hybrid model have this 
feature. However, our model takes into account the operator's former experience while Plateau LC 
forgoes this feature. 
 
 
Table 2 
Fitted function of different learning curves. 
 
 

Learning model Fitted function MSE 

Log-linear 0.166510.97( )rp r −=  0.0034 

Dejong 0.21852 (11.035 2 .(  ))rp r −= + −  0.0028 

S-Curve 0.31842 (14.158 2).( 2)rp r −= + − +  0.0265 

Plateau 0.20971.73 9.29( )rp r −= +  0.0030 

Proposed hybrid 0.7822(14.54 2). (0.289 (2 ) ).2r rp −= + − + +  0.0034 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Variations of different learning curves from the actual data. 
 
 
 
4 Application of Learning in Large Scale Flow shops 
 
Among the different environments of scheduling, flow shops are of the most applicable and well-known 
systems, and have been proved to be strongly NP-hard. In a classic flowshop system, n jobs in sequence 
go through m machines one by one so that no machine can process more than one job at one point in time 
and vice versa. If the sequence of the jobs on all machines is the same, then the system is called 
permutation flowshop. In such systems, the goal is often to find the maximum completion time among the 
jobs on the last machine (i.e. the makespan). Due to the NP-hardness of the flowshop systems, meta-
heuristics are usually proposed as solution techniques. Similarly, in this section, first a hybrid meta-
heuristic is proposed and is used to calculate the makespan of classic flowshop benchmarks (Taillard, 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 388 

1993). Once the algorithm is verified, we use it to solve the learning effect flowshop problems with each 
of the LCs previously presented. 
4.1 Hybrid SOS-SA for Flowshop Scheduling 
 
SOS (Cheng and Prayogo, 2014) is a newly introduced population based meta-heuristic. It begins with a 
randomly-generated population called ecosystem. Each individual (organism) in the population represents 
a candidate solution to the corresponding problem. The phases in SOS are governed by imitating the 
biological interaction between two random organisms in the ecosystem. These phases are mutualism, 
commensalism and parasitism. Mutualism is based on mutual benefit from a relation. Here, two 
organisms are selected randomly from the ecosystem (i.e. ,i jX X ). Then Mutual Vector is calculated as

( ) / 2i jMV X X= + . Since in a relation, one party can gain more/less than the other, a benefit factor (BF) is 
introduced for each of the selected organisms. The new solutions in (4.1), (4.2) are calculated using bestX
which is the best solution in the current population. The new solutions replace the older ones as long as 
they are better, otherwise they are discarded: 
 

1(0,1 (). . )i New b sti eX X rand X MV BF= −+                (4.1) 
 

2(0,1). ( . )jNew i bestj X MVX X ra Fnd B= −+     (4.2) 
 

   In commensalism phase, one individual benefits from the interaction while the other is unaffected. 
Here, organism iX is selected randomly to be improved by another randomly chosen organism jX as 
follows in (4.3). Once again the new solution is accepted only if it is better than the old one. 
 

( 1,1 ( )).i New i best jX X a Xr Xnd= −+ −                     (4.3) 
 
   Parasitism: Here, the relation between the selected organisms is harmful. First a vector iX  is selected 
and modified in some dimensions randomly. The resultant vector is called parasite vector which acts as a 
disease, ready to infect another organism jX ; known as host. If the parasite vector is better than the host 

jX  then it replaces it. 
   SOS is an easy and fast algorithm since it has few steps and given a good initial population it finds the 
global optimum in a short time. However, this algorithm is only tested in continuous space where SOS 
has been reported to show utmost precision (Cheng and Prayogo, 2014). When tested on a discrete 
problem such as flowshop system, however, more often than not, the algorithm finds a local optimum 
solution rather than the global optimum which shows low diversity in SOS. The concept of adding a 
powerful local search to a meta-heuristic has been employed by many researchers. Similarly, to improve 
SOS in diversity, we have added the conditional local search mechanism used in SA to the algorithm. This 
way, the population of individuals found in each iteration is improved greatly in diversity and somewhat 
in convergence before entering the SOS loop. Note that SA is employed on the whole population so that 
for every individual in the population, a neighbor is created, then the neighbor is evaluated against the 
original solution. If the neighbor is better, it replaces the original solution, if not, then the neighbor is 
accepted conditionally. For more information on SA, we refer the interested reader to Kirkpatrick et al. 
(1983). The combination of SA and SOS, returns good results in flowshop scheduling problems. A brief 
overview of this algorithm can be given as follows2: 
Step 1: Problem definition, set SA parameters, maximum iterations, population size 
Step 2: Initialization - Create random population and evaluate it 
Step 3: Main Loop 
For main=1: maximum iterations 
  Step 3-1: SA loop: 
 For out=1: outer loop 
     For in=1: inner loop 
         For pop=1: population size loop 

          Create Neighbor 

                                 
2 The MATLAB implementation of this algorithm is stored at http://le-scheduling.blogfa.com/ for comparison purposes. 
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If the neighbor is better 
         Accept the neighbor  
    Else 
        Accept the neighbor conditionally 
                            End if  
                    End of population size loop 

                         End of inner loop 
               Update the temperature 
         End of outer loop 
  End of SA Loop (Step 3-1) 
  Step 3-2: Sort Population 
  Step 3-3: SOS loop: 

For i=1: population size  
    Mutualism Phase 
    Commensalism Phase 
    Parasitism Phase 
End of SOS Loop (Step 3-3) 

End of Step 3 (Main Loop) 
Step 4: Display the results 
 
 
   The experiments are conducted on a PC with Intel i5 CPU @ 1.70 GHz with 4 GB of RAM with a 
population size of 100 and maximum iterations of 5 and 50 for the SA loop and the main loop 
respectively (i.e. 250 iterations overall). The code is tested on the first 10 Taillard’s benchmark problems 
(i.e. Ta001-Ta010) to calculate the makespan and the results are shown in Table 3. The error ratio (ER) is 
calculated as ( ) /ER R Opt Opt= − where R is the achieved result and Opt is the known optimal value of the 
objective extracted from the available benchmarks. Note that lower ER is more desirable since it shows 
higher precision. 
 
 
Table 3 
Testing hybrid SOS-SA on Taillard’s benchmarks1 

 
 

Model Ta001 Ta002 Ta003 Ta004 Ta005 Ta006 Ta007 Ta008 Ta009 Ta010 

Optimum Makespan 1278 1359 1081 1293 1235 1195 1234 1206 1230 1108 
Makespan by SOS-SA 1278 1359 1081 1293 1235 1195 1251 1206 1230 1108 

ER 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 

Time 290.9 288.0  287.5 266.9 380.5 390.1 905.7 965.2 1147.3 1142.7 
 

1The results are the best result of 10 runs and time is recorded in seconds 
 
 
   In table 3, out of 10 problems, SOS-SA found the best point for nine tests with the ER of zero which 
indicates the efficiency of the algorithm. For problem Ta007, the result is found by a 1% deviation (i.e. 
ER=0.01). We also test the effectiveness of adding SA to SOS. Table 4 shows the performance of SOS 
with and without SA. As can be seen in table 4, adding SA lowers ER which indicates higher precision. In 
table 5, SOS-SA is applied to the flow shop scheduling for different learning models and the results are 
reported. The learning parameters are set as 0.322a = − , 0.5, 0.5M B= =  and C is set to 50% of the 
minimum processing times of all jobs. Since there is no benchmark on learning effect flowshop, the data 
in table 5 is given simply for comparison purposes. 
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Table 4 
Testing SOS with and without SA  
(The results are the best of 10 runs). 

 

 

 Ta001 Ta002 Ta003 Ta004 Ta005 Ta006 Ta007 Ta008 Ta009 Ta010 

ER (SOS) 0.014 0.005 0.019 0.019 0.012 0.012 0.013 0.014 0.020 0.013 

ER (SOS-SA) 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.000 0.000 

Best Solution found 
(SOS)  

1297 1366 1102 1318 1250 1210 1251 1224 1255 1123 

Best Solution found 
(SOS-SA)  

1278 1359 1081 1293 1235 1195 1251 1206 1230 1108 

 
 
 
Table 5  
Makespan achieved by SOS-SA on different LC models1 

 

 
Model Ta001 Ta002 Ta003 Ta004 Ta005 Ta006 Ta007 Ta008 Ta009 Ta010 

Log-linear 632.58 748.56 607.53 704.79 616.22 629.15 648.45 642.05 663.92 599.41 

Dejong 940.29 1066.55 851.58 998.32 906.56 908.48 942.40 920.87 948.88 852.52 

S-Curve 934.78 1047.33 835.78 982.40 901.14 898.53 933.30 911.95 932.75 841.34 

Plateau 644.39 796.57 625.85 740.84 629.66 660.99 661.60 665.34 676.65 610.62 

Hybrid 982.13 1079.19 855.58 1007.12 935.22 935.29 963.46 934.64 963.25 857.58 
 

1The results are the best of 10 runs 
 
 
 
   It can be used in evaluating a meta-heuristic on learning effect flowshop when the results of a specific 
LC (e.g. log-linear) found by SOS-SA is compared to the results of the same LC (i.e. log-linear) found by 
any other meta-heuristic. It is illogical to compare the result of one LC to another LC since each of them 
follows different concepts and any of them can be employed in a work environment, it is only the matter 
of precision needed and the characteristics of the workplace. For instance if in a work place, low 
precision is sufficient, then log-linear model is the ideal choice since it has only one parameter and 
relatively acceptable precision. Similarly, if all the job is done manually then there is no need to use 
Dejong’s model. 
 
 
 
5 Conclusion and Future Works 
 
In the present article, log linear, Dejong, S-curve, Plateau learning models are compared to a proposed 
hybrid learning effect. The results indicate that Dejong, Plateau and the proposed hybrid have similar 
precision while the hybrid model has the best prediction ability and generalization. These learning models 
are added to the classic flow shop problems which are solved by a hybrid meta-heuristic. The meta-
heuristic (named SOS-SA) combines the robustness and efficiency of symbiotic organism search with the 
powerful local search and diversification method of simulated annealing. SOS-SA is then tested on 
Taillard's benchmarks and the results show its accuracy. In the future, we hope to develop more 
applicable learning models and solution techniques in different scheduling environments. 
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Applying social opinion mining  
to the innovative product  
design through the use of  
FITMAN / FIWARE technology 
 
Anaya V1, Ortiz A2 
 
 
Abstract: The current manufacturing landscape is defined by a strong emphasis on innovation and 
design, in an ever increasing society that uses different electronic devices and where individuals and 
companies use diverse digital channels to give their opinion, to share knowledge or to communicate in 
general. IT trends have evolved from democratization of the web (web 2.0), to the analysis of 
unstructured data, handling of big amount of data and predictive analysis. There are sectors where some 
of those technologies are under test. All those enforce that differentiation is a competitive advantage only 
when products and services are covering customers’ needs. This paper probe into how these techniques 
(analysis of unstructured data, social opinion mining, semantic annotation, etc) can be applied in the 
conceptualization phase of the product lifecycle to support designers in the innovative design of products, 
while considering the interaction with manufacturing restrictions. The provided solution is built on soft-
ware modules develop in FITMAN (Fitman (2015)) and FIWARE (Fi-ware (2015)) European projects.  
 
Keywords: Social opinion mining, product lifecycle, IT architectures, IT software platform. 
 
 

 
 
1 Introduction 
 
Collaboration is at the heart of any enterprise activity. Business processes running on enterprises and 
network of enterprises are fueled with collaboration among people where skills, resources, traits and 
information is exchanged with the aim of raising efficiency, competitiveness and generate common value 
benefiting the parts and the final customers (Ming X, et al (2008)). 
   Among the processes at the supply chain, such as customer service management or the manufacturing 
flow management, there is one where no so much work has been developed, the product development and 
commercialization (Lambert D, Cooper M (2000)). Product development has been considered an effort 
from a specific department within a company where an idea is translated to a prototype, but this approach 
is very limited, as it doesn’t benefit from the knowledge and restrictions that suppliers and customers 
could bring to the table. Suppliers are decisive in an end-to-end competitive value proposition, and many 
innovative products are the result of new components coming for suppliers that are transform in business 
products by the marketing department in the manufacturing firm. A stronger exchange of decisional 
information flow is necessary between suppliers and the OEM, as the main focus of the supplier relation-
ship management has been done on the operation exchange of lead-times, stock levels and the like.  
   In the other hand, the collaboration with the customer is a must have. Final customers determine with 
their purchases if brilliant products are worth it. Although co-creation is a topic where work is ongoing 
[3, 4], companies have not benefit widely from it. Finally, a less demanding approach for customers 
inclusion on product design is make the most of the information that millions of customers share in blogs 
and social networks. There is a lot of latent knowledge embedded and though some efforts have been 
done by different companies (See-To E, Ho K (2014)) the stated of acquisition by companies is really 
immature. 
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   Although there are already solutions trying to analyze the opinions of customers, influencers and 
competency, the current solution show how SMEs networks can build their own customized solutions 
builds on top of already existing software components provided by the FIWARE European project (Fi-
ware (2015)) and FITMAN European project (Fitman (2015)).  The approach of those projects is to 
provide a Rapid Application Development philosophy while keeping development costs low. They key 
point is that these kind of solutions are (i) affordable by SMEs networks, (ii) extensible and customizable 
to those SMEs that do not have so much bureaucracy as the large organizations and networks and need 
easy to use tools. 
   The present paper is the result of the development and deployment of a business platform on top of 
FITMAN [8, 10] and FIWARE [7, 9] results for social opinion mining that has been applied to the 
furniture sector. The development and research to these results has received funding from the European 
Community's Seventh Framework Program (FP7/2013-2015) under grant agreement n° FP7-ICT-FI.ICT-
2011.1.8-604674. 
 
 
2 Opinion mining in the Furniture sector 
 
The current case has been carried out in the FITMAN project. The SMEs network of companies involved 
are AIDIMA, the technology institute furniture word and packaging, ARDI, and specifically, diseños 
tapizados muñoz, a manufacturer that assembles sofas and chairs, 3rd party designers, that design new 
lines for ARDI and material suppliers. 
   The problem addressed by the SMEs is not about production efficiency, but increase market grown in a 
sector where sales are decreasing. Pieces of furniture are a long life product and on a global market where 
price is a strong factor for sales, differentiation and customer satisfaction is mandatory.  
   The Opinion mining in furniture software is dealing with that problem, how to translate the voice of the 
customer to the conception phase in the product lifecycle and how this information can be useful for 
manufacturers, suppliers and designers. In the other hand, how all of the previous actors can exchange 
information to create the next blockbuster piece of furniture. 
   ADIMA's platform is composed of three different software tools that are being developed based on 
different compositions of the specific and generic enablers (FIWARE) and specific enablers (FITMAN), 
all of them deployed in a public cloud environment. As far as many of the information addressed is 
collected from already public information sources such as blogs, Facebook web pages and twitter 
accounts, and as the information collected could large depending on the project configuration, full-cloud 
environment will allow extensibility cost and performance advantages. 
   The new software solutions will address market growth and business sustainability in a business 
environment where design is already a commodity. The AIDIMA platform supports trends identification 
process, the mining of customer opinions and innovative and collaborative design process. The goal is not 
only create appealing-last-fashion furniture according to designers and influencers, but consider what the 
final customers are demanding. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Main processes and software components. 
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   The scope of this article is to explain the opinion mining for the furniture products. The application 
developed supports 3rd party designers working for ARDI in conception phase of new lines of products. 
The conception phase is a creative phase where new ideas, research and problem solving are intertwined, 
and where the only limits of a designer are the restrictions that materials impose on dimensions, shape, 
ergonomics and price, and the manufacturing process as far as some of the sketches generated by the 
designers could not be feasible from a manufacturing point of view. 
   Ideas generated by the designers must be driven by the interest that final customers can have on it. If the 
final customer do not show interest by its own and neither the influencers (such as relevant designers or 
furniture fairs), the ratio of appealing could show that the idea or product brief could not have a market, 
so that it should be changed. 
When designers analyze the different criteria of their ideas and sketches, the opinion mining in furniture 
products software tool provides a way to evaluate the sentiment of the customers. First of all, the solution 
provided has taken profit of the the Anlzer specific enabler developed by the DSSLab at the National 
Technical University of Athens (Anlzer (2015)). This specific enabler is parameterized with the sources 
of information that designers, manufacturers, suppliers and other relevant partners such as AIDIMA, 
consider relevant. The tool is configured with blog sources, twitter accounts and Facebook accounts and 
starts collecting information from those unstructured data sources and analyzing opinions from them. The 
opinions go through a data mining engine that analyses them and according to an ontology tags opinions 
on positive, negative or neutral opinions and store all that information. The system could be trained. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Anlzer screen for project set up (Anlzer (2015)) 
 
 
 
   When the system is configured and trained (Anlzer (2015)), and enough information is gathered, the 
designers can submit search words to evaluate the sentiment of customers / influencers on those topics. 
For that purpose UPV has developed an easy to use interface using the information retrieved by the 
Anlzer (see picture below). That is a good practice on how FITMAN can accelerate the development of 
solutions improving the time to market to get IT technology that can support manufacturing processes.  
   The interface developed by UPV is intended for retrieving thoughts/sentiments that people have on 
issues that affect the product design, such as materials, sizes, kind of furnitures, and so on. The tool 
provides a set of statistics such as a pie chart with the whole sentiment percentage is shown, the sources 
of information of the opinions retrieved, the evolution of the sentiment along the time and photos and 
specific opinions retrieved. 
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Fig.3  
Opinion mining for furniture product software. 
 
 
   That is the point where decisions much be taken considering what the market segment is thinking about 
your search words. 
 
 
3 Software architecture affordable to SMEs networks 
 
The Opinion mining for furniture products is based on already existing software components building 
blocks from the FIWARE European project (Fiware catalogue (2015)), and the FITMAN European 
project (Fitman catalogue (2015)). FI-WARE (Fi-ware (2015)) is an innovative, open cloud-based 
infrastructure for cost-effective creation and delivery of Future Internet applications and services, at a 
scale not seen before. FI-WARE API specifications are public and royalty-free, driven by the 
development of an open source reference implementation which accelerates the availability of 
commercial products and services based on FI-WARE technologies. The large catalogue of fi-ware 
composed are divided 6 areas: data/context management, internet of things, Security, Cloud Hosting, 
Applications/Services ecosystem and Interface to Networks and Devices. 
   FITMAN (Fitman (2015)) uses FI-WARE components to build use cases and software specific open 
source components focused on the future of the manufacturing companies (Fitman catalogue (2015)). 
The architecture of the Opinion Mining for the furniture products is shown in the following picture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
AIDIMA trial cloud architecture strategy. 
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   The tool is based on a software components generated on FIWARE (Wirecloud mashup platform by the 
Conwet lab from the Polytechnic University of Madrid [9, 12]) and one component generated in 
FITMAN (the Unstructured and Social Data Analytics SE Anlzer by the DSSLab of the National 
Technical University of Athens (Anlzer (2015))).  
   The architecture of the unstructured and social data analytics component (Anlzer (2015)) shows how 
information collected nowadays is unstructured and the traditional ways of managing that information are 
ineffective. The raise of NoSQL database systems, such as the document NoSQL databases, allow the 
indexing and effective search of information and media in the current web. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5  
Technology Stack of “Unstructured and Social Data Analytics”  
Specific Enabler (Wirecloud (2015)) 
 
 
 
4 Project outcomes and Impact 
 
   The business objectives of the current work are to gain access to customer’s latent demands and 
suggestions expressed as online comments and opinions for improving user-centered product 
development, while building a solution from already existing software components. 
The expected benefits for this use case will have a really positive impact on and will enhance the product 
quality and demand response skills of product designers since they will be able to get “closer” to real 
customer demands. 
   The success of the tool is measure through the application of it, but also from the development of it, as 
far as the building of the solution from existing components allow to make customizations to the final 
solution depending on the company that the tool is applied to. 
   Business indicators are derived from the impact that the software has had in the process that supports, 
the product innovation phases on the product design lifecycle. 
   Some of the KPIs measured to assure the success of the project are: 
 

•!% of sources managed by the tool: % of sources of information that were handle 
manually and are now handle using the tool. 72% of sources are now processed with 
the tool 

•!% Increase in number of trends: Nº of trends / terms identified and its comparison 
with the previous numbers. 26% of additional trends. 

•!% Time cycle reduction: Time to analyze social information. The application reduced 
the time cycle in a 40%. Automation of information treatment and better index cards 
management required less time. 

•!Number of trends than impacted in the design of a line of furniture pieces. To be 
measured yet, however in a qualitative senses, now it is possible to track this 
information with third-party designers. 
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A Theoretical Framework  
Proposal for Formalization in  
Reverse Logistics 
 
Han H1, Ponce-Cueto E2 
 
 
Abstract: Formalization can help firms better manage their reverse logistics operations. The main goal of 
this paper is to propose a theoretical framework to help companies formalize their reverse logistics 
programs. The theoretical model provides executed instructions for firms formalization, with written rules 
and standard procedures, in consequence to better control their reverse logistics. The theoretical structure 
covers all the stages in reverse logistics, from return collection to sorting and treatment processes. 
Companies can set up and improve their own formalization system based on the theoretical framework 
proposed in this paper. 
 
Keywords: Theoretical framework; Formalization; Reverse logistics. 
 
 

 
 
1 Introduction 
 
Reverse logistics (RL) emerged because of government enforcement, consumer awareness and social 
responsibilities towards environment. Recently RL has received increasing attention due to economic 
value potentials from the returned products. There are different ways to classify the returns. According to 
Toktay’s classification, two major types of returned merchandises are considered. One type is used 
returns, where the product has been used by the customer, the other is in the form of commercial returns, 
where the commodity is returned before use (Toktay, 2003).  
   Used returns include warranty return, reusable articles, product recalls, end-of-use return (EOU) and 
end-of-life return (EOL).  
   In accordance with Guide et al. (2006), the return rates vary widely by product category, by season, and 
across global markets. For example, the average e-commerce return rates are between 20 to 30 
percentages (Fabrikant, 2013). Large traditional retailers, such as Home Depot, can have return rates of 
10% of sales or even higher due to liberal returns policies (Guide and Van Wassenhove, 2009). 
Interviews conducted by Richey et al. indicated fashion apparel (particularly women’s clothing) to be one 
of the highest return categories. One major catalogue retailer reported returns in the women’s apparel 
category exceeding 60% (Richey et al., 2005). A survey of catalogue retailers of electronics products 
declared an average return rate of 9.71% (Daugherty et al., 2001). 
   The beneficial impact of formalized returns is gaining a widespread recognition from academics and 
practitioners (Daugherty, 2011; Stock and Boyer, 2009; Sachan and Datta, 2005; Tibben-Lembke, 2002). 
Generally formalization of reverse logistics can improve firm efficiency, because standardizing repetitive 
activities eliminates the need to treat every event as a new decision. The benefit is particularly obvious 
among companies, which fiercely compete on the basis of customer service in the modern marketplace 
(Cottrill, 2003; Merritt, 2001).  
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   However, numerous companies would seem to have no consistent formalization system to tackle with 
returns. In the research study conducted by Tibben-Lembke in 2002, more than one third of survey 
respondents demonstrated that inadequate and/or misdirected formal policy represents a main barrier to 
success in reverse logistics program (Tibben-Lembke, 2002). Formalization is widely accepted to 
improve firm performance. In reality, the lack of formalized reverse logistics programs/ processes to deal 
with the massive volumes of returns in modern companies, is somewhat surprising (Autry, 2005). 
   Formalization can help firms better manage their reverse logistics operations. The related question 
“how to formalize reverse logistics?” becomes the next step in many companies. Therefore providing a 
theoretical structure to help companies realize reverse logistics formalization becomes a necessity 
(Genchev et al., 2011).  
   The main goal of this paper is to develop a theoretical model to help firms achieve formalization in 
reverse logistics. Based on this model, firms can set up or better design their own formalized reverse 
logistics systems varying by different companies and industries.  
   The paper is organized as follows: first, introduce the formalization concept and the RL process 
formalization; second, provide a RL formalization model according to theoretical study; third, outline the 
relevant managerial implications; and finally, conclusions and future research lines are presented. 
 
 
2 Formalization 
 
Practitioner perspectives (Sachan and Datta, 2005; Stock and Boyer, 2009) and also relevant scientific 
researchers (Daugherty, 2011; Tibben-Lembke, 2002) point out that formalization is necessary for 
managing all aspects of the reverse logistics, including the returns activities and relevant services for 
customers (Genchev et al., 2011). The rise in commercial returns has prompted many companies to work 
to formalize their reverse logistics processes in recent years (Malone, 2004). 
 
 
2.1 Description 
 
Formalization has been described by Pugh et al. (1968) in page 75 as: 
 

Formalization denotes the extent to which rules, procedures, instructions, and communications 
are written (Pugh et al., 1968).  

 
Formalization implies that control mechanisms take the form of written regulations or contractual 
obligations (Price et al., 1980)  
   Ruekert et al. (1985) defined formalization as control mechanisms such as rules, processes, or 
procedures guide intra-firm or inter-firm operations (Ruekert et al., 1985). 
   Formalization can be implemented with such tools as articulated and/or written policies, job 
descriptions and roles, organizational-responsibility charts, strategic and operational plans, objective 
setting systems, standardization of processes, and formalized communication systems, both intra and 
inter-firm (Dahistrom et al., 1996; Genchev et al., 2011; John and Martin, 1984; Robert Baum and Wally, 
2003; Schwenk and Shrader, 1993). 
   Formalization is defined as the agreed-upon written rules and procedures regarding a particular business 
operation (Genchev et al., 2011). 
 
 
2.2 Characteristics 
 
More and more researchers notice the importance of formalization in reverse logistics, and the research 
contributions on this topic is increasing since 1985. Practitioners and academics have studied 
formalization from different aspects. Table 1 summarized the formalization characteristics based on the 
review from the academic scientific papers in this relevant area. 
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Table 1 
Main characteristics of formalization process  
based on the literature review (own development). 
 
 

Content Literature 
Benefits of Formalization  
Efficiency Ruekert et al., 1985; Walker and Ruekert, 

1987; Bowersox and Daugherty, 1992; 
Bowersox et al., 1992; Richey et al., 2005; 
Autry, 2005 

Simplify Complex Business Programs Walsh and Dewar, 1987 
A Crucial Component of Control System Eisenhardt, 1985; Dahlstrom and Nygaard, 

1999 
Reduce Ambiguity and Uncertainties Davenport and Beers, 1995; Yeung, 2008 
Streamline RL Operations Norek, 2002; Rogers and Tibben-Lembke, 

1999 
Decrease Costs Genchev et al., 2011 
Negatives of Formalization Eisenhardt, 1985 
Formalization Scales and Measurement 
Items 

Ferrell and Skinner, 1988; Dahlstrom and 
Nygaard, 1999; Ayers et al., 1997; Sohi et al., 
1996; Dahistrom et al., 1996; Robert Baum 
and Wally, 2003; Song and Parry, 1993  

Others  
Compare Benefits and Negatives Bowersox et al., 1992 
Difference between Formalization and 
Control 

Papadakis et al., 1998; Genchev et al., 2011 

 
 
2.2.1 Benefits and disadvantages of Formalization 
 
Main benefits for companies that adopt formalization are summarized in Table 2. 
 
 
Table 2 
Benefits of formalization in reverse logistics operations. 
 
 

Benefits Brief description 

Efficiency Formalization of internal operations increased 
the efficiency by the use of standards operating 
procedures and rules. External operations are 
also formalized (e.g. contracts with other actors) 
(Autry, 2005) 

Better control of operations Formalization helps to monitoring the system 
and contribute to a better control 

Streamlining RL operations Formalization helps to rationalize and simplify 
the RL operations 

Reduce ambiguity and uncertainty Formalization helps to know exactly the 
procedure to manage the returns flow, which 
contributes to reduce various uncertainties 
(relating to the RL program) and ambiguity 

Decrease costs Formalization system provides instructions to 
customers specifying  how to return their 
products, ways to be shipped, who pays for the 
shipping costs, and where to return 
merchandise. To have a clear process reduce 
time and cost along the process 
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   Potential disadvantages of formalization could be: the reduction of operational flexibility, since it is 
mandatory to follow the procedures and the rules; inhibit innovation, since it is necessary to follow the 
process defined (Eisenhardt, 1985); and finally could generate paperwork and a lot of administrative 
tasks. 
 
 
3 Theoretical Framework 
 
In order to help firms better control of their reverse logistics, we propose a theoretical framework to 
formalize their reverse logistics operations. The framework proposed refers to manufacturing companies, 
retailers, wholesalers, distributors, agents, resellers and third-party logistics providers (included in (3)), 
each of which is critical in the processing of returns. In addition, the companies in the model were 
involved with various types of returned merchandise, which are commercial product and used product 
respectively (which are more complexity). While used product includes reusable articles, product recalls, 
warranty return, end-of-use return and end-of-life return (see Figure 1).  
   We divide the whole reverse logistics processes into returns generation (1), transporting returned 
products to collection points (2), receiving returns at collecting points (3) and treating returned 
merchandises (in-house or outsourcing) (see Figure 1). In the returns treating facilities, there are two main 
operations: inspection/separation procedure and re-processing procedure (see Figure 2). According to 
formalization definition, every procedure is offered with detailed instructions, which serve as 
formalization tools for companies to follow. 
 
 
3.1 Formalization for Generation, Transportation and Collection  
 
Figure 1 shows the overall reverse logistics process that we propose as a theoretical framework for 
conducting a formalization process in reverse logistics.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Theoretical framework for formalization  
in Reverse logistics (own development). 
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   For generating returns, we provide formal rules and standard procedures that govern return 
authorization requests. Then there are formal returns shipping guidelines to transport returned products. 
At collecting points different contract requirements are afforded. More details are shown as below: 
 
 
Table 3 
Formalization for generation, transportation and collection of returns. 

 
Procedure Formalization 

1. Return 
authorization  
(RA) 
information (the 
formal rules and 
procedures that 
govern RA 
requests) 

• Methods: 
–24/7 artificial service call  
– Easy-to-use online tool  
– Customer service sites  
• The return profile (electronic profile) 
– Product specifications: invoice number/part number, quantity/invoice age, 
the unit price, the customer reference number, and the item’s(s’) serial 
number(s) 
– The reasons for the return 
– Other specific customer requirements: crediting, disposition options and 
return time  
• Procedures 
– Finish the return profile 
– Based on written rules (such as return product eligibility requirements) to 
respond: Approve, Deny, Review, Mix   
– After the request has been approved, the relevant department has assigned 
the return an RA number, then consumers can send back the product. 

2. Formal return 
shipping 
guidelines 

– Any costs for return goods? 
– Who pays shipping for the returning goods? and (if applied) who pays for 
the replacement goods? 
– Where the goods can be returned? Collection points options 
– When they will receive a credit or replacement item? 
– How long they have to perform a return? 
– What kind of transportation service providers (for example, small-package 
returns by truck while heavy weight returns both air and ground)  
– How to send back the return? (size/weight, specific service-level agreements 
such as same-day delivery vs. three working days, different carriers) 

3. Contracts 
between these 
collecting points 

– Returns allowance 
– Logistical control 
– Different treatments on returns’ conditions: factory sealed product, product 
damaged in transit, vendor quality defect, wrong product received, product 
recall, EOL return and EOU return 
– Agreed negotiation rules with customers (customers service-level 
agreements, consistent credit system) 
– Responsibilities 

 

 
3.2 Formalization for Treating Returns 
 
Treating returned merchandises are divided into two parts: inspection/separation and re-processing. At the 
same time, firms could choose two ways to treat their returns (in-house or outsourcing).  
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Fig.2  
Returns treating model (own development 
and adapted from Thierry et al. 1995). 
 
 
   Based on Figure 2 illustration, we supply formalized instructions in details as below: 
 
 
Table 3 
Formalization for treating returns (own development). 

 
Procedure Formalization 

4. 
Formalized 
inspection/se
paration 

•Commercial return and warranty call 
–If the physical condition of the product matches electronic profile about 
customer RA request, according to predetermined policy and individual 
service level agreements, inspector assigns a disposition code for the return. 
For warranty call, repair and replacing will be carried out, then send back 
consumers. 
–If not, according to official exceptions policy, inform consumers 
immediately with a detailed description of the problem, for the sake of proof 
explanatory photos may be added. 
•Product Recall, EOU Return and EOL Return 
–Enforced environmental legislation such as Extended Producer 
Responsibility (EPR) and WEEE Directive 
–Environmental Management Standard ISO 14000 / ISO 14001  
–Take-back obligations 

5.Re-
processing 

–Direct reuse/Resale 
–Repair 
–Refurbishing 
–Remanufacturing 
–Cannibalization 
–Recycling 
–Incineration/Landfilling 

6. In-house –Formal work instructions 
–Sequence of information process activities 
– Information system for administrative order processing and production 
control 
– Job descriptions 
– Formalized hierarchical structure 
– Formalized consultative structure 

7. 
Outsourcing 
(contracts 
with third 
party 
logistics 
providers) 

–Aid the return process (scheduling the pickup and transportation) 
–Collect customer information  
–Track the status of returned items 
–Value added services 
–Waste handling 
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   Finally we especially mention the third-party logistics (3PL). While recognizing the importance of 
reverse logistics, companies and especially e-businesses are increasingly outsourcing their reverse 
logistics efforts to 3PL providers. On the one hand, reverse logistics could be extremely complex and 
very important. On the other hand, many firms have limited resources. Outsourcing reverse logistics 
operation to 3PL is optimal choice for them (Cottrill, 2000; Krumwiede and Sheu, 2002). 
 
  
4 Managerial Implications 
 
The more formalized reverse logistics processes become, the more performance gains (such as reduced 
inventory investment or increased profitability) yield by returns handling capabilities. We provide 
implications for managerial practices to the efficient and effective of formalization.  
   First, attracting senior management attention and support seemed to be the most difficult task regarding 
returns. Managers should come to realize that formalized handling of reverse logistics could bring social 
and economic benefits. Furthermore, managers should request feedback from both employees and 
customers to assess the viability of the policies from a practical standpoint, and should insure that reverse 
logistics policies are consistent with firm strategic goals (Autry, 2005).  
   Secondly, clear responsibilities must be assigned to return programs (initiating returns, transporting 
returned products, receiving returns at collecting points and treating returned merchandises, accounting, 
sales, finance, marketing), in order to increase the efficiency and effectiveness of formalization in reverse 
logistics (Genchev, 2009). 
   Finally, to develop formal written policies and procedures, relatively moderate investment is required in 
terms of time and resources, such as internal and global transparency, flexibility in changing controls, 
reduce complexity, widespread process control. 
 
 
5 Conclusions and Future Research  
 
The theoretical model maps out the reverse logistics program, and identifies the different procedures 
directly or indirectly involved in returns handling. Simultaneously, from return generation with formal 
return authorization system, to receiving and inspection/separation, to re-processing the returns, written 
rules and standard procedures are provided to guide execution. Companies (manufacturers, retailers, 
wholesalers, distributors, agents, resellers and third-party logistics providers) can set up or improve their 
own formalization system based on the theoretical structure. By pinpointing the corresponding rules to 
each procedure, the model motivates relevant customers to actively participate in reverse logistics. Also 
the theoretical framework articulating characteristics of reverse logistics system itself, may contribute to 
enable nature of formalization. 
   The theoretical model is proposed according to existing studies and literature resources, which is 
limited to just theoretical and methodological considerations. Consequently, in the future research, we 
propose to directly collect managerial practices data in a reverse logistics context, through in-depth 
interviews and observation from field study, in order to apply and assess the theoretical model proposed. 
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Genetic algorithms applied  
in realistic job-shop scheduling  
problems with alternative routes  
and dependent setup times 
 
Branco R1, Coelho A2, Mayerle S 3 
 
 
Abstract: This paper discusses the application of heuristic-based evolutionary technique in search for 
solutions concerning the dynamic job-shop scheduling problems with dependent setup times and alternate 
routes. With a combinatorial nature, these problems belong to an NP-hard class, and they have an 
aggravated condition regarding their application in realistic, dynamic and more complex cases than the 
traditional static ones. At first, due to the flexibility of routes, the routes are chosen and then the activities 
scheduling in relation to a particular planning horizon. Considering that setup times are dependent upon 
these choices, the proposed genetic algorithm combines these two phases and applies heuristics to 
accelerate genetic convergence, but without losing the homogeneity of the population. 
 
Keywords: genetic algorithms; dispatching rules; scheduling in job-shop. 
 
 

 
 
1 Introduction 
 
The growing competition from companies, arising from the market globalization, calls their attention to 
quality and productivity, focusing on the relationships in the supply chain and with the flexibility 
increasing the efficiency in manufacturing.  
   In this context, the Flexible Manufacturing System (FMS) combines high flexibility, productivity and 
low levels of stock: characteristics that accept the alternative routes of production and make it more agile 
and robust in face of failures. So, if a machine breaks during a task, a reschedule to find an alternate route 
is done to finish this job, respecting due dates already planned. (Porter et al, 1999; Chan, 2003). 
   In respect to manufacturing systems directly involved with cells and FMS, Porter et al (1999) and 
Matsuzaki (2004) point to the job-shop class in the production of small volumes and more variety of 
concurrent processes. In general, the job-shops are process-oriented production systems and obey a pre-
defined sequence of processing. The scheduling problems are widely studied because they assume 
difficult conditions to solve in polynomial time (NP-hard), due to their combinatorial nature (allocating 
machines to produce parts). Also, the flexibility of alternate routes increases the combinations of 
resources to compose sequences, promoting even more complexity. 
   The literature also presents researches involving the SDST-JSSP - Sequence Dependent Setup Times 
Job-Shop Problems, which are classic JSSP extensions and in which a setup time between two 
consecutive operations is required. These extensions make the classic cases closer to realistic situations 
and more complex. 
   In dynamic cases, another extension commonly seen is the NDD-JSSP - Non Deterministic Dynamic 
Job Shop Problems, which differs from classical because the process does not start at time 0, with strong 
random characteristics over starting times and thus, also very close to realistic cases found in industries. 
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   Regarding this perspective, this paper propounds combined heuristics techniques and genetic algorithms 
to solve the combination of these two kind of problems, called NDD-SDST-JSSP. The scheduling 
algorithm contemplates the goals of shorter processing time and delivery due dates and considering 
machinery breaks, late start times, variations in processing times of tasks and dependent setup times. 
Also, there’s another one that forms routes and their internal sequencing, integrated in the GA’s 
evaluation function. 
 
 
2 The JSSP problem 
 
The scheduling problems belong to the NP-hard problems and exact methods are applied only for 
relatively small examples of the problem (Araújo, 2006). Also, the real problems are more complex than 
classical because  their additional details imply in more combinations (Herrmann et al, 1995). 
   The classical JSSP is a group of n jobs to be processed into a set of m machines. Each task has a 
number of operations and a technological sequence of process. These operations require an uninterrupted 
processing time over a designed machine. Therefore, it is a time-completion problem that satisfies the 
constraints: the goal is the minor total completion time (makespan) (Vazquez and Whitley, 2000). 
   About the SDST-JSSP, there is a setup time between consecutive operations in the same machine. Thus, 
once the operation Ojv leaves the machine Mv, before the Okv process starts, a setup time Soiv,okv  is added 
(Gonzales et al, 2005). 
 
 
3 Methods 
 
In general, the solution method proposed for NDD-SDST-JSSP is a combination of a genetic and GT 
algorithms (Giffler and Thompson, 1960). Thus, several considerations were made, starting from the 
chromosome coding, application of genetic operators and evaluation of individuals (modified GT 
algorithm). 
 
 
3.1 The genetic algorithm 
 
In view of its wide application solving problems in class NP - complete, Evolutionary Algorithms (EAs) 
make heuristic search techniques based on natural mechanisms of selection, simulating computational 
environments based on these principles of evolution and heredity (Goldberg, 1989). 
 
 
3.1.1 The proposed chromosome structure 
 
The chromosome has two parts: head and body. The “head” contains route information’s and the “body” 
will act in the operation sequence, both with the same dimensions and, for each operation, the locus 
contains a machine index.  
   Also, the "body" contains whole alleles, not repeated, in the interval ai=[0,total operations-1] and, in the 
scheduling, it indexes the order of operations. 
  
 
3.1.2 Building the initial population 
 
Since the “head” must be built first, this is made using random numbers in the range of [0,nmij-1], where 
nmij is the number of available machines to process operation j of the process i. The Fig. 1 shows this 
construction part. 
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Fig.1  
Example of random generation of chromosome’s “head”. 
 
The resource allocation starts building the "body", an ordered 0 to nmij-1 array. 
 
 
3.1.3 The fitness function 
 
The fitness is the adaptation’s quantification of each individual. Here, it means to apply the modified GT 
algorithm to make the active scheduling for each chromosome. The time completion can be the objective 
function. Where: n = number of tasks; oik = operation k of job i; tik = time able to start operation k of job i; 
pik = processing time of operation k of job i; 
 
 

Algorithm G & T_A-modified 
Step 1: Place the first schedulable operation of each task (of the active 

planning horizon) in the set of candidate operations C,  ; 
Step 2: Choose an operation o’ of C, with earliest completion time; 
Step 3: Determine the machine M', in which o' must be processed and thus 
build the set G (the conflict set of M'), consisting of all operations of C to 
be executed in M'; 
Step 4: Remove operations that do not start before o’ finish,  ; 

 
Step 5: Run the sub- algorithm to select an operation o*ik of G; 
Step 6: Remove o*

ik  from C, where   
Step 7: Insert the operation o*

ik in the schedule and calculate start time;  
Step 8: Insert the successor operation of the o*

ik in the set C (if any);  
Step 9: If  , go to Step 2, if not END. 
End of the algorithm 

 
 

Step 5: sub-algorithm -  Choose_oik*_of_G 
  Create CR: set of operations using M', unscheduled, and with previous 
scheduled; 
  If G ∩ Cr ≠ {} then 
      Choose operation G∩Cr with higher priority index (RHP's) 
  If not 
         Create PG: set of processes belonging to the G operations; 
         Create CrG: subset of Cr, with the operations  to the processes of 
PG; 
         If CrG ≠ {} then 
            Find O: operation of CrG with higher priority index; 
            Find J*: process that contains the task O; 
            Find O*: operation of G belonging to J*; 
         If not 
            Find O*: operation of G with low priority; 
         End if; 
  End if; 
End of the algorithm 
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   For M’ machine, if the operation is to be the one sequenced by the chromosome’s “body” and the one 
with highest priority index, it will also be the operation O*, i.e., the candidate operation elected to be 
scheduled. Otherwise, if the sequence does not match with the job-shop problem, conflicts may occur. 
   Because there are two conflicting interests, both of them without the creation of unfeasible individuals 
must be considered. The solution is to find, in G, an operation that most closely matches to that suggested 
by the chromosome’s “ body”, i.e., to the machine M', it is tried to schedule an operation of G which 
belongs to the same process of the highest indexed operation from the set Cr. 
   If no intersection of G with the operation indicated by the sequencing for M’ exists, then the one with 
less priority is selected, relaxing in some choice criterion. 
 
 
3.1.4 The individual selection 
 
The selection process must list individuals, which will be part of the reproduction. The selection method 
adopted was proposed by Mayerle (1994), which consists in a ordered stochastic selection, having, in 
maximization, individuals in decreasing order according to their fitness, as follows: 
 

                   (1.1) 
 
   Where: R is the set of the m individuals; rj is the j-th chromosome; rnd is random uniformly distributed 

 [0,1);  is the smallest integer greater than x. 
   The method provides a selective pressure inferior to Monte Carlo’s selection (roulette), and also allows 
that more apt individuals have greater chance of crossing than less able ones with the merit of recovering 
the super-individual effect, which will possibly exist due to the elitist strategy regarding the population 
formation. 
 
 
3.1.5 Strategy of population formation 
 
The population is formed considering four different formation processes: by cloning, by random 
formation, by greedy formation and by reproduction. Because there is a sorting process, the best are 
cloned to the current population, but in a small fraction of the total population. Other small fraction is 
designed to individuals generated by the original algorithm of the first population. The fourth way of 
formation consists in generating a very small population part using dispatching rules (DRs) widely 
discussed in the literature, as: SPT, S/PRT, CHR and RND (shortest processing time, slack per remaining 
time, combined heuristic rule and random, respectively). The user also defines the number of individuals 
to compete for reproduction. This strategy is based on Gonçalves et al’s idea (2005), whose intention is to 
avoid population premature convergence. 
 
  
3.1.6 Crossover and mutation operators 
 
The crossover, the main operator of genetic algorithm, perpetuates the characteristics of the fittest 
individuals through the exchange of parents’ information, passing it to the offspring individuals. The 
application is different to the "head" and to the “body”. To the first ones, their alleles are copied to the 
offsprings. For this, the uniform crossover is applied, based on a binary mask formed by 0/1 digits.  
   In crossover process, an allele "zero" means, to the offspring, that the gene's donor is father 1. 
Otherwise, the donor is father 2. To another offspring, the reversal of the mask is required before the 
process. Also, no harmonization is required.  
   After, individuals are subjected to the second phase of the crossing, now using order-based operators. 
This is necessary due to the desire to keep the sequence proposed by the parents as faithful as possible. 
The operator now is the PPX (precedence preservative crossover), acting in the chromosomes’ "bodies" 
and using the masks involved in the previous step. Inheriting from his father 1 all the genes situated in his 
respective locus of the “zero” allele mask, it starts to complete the sequence based on the father 2. If the 
allele obtained from the father 2 already exists in some locus of offspring 1, we seek for the next, until the 
gap can be completed.  
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   As viewed in previous sections, this operator was applied based on the observations of Gonçalves et al 
(2005), such operators produce good effects when applied to schedules, instead of the traditional one or 
two cut points.  
   Moreover, during the crossover process, the mutation operator will actuate changing the value sampled 
by another one, randomly generated. In phenotype terms, it’s a new route, meaning a new machine 
assignment to that operation. 
   In the “body” chromosome, the mutation will exchange genes between two randomly selected points, 
forcing task sequence changes. This swap is subtle, because it does act overall in all sequencings. 
 
 
4 Tests and discussions 
 
With interest in to observe the ability to solve the problems of the proposed types and their characte-
ristics, the data from problems of Chan (2003) and Kumar et al (2003) were applied in the tests. 
 
  
4.1 Scheduling tests with expansion of alternative routes 
 
In order to evaluate the algorithm ability with alternative routes combinations, Araujo (2006) expanded 
the original CHAN problem, introducing another machine and so, turning some task processes more 
flexible. 
   The average makespan with the proposed conjuncture was reduced, at minimum values from 931 t.u. to 
786 t.u., with average computational time close to 20s. It was expected, since the increase of machine 
number also increases the number of routes and thus the processing options. Araujo (2006), observing it 
has raised the issue that, since it increases the amount of routes and thus reduces the total processing time, 
it also reduces the frequency of use of machines. 
 
 
4.2 Tests involving Non-Deterministic Dynamic characteristics  
 
For the tests involving NDD-JSSP (realistic) simulation routines in the original algorithm were 
introduced with the aim to generate random variables. 
  Simulated times are: instant start operation processing, transport time between machines, operation 
processing time in the machine. All these times are crucial for defining the end time of each operation, in 
each process (job). 
  The simulation of turbulent environment schedules consists in generated random variables with defined 
average and standard deviation. The average is equal to the original time and standard deviation will be 
between 2, 5 and 10%. 
   This simulation is a turbulence generator, creating indeterminism during the scheduling. Varying setup 
times (dependent), processing times, start and traveling time are important to evaluate the behavior of the 
solution NDD-JJSP proposed in this work, since it reacts at the time when the change is detected, 
adapting itself instantly to the information provided by the system. 
   Regarding the results, there are no significant differences between the heuristics used, which shows that 
the CHR has comparable quality with the other rules.  
   Considering the objective function, the minimum and average data obtained for each case are: 960 and 
990, 1013 and 1045, 995 and 1022, respectively, for the turbulence simulations with 5, 10 and 20%. It is 
noticed that they vary according to the disturbances generated, varying little from one class to another, 
which demonstrates a good response during process scheduling with regard to dynamic environments. 
   The same performance analysis is done in relation to the KUMAR problem, where the closeness of the 
makespans results is also observed, which were: 381, 424, 501s, with computational times of 14, 17 and 
21 seconds. The adopted conjuncture demonstrates robustness with regard to schedules in turbulent 
environments. 
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5 Conclusions 
 
It’s possible to observe the behavior of the proposal in simulated turbulent situations, with good ability to 
schedule without exceeding the offered completion time. Good results against those obtained by other 
authors for the same tests made its application in decision-making economic aid even more encouraging. 
The heuristic rule CHR was efficient in the test results, which usually get good solutions with time quite 
satisfactory, probably due to components based on rules that are also evident in the tests: SPT and S/PRT. 
Regardless, the adopted situation for the genetic algorithm, which inserts individuals formed by other 
heuristics, could "dope" at low rates the population that was being built at each iteration.  
   The super-individual absence was important to the good performance obtained by the GA, as a result of 
the selection proposed by Mayerle (1994). 
   In general, the observed good performance in those problems demonstrates the proposal ability to 
organize, for a given planning horizon, the tasks to be scheduled, whether belonging to a physical or 
virtual manufacturing cell, which may form an alternate route, also considering dependent setup times. 
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Current Trends in Recovering  
Used Products in Retail Fashion  
Industry: An Exploratory Study 
 
Bukhari M1, Carrasco-Gallego R1, Ponce-Cueto E1 
 
 
Abstract: Fashion industry is currently shifting towards sustainable practices through the entire supply 
chain. Many fashion retailers like H&M, Zara and others consider sustainability the cornerstone of their 
corporate social responsibility programs. At the same time, Extended Producer Responsibility (EPR) 
legislation is holding manufacturers and retailers responsible, especially in Europe, for waste generated at 
end-of-use and end-of-life phases for some specific products. Finding alternatives to the landfill for textile 
waste will extend textile life, contributing to the development of circular economy and sustainable 
business models in the fashion industry. This study identifies and characterizes, as a first stage research, 
current practices of product recovery for used textile in France and Germany using comparative case 
studies. Characterizing the reverse logistics models for textiles in each country will help identifying best 
practices for recovering used clothing in Europe. 
 
Keywords: Reverse logistics, fashion industry, textile waste, product recovery, take-back. 
 
 

 
 
1 Introduction 
 
Fashion industry, as a relevant agent contributing and impacting our economy, societies and the 
environment, requires more research and development towards circular economy and sustainability-based 
models. Millions of tonnes of textile waste, such as fabrics and fibers, end up in landfills or incinerators 
every year. The technological and business-model revolution in fashion industries in the late 20th century 
has contributed to increased environmental effects by establishing more factories, producing more goods, 
and creating global-sourcing based models associated with disposable fashion that designers deliver to a 
mass market at relatively low prices and quality. Every year consumers buy new garments not only 
because their old ones are worn out, but because they seek to satisfy their desire of buying fashionable 
products. Fashion retailers attract us by offering a wide variety of styles, colors, and materials and selling 
them at affordable prices. According to American Apparel and Footwear Association (AAFA, 2015), an 
average American bought around 68 garments and 7 pairs of shoes in 2011. The European Commission 
reports that EU consumers discard 5.8 million tonnes of textiles every year: only 1.5 million tonnes 
(25%) are being reused or recycled by charities or industrial enterprises, while the reminder ends up in 
landfills or incinerators (Beasley & Georgeson, 2014). In the UK, according to the Waste and Resource 
Action Programme (WRAP, 2012), about 350,000 tonnes of used clothing (worthing €180 million) are 
sent to landfills each year.  
   In other words, we are generating millions of tonnes of waste clothing and disposing billions of Euros 
in landfills every year. Are there other options for apparel waste streams? Product take-back practices 
establishing reverse logistics channels, closed-loop supply chains and circular economy business models 
are already being developed for specific products in some countries, with the aim of keeping the 
environment healthy by reducing, reusing and recycling. Some fashion retailers such as Patagonia, Puma 
and H&M have already started their journey to environmentally sustainable business models by selling 
ecological garments, donating clothing, using recycled materials for manufacturing new products, and 
planning for having their closed-loop line of products.  
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   In this study, we explore and analyze all the aspects related to reverse logistics in the retail fashion 
industry, including collection, sorting and recycling and potential actors, drivers and barriers involved in 
this process. 
 
 
2 Objectives and Methodology 
 
This study is exploratory and it aims to characterize the reverse logistics system of the fashion industry in 
Europe. The specific objectives are to answer the following research questions: How and why is the 
recovery of apparel done? What are the processes and facilities involved in the RL system? And what is 
the best recovery practice existed throughout fashion retailing? 
   The study will be based on desk research (literature review) using secondary data sources such as 
journal papers, news, magazine press, official national legislation, and technical and working papers. In 
addition, fashion retailers and textile companies’ websites have been examined for analyzing their annual 
reports and publications. This case research will provide two descriptive scenarios for product recovery of 
used clothing. Two case studies are developed in this research to discuss and analyze the current practices 
for waste clothing collection, recycling, and re-distribution in two European countries. France and 
Germany have been selected to illustrate two different initiatives, approaches, motivations and actors for 
collecting used clothing. France is the first and only country in the world that issued extended producer 
responsibility (EPR) policy for used clothing. Yet, Germany's waste recovery rates are the highest in the 
world and it is generating from the total waste recovery an annual turnover of approximately 50 billion 
Euros (WRAP, 2012). Although Germany has EPR programs for some products, clothing and shoes have 
not been included yet in the legislation. Comparing both reverse logistics models in these countries would 
not only lead us to understand the overall reverse logistics system for each country but also allow us to 
identify best implemented practices. 
 
  
3 Recovery of End-of-Use Fashion Products 
 
End-of-use apparel and footwear (A&F) recovery involves the following sequential activities: collecting 
used items; 1st stage sorting for taking out re-wearable items, 2nd stage sorting for determining the 
potential for the product’s reuse, cleaning, recycling processes, various treatments, re-distribution and 
disposal as municipal solid waste in incineration or landfill. This study will follow the investigation 
module shown in Figura 1. 

 
 
 
 
Fig.1  
Investigation module for describing  
the case studies (Own development). 
 
 
   Identifying the drivers and actors for product recovery will address the question of who is recovering 
used textile and why? On the other hand, identifying the collection, sorting and recycling schemes along 
with the reverse distribution channels would address the question of: How is it done? By answering those 
questions, we can investigate later to improve and design efficient and valuable reverse logistics network. 
The framework we put forward in Figure 1 has been used for analyzing the case studies developed in 
Sections 4 and 5. In those case studies we research the take-back system for apparel and footwear in two 
European countries. Using a common framework for analysis enables us to develop a comparative 
analysis that is presented in Section 6 Discussion and Conclusions. 
 
 
 
 
 
 

Drivers 
& Actors Collection Sorting 

Re-cycling & 
Re-distribution 
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4 Comparative Case Studies: the French System 
 
 
Drivers and Actors 
 
In France, the Extended Producer Responsibility (EPR) policy for the apparel industry was introduced by 
the Article L-541-10-3 of the Code de l'Environnement, which came into force on 1st of January 2007. 
Since that date, according to the new legislation, all legal entities introducing in the French market new 
textile apparel products, i.e. garments, footwear and household linen, are hold responsible for the 
recycling or proper disposal of the waste generated by those products. Those entities (which include 
manufacturers, importers and distributors) can accomplish this legal obligation through two distinct ways: 
either by financially contributing to an accredited Producer Responsibility Organization (PRO) or by 
setting-up an individual take-back program approved by the French public authorities. 
   As a result, a PRO for textile, footwear and linen was created in December 2008, Eco TLC (Eco-
organisme du textile, du linge et de la chaussure), which is for the moment the only PRO accredited by 
the French public authorities to cover the sector. Eco TLC is a non-for-profit private company initially 
constituted by 29 associates (associés). The associates represent the whole textile value chain and are 
organized in five “colleges”: (a) general large retailers (e.g. Auchan, Carrefour, Monoprix); (b) fashion 
retailers (C&A, Galeries Lafayette, Etam); (c) direct sales and mail/online retailers (Damart, Groupe 3SI); 
(d) manufacturers and wholesalers (LVMH, Cotonflor-linge du lit); (e) apparel industry associations 
(Federation Nationale de l’Habillement, Union des Industries Textiles). The Board of Directors of 
EcoTLC is made up of 12 representatives chosen among the associate companies.  
   Apparel manufacturers, importers and distributors can register as members (adhérents) of EcoTLC in 
order to fulfill their EPR liability. Membership involves paying an annual contribution to EcoTLC, based 
on the last year’s volume put on the market, and transferring the member companies’ responsibility to the 
PRO. Eco TLC members currently represent 93% of the industry and they are listed in the PRO web site 
(http://www.ecotlc.fr/). 
   The funds raised by members’ contributions are used by EcoTLC for covering the operating costs of the 
product recovery system, for funding R&D projects on the field of used apparel collection and recycling, 
and for supporting awareness-raising campaigns organized by local authorities to encourage apparel 
waste sorting at household level.  
   The tariffs for members’ contributions are recalculated every year, depending on the financial needs of 
EcoTLC. Members’ contributions are received in the first quarter of year n and are based on the number 
of units (and their size) put by each member company in the market during year n-1. Tariffs consider 4 
different sizes for garments and linen (very small, small, medium and large items) and 2 sizes for 
footwear (small and medium items). In order to incentivize the use of recycled fibers by member 
companies, products that have a proven minimum of 15% of post-consumer recycled fibers can benefit 
for the “Eco-Module Tariff”, which represents a 50% discount over the normal tariff (Table 1). Member 
companies that have sold less than 5,000 items in year n-1 or whose revenue is under €750,000 are 
entitled to contribute a fixed tariff of €33 plus VAT. 
 
 
Table 1 
EcoTLC tariffs for 2015 members contribution 
(n-1=2014) (Eco TLC, 2014). 
 
 

Garments & 
Linen Examples Regular  

Tariff (€) 
Eco-module 
Tariff (€) 

Very Small Item Socks, kids underwear 0,00121 0,00060 
Small Item Shirts, leggings, lingerie 0,00484 0,00242 
Average Item Pijamas, nightdress 0,00726 0,00363 
Large Item Adult’s jacket, coat 0,0484 0,0242 
Footwear    
Small Item Slippers, mules 0,00484 0,00242 
Average Item Shoes, boots 0,00726 0,00363 
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Collection 
 
EcoTLC is outsourcing logistics companies for collecting the used products from consumers by using 
three schemes: door-to-door collection from households, collection from partner charities, or from 
distributed containers. The volume collected through containers is about 46%, whereas charities and 
door-to-door collection represent 36% and 18% respectively (La Fédération de la Maille & de la Lingerie, 
2014). The collected products are then transferred to a sorting center. 
 
 
Sorting 
 
EcoTLC is financially supporting sorting and recycling businesses fulfilling the required standard and 
work conditions. Enterprises should report to Eco TLC the amount collected and how have dealt with it. 
The first stage of sorting will separate the re-wearable clothing and shoes and re-useable linens manually 
from the ones which need further treatment. So that the re-useable products will be either locally re-sold 
in second-hand shops or re-sold to developing countries. The second stage will involve removing the hard 
particles from the products and sorting according to the fiber length and quality for recycling or energy 
recovery. 
 
 
Recycling and Re-distribution 
 
Mechanical recycling is widely used technique in France. Recycling of textile will include one of the 
following different processes: un-raveling, grinding, de-fibration, and cutting. The residual of the 
recycling is taken to incinerators which are mostly produce and recover energy from the textile waste. 
 
 
5 Comparative Case Studies: the German System 
 
 
Drivers and Actors 
 
Germany is one of the top five European countries in terms of textiles and clothing production (WRAP, 
2012). It is also ranked the first in Europe in term of collecting the largest quantity of textiles per year and 
it is the first in the world in terms of collecting the maximum quantity of textile per person per year 
(WRAP, 2012). Germany is practicing the collection since many decades ago collaborating with charities, 
churches, and commercial enterprises. The waste hierarchy of prevent, recover, and dispose was 
introduced and recognized for different products, including textiles, in the 80s decade, under the Closed 
Substance Cycle and Waste Management Act, which finally came into force in 1996. According to this 
Act, owners and generators of waste are responsible for waste avoidance, recovery, and disposal. 
However, although Germany has EPR programs for some products, clothing and footwear are not 
included in the legislation.  
   In this study, one commercial enterprise in Germany, SOEX Group, will be investigated because of 
their innovative partnerships programs for textile recovery. The company was established in 1977 as a 
private company intending to become a global market leader in collecting, marketing, re-use and 
recycling of used textile maintaining ecologically-sustainable practices. SOEX currently employs 2100 
people working world-wide and exports used textile to around 90 countries in Asia, Africa, Europe, and 
North and South America. 
 
  
Collection 
 
The unique collection system hold by SOEX Group has attracted shareholders, charities, and fashion 
retailers. SOEX aimed to collect more used apparel and decided to integrate with well-established 
logistics companies to handle the reverse distribution inside and outside of Germany. Many acquisitions 
and partnerships agreements took place with independent companies (e.g. EFIBA, Retextil, ERC, and 
NTA). Consequently, SOEX has established an innovative organization called I:CO which is working to 
lead the collection practices with fashion retailers globally. 
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   I:CO, which stands for I:Collect, is a unique system for collecting garments in stores and then 
processing them for recycling. I:CO is marketing SOEX innovative sorting system and their utilization 
channels for used products to leading fashion retailers such as The North Face, H&M and many others, 
and establishing long-term partnerships with them. All fashion products, including leather clothing and 
furs, underwear and socks, belts and bags, bed, table and household linen and cushions, are collected in 
the designated I:CO boxes inside retailers’ stores. Customers will obtain a reward shopping voucher 
depending on the total weight that has been scaled. When the box is full, the store seals the shipping box 
and brings it to the store shipping area to be ready for pick-up. Then, all collected items in Europe will be 
delivered to SOEX’s Wolfen sorting facility for sorting and recycling. 
 
 
Sorting 
 
Wolfen plant, founded in 1998, is considered one of the largest sorting facilities for used textile and 
clothing in Europe. It has an area of 89,000 m2 where 700 employees are working in 3 shifts to sort 400 
tonnes of garments every day. All items will be scaled and registered before passing into sorting 
processes. The items are sorted in 3 stages: Separation (where shoes, residual waste, and bed feather are 
separated), presorting (garments are sorted per clothing type, e.g. pants, T-shirt, etc.), and fine sorting 
according to the quality of wearable clothing. 
 
  
Recycling and Re-distribution 
 
The recycling system is also mechanical which has re-distribution and utilization channels similar to the 
one in France. Single color t-shirts and sweatshirts no longer can be worn are converted into wiping 
cloths in-house. In addition, SOEX owns two second-hand clothing businesses to sell high quality used 
clothing: Cash4brands and Modemarkt Freestyle GmbH. Cash4brands is an innovative online platform 
for selling name-brand and designer clothing while Modemarkt Freestyle GmbH has branches in 
Hamburg, Munich and Berlin offering a large selection of second-hand clothing and trendy vintage 
fashions from the 60's, 70's and 80's. 
 
 
6 Discussion and Conclusion  
 
France has obligated the fashion producers to recover used clothing implementing EPR policy to 
encourage more collection of used textile and footwear. Unfortunately, the collection rate per year in 
France is still very low comparing to other European countries. The collection rate in France is only 2 
kg/inhabitant/year while in Germany the collection rate is 8.5 kg/inhabitant/year (La Fédération de la 
Maille & de la Lingerie, 2014). The key success of German collection has been achieved by long term 
effective plan that allowed shareholders and charities to participate in this trend to turn the waste into 
valuable resources. In addition, the reverse distribution system seems to be an important factor for the 
success of SOEX Group and Germany which will be investigated in the next stage of our study. The 
SOEX Group practice for apparel recovery is the best in Europe in terms of the number of fashion 
retailers involved and the unlimited type and quality of used apparel collected and recycled. 
   This paper represents qualitative exploratory study which is part of intensive study of RL in fashion 
industry. This exploratory study characterizes the current practices of the reverse supply chain channels in 
France and Germany. Actors and drivers as well as sorting, recycling and re-distribution have been 
identified for clothing recovery. In fact, sustainability in fashion industry has attracted both researchers 
and practitioners lately and it is one of the most complicated fields that require more studies and 
improvements in order to close the loop of the supply chain. The scarcity of scientific contributions (so 
far) has encouraged us to investigate and briefly write all aspects of product recovery in fashion industry 
with highlighting some research gaps for future studies. Framework and measurement of the 
sustainability of fashion industry, for instance, would be one of the future research studies for further 
contribution. 
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Performance measures of  
Reverse Logistics: a survey  
in Brazilian companies 
 
Giuriatto NT1, Chaves GL2, Ferreira KA3 
 
 
Abstract: The purpose of this research was to determine the most frequently used performance measures 
for the evaluation of reverse logistics in Brazilian companies. Furthermore, we sought to verify whether 
a correlation exists between certain performance measure dimensions (cost, asset management, customer 
service, and productivity) and company size and their sectors of the economy. Therefore, a survey of 125 
Brazilian companies from different industrial sectors was conducted. According to statistical analysis, it 
was found that large-sized companies are those that most frequently adopt performance measures to 
assess reverse logistics in Brazil; especially to evaluate productivity levels. However, no correlation was 
verified between the performance measure dimensions evaluated and company size. In addition to 
determining the major measures used, this study is expected to provide information to support decision 
making in companies, resulting in improvements in reverse logistics and competitiveness. 
 
Keywords: performance measures, reverse logistics metrics, survey. 
 
 

 
 
1 Introduction 
 
Although many companies recognize the importance of reverse flow, most of them have difficulties or 
show unwillingness to adopt performance measures or evaluate their performance. Thus, it is difficult to 
measure the outcome or the impact of product and/or material return, and therefore reverse flow has 
become one of the major concerns to businesses in several countries today (Rogers & Tibben-Lembke, 
1999; Langman, 2001; Chaves, 2009; Lopes et al, 2014). Measuring the performance of the activities that 
control product return and managing reverse flow are of great importance and relevance to ensure a more 
effective reverse logistics performance and cost reduction Accordingly, this study aimed to identify, 
through a survey, the performance measures frequently used to evaluate reverse logistics in Brazilian 
companies from different sectors. Furthermore, the correlation between certain performance measure 
dimensions (cost, asset management, customer service, and productivity) and company size and their 
sectors of economy will also be investigated. 
   The studies reviewed provide good justification for the present research! since those authors show the 
savings and benefits related to good management and to the measurement of the reverse logistics results 
such as: company image enhancement, customer satisfaction improvement, cleanliness in distribution 
channels, profit margin protection, value recapture and asset recovery (Rogers & Tibben-Lembke, 1999; 
Leite, 2009; Lambert, Riopel & Abdul-Kader, 2011; Genchev, Richey & Glaber, 2011; Bai & Sarkis, 
2013).  
   This paper was divided into 5 sections. Following this introduction, section 2 presents a summary of the 
literature review on performance measurement of reverse logistics and the hypotheses tested in this 
research. Section 3 addresses the research methods. Section 4 analyzes the main results obtained, and 
section 5 presents the final considerations. 
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2 Reverse Logistics, measurement, and performance measures 
 
Reverse logistics can revert flows from the point of consumption to the point of origin for the purpose of 
recapturing value or proper disposal. Due to the growing concern about environmental issues, reverse 
logistics has become one of the most important concerns for many industries nowadays (Ho, Lam & 
Wong, 2012; Bai & Sarkis, 2013). Reverse logistics, part of business logistics, is responsible for 
planning, managing, and controlling the flow of products, materials and products’ packaging, and their 
corresponding logistics information through the reverse distribution channels, adding economic, legal, 
and logistics value and improving corporate image among other things (CSCMP, 2013; Leite, 2009).  
   This process can be divided into two categories: post-sale and post-consumption reverse logistics. The 
first one can be understood as the area of reverse logistics that deals with the planning, control, and 
allocation of goods that had little or no use and return to the distribution chain for several reasons: 
warranty returns and related warranty claims, goods damaged during transportation, excess inventory, and 
past expiration dates among others. On the other hand, post-consumption reverse logistics deals with 
assets at the end of their useful life, potentially reusable assets, and industrial waste (Leite, 2009). 
   These concepts have been widely considered to deal with environmental issues (Ho, Lam & Wong, 
2012) and minimizing economic, financial, health, legal, and social related problems (Guarnieri et al., 
2011). Measurement is an inherent necessity in any activity planning and monitoring process. According 
to Barbosa and Musetti (2011), there is no single definition of performance measurement, which makes 
the literature on the topic varied and abundant. An interesting definition was provided by Neely, Gregory 
and Platts (2005), who define performance measurement as the process to quantify the efficiency and 
effectiveness of actions. These authors added that performance measurement is a metric used for 
quantification. 
   In recent decades, a large number of studies have been published on performance measurement and the 
development of frameworks and models. Among these models is the World Class Logistics (WCL), 
proposed by The Global Logistics Research Team at Michigan State University (GLRT, 1995), which 
addresses the basic factors to achieve best practices in logistics resulting in attaining the status of leading 
company, which includes performance measurement as one way to achieve excellence. A performance 
measurement system should consider that the measurement can be performed on activities and processes, 
and it can be internal and external. With regard to performance metrics, the WCL model highlights that 
the performance measures used by world-class companies revolves around 4 dimensions: (1) costs, (2) 
customer service and quality; (3) productivity, and (4) asset management (GLTR, 1995).  
   In the present study, a comprehensive literature review on performance measurements to evaluate 
Reverse Logistics was carried out. In addition to the study conducted by Chaves, Barboza & Alcantara 
(2011), who grouped together the performance measures for the adoption of reverse logistics up to the 
year of 2010, other studies were reviewed, such as Shaik Abdul-Kader & (2012); Lambert, Riopel & 
Abdul-Kader (2011); Skapa & Klapalová (2010), and Genchev, Richey & Gabler (2011). These measures 
were grouped under the WCL dimensions and the strategic, tactic, and operational levels, as shown in 
Table 1 in section 4.3.  
   The field research focused on identifying, among those found in the literature, the measures that are or 
have the potential to be adopted in practice and the existence of measures other than those reported in the 
literature. Additionally, whether a correlation exists between certain reverse logistics performance 
measure dimensions and company size and their sectors of the economy were also investigated based on 
the following hypotheses: 
 
Hypothesis 1:  There is a relationship between the reverse logistics dimensions (cost, asset management, 
customer service, and productivity) and the size of a company. 
Hypothesis 2: There is a relationship between the use of performance measures and sectors of the 
economy. 
 
 
3 Research Method 
 
A descriptive study with a quantitative approach was carried out in the form of a survey conducted in all 
regions of Brazil by administering questionnaires, prepared using Google Docs tool, to employees of 
companies in this area. 
   Initially, associations and federations that include companies working with reverse logistics were 
contacted and invited to participate, but since the response rate was low, different approaches were 
adopted. The questionnaire was transmitted electronically via Linkedin, through which the best response 
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rate was obtained. A total of 125 companies participated during the eight month-period of research (from 
November 2013 to June 2014). Data analysis was divided into two parts. The first one, descriptive 
analysis, involves general characteristics of the participating companies such as performance 
measurement systems adopted to evaluate the reverse logistics and the identification of performance 
measures adopted. The second included the statistical tests used to confirm the hypotheses suggested in 
this study. 
 
 
4 Results 
 
 
4.1 Characterization of the companies participating in the research  
 
Eighty one percent of the companies participating in the present study are located in the Southeast region 
(the most developed region in the country, including the highest number of industries), 11% in the South, 
4% in the Midwest, 3% in the Northeast, and 1% in the North regions. With regard to their size, it was 
found that most companies (57% , 71 companies) are large (based on the following classification: more 
than 500 employees for industries and more than 100 employees for service and trade), 17% of the 
companies are small, 15% are considered micro enterprises and 11% are medium-sized enterprises. 
   Although most companies in Brazil (63%) are considered as micro-sized enterprises, 57% of the 
responses were received from large companies. This was possibly due to the fact that companies of this 
size have a more effective RL, and thus information is effectively provided to different hierarchical 
levels. Another important point to be discussed concerns the sector of activity of the participating 
companies. The respondent companies belong to the following sectors: transport and storage (32%), 
manufacturing industries (21%), trade, vehicle repair, personal and household goods (12%), other 
community, social and personal services (11%), and other sectors (24%).  
 
 
4.2 Adoption of reverse logistics and performance measurement 
 
With regard to the use of Reverse Logistics (RL) performance measures, none of the companies seems to 
use a structured performance measurement system that includes RL. In spite of this, it is important to 
mention that, in most cases, these companies evaluate their RL using performance measures indicators. 
   The results obtained show that most companies use resale, recycling, and repair as processes associated 
to their reverse logistics. These results indicate that these companies, in general, adopt this 
strategy for economic recovery. However, recycling is a process used less frequently because of its lower 
economic return compared to that of the other activities, which is due to lack of technology and resources 
in Brazilian companies, making impossible to use expensive processes such as reprocessing. Another 
important finding was that 17 companies dispose of their waste in landfills, which, although being the 
least often adopted approach, is a prohibited activity in Brazil. A total of 53% of these processes are 
outsourced. Moreover, as for the the quality of reverse logistics systems used by these companies, most of 
them consider their reverse logistics activities as having fair and a good level quality. This result 
demonstrates that even not having a standard RL system implemented, as discussed above, the reverse 
logistics performance in companies cannot be considered low if taken as an average result; although only 
11% is considered excellent. This classification results from factors that hinder the implementation of 
reverse logistics. 
 
 
4.3 Adoption of performance measures for reverse logistics 
 
According to the responses obtained, it was possible to draw up a table presenting the use of performance 
measures (%) for each dimension of the WCL previously identified in the literature and verified in 
practice. These results are shown in Table 1. 
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Table 1 
Performance Measures for reverse logistics (RL). 
 
 

PERFORMANCE MEASURES - COSTS USED 
(%) 

NOT USED 
(%) 

Total cost of RL 65 35 
ABC costs 57 43 
RL profitability 53 47 
Cost of variations with respect to the RL budget  50 50 
Annual sales of returned products RL  48 52 
Net profit RL versus Productivity index of RL activities  45 55 
Rate of return on RL investment  44 56 
Financial investment in RL 44 56 
Returns prevention cost 44 56 
Internal cost of failure 43 57 
External cost of failure 43 57 

Table 1 (continued) 
 PERFORMANCE MEASURES - COSTS USED NOT USED 

Cost of returned goods 42 58 
Costs in service failure 42 58 
Costs in logistics gaps 41 59 
Litigation costs 40 60 
Stock level costs (for manufacturers) 40 60 
Management and planning costs 38 62 
Warranty costs 38 62 
Cost of receipt and storage of returned product 37 63 
Return processing cost 34 66 
Cost incurred to correct the failure recovery 34 66 
Transport costs 32 68 
Cost of stock movement 31 69 
Packing costs 30 70 
Administrative cost with the LR 26 74 
Order processing cost 26 74 
Labor costs 24 76 
Bad Products costs 24 76 
Inspection of returned products costs 22 78 
Costs of material used in repair operations 22 78% 

PERFORMANCE MEASURES – ASSET MANAGEMENT USED  NOT USED 
Inventory obsolescence 54 46 
Stock level 54 46 
Inventory turnover  53 47 
Inventory management accuracy  50 50 
Number of days of inventory  50 50 
Inventory amount 41 59 

PERFORMANCE MEASURES – CLIENT SERVICES USED NOT USED 
Delivery in time 60 40 
Consumer satisfaction 60 40 
Service quality 58 42 
Damage 57 43 
Delivery reliability 54 46 
Information system supporting LR 52 48 
Shipment quality 52 48 
Input methods for returned product services  46 54 
Return reasons 44 56 
Type of products returned 42 58 
Percentage of periods of backlogs 40 60 
Return amounts 39 61 
RL cycle time 38 62 
Complaints (absence or presence) 38 62 
Waste generation rate 36 64 
Quantity / volume of recyclable material disposed and capable of 

recycling from the manufacturing process 
35 65 

Rate of products with defects 33 67 
Return speed 33 67 
Dock-to-stock time  32 68 
Quality of documentation delivery 26 74 
Recovery efficiency rate 26 74 
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PERFORMANCE MEASURES - PRODUCTIVITY USED NOT USED 

Process technology and innovation capacity 47 53 
Adjustment capability (flexibility)  36 64 
Network capacity 30 70 
Transport capacity 30 70 
Accuracy of forecasting techniques  29 71 
Reuse of materials 27 73 
Labor productivity in the transport of RL 26 74 
Energy use 23 77 
Diagnostic accuracy 21 79 

 
 
   As seen in Table 1, contrary to what was found in the literature (only financial measures are fairly 
evaluated), it was possible to note that non-financial measures were also properly implemented in some 
dimensions. As an example, it is possible to mention the following measures: inventory obsolescence, 
inventory levels and inventory turnover (asset management dimension); on-time delivery, customer 
satisfac-tion, service quality, delivery damage and reliability (customer service); process technology, and 
innovation and adjustment capability (productivity). 
 
 
5 Hypotheses Testing and Final Considerations 
 
In order to verify the existence of a correlation between  the use of performance measures dimensions and 
the size of the companies (hypothesis 1) and the sectors of the economy (hypothesis 2), these hypotheses 
were formulated and tested using a questionnaire that was applied before the survey was conducted. 
Homogeneity tests were carried out to evaluate the correlation between the variables mentioned above. In 
the cases in which correlation was statistically proven, tests (qui square) for the proportion of two 
samples were conducted in order to identify the most significant sector of the economy. Based on the 
statistical tests carried out for Hypothesis1 and 2, it was found that the large-sized companies evaluate 
productivity more frequently than the small and medium-sized companies. This could be explained due to 
the fact that this performance dimension requires a more fully implemented reverse logistics system in 
order to be better evaluated. In addition, it is expected that large-sized companies have properly 
implemented RL practices and widely share them with their staff, which enables them, even low 
hierarchical level employees, to use relevant information to assess this dimension. 
   As for hypothesis 2, no significant difference was found in the tests. i.e., no market sector influenced 
these companies in terms of the use of the different performance measures. Finally, it is important 
mentioning that although these companies are concerned about implementing more efficient logistics 
processes in the distribution of their products through a direct channel, they should express the same level 
of concern about the goods distributed through the reverse channel. This study presents a list of measures 
for this assessment in different industrial segments, which is a first step towards reverse logistics 
performance measurement. However, there are other studies on reverse logistics performance that are also 
of great importance as theoretical contribution and to the improvement and increase the use this activity 
in practice. 
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Effectiveness of Holt Winter  
Models as aid to Production  
Alignment 
 
Pinto J1, Benitez GB2, Furtado JC3, Nara EOB4, Siluk JCM5 
 
 
Abstract: The research aimed to investigate and assess the use of holt-winters model through NCSS 
(Number Cruncher Statistical System) in the planning process optimization of industrial manufacturing 
production, evaluating the production of a product in a business accessories manufacturer for 
motorcyclists. Aimed up align demand forecast using historical sales data that were implemented in 
NCSS statistical tool. The construction of modeling was based on the method proposed by Armstrong 
(2001), and from statistical modeling been generated scenarios demand forecast, the results found 
evidenced the effectiveness level of methods adopted. 
 
Keywords: Forecasting, NCSS, Holt-Winter Models. 
 
 

 
 
1 Introduction 
 
Despite the uncertainties of the global market, management looks the best demand forecasts to support 
decision-making processes, it is necessary to acquire raw materials, equipment, invest, training and 
adjustments to the establishment plan. The ability to handle demand characteristics and its variations, 
brings advantages for production systems, for example, low cost, simplicity and speed to generate results. 
Therefore, statistical techniques to demand and data modeling have demonstrated its importance and 
deserves the attention of organizational managers. 
   Changes on processes, products and technologies generally require high investments, which makes the 
high-risk processes. In this context, information technology in manufacturing and business processes are 
becoming popular as provided increments in the optimization of control systems efficiency (Bakhtadze, 
2004). 
   Another point of using these tools is given in the possibility to predict the results and whether it is 
possible to carry them, with the advantage of needing not produce a single piece to learn the outcome 
assessed in advance, making way for a wide range of applications of these techniques in industrial 
environments. 
In this context, we highlight the use of demand forecasting as a tool that uses data to predict future 
scenarios in search of minimizing risks taken operational decisions of process programming, minimizing 
potential losses arising from uncertainties. 
   With the use of demand forecasting, several studies have been developed using historical data to 
forecast future scenarios looking for minimizing risks faced by organizations, such as the studies of 
Sandanayake, Oduoza and Proverbs(2008), Montevechi et al.(2009), Mahfouz, Hassan and Arisha(2010), 
among others. 
   From the foregoing considerations, this study examined the use of statistical and computational tools in 
planning the optimization process for a manufacturer of accessories for motorcyclists, from sales time 
series. It has been used as a computational tool the NCSS software. 
   The work is organized as follows: section 2, the theoretical basis is presented; in section 3, materials 
and methods, in section 4, the results and in section 5 the conclusions are exposed. 
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2 Theoretical basis 
 
Planning is a common activity to any company and demand forecast (or forecasting) is the basis for pre-
paration of this planning is required to help determine the necessary resources, in the programming of 
existing resources and the acquisition of additional resources (Ritzman, 2008; Moreira, 2009; Danese and 
Kalchschmidt, 2011). 
   The methods can be classified into quantitative and qualitative, the first, is based on the characterization 
of historical time series and forecasting future events, since the qualitative, involves subjective estimates, 
will and considerations of experts or consumers (Arnold, 2006;  Boyer and Verma, 2009; Anzanello, 
Lemos and Echeveste, 2009). 
   The demand forecasts can be used in various types of business and according to several methods. 
Among others, the literature cited were: Werner et al. (2006) who applied the simple exponential 
smoothing to forecast demand for agricultural products and produce an estimate of the area to be planted; 
Antonio (2005), who used computer simulation to predict demands in the supply chain.  
   Among the generic statistical packages, stand out from the NCSS, Statgraphics, and SPSS that with 
similar characteristics, require user degree of statistical knowledge to use both in the selection of the 
forecasting. 
 
 
3 Materials and methods 
 
The development of this research took place by the use of statistical and computational tools with the use 
of quantitative demand forecasting methods for exponential smoothing techniques. 
   The NCSS software (Number Cruncher Statistical Systems) version 9.0 was chosen and used to plot the 
data and determine the predictors (Hintze, 2004; Bolding et al., 2009). 
   As a structure for forecasting was used Armstrong (2001) following a structure around tasks: (i) 
formula-ting the problem; (ii) data collection; (iii) select forecasting methods; (iv) apply the methods; (v) 
evaluate the results, and; (vi) use the forecasting.  
   This proposed methodology was then applied to a case study in plastics industry, covering a family of 
products. 
 
  
3.1 Defining the Problem 
 
This study was conducted in a plastics company in South of Brazil, which offers to customers a product 
mix accessories for motorcyclists: chaps, boots, bags, reflective vests, motorcycle cover, cover for 
motorcycle seat, jackets, among other products.  
   There are problems in production system and the question is: The use of appropriate demand 
forecasting techniques can make production programming more efficient? 
 
 
3.2 Data Collection 
 
In the data collection planning, for modeling and construction of temporal interval predictions were 
determined variables of products through the historical sales information.  
   One product, denominated “Speed”, was chosen among all the mix of products manufacturing by the 
company. The period of 2009-2013 was selected for the study and the demand forecasting model was 
implemented. The Figure 1 shows the demand between 2009 and 2013. 
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Fig.1  
Sales Information/demand of the product called “Speed”. 
 
 
 
3.3 Predictive method determination 
 
After defining the time series and its plot (as seen in Figure 1) with the intention of collecting evidence 
that could generate data about how best to use quantitative model, has been opted for the Exponential 
Smoothing method. 
   Exponential smoothing is divided into: (i) Single Exponential Smoothing ; (ii) Linear Exponential 
Smoothing and Holt; (iii) Holt-Winters method. Being adopted the model of Exponential Smoothing 
through multiplicative Holt-Winters method and additive, because the dice shows seasonal variation and 
the possibility of applying smoothing equations to estimate the level, trend and seasonality of the time 
series analyzed in the process of forecast. 
   The multiplicative model in Pellegrini and Fogliatto (2007) is presented with the following 
mathematical equations: 
 

!"#$ = &" + (") *"+,#$                                  (3.1) 

 &" = - ./
0/12

+ (1 − -)(&"+7 + ("+7)                               (3.2) 

 (" = 8 &" − &"+7 + 1 − 8 ("+7 (3.3) 

 *" = 9 ./
:/
+ 1 − 9 *"+,  (3.4) 

 
The explanation of the mathematical models, according Samohyl, Rock and Mattos (2001): 
Ft+m = forecast for period t + m; 
m = the forecast horizon; 
Lt = estimate of time series level in period t; 
bt = trend estimate of the time series for period t; 
Yt = observed demand; 
s = length of seasonality; 
St = seasonal component; 
α, β and γ = exponential straighteners parameters, level, trend and seasonality respectively; 
Have the additive, according to Pellegrini and Fogliatto (2007) are given by: 
 

  !"#$ = &" + (") + *"+,#$                              (3.5) 

 &" = - ;" − *"+, + (1 + -)(&"+7 + ("+7)         (3.6) 
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3.4 Choose and proposal of validation 
 
The biggest advantages of smoothing methods are low cost and simplicity, as in the case of need for 
predictability for thousands of items or in the case of inventory control systems. Such methods have 
quickly to generate results and to compose an effective demand forecasting system. 
 
 
4 Results 
 
The resulting methods of application information are shown in Figures 2, 3 and 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Demand graph.  
Source: prepared by the author. 
 
 
   In Figure 2 is possible to see the plot of actual demand graph (in red) and predictions in blue) and the 
actual demand for the next three years. It can be seen also from the graph, that by the year 2015 the 
product had "dead", that is, after that date, if it continues as it is the product will no longer generate profit 
for the company. So the chart is pointing down, so the demand forecast permitted viewing a fall for this 
product, and leaves the criteria that can be done a thorough study of possible changes to the product, if 
there is interest in keeping the product on the market. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Demand level chart.  
Source: prepared by the author. 
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   Figure 3 shows the plot chart the level of demand for verifying noise, seasonality and amplitude of the 
seasonal value, which showed a strong seasonal pattern (seasonal cycle of five years) where the 
multiplicative model was adequate. 
   In the Figure 4, the model used was the Holt-Winters additive compared to the multiplicative effect, 
finding an R-Squared Pseudo adjustment 0.611418 medium. 

 
 

 
 
Fig.4  
Shows the comparison of forecast charts generated  
by the NCSS and the Excel where we can see that  
the two methods showed identical results. 
 
 
 
5 Conclusions 
 
Analyzing the results of the comparison between the multiplicative and additive methods, we can see that 
the simulation data forecasts performed with NCSS, had results of Pseudo R-Squared below of 0.75. 
   For the product, the percentage of correct answers in the simulated predictions was not satisfactory 
because it is not at a high level of accuracy, which creates uncertainty in the application of credibility of 
the computational method demand forecasting with the NCSS software. 
   In order to get a higher coefficient of correlation and more accurately, we compared the results of the 
method used and the graph generated by Excel. Thus, came to the conclusion that the tested forecasting 
models showed very similar results, as seen by the graphs and the values of Pseudo R-Squared. 
   According to the results of analyzes to validate the demand forecasting method applied, it was also 
possible to conclude that the use of this statistical tool can be applied to support the optimization process 
of the company's planning and help you find the best condition programming by selecting the most 
appropriate method. 
   Therefore, we can conclude that the use of demand forecasting techniques can make programming more 
efficient production, as through NCSS software simulations was possible to see future predictions, which 
reduce the risks eminent decision-making processes, as forecasts show a certain degree of accuracy 
resulting increase in accuracy of prediction which leads to decrease in losses due to uncertainties in the 
decision making process, and this method have low cost. 
   As future work is suggestion of the use of multi-criteria analysis for selecting the most suitable tool for 
performing demand forecast. 
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The Pressures of the Brazilian  
Pre-Salt Production on the  
National Refining Sector 
 
Yabiko R1, Chicata F2, Bone R3 
 
 
Abstract: The objective of this article is to analyze the current production capacity of the Brazilian 
refining sector and how much it should be increased in order to process the oil from the pre-salt layer. 
The variables considered were refining capacity, refined volume, and utilization factor of refineries, 
production profile and domestic demand for petroleum products. We conclude that oil production will 
exceed domestic consumption. However, the refined volume is short of demand, even with the 
investments announced by Petrobras. To achieve self-sufficiency by 2030, it would be necessary the 
implementation of two refineries with the refining capacity of 350 thousand barrels of oil per day each. 
 
Keywords: Brazil; Pre-Salt; Oil Derivatives; Self-Sufficiency; Refining. 
 
 

 
 
1 Introduction 
 
The refining process involves transforming crude oil into derivatives. In other words, the oil is separated 
into fractions according to molecular weight in order to achieve a final product for consumption 
(KIMURA, 2005). Currently the Brazilian national refining complex consists of 17 oil refineries. In 2013, 
these refineries hit the throughput capacity of 2.2 million oil barrels per day (MMbbl/d) and in 2014 the 
Abreu e Lima Refinery (Rnest) started production, adding to 230 thousand oil barrels per day (Mbbl/d), 
according to the National Agency of Petroleum, Natural Gas and Biofuels (ANP).  Petrobras owns 13 of 
the 17 existing refineries and 4 are from the private sector. In 2013, the utilization factor of all refineries 
in national territory was 98.2%. This information, linked to the other factors mentioned below, highlights 
the urgency of expansion projects to the national refining capacity. 
   Since 2008, the Brazilian pre-salt began its production at an accelerated pace. From the year 2012 to 
2013 there was a 76.9% increase in the volume extracted from these fields. There are many blocks in the 
region waiting to be auctioned, causing positive production prospects. Nowadays, Brazil produces about 
2.4 MMbbl/d and consumes about 3 MMbbl/d (ANP, 2013). 
   The purpose of this paper is to analyze the national refining capacity upon the expanding Brazilian oil 
production scheduled for the years to come. The specific goal is to verify if the domestic demand for oil 
will be met and, therefore, whether it will decrease in its imports expenditure, as well as an increase in 
revenue from the export of high value-added products. 
 
 
2 Refining Plants in Brazil  
 
An important feature of the Brazilian refining sector is its high spatial concentration. The construction of 
the refinery network was aimed to maximize economies of scale in production and minimize 
diseconomies of scale in distribution. Map1 situates the Brazilian refining park and the pre-salt area. 
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Map 1  
Location of Brazilian refineries and the pre-salt.  
Source: GoogleMaps 2015 
 
 
   Throughout the years, the refineries were built in locations close to the main centers of consumption 
and production: 8 of the 17 refineries are in the Southeast, the largest consumer base of oil products. 
Since the Brazilian refining scenario is different to the refineries from the private initiative and Petrobras, 
initially it will be analyzed the refineries of the private sector. 
 
 
2.1 Private Sector Refineries  
 
The first Brazilian oil refinery was the Oil Refinery Riograndense, opened in Rio Grande do Sul, in 1937. 
Its refining process is prepared to handle domestic oil, including those from the pre-salt. In 1954, with the 
beginning of oil exploration in Brazil, the Petroleum Refinery Manguinhos was created in the city of Rio 
de Janeiro. The raw material used by the refinery goes from light oil (greater than 30°API) to heavy (less 
than 22°API), which allows great operational flexibility. The pre-salt brings a window of opportunity to 
Manguinhos considering its performance of desalting and dehydration (removal of salt and water) of the 
oil operations to avoid the commonly named 'dead freight’, which is the transport of water instead of 
petroleum during the exportation – a vital operation for Petrobras' partners to efficiently export the oil 
produced from these fields. 
   Recently, two more refineries began operations. In 2009, Univen Oil Refinery started its activities in the 
metropolitan region of São Paulo. In 2010, the Dax Oil Refinery began operating in the state of Bahia. 
Both refineries buy oil from marginal fields producers and from importation, but its facilities can work 
mostly with national oil. The introduction of the pre-salt production in the market will facilitate these 
private companies to gain access to the national feedstock and improve their use factor, which was only 
31.3%, on average, in 2013 (ANP, 2014). 
 
 
2.1.1 Evolution of the Private Refineries  
 
A problem faced by all the refineries in the private sector is to obtain the raw material and to maintain the 
competitiveness of their products regarding the production of Petrobras refineries. In collaboration with 
government policy, the state does not pass all charges involved in the refining of fuels to the final 
consumer. Thus, in order to overcome this structure of costs and prices of derivatives, private refineries 
need to be highly technological and produce high value-added products. Figure 1 and Table 1 show a 
sector outlook. 
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Table 1 
Utilization Factor   (%) of Private Refineries.  
Source: ANP 
 
 
 
 
 
 
 
Chart 1  
Refining capacity x throughput of the private refineries 
Source: ANP *Preliminary results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   In chart 1, there are three moments of decreased productivity. The first one is related to the closing of 
Manguinhos – during the years 2006 to 2009, this refinery left the business due to the lack of competi-
tiveness of its final product in detriment of Petrobras products. The second moment corresponds to the oil 
crisis and the third to the crisis faced by all private refineries to obtain raw materials and produce 
competitive products. As aforementioned, these refineries present idle capacity and are potential targets 
for the coming of pre-salt production, which appears promising for the sector. 
 
 
2.2 Petrobras Refineries 
 
There are four Petrobras refineries installed in the state of São Paulo. The Paulínia Refinery (Replan) is 
the largest in oil processing capacity: 415 Mbbl/d. Its production is responsible for 20% of all oil refining 
in Brazil and its feedstock is 80% national, mainly from Campos Basin (ANP, 2014). The Capuava 
Refinery (Recap) was the first to process the pre-salt oil from Santos Basin, in 2009. The Presidente 
Bernardes Refinery (RPBC) produces final high value-added derivatives such as podium gasoline, 
petroleum coke, petrochemical naphtha and fuel for ships (bunker). These derivatives are of high market 
value and produced according to international standards. Most of the raw material used comes from the 
Santos Basin. The Henrique Lage Refinery (Revap) is the third largest refinery in the country and its 
feedstock is 80-90% national (Petrobras, 2015). 
   Still in the Southeast, there is the Duque de Caxias Refinery (Reduc) in Rio de Janeiro. Currently, this 
refinery uses about 60% of domestic oil from Campos Basin (ANP, 2014). Located in Minas Gerais, the 
Gabriel Passos Refinery (Regap) is able to refine 150 Mbbl/d, with a perspective to increase 10% of its 
volume within the next few years, on account of an expansion project of processing units focusing on 
diesel production. This investment aims for the pre-salt production, considering that the refinery has 
already been working with the oil from Campos Basin. 
   In the South, there are two refineries: the Alberto Pasqualini Refinery (Refap) and the Presidente 
Getúlio Vargas Refinery (Repar). Both utilize a mixture of domestic oil and imported as a feedstock, with 
greater participation of Brazilian oil.  
   Located in the Reconcavo Baiano, Landulpho Alves Refinery (RLAM) is the second largest in the 
country. Still in the Northeast, the Potiguar Clara Camarão Refinery (RPCC) is located in Rio Grande do 
Norte. This state became the only in the country to be self-sufficient in the production of all types of oil 
products (ANP, 2014). Both of them work with the heavy crude oil from the post-salt and the light crude 
oil from the pre-salt layer, originated in the Campos Basin. 
   All the aforementioned refineries are able to process the oil from the pre-salt. However, some of them 
do not fit this profile. The Isaac Sabbá Refinery (Reman), for example, is located in the Amazonas state, 

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

87.5% 37.8% 33.7% 51.1% 26.4% 55.2% 73.1% 78.7% 72.3% 43.2%

Utilization Factor (%) of Private Refineries
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deep in the Amazon forest. The oil used in the refinery presents high API gravity (about 30 ºAPI), 
different from the pre-salt oil. Furthermore, there would be an insurmountable logistical problem in the 
transportation of raw material from the pre-salt. On the other hand, the Lubrificantes e Derivados do 
Nordeste Refinery (Lubnor), in the Ceará state, works with extra heavy oil from the state itself and 
Espírito Santo. Thus, the oil coming from the pre-salt is not a priority for this refinery, because the 
properties of this oil hinder the production of derivatives, including high value-added lubricants for noble 
use. In the same operation line, the Abreu e Lima Refinery (Rnest), located in Pernambuco, began 
operations in December 2014, with the main objective to produce diesel using as raw material a heavy 
crude oil (around 16 ºAPI) from Rio Grande do Norte. 
 
 
2.2.1 Evolution of the Petrobras Refineries  
 
The problem faced by Petrobras in the refining business is the high utilization factor of its refineries. This 
positive background is explained by an easy access of raw material, given the company also acts in the 
exploration and production sector! (E&P) and utilizes economies of scale inherent of the sector. Chart 2 
and Table 2 demonstrate this scenario. 
 
 
Chart 2  
Refining capacity x throughput of the Petrobras refineries. 
Source: ANP *Preliminary results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2  
Utilization Factor (%) of Petrobras Refineries. 
Source: ANP 
 
 
 
 
 
 
 
   Since 2008, the utilization factor of refineries only increased as shown in table 2. According to Chart 2, 
even with the global economic crisis, the refined volume did not show a significant fall. The production 
of Petrobras refineries reached 2.17 MMbbl/d in 2014, which represents a growth of 2.1% compared to 
2013. This record is due to the Medium and Gasoline Production Program (Promega), implemented by 
the company to maximize the volume of petroleum derivatives produced from medium fractions of oil, 
through the updating and improvement of the refineries (PORTAL BRAZIL, 2014). 
 
 
 
 
 
 
 
 

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

90.3% 90.4% 91.1% 91.9% 91.4% 91.8% 91.6% 93.0% 97.1% 99.3%

Utilization Factor (%) of Petrobras Refineries
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3 Domestic Demands and Production of Oil and Derivatives  
 
The refineries profile reveals in which products they are specialized. This also shows which derivatives 
are more demanded by the domestic market. The graphs (3) below display the quantity produced from a 
set of derivatives, chosen according to their relevance, and the consumption of each one.  
 
 
Chart 3  
Domestic demand x national production.  
Source: Ministry of Mines and Energy - MME (2014).  
1Considering the average value for December/2014 

   

   
 
 
 
   According to the graphics (3), among the important group of derivatives, Brazil exports only fuel oil, 
characterized as a strong importer. The strategic plan until 2030 published by Petrobras, in 2014, affirm 
that the demand for derivatives in Brazil will grow 20% by the year 2020, always ensuring a stimulating 
refining sector. In addition, based on data provided by the ANP, in 2013, the country had an expenditure 
of US$ 19,600,385,382.00 with importation of petroleum derivatives and revenue of US$ 
9,941,619,795.00 with export of these, leading to a deficit of US$ 9,658,765,587.00. 
   Despite the unfavorable scenario presented above, Brazil has the potential to be self-sufficient in 
derivatives in the years to come. According to the Organization of the Petroleum Exporting Countries 
(OPEC) cited in MME (2014), in 2025 the oil production in Brazil will reach its maximum of 1.7 billion 
barrels per year. 
   In consonance with this information, it follows that the greatest obstacle to the Brazilian self-sufficiency 
in relation to petroleum products is the total capacity of the national refineries. Some measures to solve 
this issue are already being provided, such as: (a) investments in new refineries and (b) expansion of the 
existing ones. 
 
 
4 Brazilian Refining Sector Investments 
 
By 2020, Petrobras plans to supply the totality of the Brazilian derivatives products market, achieving 
self-sufficiency in relation to petroleum derivatives. To fulfill this goal, two investments are already 
underway. The first is finishing the construction of the Abreu e Lima Refinery (Rnest), so the refinery can 
operate at 95% of its capacity – currently the maximum is 64%. And the second is building the 
Petrochemical Complex of Rio de Janeiro (Comperj), which will have as final products diesel fuel, 
naphtha, jet fuel, coke and LPG. The forecast for starting operation of the first refining train is in August 
2016, with an installed refining capacity of 165 Mbbl/d. The company also intends to continue with the 
Promega, which has already shown results by increasing the refineries efficiency. 
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   However, with the recent withdrawal of two more Petrobras investments, the Premium I and Premium 
II Refineries, which would have had the capacity to process at 600 and 300 Mbbl/d respectively, this goal, 
will be difficult to reach. Considering the perspective of growth for the internal demand, even with the 
possible retraction of the Brazilian economy, in 2020 it will arrive at 3.5 M Mbbl/d. Brazil will need to 
add more 695 Mbbl/d to its existing refining capacity, which would correspond to an implementation of 
two more refineries in the same technical scheme of Landulpho Alves Refinery – with main final 
products the derivatives at the top of the Brazilian import list: gasoline, diesel, naphtha and jet fuel – and 
installed capacity of approximately 350 Mbbl/d to achieve the expected self-sufficiency. 
   As for the private refineries, there are still no concrete investments plans. However, the best way to 
increase the refined volume will be the full use of its installed capacity, which can reach up to about 40 
Mbbl/d, meaning more than twice the volume of the year 2013. 
 
 
5 Conclusion 
 
The pre-salt production expands at an accelerate pace, as well as consumption. According to ANP, 
domestic demand grew by 5.6% in 2014 and it is expected to increase between 3 and 5% in 2015, despite 
the possible downturn in the national economy, since the growth of demand is linked to the performance 
of the Gross Domestic Product (GDP). This setting is ideal for Brazil to avoid what happens to countries 
like Mexico and Iran, which are crude oil exporters and petroleum derivatives importers. Nevertheless, 
investments in the refining sector have being encountering many obstacles along the way. 
   The 2030 Strategic Plan by Petrobras announced a self-sufficient Brazil in gasoline and diesel by 2020, 
when the country's refining capacity would reach 3 MMbbl/d. However, with the annulment of the 
Premium I and Premium II, this optimistic scenario is distant. In the current scenario, the inauguration of 
the Petrochemical Complex of Rio de Janeiro (Comperj), the completion of works in Abreu e Lima 
Refinery (Rnest) and the increase of the utilization factor of private refineries will not be enough for the 
country to achieve its self-sufficiency in relation to petroleum derivatives. Investments such as the 
construction of new refineries, expanding the existing ones and the efficient use of private refineries will 
be necessary. 
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Conceptual Framework for  
applying Internet of Things  
in Production Systems for  
Sensing Enterprises 
 
Boza A1, Cortes B2, Alemany MM3, Cuenca L4 
 
 
Abstract: Sensing Enterprise is a new concept, which appears with the Internet of Things (IoT) 
application in industry. This technology applied in production systems provides many benefits like better 
transparency or real time information. This approach proposes a conceptual framework for IoT 
application in Production Systems. The aim of this framework is helping enterprises to identify the main 
elements to apply IoT in Production Systems. To create this framework, a literature review has been made 
and the main components of IoT in Sensing Enterprise in production proposals have been identify. Thus, 
these elements and its relations have been the source for the conceptual framework proposed. 
 
Keywords: Internet of Things, Sensing Enterprise, Production System, Information System, Conceptual 
Framework. 
 
 

 
 
1 Introduction 
 
According to FInES (2012) the next decade is expected to see a big change in the way enterprises operate, 
because to the Future Internet and the huge development achieved by enterprises in adopting new 
technical solutions. The FInES Cluster, in its Roadmap, proposes 9 Qualities of Being (QB) that are 
considered strategic for the enterprises of the future.  One of these Qualities of Being is Sensing 
Enterprise. There is a need to decentralize intelligence, moving to a scenario where the enterprise is seen 
as a smart complex entity capable of sensing and reacting to (business) stimuli (FInES, 2012). This 
concept emerges with the evolution of IoT.  
   Although no universal definition exists for Internet of Things, the core concept is that everyday objects 
can be equipped with identifying, sensing, networking and processing capabilities, which will allow them 
to communicate with one another, and with other devices and services, over the Internet to achieve some 
useful objective (Atzori, Iera and Morabito, 2010). Miorandi et al. (2012) briefly resume the three main 
system-level characteristics of the Internet-of-Things as follows: Anything communicates, anything is 
identified and anything interacts. 
   This paper focus on Sensing Enterprise and IoT applied in production systems. Thanks to the new 
information technologies, production processes can be optimized; the entire lifecycle of objects, from 
production to disposal can be monitored; and greater transparency can be gained about the status of the 
shop floor, the location and disposition of lots, and the status of production machines (Bandyopadhyay 
and Sen, 2011). Enterprises could take these advantages and improve their production system applying 
IoT. To this end, this paper shows key concepts to implement IoT application in Production System. 
Section 2 shows a literature review with the application of IoT in production; section 3 includes the 
conceptual framework proposed to identify and organize these key concepts; and finally, section 4 
includes the conclusions drawn from this research. 
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2 Applications of IoT in literature 
 
It is possible to find general proposals useful for a wide range of industrial sectors, but also a specific 
proposal for given industrial sectors (Boza et al., 2015). For example, Cao, Li and Song (2011) present a 
proposal based on IoT for the toy sector, Castro et al. (2011) for chemical industries,  Hu, Zheng and Zhu 
(2011) in the meat sector, Liu and Xu (2013) for aerospace industries and  Qu et al. (2012) and Wang and 
Liu (2014) for the agricultural sector. 
   The most proposal are general proposals useful for a wide range of industrial sectors. Cuiyun and 
Yuanhang (2010) study the influence of an IoT application on production and logistics in an enterprise. 
Houyou et al. (2012) design an automation system in manufacturing to support flexibility and agility in 
manufacturing. Isenberg et al. (2011) research about suitability and cooperation in collaborative 
production environments for autonomic and agile processes based on IoT. Lvqing (2011) presents a 
mechanical production monitoring system based on IoT technology. Meyer et al. (2011) make an 
approach for a monitoring and control system to enable new ways in which disturbances can be dealt with 
in order to increase the robustness of overall plan execution. Wang and Chen (2013) design a 
manufacturing inventory management model based on IoT. Yuan et al. (2013) develop a system to verify 
that IoT promotes workshop process visualisation developments. Zhang et al. (2014) propose an Internet 
of Manufacturing Things like a tool to design an easy-to-deployment infrastructure to form a sensing 
manufacturing environment. Zhiliang et al. (2013) present a project that merges Personal Digital 
Assistant (PDA) in manufacturing shop with IoT. Zuehlke (2010) design Smart Factory KL, a multi-
vendor research facility for smart production technologies. 
   With these applications founded in literature, the main concepts to apply IoT in production system have 
been extracted and joined to create the conceptual framework presented in this paper. These concepts 
allow knowing the main elements of IoT application for Sensing Enterprises in Production System. 
 
 
3 Concepts of IoT in Production System 
 
The aim of this research is to identify and organize the key concepts to implement IoT applications in 
Production System basing on literature review.  In order to define a conceptual framework, the key 
concepts of IoT in Sensing Enterprise and IoT in production proposals have been identified. Thus, a 
conceptual framework for applying IoT in Production System has been proposed. 
 
 
3.1 Internet of Things in Sensing Enterprise 
 
The main characteristic of Sensing Enterprise is the promptness to react in front of disturbances due to 
detecting events in real time with the help of new technologies, mainly IoT. This is a new concept which 
allows any object communicates with others objects through Internet, and provide information in real 
time with new technologies, like RFID and sensors, to facilitate the exchange of goods and services in 
global supply chain networks (Gu et al., 2014; Tan and Koo, 2014; Wang, 2014; Whitmore et al, 2014). 
   Internet of Things is structured in three levels (Atzori et al., 2010; Bandyopadhyay and Sen, 2011; 
Gubbi et al., 2013; Gu et al., 2014; Singh, Tripathi and Jara, 2014). These levels provides all the elements 
to apply IoT:  
 

•!Edge level: this level is formed by the physical part of IoT.  ID-technologies and 
Sensors below to these level (Tan and Koo, 2014). These level gives to the objects 
the physical part to store information and give them intelligence. This part is formed 
by RFID (Cao et al., 2011; Castro et al., 2011; Hu et al., 2011; Isenberg et al., 2011; 
Liu and Xu, 2013; Shengduo and Jian, 2012; Vossiek et al., 2010; Wang and Liu, 
2014) and two dimensional code (Lee et al., 2012; Lvqing, 2011; Meyer et al., 2011; 
Stephan et al., 2010; Zhiliang et al., 2013). For reading these ID-technologies, there 
are sensors (Cao et al., 2011; Hu et al., 2011; Qu et al., 2012; Vossiek et al., 2010; 
Zhang et al., 2014) and cameras (Lee et al., 2012; Shengduo and Jian, 2012). There 
are also Object Memory Servers (Stephan et al., 2010), to store the information in 
each object and database servers with enterprise information (Cao et al., 2011; 
Cuiyun and Yuanhang, 2010; Liu and Xu, 2013; Meyer et al., 2011; Wang and Liu, 
2014; Zhiliang et al., 2013). 
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•!Access Gateway Level: objects need a network to send and receive information 
between these. The management of these network bellows to these level. The 
possible networks are Wireless Sensor Network (Castro et al., 2011; Shengduo and 
Jian, 2012), Mobile Communication Network (Lee et al., 2012; Qu et al., 2012), 
GPS (Liu and Xu, 2013; Meyer et al., 2011), Bluetooth (Zuehlke, 2010), 6LoWPAN 
(Castro et al., 2011) and Zigbee (Zhang et al., 2014; Zuehlke, 2010). 

 
•!Application Level: in this level, objects acquire intelligence through implemented 

software. These objects can communication also with an application in a computer 
or a smartphone. This application can be new software (Cao et al., 2011; Hu et al., 
2011; Lvqing, 2011; Wang and Chen, 2013; Wuest et al., 2012) or an extended part 
of information system in enterprise (Houyou et al., 2012; Zhiliang et al., 2013).  

 
   In summary, Sensing Enterprises are based on Internet of Things, and IoT is structured in three levels: 
Edge, the physical part (RFID, sensor, etc); Access, the part carried out of object communication; and 
Application, which can be new application or a module to extend the present information system 
(Figure1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Main concepts of IoT Application. 
 
 
 
3.2 Internet of Things in Production Proposals 
 
Production system is a set of tasks to manage production in an enterprise. These tasks can be classified in 
three phases: Planning, Operations and Control (Cuatrecasas, 1994). To manage each phase, enterprise 
uses different information technologies. These technologies provides information to help managers 
making decisions (Simchi-Levi, Kaminsky and Simchi-Levi, 2003). IoT is one of these technologies 
which provides information (Cuiyun and Yuanhang, 2010). 
   In Production Planning, for example, inventory management application (Cuiyun and Yuanhang, 2010; 
Isenberg et al., 2011) to know the current inventory and to plan in base of this information; or tracking 
management system (Cuiyun and Yuanhang, 2010; Wuest et al., 2012) to know the times of transporting 
or production and planning with this information. In Operation Phases, IoT application allows factory 
automation (Houyou et al., 2012), product manufacturing workshop (Liu and Xu, 2013) or mechanical 
production with management system (Lvqing, 2011). The applications in this phase are also called 
Internet of Manufacturing Things (Zhang et al., 2014; Zhiliang et al., 2013).  The largest number of IoT 
application in production system are for the Control Phase (Boza et al., 2015). In this phase, some 
applications are Resource Management Systems (Lee et al., 2012) , to control resources to accomplish the 
planning; Monito-ring and Control Systems for disturbances in production (Meyer et al., 2011; Yuan et 
al., 2013);  tracking systems to control the necessary pieces of a product (Qu et al., 2012); or a 
management systems to control the environment of production like agriculture o food factory (Hu et al., 
2011; Shengduo and Jian, 2012). 

!
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Fig.2  
Main concepts of IoT in Production system. 
 
 
   In summary, IoT provides value information, taken from production system or other systems with 
relevant information for production, which enriches the Enterprise Information Systems. This information 
systems based on IoT improves the different phases of Production System: Planning, Operations and 
Control (Figure 2). 
 
 
3.3 Proposed Framework of Internet of Things in Production System 
 
In this section, a conceptual framework for Internet of Things Application in Production System of 
Sensing Enterprises is presented. Figure 3 represents the complete framework joining the concepts 
presented before. Sensing Enterprise has a production system that is improved with Information Systems. 
Information Systems are complemented by product information provided by IoT, which is structured in 
three levels: Edge, Access and Application.  
   Basing in this concepts, enterprise have to contemplate the phase whose information must to be 
improved (Inventory to plan, product localization to operate, production environment to control, etc). 
Then, enterprise should study the elements necessary in each level of IoT structure: Application (what 
kind of application is required? Will the application be new or an ERP extension?), Access network (How 
are objects going to communicate? How many objects will be?) and Edge (What ID-technologies are 
objects going use? Are sensors going to be necessaries?). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Conceptual Framework of IoT Application  
in Production System for Sensing Enterprise. 
 
 
 

!
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4 Conclusions 
 
This paper presents a conceptual framework about IoT in Production system inside Sensing Enterprise. 
To define this framework, a literature review about IoT applications in production System has been made. 
Even though there are few researches, main concepts of IoT applied in Production System has been 
extracted. 
   These elements help any enterprise of any sector to apply IoT and show examples of applications that 
improve the production system in each phase. This framework pretends to help enterprises to acquire 
sensibility in front of disturbances in the Production System. A possible future line will be proving this 
framework in a real company to see if these concepts help to apply IoT. 
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A multidimensional  
framework for the classification  
of stock-keeping units 
 
Ferreira L M1, Arantes A2 
 
 
Abstract: Changes to an organization’s internal and external environment may cause an increase in the 
number of stock-keeping units in inventory. Therefore a stock-keeping unit classification and 
corresponding grouping become highly important for improving the inventory management process. In 
this paper we propose a framework for stock-keeping unit classification in an industrial context 
considering a three-dimensional approach: value of usage; criticality and demand variability. This 
approach emphasizes the importance of stock-keeping units that despite their small value are of vital 
importance for the operations/production of the organization. 
 
Keywords: stock-keeping unit; inventory management; framework. 
 
 

 
 
1 Introduction 
 
Companies cannot ignore the complexity of managing a large number of Stock-keeping Units (SKUs). As 
the size of the inventory increases, controlling those SKUs needs time and additional resources. One of 
the biggest challenge for inventory management that companies face is controllling a large number of 
items Grouping items together makes it easier for managers since the decisions are taken for a group of 
SKUs.  As such, classifying SKUs can bring significant benefits (van Kampen et al., 2012). However, 
this requires that the problem be analyzed  in a specific framework where the decision maker (expert)�s 
preferences are considered (Soylu and Akyol, 2014). When classifying SKUs companies need to have a 
clear understanding of the context and the aim of the company inventory management policy. Bacchetti et 
al. (2013) mention that the gaps between theory and practice show that empirical studies have not been 
properly validated. For that reason, some researchers have suggested that additonal studies are needed, 
which should look at ways of achieving more integrated solutions. 
   Another issue that increases the complexity of inventory management is the fact that reality is dynamic. 
This results from market changes, but also from internal changes in the organizations, which increases the 
cost of inventory control activities (Soylu and Akyol, 2014). As a result, it is important that organizations 
realize that an effective SKU classification could represent an important source of competitive advantage. 
Therefore, this paper proposes a framework for classifying SKUs, serving as a useful tool in supporting 
the decision making process in inventory management. The next section of the paper presents the 
framework, while the final section presents the conclusions and recommendations for future research. 
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2 Proposed framework 
 
In the management of organizations, not every SKU has the same level of importance. It is not wise to 
apply the same inventory management policy to every SKU; however, it is also true that managing SKUs 
individually is a very complex task (Soylu and Akyol, 2014). As a result, several researchers proposed 
different frameworks to help managers classify SKUs into groups and apply an adequate inventory 
management policy to each group (Bošnjaković, 2010; Cavalieri et al., 2008; Duchessi et al., 1988; van 
Kampen et al., 2012). 
 
 
2.1 Methodology 
 
The main aim of this paper is to develop and propose a framework for classifying SKUs. In this study, 
developed in collaboration with a large foundry operating in the automotive sector; we applied action 
research, which is a method of collaborative research that can be used to establish a link between 
companies and researchers. Sexton and Lu (2009) define action research as a “phenomenon-change” (or 
action) and critical learning that leads to a change and produce new knowledge (research) where 
researchers and practitioners intervene. Furthermore they say that action research generates a mutual 
development of know-that and know-how.  
   This choice of method was made as reflection and co-working were important for assessing the pheno-
menon and it was not necessary to control environmental elements. In any case, the focus of the research 
is to introduce changes in reality (Baker, 2012). Or, we might say that action research matches theory and 
practice through a change in a problematic situation. 
   Susman and Evered (1978) propose five steps for leading an action research project, which in the 
present case study we define as: 1) Diagnosis, 2) Dimension definition, 3) SKU classification, 4) 
Framework validation, 5) Defining inventory management policies. 
 
 
2.2 Diagnosis 
 
The diagnosis is an assessment step, where the main goal is to identify the context in which researchers 
will intervene, which problems are relevant and how they could affect the rest of the organization. This 
step was carried out over several meetings with the personnel of the foundry warehouse, purchasing, 
maintenance and other groups of interest. The researchers concluded that the main problem for the 
warehouse is related to the lack of physical space. Besides that, (unplanned) corrective maintenance 
activities raise problems related with the inventory management of spare parts and several stock-outs 
have been reported as a consequence. For this reason, maintenance personnel are relevant stakeholders in 
this research. It was observed that a large number of items are spare parts and so it is in the best interest 
of the company to define which SKUs should be more rigorously controlled. 
 
 
2.3 Dimension definition 
 
The major departments of the company should participate in the dimension definition step (Sexton and 
Lu, 2009) and the SKU classification aim should be clearly defined (van Kampen et al., 2012). This is a 
critical step, and it is not possible to move forward without collecting all the relevant data from the 
company’s activity. 
   Choosing which dimensions to apply is something that must be discussed and adapted to the 
classification context and objectives. Several studies show that multidimensional approaches are the more 
effective way to assess spare parts and consumables management issues. Bacchetti et al. (2013) proposed 
a classification method with six dimensions (life cycle, lead time, number of orders, demand frequency, 
criticality and value). Bošnjaković (2010) presented a multicriteria framework with value, demand 
frequency and criticality. Childerhouse et al. (2002) built a classification based on life cycle, lead time 
window, volume and variability, which is named DWW3. Flores and Whybark (1986) and Flores et al. 
(1992) presented multicriteria ABC analysis frameworks which included cost and noncost criteria for 
developing ABC categories for inventory management. Those models proved to be an effective tool for 
improving the efficiency of inventory management. Ramanathan (2006) remarks that multicriteria ABC 
analysis is a very effective approach for classifying SKUs.  
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   Considering only the spare parts consumption makes the analysis limited, as many of those items are 
only used in very specific time periods it is thus very important to include other dimensions. As several 
studies have shown, one of the most important dimension to consider when analyzing spares is criticality 
(Cavalieri et al., 2008; Huiskonen, 2001; Jouni et al., 2011; Molenaers et al., 2012). But, because these 
items are characterized by an erratic consumption, it is also important to include demand variability 
(Heinecke et al., 2013). Therefore, this paper proposes a three-dimensional approach, using the following 
dimensions: (i) usage value; (ii) criticality; and (iii) demand variability. 
 
 
2.4 SKU classification 
 
 
2.4.1 Ranking demand value – ABC analysis 
 
ABC analysis shows which SKUs have more impact on the company in terms of value. This analysis 
reveals that a small number of items are responsible for the most of the value. Likewise SKUs are usually 
classified into 3 groups – group A includes 5% of the items that represent 75% of value-usage, group C 
includes 75% of items representing only 5% of value-usage, the rest of items will be placed in group B, 
with 20% of items representing 20% of value-usage. 
   Cavalieri et al. (2008) says that this analysis is very important from different perspectives. Financially it 
provides data on which investments should be taken into account depending on whether they relate to 
durables or consumables. Logistically it provides information about whether inventory should be kept for 
an item or not. From a maintenance perspective it gives the basis for a balance between the availability of 
spares and consumables and the company maintenance policies, coordinating with purchasing the 
decisions of maintenance policies so that could they could minimize the effects of failures. However, this 
analysis is proven to be unsuitable when inventory is not homogenous, mainly when the major 
differences are not related to the value of the SKUs. In this case it is important to introduce other 
dimensions, but these must represent factors which are significant to the company (Flores and Whybark, 
1986; Molenaers et al., 2012; Ramanathan, 2006). 
 
 
2.4.2 Ranking criticality – VED analysis 
 
Criticality is an important attribute when classifying spare parts and components (Huiskonen, 2001). 
Several authors (Cavalieri et al., 2008; Molenaers et al., 2012) have conducted criticality analysis, and 
used the VED analysis classification, which divides SKUs into 3 groups: Vital, Essential and Desirable. 
Although other techniques could be applied to conduct criticality analysis, most studies apply this 
technique.  
   The VED analysis allows SKUs to be ranked according to their criticality, allowing the most critical 
items to be quickly identified. Defining criticality is not an easy task, although this concept could be 
linked to the type of activity for which the SKU is used (Bošnjaković, 2010). This author assesses 
criticality through four attributes: criticality for plant production, criticality for safety, criticality for 
supply and criticality for inventory. Duchessi et al. (1988) claims that criticality is a function of the level 
of criticality of the equipment where the SKUs is installed. 
   In the present research, it was found that the company already distinguishes SKUs based on criticality. 
The company currently uses two attributes to measure criticality: one assessing the consequences for 
production and the other related to the safety of operators. This is an idea common in the literature, where 
criticality is measured as a function of the failure of equipment pieces (Duchessi et al, 1988; Huiskonen, 
2001; Molenaers et al., 2012). Flores and Whybark (1987) reccommended that management should not 
only be concerned with the cost of keeping of an SKU item, but they should also consider the 
consequences of not keeping it. This concern was also expressed by the company maintenance managers 
during the action research meetings. 
   Assessing criticality is very hard because it is mainly based on subjective judgments and opinions of 
managers (Botter and Fortuin, 2000). To achieve a more systematic measure of criticality we decided to 
use an Analytic Hierarchy Process (AHP) (Saaty, 2008), which presents several advantages: it allows the 
application of qualitative criteria; numerous real world applications dealing with complex issues have 
proved AHP to be a valuable tool because it allows the hierarchical decomposition of the decision 
problem to its constituent parts. This is a procedure used in Cavalieri et al. (2008), Flores et al. (1992) and 
Moleanaers (2012) with the purpose of establishing a ranking of criticality. 
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2.4.3 Ranking demand variability 
 
Bošnjaković (2010) claims that the frequency distribution of demand is an important dimension when 
selecting the inventory management policy. Nevertheless the frequency distribution of demand does not 
account for erratic demand, as the annual average consumption does not show peaks of consumption 
(Heinecke et al., 2013; Syntetos and Boylan, 2005). 
   Calculating of the coefficient of variation (CV – a measure that establishes a ratio between standard 
deviation and average demand) reveals the variability that exists between SKUs, showing how they differ 
in volume and distribution of demand. Although the CV does not have an intrinsic meaning, 
D’Alessandro and Baveja (2000) presents an example which illustrates how this measure can be used for 
analyzing demand.  
   The boundary between high and low variability SKUs is determined by using the procedure of 
D’Alessandro and Baveja (2000), where the Pareto principle is applied to assess the cut-off between 
SKUs. Potentially when calculating the CV, some singularities may occur with some SKUs that are not 
consumed or when their demands are so stable that the standard deviation is almost zero. 
 
 
2.4.4 Ranking model 
 
More dimensions could be considered, but Flores et al. (1992) remark that the main purpose of SKU 
classification is to simplify the inventory management. These authors argue that although it is possible to 
include more than three dimensions, the analysis could become excessively complex (Flores et al., 1992). 
Hence, the authors recommend that the framework should only include those dimensions that are really 
relevant to management.  
   After selecting the classification dimensions, SKUs were brought together to create groups of homoge-
neous items. Next, weights were given to the three dimensions presented – value, criticality and demand 
variability – in order to rank the SKUs. These weights were achieved using the AHP technique. The 
importance placed by the company managers on criticality dimension justified the achieved weight of 
40%. A 40% weight was also assigned to the value dimension, and the demand variability received the 
remaining 20%. This approach is aligned with Flores et al. (1992) and Ramanathan (2006) 
recommendations. The outcome resulted in a scheme of classification that weights the three dimensions.  
   The main purpose of this step is to decide which SKUs deserve closer attention by management. The 
resulting ranking of the SKUs showed that a considerable number of SKUs changed class, when 
comparing the classic and the multidimensional approach of ABC analysis (Table 1). This confirms the 
relevance of using a multidimensional approach to SKU classification. For instance, 172 SKUs were 
reclassified from “C” to “A” and 230 SKUs from “A” to “C”. 
   In addition to these results, the company experts claimed that this approach allowed them to identify 
many unchanged SKUs. These SKUs were considered to be candidates for removal from the inventory, 
either through selling or through disposal. This decision allowed a substantial reduction in the total 
inventory value, which was in line with the company’s strategic guidelines regarding total inventory 
value. 
 
 
Table 1 
Results of the application of the multidimensional  
approach of ABC analysis. 
 

Class Classic ABC Reclassified SKUs Multidimensional ABC 

A 348 
35 A 

83 B 

230 C 

B 901 
141 A 

261 B 

499 C 

C 11622 
172 A 

557 B 

10893 C 
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2.5 Framework validation 
 
Once the SKUs were classified and ranked it was necessary to validate the framework by the managers. A 
meeting was held with researchers, purchasing, warehouse, financial and maintenance personnel and 
senior managers to present the results achieved. This meeting had as objectives to assess if the framework 
was relevant tool for the decision-making process and if adjustments were necessary. The participants 
agreed that the proposed framework was considered as a valuable and effective tool to classify and 
manage the existent and future SKUs. However, it was raised the issue how often should the application 
of the framework be revised. 
 
 
2.6 Defining inventory management policies 
 
The final step of the proposed framework is to identify SKUs that potentially share the same inventory 
management policies and group them together. For instance, these policies may determine that: there is 
either “no need to stock”, or there is a need to maintain a “safety stock”, or that the traditional models of 
periodic/continuous review policies should be applied. 
 
  
3 Conclusions 
 
This paper proposes a three-dimensional framework grounded in a multicriteria ABC analysis for 
classifying SKUs. This framework proved to be an effective tool for supporting the inventory manage-
ment decision process: it was able to handle a situation with a large number of SKUs to be managed in 
inventory; and in addition it took into consideration the decision maker (expert)�s preferences. 
   The three-dimensional framework has revealed that the traditional ABC classification of SKUs, that 
uses only one dimension, is not completely satisfactory as it ignores other relevant dimensions for the 
organization. This is particularly significant in industrial contexts where dimensions of criticality or 
demand variability are relevant to the operations of the company.  
   The application of the framework showed that a considerable number of SKUs changed class. In this 
case some SKUs, which previously were placed in groups of low importance, emerged as critical SKUs. 
Therefore, this confirms that multicriteria ABC analysis is a very effective approach for classifying 
SKUs.  
In future research the last step of the methodology – defining inventory management policies – could be 
applied and the necessary adjustments included in the management of inventories. It could also be of 
interest to apply the proposed framework to other types of organizations and contexts. 
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The Reverse Logistics on  
Companies’ Perspective  
- Case Studies 
 
Gonçalves M1, Silva A2 
 
 
Abstract: The Reverse Logistics is a research area that has received special attention by academic 
community (researchers, students and teachers) and this is the reason to improve the understanding of this 
issue. The aim of this paper is, based on a study made in a previous work, to emphases the results 
obtained by the analysis of the evolution of the papers about Reverse Logistics, published in scientific 
journals in 2004 – 2014, to analyze and characterize the Portuguese companies’ perspective, based on 
three aspects: the concept, the returns and the environmental impact. This is a working paper that pretends 
to present and describe the methodology used to study the perspectives of different Portuguese 
companies. 
 
Keywords: reverse logistics, literature review, case-study methodology. 
 
 

 
 
1 Introduction 
 
The Reverse Logistics is actual and very attractive field of research due to potentials of value recovery 
from the used products, legislations and directives about environmental and consumer laws and social 
responsibilities (Pokharel & Mutha, 2009). As today’s consumers are more and more concerned with the 
environmental impacts of products and services they buy, enterprises have been more and more 
concerned with ‘‘green operations’’ because the rapid increase of the industrial activities and 
uncontrolled consumption of natural resources cause environmental problems (Alfonso-Lizarazo, et al. 
2013, Akdoğan and Coşkun, 2012).  
   Many authors have suggested many definitions for this concept and the proposal of  the  European  
Working  Group  on  Reverse  Logistics,  REVLOG,  appears  to  be  the  most complete definition. This 
research group defines Reverse 
   Logistic as “the process of planning, implementing and controlling backward flows of raw materials, in 
process inventory, packaging and finished goods, from a manufacturing, distribution or use point, to a 
point of recovery or point of proper disposal always with the purpose of capturing value” (Rubio et al, 
2008). 
   Reverse Logistic refers to the distribution activities involved in product returns, source reduction/ 
conservation, recycling, substitution, reuse, disposal, refurbishment, repair and remanufacturing 
(Akdoğan and Coşkun, 2012). 
   Rubio, Chamorro and Miranda (2008), Lambert, Riopel and Abdul-Kader (2011) and Reddy (2011) are 
some examples of relevant publications on Reverse Logistics with emphasis to determine the areas of 
research on reverse logistics: concept, product returns and environmental impact. 
   Based on these studies, the aim of this working paper is to understand the concept of Reverse Logistics 
and its role in the manufacturing industry, focuses on learning different aspects of the reverse logistics  
and  how  these  aspects  affect  the  decisions  made  by manufacturing firms. 
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2 Analysis of the Research on Reverse Logistics (2004-2014) – Overview 
 
The first goal of this research is present the results of the research development of Reverse Logistics area. 
A systematic review of literature was done where the principal goal was to analyse the articles published 
in database Elsevier Science (ScienceDirect) since 2004 until 2014 (Gonçalves & Silva, 2014). 
   Therefore, the following terms were used for the research:  Reverse Logistics, in the title, abstract or 
keywords of the papers during the period of analysis. Other terms could be used to perform this research 
but it was decided to focus the object of this research, the objective is to investigate which is related and 
focused with this specific term. The reference work and books are excluded, in that way only journals 
were select. 89 articles were analyzed: Year of publication; Type of journal; Origin; The number of 
authors; The methodology; Areas of research and the Local of the research. These 89 articles were then 
classified in the following areas: Supply Chain Management and Environment. Each member classified 
each paper in one of these areas. For environmental issues concern recycling industry/products, 
environmental laws, waste management, sustainability, end-of-life products and others issues and the 
supply chain management  concerns products returns, cash flows,  supply  planning,  production planning, 
remanufacturing  and  others issues. All the articles were examined by the title, abstract, keywords and 
main body of the paper. It is important to emphasize that, not all articles on reverse logistics published 
during the period of analysis have been published in impact factor journals. There are other prestigious 
scientific publications, not included in Elsevier Science database, however in future work it should be 
considered the access to others databases  and  others terms of research (Gonçalves & Silva, 2014). 
   Each article was analysed for the following topics (Table 1) and all the decisions were taken mutually 
by the research team. None software was used to support these decisions, only EXCEL was used to 
organize the data (Gonçalves & Silva, 2014). 
 
 
Table 1 
Results of relation to analysis of topics. 

 
Analysis of Topics Results 

Number of the publications per journal The International Journal of Production Economics 
was the scientific journal with more publications.  

Concept Evolution in the period 2004-2014 
There was an increase in the number of papers 
published in journals, more precisely since 2010 
until 2013.  

The research area evolution over the years 
 

Over the years, the “Supply Chain Management” 
topic has attracted more attention than 
“Environmental”. However, it is noticed an 
increase in the topic “Environmental” in the period 
of 2010 to 2013 

Research methodology 
 

It was observed that the mathematical model 
applied in case studies was the methodology more 
used, followed by study case. 

Number of the authors per articles 
 

It was observed that 92% of the articles have two 
or more authors and the most of them have authors 
from different countries. 

The origin of the articles and the local of 
research 

USA leads with 17 publications and the principal 
local of research is in Universities with 70%. 

 
 
   Throughout this first stage of the work, the development of research on reverse logistics over the recent 
years was analyzed, by examining the scientific articles appearing in the international journals. Our 
principal goal was to analyze the evolution of the papers on Reverse Logistic published in 2004 until the 
present time, describe the current situation of the research and provide the support for those who begin 
the development of this topic. 
   In accordance with the findings, it can point out the following conclusions: although, there were some 
earlier works focusing on the Reverse Logistic, this research is recent and over the next years everything 
points to an incredibly interest by the researchers. This increasingly interested in the field, as 
demonstrated the last four years the progressive growth in the number of the papers (the peak was 
reached in 2013). 
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   The previous literature review gave the support to understand and analyze the strategies applied in each 
area: Products returns and Environment. 
   Effective reverse logistics focuses on the backward flow of materials from customer to supplier (or 
alternate disposition) with the goals of maximizing value from the returned item and/or assuring its 
proper disposal (Rogers &Tibben-Lembke, 1999; Stock, 1998 apud Autry, 2005).  
   This may include product returns, source reduction, recycling, materials substitution, reuse of materials, 
waste disposal, refurbishing, repair and remanufacturing (Stock, 1998 apud Autry, 2005).  
   Reverse logistics processes–and reverse logistics research–has traditionally emphasized green logistics, 
i.e., the use of environmentally conscious logistics strategies (Carter & Ellram, 1998; Green, Morton, & 
New, 1998; Murray, 2000; Stock, 1998; van Hoek, 1999 apud Autry, 2005). While environmental aspects 
of reverse logistics are critically important, many firms are also recognizing the economic impact of 
reverse logistics (Klausner & Hendrickson, 2000; Ritchie, Burnes, Whittle & Hey, 2000). 
   Effective reverse logistics is believed to result in improved firm outcomes. Firms that effectively 
manage the reverse flow of goods benefit through decreased resource investment levels and cost 
reductions, i.e., storage and distribution (Andel, 1997; Giuntini & Andel, 1995a).  
   Once a product enters the reverse logistics flow, the logistics manager has to decide where the product 
has to be sent: either return to vender, to the landfill, or to the secondary market. There are several 
reasons why a product enters the reverse logistics flow. Customers return the products for several reasons, 
for example products once bought may be returned due to physical damage, some of them are returned 
because the customers are unhappy with the functionality of the product (expectations not met), 
sometimes customers return products because they discover an alternative product with better 
functionality after they have made the purchase and others reasons Reddy (2011). Rogers and Tibben-
Lembke (1998) apud Reddy (2011) mention seven channels for disposing the products that have been 
returned to the manufacturer. They are the return to vendor, sell as new, sell via outlet or discount, sell to 
secondary market, donate to charity, remanufacture/refurbish and materials reclamation/recycling/landfill.  
   Based on the condition of the returned product, contractual obligations with the vendor, and the demand 
for the product, the manufacturer has one or more of the above options to dispose the returned product 
   The author Autry (2005) emphasizes a quick and efficient handling of returned product can also be 
critical in sustaining relationships and creating repeat purchases. For this reason, firms are more willing 
than ever to accept returns from customers. Reverse logistics allows companies an opportunity to 
differentiate them-selves, builds consumer confidence in the company brand, and positively influences 
customer satisfaction (Blumberg, 1999 apud Autry, 2005).  
   As a result, liberal return policies have become a standard marketing practice and a major component of 
the corporate image for many firms in both business-to-business and business-to-consumer markets. The 
complexity of managing damaged or defective merchandise, product recalls, maintenance and repairs, 
and recycling should make reverse logistics programs a high priority (Autry, 2005). 
   Concerning the environment impact, in recent years, the interest has increased for a number of reasons. 
Firstly, as a result of the important negative environmental impacts that company products and processes 
are producing (Azzone & Noci, 1998 apud González-Torre & Belarmino Adenso-Díaz, 2006). Secondly, 
due to the pressure that society is exerting on its institutions to address environmental issues (Murphy & 
Poist, 2003 apud González-Torre & Belarmino Adenso-Díaz, 2006), which translates as new legal 
demands (for example, European Union laws require manufacturers to collect and reuse many types of 
products). Thirdly, managers appreciate the benefits to their company image of adopting environmentally 
concerned programs (van Hoek, 1999 apud c). Lastly, consumers have changed their preferences, which 
are transferred the entire value chain (Lampe & Gazda, 1995 apud González-Torre & Belarmino Adenso-
Díaz), modifying the responsibilities of suppliers and manufacturers with regards to the products they 
place on the market (Bloemhof-Ruwaard et al., 1995 apud González-Torre & Belarmino Adenso-Díaz). 
   As a result of the aforementioned pressure, environmental practices have been adopted by companies 
that consist of both increased investment in clean technologies as well as the redesigning of processes and 
organization (González-Torre & Belarmino Adenso-Díaz, 2006). 
   Given that an impact on the environment is produced in all the phases of the life cycle of products 
(elaboration, transport, use or destruction), the integration of environmental questions consequently 
influences the choice of process technologies, the management of the supply chain or the development of 
new products (Angell & Klassen, 1999 apud González-Torre & Belarmino Adenso-Díaz, 2006). 
Accordingly, total quality environmental management, life cycle analysis, green supply chain 
management and ISO 14000 standards are becoming more and more widespread practices (González-
Torre & Belarmino Adenso-Díaz, 2006). 
   The aim of this environmental strategic viewpoint is to revalue products once they have been thrown 
away by the end consumer, thus closing/extending their life cycle. Diverse alternatives exist to do so: 
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reutilization, repair, renovation, reprocessing, cannibalization or recycling (Thierry, Salomon, van Nunen, 
& Van Wassenhove, 1995 apud González-Torre & Belarmino Adenso-Díaz, 2006). To put any of these 
alternatives into practice, companies need to define in collaboration with their customers the changes in 
their relationship with the goal of returning products at the end of their life span (Azzone & Noci, 1998 
apud González-Torre & Belarmino Adenso-Díaz, 2006). 
   After this analysis of the different strategies adopted in the product returns and environmental impact, it 
is important to understand the connection between the literature and the real life, and understand if the 
companies follow some of these strategies. 
 
 
3 Companies’ Perspective - Methodology 
 
The bibliographic research, made earlier, give a connection between the literature and all the elements 
that must be taken in field research (Real Oliveira & Ferreira, 2014). With this objective it was adopted 
the case-study’s methodology using a semi-structured interview. The interview is one of the most 
important sources of information and essential in the case studies (Yin, 2005 apud Meirinhos & Osorio, 
2010). Also, Fontana and Frey (1994) apud Meirinhos and Osorio (2010) focus the interview as one of 
the most powerful way to understand the others perspectives and it’s a powerful tool to capture the 
diversity of descriptions and interpretations about what the people know on the field (Meirinhos & 
Osorio, 2010). 
   After getting somewhat of an idea about Reverse Logistics, a preliminary set of questions were 
formulated for the case studies. Most of the questions were either taken directly or inspired by the 
methodology developed by Reddy (2011), for its master thesis work “A study on Reverse Logistics“. The 
methodology adopted was the case study, as proposed by Yin (1994) apud Silva et al (2013).  
   “Case study” means a close analysis of the practice, together with the circumstances and its 
characteristics leading to an understanding of the situation within its own context (Stake, 1995 apud 
Brito, 2004). Yin (2003) apud Subramoniam et al (2009) proposed an exploratory case study aimed at 
defining the questions and hypotheses of a subsequent study or defining the feasibility of the detailed 
research procedure.  
   This methodology was choose because the case study is used to assess the strategic factors from the 
literature review and to clarify the questions that require further research (Subramoniam et al, 2009). 
   The case study will be applied in different business sector and dimensions (national and multinational 
SMEs) Portuguese enterprises and it pretend to analyze and characterize these companies’ perspectives, 
based on three aspects: the concept, the returns and the environment.  
   These exploratory case study started in the systematic literature review and then, it was delineated all 
the important questions to get answers from the different business sectors companies. The population of 
this study consists of supply chains/logistic managers in thirty Portuguese companies of different business 
sectors and dimensions, located at North of Portugal. A formal email was sent to these companies to 
explain the project and to request their collaboration. This study gets the collaboration of ten companies, 
three of them are multinational and seven are national companies and small and medium-size enterprise’s 
(SMEs). Concerning business sectors, it will be focused on six different business sector: two companies 
are the automotive industry; two companies are the cutlery industry; one company is the food industry, 
one company is the drink industry, three companies are the aluminium industry and one company is the 
retail industry.   
   The case study will be conducted through semi-structured interviews with open-ended questions. This 
study was divided in three research areas and each area has a research question which results the 
interview questions (Table 2). This type of interview doesn’t follow any previously established order 
about the questions designed and allow more flexibility because it is possible to put the questions in the 
appropriate time according to the interviewee’s answers (Meirinhos & Osorio, 2010). 
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Table 1 
Research areas and questions. 
 
 

Research Areas Research questions Interview questions 

Product Returns 
What are the Reverse Logistics 
strategies used by Portuguese 
Companies on the product returns? 

What are the principal reasons for 
returns? 
How is the returns process (flow) 
adopted by your company? 
What activity (ies) / strategy (ies) 
apply, in order to get value from 
your products returns? 
 

Environment 
What are the Reverse Logistics 
strategies used by Portuguese 
companies on the environment? 

What are the Reverse Logistics 
strategies directed to the 
environment? Packages type? 
Planning routes, collection points 
and time? Correct disposal of 
waste? Recycling? Reuse 
materials, products, package? 
Materials recovery? 

Concept 
What is the company's perception 
about Reverse Logistics concept?  
 

Have you heard about the term 
reverse logistics? If yes, what do 
you understand by it?  
In your point of view, what is the 
importance of reverse logistics in 
companies? 

 
 
 
   The interviews will be recorded, on audio format, and always with the agreement of the interviewees. 
It’s very important to respect their space and if they want to remain anonymous or confidentiality of their 
information. Then, to analyze all the information by interviews the WebQDA or NVivo software will be 
used to support all this qualitative data analysis. 
 
  
4 Conclusions 
 
In this study the methodology selected to explore the perspective of different companies about the 
concept of reverse logistic, the strategies adopted by that companies and the value aided by this strategies, 
it is presented. It is also pretends to analyze their reality and how the multinational and small and 
medium-sizes enterprises manage their product returns and the environmental issues.  
The case study methodology will allow the understanding of the companies’ reality related to Reverse 
Logistics and the diversity of the companies sample will permit the comparison of different strategies 
adopted by different business sector and dimension. 
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Integrating Value  
Stream Maps with Waste  
Identification Diagrams 
 
Carvalho D1, Ferrete L, Magalhães A, Ferreira J 
 
 
Abstract: Value Stream Maps are the most common tools used to process mapping, but several limitation 
are recognized by professionals and academics. Another process mapping tool with more features and 
capabilities called “Waste Identification Diagrams” (WID) is being developed in the Production Systems 
Department of the University of Minho. Since both tools have their advantages and drawbacks, a new tool 
is proposed in this paper which includes features from VSM and WID hoping to grasp the best of both 
tools. The result is that this new tool becomes more complete in terms of availability of information and 
more effective in communicating information, but, on the other hand, is not able to represent layout and 
multiple roots as WID. 
 
Keywords: Value Stream Mapping; Waste Identification Diagrams; Visual Effectiveness; Lean 
Manufacturing. 
 
 

 
 
1 Introduction 
 
Too often is believed that business processes are well known, but in reality most managers do not really 
understand what their processes are or whether they can be improved, simplified, or eliminated. Process 
mapping is a management and communication technique used by companies to help them understand how 
their systems work. This technique was initially developed and implemented by General Electric as part 
of their integrated “Work-out,” “Best Practices,” and “Process Mapping” strategy to improve significantly 
their bottom-line business performance by allowing their process improvement and reengineering teams 
to gain real understanding of their processes. 
   This exercise of understanding and documenting is essential for many process improvements such as 
Lean Manufacturing. It is from a well-structured map of the whole process that appears suggestions and 
points of action to improve the system. Thus, it can be said that the mapping helps the company to find 
their strengths, but mainly to identify wastes (transport, inventory, motion, waiting, over-processing, 
overproduction and defects) (Ohno, 1988) that translate into cost savings, reduction of work in process 
and final inventory, reduction of the operations times, improved production flow and improved the 
quality of the final product.  
   There are many tools that can be used to map a process such as, Flowcharts, SIPOC diagrams 
(Suppliers – Inputs – Process – Outputs – Customers), BPI, Value Stream Maps, Waste Identification 
Diagrams (Dinis-Carvalho et al, 2014a), and many others. So, the first step to use these techniques is to 
define the process and the purpose of the mapping, and then choose the right tool. After defining the 
limits of the process there is the need to determine the level of detail and information required to build the 
map. Once the map is built it is necessary to verify it to see if there are any errors or discrepancies and 
then validate the final version. This article proposes a process mapping approach that integrates the 
principles of VSM with various WID features with the purpose of increasing the effectives of process 
mapping. A small process unit with three processes will be used to illustrate the advantages of such 
integration. In order to compare the integrated approach with traditional VSM and WID, a list of criteria 
is used and assessed as an attempt to find the potential gains that may be achieved by this proposal. 
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2.1 Value Stream Mapping 
 
Value Stream Mapping, commonly known as VSM (Rother and Shook, 1999 and Jones and Womack, 
2002), is one of the most popular tools for process mapping. It aims at all the actions that are required 
from the time a customer makes an order to the time he receives it. Its methodology involves, in a first 
step, drawing up a map of the current state of the existing system, define a future state of how the system 
should be in the future and then define the needed steps in order to reach that future or desired state.  
   This tool has become quite important as it allows to represent the entire production flow and 
information (one can visualize all processes and not just one), where one can identify any existing 
change, especially overproduction and work in progress (WIP), which its elimination is essential for a 
lean implementation plan.  
However, some authors have reported several limitations to this tool. Irani & Zhou (1999) identified key 
VSM limitations, such as that it cannot be applied when there are multiple items with different 
manufacturing routes, it does not provide layout visualization, it does not have unassociated economic 
indicator, and it does not reflect a products’ Bill Of Materials. Lovelle (2001) referred that the transport is 
depicted with arrows between processes, but it is not quantified or measured in terms of impact. The same 
author also stated that waiting, over-processing and motion wastes are difficult to observe, virtually 
remaining "hidden" on the map.  
   Huang and Liu (2005) presented other VSM limitation which is the fact that the distances between the 
processes are not represented. The difficulty to represent production systems with large diversity of 
products and production routes is also identified by other authors such as Chitturi et al.(2007). Moreover, 
the VSM does not represent people related wastes, lacks of financial indicators such as income, operating 
costs, costs of stock, and graphics for the layout spatial visualization and material handling. 
 
 
2.2 Waste Identification Diagram 
 
The Waste Identification Diagram (WID) is a representation model for production units developed in the 
Production and System Department at University of Minho, Portugal (Dinis-Carvalho et al., 2014a). 
These diagrams aim to help identify most forms of waste related to flow of materials (inventory, 
overproduction, transport and defects) as well as forms of waste related the use of people (transport, 
motion, waiting, over processing) and provide information in a much more effective way. It is very easy 
to understand and allows a very fast diagnose of the most relevant locations of waste and can be used as a 
continuous improvement tool.  
   This tool consists in a network of blocks and arrows that visually show the throughput times, idle 
capacity, transport effort, changeover times and work-in-process levels. Each WID block represents a 
process, or a group of processes, where are represented four variables: Takt Time (TT), Cycle Time (CT), 
Work In Process (WIP) and Changeover time (C/O) and they are connected by transport arrows, that 
represent the effort needed to move the products from one process to the next. The transport effort 
measures the quantity of products transported from one station to another multiplied by the traveled 
distance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Example of blocks in a WID. 
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   Two examples of processes are represented in Figure 1, one for each block, required in the process 
route of a product or family of products, thence having the same takt time for each process. As can be 
seen, several relevant information can be taken by just looking at the two blocks, being the most obvious 
the larger size of the station block 2, which is associated to a greater waste. Other information that can be 
visually seen is a greater capacity available at station 2, which has also increased WIP and, therefore, 
needs attention to find the reasons of such a large inventory. According to Little’s law, throughput time 
can be obtained by multiplying takt time and WIP. Thus, even without seeing these values, just by 
looking at the front area of each block, it can be seen that station 2 has a larger throughput time than 
station 1.  
   It is also shown in Figure 1 the transport arrow, which, as already mentioned, represents the transport 
effort required to move products from one process to another. This effort will be greater the larger the 
width of the arrow, and can be expressed in parts * meter, kg * m, cost units (€) among others. In a 
continuous improvement context, companies should seek to reduce waste associated with transportation, 
making this arrow as thinnest as possible.  
   Other advantages associated with the WID are the ability to show the layout of the production system 
and the inclusion of Overall Equipment Efficiency (OEE) (Dinis-Carvalho et al, 2014b), an indicator that 
shows the efficiency using certain equipment. In the long term, a systematic analysis of the WID can 
visually check the system changes, allowing to act where necessary. One of the most recognized WID 
limitation is the inability in representing the flow of information which is one of the advantages of VSM. 
 
 
3 WID integrated in VSM 
 
In order to improve the effectiveness of VSM it is proposed, in this article, the integration of some WID 
features into VSM. Figure 2 presents a small example where the visual effectiveness of WID blocks as 
well as the Transport Effort information is embedded in a VSM diagram.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
A VSM with some WID features. 
 
 
   This adaptation integrates the WID valuable features, while keeping the essence of VSM, which is 
showing the whole system value stream and information flow. The use of WID begins immediately to 
reduce some difficulty in analyzing the productive system, allowing withdraw immediately several 
information faster namely cycle times, WIP, throughput times, bottleneck, among others already 
mentioned in the previous chapter.  
   In this approach, the wastes related to people use of available time are also included as one may see in 
the small pie chart in Figure 2. This pie chart shows the percentage of people time spent in various forms 
of waste.  
   As an attempt to highlight the advantages of this proposed approach, a set of criteria is listed in Table 1 
and an assessment was performed following the judgment of the authors. 
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Table 1 
Insert description. 
 

Criteria VSM WID VSM+WID 
Information flow Yes No Yes 
Production flow Yes Yes Yes 
Overproduction waste Yes Yes Yes 
Inventory waste Yes Yes Yes 
Transportation waste No Yes Yes 
People related wastes No Yes Yes 
OEE information No Yes Yes 
Visual relevance of values No Yes Yes 
Capacity to represent several routes No Yes No 
Capacity to represent layout No Yes No 

 
 
   Table 1 shows that this integration of VSM and WID covers some of the limitations of VSM, like its 
inability to represent transportation waste, waste related to people utilization, OEE information and visual 
relevance of values which represents visual effectiveness. From the criteria covered in Table 1, the only 
VSM feature not covered by WID and now is covered by the VSM+WID approach is the information 
flow representation. 
 
 
4 Conclusion 
 
This paper proposes a way of improving the VSM capabilities and effectiveness, by including some 
important features imported from Waste Identification Diagrams. The most relevant gains obtained from 
that integration are: the ability to represent transportation waste, people related wastes and OEE 
information. Another interesting innovation is the inclusion of visual relevance of values in a way that, by 
simply looking at the diagram, many bits of information are rapidly grasped, such as available capacity in 
processes, bottlenecks, setup times, differences between station times, differences between transportation 
effort and information about people related wastes. This tool may be more effective for communicating 
with top managers about systems’ current state, as well as improvement opportunities. Despite the gains, 
this new approach loses the ability to represent the layout and represent systems with wide range of 
products, a feature associated exclusively to WID. 
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Does Sustainable Supply Chains 
Practices Increase Companies  
Performance? 
 
Pinto L1, Borges Gouveia JA2, Ferreira, L3 
 
 
Abstract: The recent worldwide crisis, in finance and energy areas, is likely to reinforce the importance 
of sustainable development within strategic intents of states and firms. Companies have increasingly 
recognized the need to pursue not only economic but also environmental and social goals. Using a 
multiple case study, eight focal companies were investigated through semi-structured interview, how 
sustainable internal and external practices are being incorporated by industrial companies across the 
supply chain, as well as the performance measures used for evaluate the influence of sustainable practices 
on focal companies and the impact of those practices on the global performance. The paper contributes to 
understand the potential of sustainable practices on the company’s performance explored through semi 
structured interviews on eight industrial companies. We identify through empirical evidence the 
environmental and social practices with larger application in business and their implications on economic, 
environmental and social performance. The paper draws useful lessons for companies and practitioners 
who seek sustainable practices. 
 
Keywords: Sustainable supply chains; Performance; Case studies; Portugal. 
 
 

 
 
1 Introduction 
 
There is an increasing recognition that organisations must address the issue of sustainability in their 
supply chain as an essential element of firm strategies (Seuring, 2013). Due in large part to pressures 
from various stakeholders, especially government regulators, community activists, non-governmental 
organizations (NGOs), and global competition, many companies have adopted a certain level of 
commitment to sustainability practices. Sustainability is commonly defined as the use of resources to 
meets the needs of the present without compromising the ability of future generations to meet their own 
needs (WCED, 1987). Sustainable supply chain management (SSCM) is a critical and interdisciplinary 
field that derives from integrating the concept of sustainability with core business functions that fall 
within the domain of supply chain management, such as procurement, logistics and knowledge 
management (Morally & Searcy, 2013; Pagell & Wu, 2009).  
   The structure of this article is organized in five sections. In section two a brief review of the literature, 
the main characteristics of the framework and the research's objectives are provided. In section three the 
methodology of the study is introduced. The results of the empirical data analysis are presented in section 
four. Section five includes a summary of findings, conclusions and future research directions. 
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2 Research Objective and Framework  
 
This paper aims to identify the relationships between sustainable supply chain practices and companies 
economic, environmental and social performance. Based on literature review, a research framework has 
been defined, encompassing two main elements: sustainable supply chain practices and performance. 
   The first element of the framework contains the sustainable supply chain practices identified by means 
of the literature review. Despite the many studies to date, that have been conducted on the relationship 
between environmental practices and economic performance (e.g., Azevedo et al., 2011; Eltayeb et al., 
2011; Kleindorfer et al., 2005; Svristava, 2007; Seuring & Muller, 2008; Seuring et al., 2008), just a few 
examine the social and environmental practices with economic, environmental and social performance. 
Through literature review we identified environmental and social practices used in different studies.  
   Environmental Practices  
   The set of techniques, politics and procedures implemented by companies, whose consequences are the 
reduction and elimination of waste and pollution, elimination of hazardous materials, life cycle analysis 
of products, reduction of companies’ operations environmental impact and preventive environmental 
problems are denominated as environmental practices (Montabon et al., 2007). Those environmental 
practices  includes supply chain  activities: from eco design, reverse logistics, distribution, green 
purchasing, internal environmental management, environmental information systems, green production 
focus on suppliers’ process management of the focal firm (Azevedo et al., 2011; Eltayeb et al.,2010; 
Hervani et al., 2005; Zhu et al., 2008,2010). 
   Social Practices 
   The adoption of social practices in the supply chain is related to the social dimension of SSCM, 
incorpo-rating organization’s internal and external social issues. Internal social practices are those related 
with the organization's internal environment, associated to human resources: recognition, valorization and 
promotion of the workforce capabilities with appropriate human resources politics, equity practices, 
development and wellbeing, creation and maintenance of a participatory and open environment for 
employees development, fair remuneration, decent work conditions, training and adaptation programs 
(Elkington, 2001) Concerning external social practices, those include: relationship between surrounding 
communities and manufacturing facilities in order to assure populations quality of life, relationship with 
other stakeholders through democratic and ethic decisions, responsibility for the products and services 
offered, considering the impacts on costumers and non-costumers affected by the negative externalities of 
other citizen's consumption (Pullman et al., 2009). 
 
  
2.1 Framework 
 
The framework has been formulated according to the literature review. More specifically, sustainable 
supply chain practices have been classified into internal and external environmental and social practices: 
   Environmental practices 
   – Internal environmental practices, includes a set of environmental practices: internal environmental 
management, eco-design, green purchasing and green production (Azevedo et al., 2011; Hervani et al., 
2005; Rao, 2004; Rao & Holt, 2005;Tsoulfas & Pappis, 2008; Zhu et al., 2008, 2010;).  
   – External environmental practices, includes: environmental collaboration with customers and 
suppliers, green packaging and reverse logistics (Beamon, 1999; Carter & Rogers, 2008;  Eltayeb et al, 
2011; Hervani et al., 2005; Nair & Menon, 2008; Rao, 2004; Vachon & Klassen, 2006; Vachon & 
Klassen, 2007; Zhu et al., 2008). 
   Social practices 

– Internal social practices, includes, top managers internal social commitment to 
manage social issues, labour practices and health and safety conditions (Gauthier, 
2005; GRI, 2006; Hutchins & Sutherland, 2008; Sloan, 2010). 
– External social practices, includes, social collaboration with suppliers and customers 
and community collaboration (Amaeshi et al., 2008; Gauthier, 2005; GRI, 2006; 
Hutchins & Sutherland, 2008; Sloan, 2010). 

   Performance 
   The second element of the framework includes the performance indicators used to measure sustainable 
supply chain practices impacts. We can only manage what we can measure, so measuring performance is 
critical to any organisation manage its activities and operations and an important requirement to its 
improvement process (Sink & Tuttle, 1989). 
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   Based on GRI, environmental and occupational health management systems performance indicators and 
others key performance indicators (KPIs) identified on the literature review, performance indicators can 
be grouped in: 

– Economic performance: measure the impacts of environmental and social practices 
on focal firm and on the supply chain: Sales; Earnings Before Interests, Taxes, 
Depreciation and Amortization (EBITDA); 
– Environmental performance: measure the impacts of environmental and social 
practices adopted on focal firm and on the supply chain, in relation to raw material 
used, energy, water, air emissions and wastes; 
– Social performance: measure the impacts of environmental and social practices on 
focal firm and on the supply chain considering injuries number, working hours lost 
due to illness, accident frequency and gravity index, absenteeism rate, overall staff 
turnover rate and training. 

Figure 1, synthesizes the main components of the framework: 
 

 

 
 
 

 
 
Fig.1  
Research framework. 
 
 
 
   On the basis of the research framework, the research objective aims at analyzing the link between 
sustainable supply chain practices and performance. 
   In line with this the following main research question has been formulated: 
   RQ1: How supply chain environmental and social internal and external supply chain practices impact 
on the economic, environmental and social performance of the focal firm? 
 
 
3 Methodology 
 
This study adopt a qualitative approach, using a case study approach which was chosen as the most 
appropriate research method to describe and explore new phenomena and useful to explain the 
relationships between sustainable practices and organizations performance. Suggestions for the number of 
cases to use in multiple case study research vary, but Eisenhart (1989) suggests eight cases as the 
maximum that a person can mentally process, Yin (2009) is more circumspect in regards to hard numbers 
and instead suggests that data should be collected until theoretical saturation. For those reasons the 
sample is composed by eight companies. Those companies are highly committed to all dimensions of 
sustainability – economical, environmental and social - and have production plants in Portugal. They 
received third party certification and/or recognition, the attitude of transparency that characterizes their 
activities described in their websites, social reports and also through the newspaper articles, articles in the 
business press and presentations at sustainability conferences. Case studies have been developed by 
means of twenty two anonymous semi-structured face-to-face interviews on the basis of a semi-structured 
protocol (Cf. Table 1). Triangulation with secondary data collected from reports and websites, was 
conducted to enhance study validity and reliability. 
 
 

Performance 

 Economic Environmental Social 
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Table 1 
Characteristics of the sample. 
 
 

Company Industry Annual 
Turnover 

(ME) 

Number of 
employees 

Number of 
interviews 

Role of interviews 

C1 Glass 95 350 3 General, Purchasing and Health & Safety  
Director;  

C2 Cork 318 927 4 General, Purchasing and Human 
Resources Director; Environmental, 
Health & Safety Coordinator;  

C3 Automotive 
components 

84,4 348 4 General, Integrated Systems,  Purchasing 
and  Public Relations Director 

C4 Wood based 
 panels 

1.321 177 3 General, Environmental, Health & Safety 
and Purchasing Director 

C5 
 

Office and 
commercial 

furniture 

8,62 122 1 Quality, Environmental, Health &  Safety 
Director 

C6 Automotive  
assemblage 

216 190 3 General, Human Resources and 
Purchasing Director 

C7 Drinks 498  1500 1 Environmental, , Health &  Safety 
Sustainable Director 

C8 Automotive 
 textile 

44 182 3 General, Environmental, Health & Safety 
and Purchasing Director 

 
 
 
 
4 Results and discussion 
 
In this section the main results of the empirical analysis will be presented and discussed. We present, in 
table 2 the sustainable performance indicators used by companies and the impact of sustainable supply 
chain practices on economic, environmental and social performance. 
 
 
Table 1 
Performance indicators. 
 
 

Key performance indicators 

Economic Environmental Social  

Sales; 
EBITDA 

Energy; Water Waste; 
Air emissions 

Number of injuries ; Number of working hours lost due to 
illness; Accident frequency index; Accident gravity index 
Absenteeism rate; Overall staff turnover rate; Training 
hours per employee; Age profile; Break down by gender 

 
 
 
   Table 2 shows the indicators that companies´ have in common to measure sustainability performance. 
As we can see from the table, the typically economic indicators used to measure economic performance 
are sales   and EBITDA. The assessment of environmental performance is determined by the impositions 
of the ISO 14000 certification, which these companies have obtained. From the social point of view, 
performance socials indicators include classic human resources and safety indicators. Even some of the 
companies do not have OSHAS 18001 certification, all of them measure health and safety indicators (Cf. 
Table 2). Customer satisfaction is also an indicator measured for all companies. The companies that do 
activities and collaborate to NGOs measure the number of activities.  
   We aim to identify the relationship between sustainable practices implemented and the economic, 
environmental and social. Regarding the relationship between the implementation of environmental 
practices and economic performance, concerning General and Health & Safety Directors opinions of the 
eight companies in the study, the relationship is positive , i.e, the application of environmental practices 
have a positive impact on economic performance. 
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   Three of the study companies reveal difficulties in measuring the application (or the relation) of 
environmental practices and economic performance, due to the scope of the practices in question. Some 
of them have negative effects on economic performance, given the investments that are needed to 
accomplish.  
   Regarding the relationship between the implementation of internal social practices and economic 
performance, despite the existence of trade-offs applying social practices, for three of the companies, the 
effect on economic performance is positive in that it increases employee satisfaction which has effects on 
quality, productivity and profitability. With regard to the relationship between environmental practices 
and environmental performance, we find that for all of the companies the implementation of 
environmental practices have a positive and immediate impact on environmental performance. The 
relationship between social practices and environmental performance for companies in which it has been 
established this relation-ship exists and is positive however the relationship is difficult to establish. The 
relation between social practices and social performance is a win-win relation for all companies. This was 
reflected in the improvement of social performance indicators, such as, employee motivation and 
satisfaction, pride, absenteeism rate, turnover rate, work accidents. Beyond the internal effects, external 
impacts are evident in corporate recognition by the community through awards and establishing 
partnerships with NGOs and through the participation in different research projects with different 
stakeholders. 
 
 
5 Conclusions 
 
This paper aims at studying sustainability on different industries, considering supply chain practices, and 
performance. To chase this objective, a literature review has been carried out to identify sustainable 
supply chain practices and performance. In general we conclude, based on the eight companies analyzed, 
that the implementation of supply chain sustainable practices across the companies, have positive impacts 
on the overall business performance. These results might help practitioners to understand how to 
implement sustainable supply chain practices and identifying the impact that each practice has on the 
performance. 
   Nevertheless, this research suffers from some limitations. Even different industrial sector have been 
analyses, due to the limited number of companies involved, results may not be generalized to other 
contexts and broader samples. A wider sample of analysis is needed to support the results and to allow 
statistical validations as well. 
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Application of Lean Accounting  
for production costs management  
in lean enterprises: a case study  
in an auto parts company 
 
Soranso LM1, Cavalcanti D2, Meirelles JLF3, Rossetti N4 
 
 
Abstract: This study deals with the application of account reports, as proposed by the Lean Accounting 
(LA) methodology, as a management tool to evaluate the cost results in the lean manufacturing cells and 
also compares the deviation between the traditional cost per unit and the average cost per unit as in the 
Value Stream Costing (VSC) method. According to the unit managers of a Lean Manufacturing (LM) 
company, one of the greatest challenges, after the modifications in the production system, is the 
demonstration of the financial benefits achieved due to the lean changes. Mainly because of the conflict 
between the product cost calculation method and the production costs indicators. The encountered results 
corroborate with the literature in regarding of the need for adapting the cost controlling system adopted in 
Lean Enterprises. 
 
Keywords: Lean Accounting, Value Stream Costing, Cost Management. 
 
 

 
 
1 Introduction 
 
In the latest decades, many companies have been migrate its production system from mass production to 
the Lean manufacturing system (Kennedy and Widener, 2008). 
   After adhering to the philosophy and implementing improvements that dramatically reduce waste and 
minimize inventory levels, managers have been facing a new challenge: to demonstrate financially all 
earnings and savings generated by the Lean Manufacturing. (Arbulo-Lopez and Fortuny-Santos, 2010; 
Maskell, 2011). 
   In order to align the information of the results obtained through the lean system and the production 
costs required for financial statements (Slavov et al., 2013), an interaction between Production and 
Accounting Management has been established. 
   The aim of this study is to demonstrate if a lean enterprise can keep using the traditional costing method 
to evaluate its production costs results. Can this traditional model, a system that seeks the lowest unit cost 
by the dissolution of the fixed costs into the highest possible production quantity, still demonstrate the 
performance of an one-piece-flow oriented system? 
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2 Literature Review 
 
 
2.1 Accounting Roles in Production Systems 
 
Atkinson et al. (2000) state that: 
 

 "Management accounting information is one of the primary informational sources for decision 
making, improvement, and control in organizations." 

 
   To Lere (1980) the responsibility for price definition and market value belongs to the Accountancy, 
others authors also claim that the Accounting systems should be able to fit into the various production 
systems in order to better serve its managers and evolve with the innovations in production systems 
(Granlund, 2001; Lere, 2001; Souza et al.., 2003). 
 
 
2.2 Costing Methods and Lean Accounting 
 
Regarding the function of Accounting systems as support for business management follows a major 
debate about which appropriate costing method can be considered more appropriated to each production 
system (Charles and Hansen,2008; Lere, 2001; Pong and Mitchel, 2006). Other important discussion in 
this regard is about the real need of a product cost per unit (Kaplan and Cooper, 1991) versus its 
importance as a pricing method (Noble and Gruca, 1999; Charles and Hansen, 2008). 
   The most widespread costing methods are: 
 

• Absorption: the only one still recognized by the Brazilian tax authorities for balance 
sheet purposes and income statement. It is applied for this study case. In this model, 
every cost, direct or indirect, is absorbed into the product cost. Thus the higher the 
production volume, the lower the unit product cost, since the fixed costs are dissipated 
in the production volume. This effect leads to an overproduction and therefore 
inducing to inventory increase, what can compromise company´s cash flow (Womack 
et al., 1992). 
• Variable Costing: avoids the arbitrariness of apportionment contained in the 
absorption method and allocate the fixed costs as overhead in the income statement 
(Martins, 2003). 
• Activity Based Costing - ABC: here the activities consume resources and the cost 
objects consume the activities (Andrade et al., 2008). Similar to the Value Stream 
Costing, on ABC, the use of resources are measured and appointed for each activity 
and the costs will be only appropriate to the product if it consumes the activity 
(Kaplan and Cooper, 1991). 

 
 
3 Research Methodology 
 

1.! The Company 
 

This case study was performed in a subsidiary of a large multinational European 
company, in the auto parts industry. The company has 170 locations in 49 
countries and has approximately 80,000 employees. The Brazilian subsidiary is 
located in State of São Paulo, Brazil, counts with approximately 4,000 employees 
and has, for over 20 years, a strong lean program, leaded by the matrix, focused 
on the lean philosophy implementation. 
 

2.! Interview and Data Collection 
 

This empirical research uses the information obtained from the interviews with 
the Lean Office Manager and the Production Unit Manager and the data 
collection of the Value Stream Map and its costs after the lean cell 
implementation. 
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4 Project, Costs and Reports 
 
After track and design the Value Stream Map of a product line, the Lean Office has identified an 
operation sequence that could improve the value stream performance if the layout of the machines could 
be modified. 
   The approximation of the equipments and the balance of the material flow created a dedicated cell and 
drove to savings in handling, intermediate stocks (WIP) and allocated employees, as follows: 
 
 
Table 1 
Comparative between push (before) and lean concept (after). 
 
 

    Before  After Δ 
Cycle Time Grinding Finishing Washing Assembly Line  

Component A [min/pc] 0,180 0,160 0,160 - 
0,168 -16% Component B [min/pc] 0,120 0,120 0,007 - 

Final Product [min/pc] 0,000 0,000 0,000 0,180 
Concept - Individial Machines Cell - 
Employees - 18 10 -44% 
WIP 1 [pcs] 16.000 6.012 -62% 
Batch Size [pcs] 100.000 25.000 -75% 
Lead Time 2 [days] 1,6 0,8 -50% 
Handling  [m] 2500 60 -98% 
OEE 3 [%] 68 76 12% 
Area [m2] 213 180 -15% 
Cost per Unit4 [BRL] 1,30 1,47 13% 

                         1WIP = ΣWIP ÷ Daily Customer Demand 
                         2LeadTime = ΣQeueT + ΣSetupT + (Batch Size x ΣCycleT) + ΣWatingT + ΣHandlingT 
                         3OEE= Availability x Performance Efficiency x Quality 
                         4Cost per unit = (Setup Time/Batch Size + Cycle Time) x Cost Minute 

 
 
   As demonstrated in Table 1, by applying  the new concept,  many performance indicators have been 
improved. The cycle time reduction was achieved substituting an upgraded grinding tool in the bottleneck 
machine. This is important to highlight, because, even with this improvement, the final calculated cost per 
unit has been increased. This occurs basically because of the batch size effect (see Cost per Unit 
equation).  
   The handling distance between the machines almost does not exist anymore and the logistic labor to 
movement the components from one station to another has been eliminated, what has also influenced, 
associated to the WIP reduction, savings in utilized area. 
   Due to this new layout, 8 employees were released to work at other sectors that were in lack of 
manpower. The company´s policy is not to dismiss any employee, but avoid new hires. 
Going forward on the cost analysis, it is necessary to understand the cost per minute structure and how 
the company analyses its production costs results. 
   Table 2 shows all the allocated costs for machinery and operation cost. Summing not only the 
production costs, but also all costs of support areas, sales and company´s overhead, the production unit 
absorbs costs that are not related to its activity, because of the apportionment method. This total amount 
applied to the machine center cost is divided by the total available minutes per month, or year, so the cost 
per minute is created. 
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Table 2 
Cost per Minute Structure and Operations  
Costs before Cell Implementation. 
 
 

Cost per Minute  
Structure Profile Grinding Finishing /  

Washing 

Grinding /  
Finishing /  
Washing 

Assembly 

Customer Service  R$           90,62   R$           36,14   R$         210,72   R$         143,24  

Purchasing  R$         326,76   R$         134,16   R$         502,86   R$         243,08  

Production Cell  R$    36.616,99   R$    46.334,69   R$    65.909,45   R$    20.111,04  

Cell reloading  R$      2.941,62   R$      2.157,30   R$      2.922,54   R$      1.629,23  

Quality Assurance  R$      3.969,47   R$      3.046,01   R$      3.494,02   R$      2.345,26  

Unit Administration  R$      7.389,99   R$      4.539,74   R$      8.201,43   R$      6.808,85  

Accounting  R$           55,46   R$           53,88   R$                 -     R$                 -    

Information Systems  R$           90,62   R$             9,74   R$                 -     R$           84,41  

Design Engineering  R$      2.227,25   R$      1.709,11   R$      1.960,48   R$      1.315,92  

Technical Support  R$      7.249,21   R$      1.041,83   R$      8.914,12   R$         205,02  

Area  R$         202,48   R$           75,92   R$         263,03   R$    32.082,19  

Overhead  R$      1.972,67   R$         783,36   R$      2.617,69   R$      2.607,39  

Total Cost  R$    63.133,15   R$    59.921,88   R$    94.996,33   R$    67.575,65  

Available Time 
[min/month] 

28.762 37.710 33.988 41.662 

 Cost per minute  R$             2,20   R$             1,59   R$             2,80   R$             1,62  

 Setup  300 200 400 70 

 Cycle Time  0,180 0,160 0,120 0,180 

 Batch Size  100.000 100.000 100.000 100.000 
 Cost per unit  R$             0,40   R$             0,26   R$             0,35   R$             0,29  

 
    
 
   Further, by applying the company's cost rule to the new production condition, within the cell 
implement-tation, following results, demonstrated in Table 3,  were obtained: 
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Table 3  
Individial Machines and Cell Total  
Costs and Manufacturing Costs. 
 
 

Cost per Minute  
Structure 

Individial  
Machines Cell 

Customer Service  R$         480,72   R$         480,72  

Purchasing  R$      1.206,86   R$      1.206,86  

Production Cell  R$ 168.972,18   R$ 151.325,95  

Cell reloading  R$      9.650,69   R$      9.650,69  

Quality Assurance  R$    12.854,77   R$    12.854,77  

Unit Administration  R$    26.940,01   R$    26.940,01  

Accounting  R$         109,34   R$         109,34  

Information Systems  R$         184,76   R$         184,76  

Design Engineering  R$      7.212,76   R$      7.212,76  

Technical Support  R$    17.410,19   R$    17.410,19  

Area  R$   32.623,62   R$   27.569,26  

Overhead  R$      7.981,11   R$      7.981,11  

Total Cost  R$  285.627,01   R$  262.926,41  

Available Time 
[min/month] 

see Table 2               32.832  

 Cost per minute  see Table 2   R$           8,008  

 Setup  see Table 2                    400  

 Cycle Time  see Table 2                  0,168  

 Batch Size  100.000               25.000  
 Operation Cost per unit  R$             1,30   R$           1,474  

 
 
 
   For Maskell et al. (2011), the average cost per unit would be R$ 2,856 / piece, in other words, R$ 
285.627,01 divided by 100,000 produced pieces. Thus, a priori, some managers would consider this cost 
unfeasible for the business. That is why the Lean Accounting affirms that this simplistic cost per unit 
analysis is a wrong view for cost management and should not to be used by lean enterprises. 
   Evidencing the literature, even with the total production cost reduction of 7,9%, the company did not 
use the cost per unit metric to decide for cell implementation since, as shown in Table 4, the product cost 
per unit has been increased,  
   Converging with Maskell et al. (2011), Árbulo-López and Fortuny-Santos (2010) and Slavov et al. 
(2013) it is found that a differentiated approach in the cost presentation changes the viewer's perspective 
regarding the obtained results. This alternative approach is also necessary for the production system 
evolution. 
   The next table presents the results according to a Lean Account suggestion for Financial demonstration 
and shows that, to enable the complete business management overview, it is also necessary to include the 
sales revenue of the Value Stream and the inventory level. 
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Table 4  
Financial Statement for Value Stream  
Mapping according to Lean Accounting. 
 
 

 
Before Lean After Lean Improvement 

Sales Revenue  R$   1.158.750,00   R$   1.158.750,00   R$                     -    
Conversion Costs  R$      285.627,01   R$ 262.926,41  -R$ 22.700,60  

Material Costs  R$      627.000,00   R$      627.000,00   R$                     -    
Value Stream Profit  R$      246.122,99   R$      276.804,70   R$                     -    

ROS 21% 23% 2% 
Inventory  R$      121.104,00   R$        45.504,83  -R$        75.599,17  

Average Cost per Unit1  R$                 9,13   R$                 8,90  -R$                 0,23  
                               1 Average Cost per Unit = (Conversion Costs + Material Costs ) ÷ 100,000 pcs (produced) 

   In this report, the inventory reduction is clearly demonstrated. Here the stocks variance is treated 
separately while in Table 5, the current company´s report, the inventory variance is carried into the unit 
credit and leads to a controversial impact, once inventory increase affects positively the performance of 
the unit  production costs. 
 
 
Table 5  
Current Financial Statement. 
Behavior of Inventory Variation. 
 
 

Inventory Reduction Increase 
(=)Production Credit1  R$     912.627,01   R$  912.627,01  

(±) Δ Inventory  -R$       75.599,17   R$    75.599,17  
(=) Total Unit Credit2  R$     837.027,83   R$  988.226,18  
(+ )Processes Costs  R$     285.627,01   R$  285.628,01  
(+) Material Costs  R$     627.000,00   R$  627.000,00  

(=) Total Costs  R$     912.627,01   R$  912.628,01  
(=) Production Cost Deviation -8,3% 8,3% 

                                        1 Production Credit = Cost per unit x delivered quantity at Expedition 
                                        2 Unit Credit = Delivering Credit +/- change of stock 

 
   That is why, more than apply the lean method, the enterprise must understand the informational impact 
of the figures on its managers actions and decisions.  
 
 
5 Final Conclusion 
 
It was considered that the analyzed figures results combined with the unit management reports confirmed 
the literature proposition of the need for an adequate accounting system that better supports the 
management decisions in lean enterprises. 
   Since this is a private company, the access to information and staff was limited, not allowing the 
verification of the real raw material and selling price values and the apportionment rules. Thus those 
values were given after multiplied by an unknown factor, not higher than 10%, only for an approximated 
calculation statement.  
   Finally, seeking the evolution of the lean culture spread, it is suggested to other researchers to verify 
whether companies that adopted lean manufacturing system are also presenting deficiencies in their 
management accounting, how those divergences are handled and if they are aware about the existence of 
Lean Accounting as a management tool. 
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Industrial Vertical Portals:  
Influence of Cluster Membership  
on Participants’ Perceptions  
of Future Value Creation,  
Motivations and Expectations 
 
Santos S1, Barros AC2, Campos P3 
 
 
Abstract: Increasingly, web-based portals are used as a vehicle to meet the needs of both Business-to-
Consumer (B2C) and Business-to-Business (B2B) markets. Several authors have highlighted the 
importance of companies’ participation in clusters as a way to foster networking and relationships among 
networks of organizations towards the identification of new business opportunities. And yet, studies about 
the motivations and expectations of companies to actively participate in web-based portals as means of 
networking and opportunity search are scarce in literature. This paper, based on a case study of the 
Portuguese Manufacturing Technologies Cluster (PRODUTECH), investigates how cluster membership 
affects the perception of future value creation, motivations and expectations of companies to participate 
in the cluster web-based portal. The results showed that perceptions of future value creation, motivations 
and expectations for participation and/or search in the industrial portal are in fact related with being a 
member or not of PRODUTECH. 
 
Keywords: Clusters, Industrial Vertical Portal, Case Study. 
 
 

 
 
1 Introduction 
 
Currently, companies, associations and clusters have been engaging in projects for the creation and 
implementation of vortals (vertical industry portals) in the hope of increasing their competitive advantage 
by perceiving the opportunities that arise from cooperation networks. Indeed, industrial vertical portals or 
vortals are an useful instrument because they provide access to online platforms for data sharing and other 
forms of cooperation (Haupt and Kalyanasundaram, 2007). Examples of industrial vertical portals are the 
one developed by the Portuguese Information Technology, Communication and Electronics Cluster 
(tice.oobian.com), the plastics and packaging portal (www.plastech.biz) and the FindLaw portal 
(www.findlaw.com). However, to the best of our knowledge, until now, there are only scientific studies 
investigating the importance of value creation, motivations and expectations in B2B e-commerce, and not 
in industrial vertical portals. Similarly, we were not able to find scientific evidence that demonstrates that 
the membership of clusters has a differentiating effect on value creation, motivations and expectations in 
industrial vertical portals. Therefore, this paper aims to fill this gap, by means of a case study on the 
vertical portal of the Portuguese Production Technologies Cluster - PRODUTECH. 
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2 Literature Review 
 
The cluster concept, defined by Porter (1998), is based on the geographical concentration of companies 
and institutions in a specific area of uncommon competitive success. Being part of a cluster allows 
companies to operate productively, to access to information, technology and institutions, and to achieve 
coordination and complementarity with related parties. Furthermore, the close relationships builds trust 
between the actors in the cluster, therefore promoting cooperation and learning through the exchange of 
knowledge between companies (Podolny and Page, 1998; Kajikawa et al., 2012). With the development 
of ICT tools, cluster managers seek to implement web-based systems to potentiate the interaction and 
collaboration among cluster members. Still, as to the best of our knowledge, there are no previous studies 
exploring the value creation, motivations and expectations in industrial vertical portals, we based our 
research on the ones identified in B2B e-commerce, which we revise in the following sub-sections. 
 
  
2.1 Value Creation in E-Business 
 
New information and communication technologies allow the collection and exchange of information 
between parties, thus improving the development of value creation networks and better communication 
between the parties (Kothandaraman and Wilson, 2001). In the context of e-business, Amit and Zott 
(2001) identified four sources of value creation: efficiency, complementarity, lock-in and novelty. 
   Efficiency: The greater efficiency of a transaction, the lower the costs. The electronic markets allow 
efficiency gains because they allow the improvement of information on products and services, 
minimizing the effort, money and time that consumers invest.  
   Complementarily: The internet allows to sell products or services, which may increase the value that 
the consumer is willing to pay. In addition, there may be a complementarity between the business offline 
and online. 
   Lock-in: The e-business provides tools that contribute with customer retention, as intangible factors - 
the brand and the company’s reputation influence the valuation that the consumer conceives of what the 
company has to offer; and tangible factors related with the quality of products or services, their 
personalization and customization. 
   Novelty: The novelty is related to innovation. The Internet allows companies to create new business 
models, penetrate new markets, and create new products and services according to the needs of 
consumers.  
   In short, the information made available from a single source, the complementarities between the online 
and offline, the opportunity to create new businesses, products and services and the efficiency allow 
companies to take a strategic position in the online world. 
 
  
2.2 Motivations in E-Business 
 
Yoon et al. (2002) consider that the motivation for the use of a web portal is an important factor in the 
continued growth of e-commerce. There are four motivating factors (function, customization, familiarity, 
search) correlated with confidence and satisfaction. While function corresponds to the portal’s utility, 
customization maintains users, allowing adaptation of the content of web portals and users can select 
news and information they want. The familiarity factor is associated with the relational concept of 
intimacy or knowledge, in which users are accustomed to while using portals and therefore it does not 
change from on to another (Yoon et al., 2002). The search for information is also a motivating factor. 
Katz and Aspden (1997) found, through the study of motivation on the web, that "obtaining information 
about specific interests" is the main reason for using the Internet, followed by "communicating with 
people "and "keeping up". 
   If organizations have an active participation in the digital market or are merely passive observers it will 
depend on their motivations. These may be related with improving efficiency, reducing the cost of doing 
business, demonstrate a technological sophistication of image or utility, customization portal, familiarity 
and seeking information. The motivation for the use of a web portal allows a continued growth of e-
commerce. 
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2.3 Expectations in E-Business 
 
Expectations are the perceptions of the future product or service performance that are commonly thought 
to reflect what the customer believes or anticipates will likely to happen (Olson and Dover, 1979). Thus, 
after buying a product or using a service, customers evaluate their satisfaction based on their initial 
expectations, and the actual perceptions of service performance, comparing expectations with 
performance. It is with expectations in mind that customers decide whether or not to be present or search 
an e-business market. 
   Lankton and Wilson (2007) have combined the expectations from online services with the influence of 
previous history of personal needs and past experience. This study was applied in a B2C website linked to 
health services. Personal needs are essential conditions for the psychological, social or physical well-
being of the customer. Information is the main supply in many online sites, and many clients access to 
them, especially to meet their information needs (Stafford, 2003). For example, a person who realizes the 
need for social interaction is likely to anticipate a service will be useful or pleasing to answer that need. 
People look for different types of information, including new information, clarify information or confirm 
information. Past experience includes previous exposures to products or services that are relevant 
(Zeithaml, Berry and Parasuraman, 1993). 
   The expectation is considered a multi-attribute construct (Hsu and Chiu, 2003). The authors Lankton 
and Wilson (2007) identified the following dimensions of expectations: utility, ease of use and 
enjoyment, showing that search for information and previous satisfaction with the service are significant 
antecedents of expectations, and expectations have a positive influence on satisfaction. 
   In our case study we analyzed the expectations set out by Lankton and Wilson (2007): utility and ease 
of use (we excluded the enjoyment of the portal because it is not yet in operation and therefore we are not 
able to review this attribute in advance) and their relationship prior to the request for information and 
previous satisfaction with the service. This proposal follows the one suggested by Lankton and Wilson 
(2007) that future research should investigate if the influence of information-seeking preference varies 
with the duration of the relationship between customer and supplier as well as deepening research in other 
sectors. 
 
 
3 Research Methods 
 
The research question driving this study is: Does cluster membership affect the perception of future value 
creation, motivations and expectations of companies to participate or search in the cluster web-based 
portal? In order to investigate this research question a survey was developed following the review of the 
literature above and administrated both to members and non-members of a cluster. The Portuguese 
Production Technologies Cluster (PRODUTECH) was chosen as context to develop this research, 
because of the heterogeneity of its members’ profiles and the current implementation of a web-based 
portal for the cluster. PRODUTECH has 89 members covering the whole Portugal but with higher 
concentration in the north, as follows: 60 companies (44 manufacturers and 16 productions technologies 
users), 16 research institutions, and 13 other entities and associations. The development of the survey 
instrument was also supported by four exploratory interviews with members of the PRODUTECH Board 
of Directors.  The sample used in this study is described in Table 1. The survey was administered in July 
2014. In the case of cluster members, phone contacts were made to increase the companies’ participation 
in the study. A list of 3500 Portuguese companies (production technologies and end users) of various 
sectors, such as furniture, construction, molds, cork, footwear, automobile, among others, was used for 
reaching out to cluster non-members. 
 
 
Table 1 
Sample composition. 
 
 

 Cluster Non-members Cluster Members 

Number of companies contacted 3500 89 
Number of valid responses 266 69 
Response rate 7,5% 77,5% 
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   The industrial vertical portal of PRODUTECH shall work as a tool to potentiate exports increase and 
imports reduction (increasing the level of information to national and international companies so that they 
buy machinery and equipment from Portuguese companies). It will also help to identify opportunities for 
cooperation and for the promotion of companies and organizations belonging to the sector and its major 
products, services, jobs and markets. 
 
 
4 Conceptual Model and Hypothesis Formulation 
 
The proposed conceptual model (Figure 1) depicts the variables under study and how it is suggested that 
these relate to each other. It is assumed that the membership of PRODUTECH network has a 
differentiating effect on the perception of value creation (efficiency, complementarities, lock-in and 
novelty), motivations (function, customization, familiarity and search) and expectations (utility and ease 
of use) for the participation or search in the portal of production technologies. Similarly, it is expected 
that personal needs (the need for information), and past experience (previous satisfaction with the service) 
have an effect on expectations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 
Conceptual Model. 
 
 
 
5 Results 
 
The results in Table 2 show that membership of PRODUTECH is linked to the perception of value, 
motivations and expectations for belonging to the portal of production technologies, according to the t-
test for comparing means in independent samples (the two groups of independent samples considered are 
members and non-members of PRODUTECH). 
   The conclusion of the test was made using a p value of 5% to measure the perceptions of future value 
creation we used the sources identified by Amit and Zott (2001) in the context of e-business: efficiency, 
complementarities, lock-in and novelty. From the results, we can see that being a member of the 
PRODUTECH network has a differentiating effect on the perception of the companies on creating value 
through the portal of production technologies only according to sources of value "lock in" and "novelty". 
So we cannot conclude that the membership of the PRODUTECH network is connected to the perception 
of value creation in the portal of production technologies but that significant differences exist between 
belonging and not belonging to the cluster in the value sources of "lock-in" and "novelty".  
   In terms of motivation, we followed Yoon et al., (2002) who identified four motivating factors for the 
use of e-commerce: function, customization, familiarity and search. Our results point out that being a 
member of PRODUTECH network has a differentiating effect on the motivations of the companies in 
participating in the production technologies portal according to the motivations "function", 
"customization" and "search". Our results do not show statistical evidence that supports a differentiating 
effect on being a member of PRODUTECH for the motivation factor "familiarity". Therefore, there was 
no confirmation of the H2.  
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Table 2 
Hypothesis verification. 
 
 

Hypotheses Measurement Results Confirmatio
n 

H1) Membership of the 
PRODUTECH network has a 
differentiating effect on the 
perception of the companies on 
creating value through the portal 
of production technologies.  

1.1 – Efficiency H0 Not rejected No 
1.2 - Complementarity H0 Not rejected  

1.3 - Lock-in H0 Rejected  
1.4 – Novelty H0 Rejected  

H2) Membership of the 
PRODUTECH network has a 
differentiating effect on the 
motivation of companies on 
belonging to or research in the 
portal production technologies.  

2.1 – Function H0 Rejected No 
2.2 - Customization H0 Rejected  
2.3 - Familiarity H0 Not rejected  

2.4 - Search H0 Rejected  

H3) Membership of the 
PRODUTECH network has a 
differentiating effect on the 
expectations of the companies 
belonging to or research in the 
portal production technologies. 

3.1 - Utility H0 Rejected Yes 
3.2 - Ease of use H0 Rejected  

4) The expectations for 
participation and research in the 
portal production technologies 
are related to: 

4.1 - Utility versus Personal needs: 
Information Search 

H0 Rejected No 

Utility versus Past experience: 
previous satisfaction with the service 

H0 Not rejected  

4.2 - Ease of use versus Personal 
needs: Information Search 

H0 Not rejected No 

Ease of use versus Past experience: 
previous satisfaction with the service 

H0 Not rejected  

 
 
 
   The expectations identified by Lankton and Wilson (2007) combined expectations (utility and ease of 
use) from online services with the influence of the background of personal needs and past experience. 
The results show that the expectations "utility" and "ease of use" are connected to being a member of 
PRODUTECH having a differentiating effect on both. Therefore, there is a confirmation of the H3. 
Regarding the expectation “utility”, over 95% of PRODUTECH members consider the portal a useful 
tool for national and international dissemination of the sector of manufacturing technology while 76% of 
non-members share the same opinion. With regard to the "ease of use" 61.2% of the non PRODUTECH 
companies considered one of the three most important factors in the portal, however, the same factor is 
considered by most cluster members (55%) as the minor importance (between level 8-12).On the other 
hand, is it evident that only the expectation "utility" for participation and research in the production 
technologies portal is related to personal needs (information search). 
 
 
6 Conclusion 
 
This research sought to examine to what extent the perception of future creation of value, motivations and 
expectations for participation in the web-based portal of production technologies have a connection to 
being a member or not of the PRODUTECH cluster. The empirical survey carried out among members 
and non-members of the PRODUTECH cluster allowed to introduce interesting reflections and helped to 
deepen the knowledge about how the entities perceived value creation, motivations and expectations in 
relation to the portal of production technologies, and the differences between belonging or not to 
PRODUTECH.  
   The single case study design is the main limitation of this study. The research was carried our prior to 
the web-based portal launch. Future research may evaluate the perceptions of cluster members after using 
the portal. 
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Activity-Based Cost Equations  
Systems: Extending the Predictive  
Power of TDABC 
 
Santana A1, Afonso P2 
 
 
Abstract: Activity Based Cost Management (ABCM) systems have been presented in the literature as the 
most sophisticated approaches for cost management and costing purposes. Nevertheless, the theoretical 
relevance and practical applicability of both ABC and Time-driven ABC models is still an open question. 
The aim of this paper is to propose Activity-Based Cost Equations Systems (ABCES) as an extended and 
more powerful tool for decision making in the context of ABCM. A critical analysis of the literature on 
TDABC has been made in order to contextualize and discuss which developments on ABCM have been 
proposed recently or may be expected in the near future. ABCES is intended to be an extended version of 
TDABC with a focus on minimizing the problems encountered in the latter and with a particular concern 
in terms of applicability and a predictive vocation. A specific problem in a real context is used to 
illustrate the proposed approach. ABCES may support more complex mathematical formulations, cost 
models and algorithms for cost modelling, simulation and optimization. 
 
Keywords: Cost Management; Costing Systems; Activity Based Costing (ABC); Time-Driven Activity 
Based Costing (TDABC); Activity-Based Cost Equations Systems (ABCES). 
 
 

 
 
1 Introduction 
 
Despite the advantages, TDABC has several limitations and it does not represents the ultimate solution 
for cost management systems. Some problems have been detected (e.g. related with measurement error) 
and several authors have been proposing different activity based cost models which represent extensions 
and developments of the initial ABC. For example, Activity Based Performance Management, Resource 
Consumption Accounting (Tse & Gong, 2009), Feature Based Cost Management, Efficiency Based 
Absorption Costing (Benjamin et al. 2009), Fuzzy Activity-Based Costing (Chansaad et al. 2012), Fuzzy 
Performance Focused Activity based Costing (PFABC) (Sarokolaei et al. 2013).  
   Indeed, the relevance and applicability of ABCM systems, in general, and TDABC, in particular, should 
be improved.  Therefore, the aim of this article is to present and discuss the concept of Activity-Based 
Cost Equations Systems (ABCES) proposed by the authors as an extended and powerful tool for decision 
making in the context of ABCM.  
   ABCES extends mathematical models for cost accounting which have been proposed by scholars in the 
1970s namely, by Robert Kaplan who has purposed, a few years later, ABC and more recently TDABC. 
It relies on several concepts such as cost matrices, cost equations and cost equations systems, among 
others. ABCES is analytically explained in this paper and a specific problem in a real context is used to 
illustrate it. 
   ABCES intends to complement and extend TDABC with a higher level of applicability and predictive 
power. Thus, take into account that the ABCES is proposed as an extension and development of TDABC, 
a critical analysis of the literature on the latter has been made. This literature review contextualize 
ABCES in terms of TDABC and highlights which developments on ABCM have been recently proposed 
or may be expected in the next years. The comprehensive literature review on TDABC that has been 
conducted resulted in a total of more than seventy papers which have critically analyzed.  
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   This paper is organized as follows. Firstly, the comprehensive literature review on TDABC that has 
been undertaken is briefly presented and discussed. Secondly, the concept of ABCES proposed by the 
authors is explained. A real problem is used to illustrate its application. Several opportunities for future 
research are presented at the end of the paper. 
 
 
2 Literature Review 
 
A critical analysis of the literature is often used to survey the quantity and quality of articles on a topic 
that is considered relevant to a particular area. This type of study is important because it maps the topics 
and the authors involved, and in turn, researchers may contribute with their own systematization of the 
ideas offering new perspectives and a new understanding of the different phenomena involved. 
   In this case, the study that was undertaken can be considered as a critical and descriptive analysis with a 
qualitative and exploratory approach. According to Cassel & Symon (2004), this approach is especially 
relevant for cases in which the themes are emerging, in order to discuss matters with a great degree of 
intensity. The research was driven by theoretical pre-considerations and followed a clear process, as this 
allows conclusions to be drawn from the reviewed literature. Such research strategy may be classified as 
an archival research method within the framework for conducting and evaluating research suggested by 
Searcy & Mentzer (2003). The process of analysis comprised the following steps: a) Definition of the unit 
of analysis: the unit of analysis has been defined as a single research paper. We further delimited the 
material (i.e. papers) which should be analyzed considering the research scope; b) Collecting publications 
and delimiting the field: our literature review focused upon papers and journal articles only. To establish 
a time span, a starting point was set at 2004. This seems justified, as the beginning of the debate on 
TDABC can be traced to this period. Some important keywords such as ‘TDABC, ‘Time-Driven ABC’, 
‘Time-Driven Activity Based Costing’ have been used in this process but also cross-reference analysis 
and complementary and indirect searches have been made.   
   From a first final set of more than 80 articles they were selected finally a few more than 70 in order to 
avoid redundancies and valueless contributions. For example, some of Kaplan’s and Anderson’s papers 
were excluded because they essentially present parts of their best-seller book (Kaplan and Anderson, 
2007). This work integrates and carries forward the literature on TDABC since its conceptualization. 
Because space limitations only a few of these papers will be mentioned in this paper but the complete list 
can be assessed directly from the authors. 
   It is important to notice that the examples of the application of TDABC presented in the literature are 
mainly in the domain of logistics with approximately 25 articles, followed by health related works and, 
finally, by the services sector. Theoretical papers just represent 14% of the total.  
   The review and analysis of the selected literature permitted to highlight that TDABC may offer several 
benefits in terms of cost management practices as it is described below, which partially corroborate 
Kaplan & Anderson (2007). However, also problems and limitations have been detected and are 
presented in the literature which ask for contributions in terms of extensions and improvements of the 
TDABC model. 
   The benefits listed in the literature justify the role that TDABC can play for the strategic management 
of organizations’ costs. Kaplan & Anderson (2007) reported that it is an easy and simple cost model, 
making managers more aware of the relevant cost data for decision making. Managing costs is no longer 
a competitive advantage, it represents a fundamental and unavoidable activity in modern companies.  
   The main benefits can be summarized as follows: a) it offers speed and flexibility in the design of 
costing models; b) it has a broader and easier applicability, particularly in complex organizations; c) it 
permits a timely reporting, enabling faster feedback to managers; d) it is easy to integrate it within 
integrated management systems; e) it has a low cost of implementation and maintenance; f) it is for 
companies with complex production systems and a higher variety of products and other cost objects such 
as, customers, suppliers, distribution channels, etc.; g) it has a particular focus on the unused capacity.  
   Although there are many potential advantages and benefits related to the application of TDABC, not all 
the case studies presented in the literature have emphasized such positive aspects. Inversely, in some 
cases, authors have preferred to highlight possible problems and limitations. Most of them, represent 
challenges for more developed costing models based on or related to TDABC.  
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   After ten years of TDABC, some problems and challenges have been encountered. Essentially, they are 
the following six aspects: there are problems in terms of measurement error, TDABC relies on the 
existence of homogeneous and repetitive activities, it can be biased by subjective information, time 
equations may be hard to be designed or too complex, it asks for structured information systems to supply 
the costing model, it may imply a constant review. The measurement error occur mainly in terms of time 
measurement accuracy due to the large volume of data that is needed to estimate time equations. On the 
other hand, TDABC tends to be limited to the cases characterized by pre-determined routines and 
activities. For some authors, TDABC may be as subjective as ABC if there is a strong overestimation bias 
when employees provide their time estimates for the activities performed. Furthermore, the application of 
TDABC in organizations characterized by several and different processes, products and activities, may be 
complicated as well as measuring and identifying the parameters for the time equations may be particularly 
difficult. TDABC demands for structured information systems and robust databases. Large companies have 
powerful ERP systems and the data is updated periodically. Nevertheless, in small and medium enterprises, the 
process of data recording and analysis is much more complicated and time consuming. Finally, this costing 
model asks for constant reviews and regular maintenance over time what may turn it expensive; 
   These problems are really important, especially because they contradict in some extent what Kaplan and 
Anderson (2007) have claimed. Measurement errors, subjectivity and dependence on homogeneity are the 
most cited problems of TDABC. Indeed, they reflect issues which are also presented in the ABC method. 
Yet, despite these problems, TDABC continues to be the recognized by its simplicity. 
 
  
3 Activity-Based Cost Equation Systems  
 
Cost equations represent a powerful tool for decision making and operational and strategic management 
particularly, in organizations characterized by complex production and business processes and those 
operating in very dynamic, competitive and uncertain markets, as well as public companies and large 
companies where cost management is critical for planning and budgeting processes – e.g. Wu et al. 
(2011). ABCES will allow both academics and practitioners to answer several important questions 
including, the cost of products, processes and activities undertaken by the company, information for the 
decision making related with what/if problems, make or buy decisions, the analysis of more efficient 
alternatives for the allocation of resources, performance analysis of the activities, minimization of costs, 
maximization of margins and profits, pricing strategies, budgeting exercises, etc.  
   To build the concept of “cost equation” we have considered the principles of both ABC and TDABC. In 
ABCES, the cost of products is presented through an equation where the cost of cost objects is a function 
of the available resources. 
 
!
!!!!!!!!!!!!!!"#$%&' = )'* ∗ !,* !+ !)'. ∗ !,. !+ !)'/ ∗ !,/ + !)'0 ∗ !,0 !+ !1                              (1) 
 
 
CstEqA – cost equation of the cost object A (e.g. product, order, client, activity) 
Xp – resource p (e.g. resource, activity) used in the production of cost object A 
αAp – driver of the consumption of the resource p by the cost object A 
when αAp is a normalized driver, Xp is the total amount of resource 
when αAp is not a normalized driver, Xp corresponds to the resource cost driver 
p – number of resources needed to produce the cost object A 
ε – measurement error 
 
   Cost equations can be designed for all different types of resources behind a cost object. Thus, using the 
nomenclature of ABC we will have cost equations for the resources, activities, processes, products, 
orders, clients, etc. Cost equations are interrelated which means that a cost equations system may be 
developed to present a specific context namely, a production system, a business process, a company, etc. 
Cost equations systems translate the company in terms of costs and relationships among the different 
resources involved. In an ABCES model, we just have resources and cost objects and cost objects can be 
resources of other cost objects. Established the cost equations for the different activities and for the cost 
objects (e.g. products) a series of proprieties can be used to establish a direct relationship between 
products and resources. This happens because products consume activities and these can be expressed in 
terms of resources.  
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   In a generic ABCES model of J Resources (R), I activities (A) and K Products (P), the set of equations 
of )'0!234!,0 elements is represented as follows. 
 
 

5 = 56!
7
68* !;  !!!!!!!!!!!!!9 = 9:!;

:8* !;< = <=!!!!!!!!!!!!>
=8*                         (2) 

 
 

9: = ?:6×56
7
68*  ; !!<A = 2AB×?BC×5C!!

D
B=1 !

F
C=1                                      (3) 

 
 

If G=6 = 2=:×?:6;
:8*  then <= = G=6×56!!!!

7
68*                                  (4) 
 
 

G=:>
=8* = 1, ∀B!!; ?:6;

:8* = 1, ∀C!!; 2=:>
=8* = 1,!!!∀B!!!!!!!!!!!         (5) 

 
   Substituting activity costs in product cost equations, by their equivalent cost equations, we can present 
product cost equations in terms of resources consumption instead of activities (i.e. through the drivers 
2=:×?:6). Such model can be represented as follows. 
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If prices and margins are included, this model can be extended as it is explained below.   
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=
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:

⋮
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                (7) 

 
 
   The cost equations represented by these matrixes show the flexibility and the potential application range 
of ABCES which can be used to calculate and relate product costs, margins, consumption patterns of 
resources and activities, etc. For example, the cost of unused capacity can be easily introduced and 
computed in the model considering unused capacity as a fictitious cost object. On the other hand, cost 
equations turn simpler the association between resources and cost objects. In this model, intermediate 
products can be treated as cost objects firstly and, after, be included in the cost equations of final 
products. Then, optimization strategies can be designed and possible scenarios and simulation exercises 
may be made and compared using simple heuristics or optimization methods. Next section presents an 
application of the ABCES and discusses the results and potential of such cost modelling approach.  
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4 Application 
 
ABCES has been applied in a real context to validate its potential as decision-making tool. Thus, a case 
study was conducted in a medium-sized textile company located in the north of Portugal. This company 
has more than three decades in the market, has 75 employees and exports almost all of its products, 
exports are mostly to European markets, including Spain, Belgium, The Netherlands, Germany and 
England. The production process starts with the conversion of raw materials in an intermediate product 
(knitted fabrics) which is used to obtain four different categories of final products (summer pyjamas, 
winter pyjamas, polo shirts and undershirts). In this paper, we have opted to present the resources 
considering their variability, i.e. Variable Costs (VC) and Fixed Costs (FC) – respectively X1 and X2. 
Variable costs are essentially materials and fixed costs are equivalent to conversion costs. The 
intermediate Product (X3) is also an input for the other products. The corresponding set of normalized 
equations is the following. 
 
 

Z[\]^_` = a, ab ∗ !c` !+ !a, ad ∗ !ce !+ !a, `f ∗ !cb 
Z[\]^_e = a, ag ∗ !c` !+ !a, `g ∗ !ce !+ !a, ha ∗ !cb                        

!!!!!!!!!!!!!!!!!!!!!!!!!!!Z[\]^_b = a, ag ∗ !c` !+ !a, `d ∗ !ce !+ !a, eg ∗ !cb                   (8) 
Z[\]^_h = a, af ∗ !c` !+ !a, `i ∗ !ce !+ !a, `i ∗ !cb                        
Z[\]^_j = a, da ∗ !c` !+ !a, bi ∗ !ce !+ !a, aa ∗ !cb                        

 
    
   Products P1 to P4 are, respectively, summer pyjamas, winter pyjamas, polo shirts and undershirts. PI is 
the intermediate product. For space limitations, the discussion is focus on the results and these are 
presented using matrices. The underlying calculus and the complete cost model can be assessed directly 
from the authors.  
 

Resources 
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(9) 

 
   In this case, we can integrate the fifth cost equation, equivalent to X3, in the previous ones. The new set 
of cost equations is presented below. 
 
 

!!!!!!!!Z[\]^_` = a, `fa ∗ !c` !+ !a, `bdf ∗ !ce                        
!!!!!!!!Z[\]^_e = a, bda ∗ !c` !+ !a, b`ga ∗ !ce                        

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Z[\]^_b = a, egd ∗ !c` !+ !a, ed`h ∗ !ce                        (10) 
!!!!!!!!Z[\]^_h = a, eae ∗ !c` !+ !a, egh` ∗ !ce                        

 
 
   Before the application of the ABCES model, the company believed that Products 3 and 4 were the most 
costly. Nevertheless, Product 2 is the most expensive either in terms of materials and conversion costs. 
Furthermore, the computed cost information was compared with product prices and considering the 
quantities produced of each product, we were able to establish and compare margins by product. The 
results in terms of unitary product costs and margins are presented below. 
 
 

Cost       Prod. Quant.  Unit Cost    Price      Margin 
 

<*
<.
</
<m

!!! 

208.317
484.936
392.730
352.271

  ;!! 

31.507
59.201
78.610
134.308

   ;   

6.61
8.19
5.00
2.62

! !! ; !!

8.15
10.15
6.70
3.55

!! ; !!

1.54
1.96
1.70
0.93

                (11) 
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   These results show Product 4 as the less profitable product. Product 2 is the most costly but the price 
offers a very good margin. These computed unitary margins can be transformed in results considering the 
quantities sold. These results obtained by the ABCES model should be compared with the results 
presented in the Profit and Losses Statement (P&L) in order to validate the cost model. 
 
  
5 Conclusions 
 
This paper proposes the use of cost equations for cost modeling and cost optimization. A case study 
conducted in a textile firm was used to illustrate the proposed model. It is assumed that the use of cost 
equations may support the design of more flexible and dynamic costing models. Thus, ABCES may 
represent a powerful tool for decision making, particularly, in environments characterized by high 
complexity and uncertain. Also public and state owned companies as well as large companies where 
planning and budgeting processes ask for high quality cost information may benefit from these models. 
The development and application of more sophisticated costing models and systems and the use of 
optimization techniques are important research questions in the context of cost management. Indeed, 
there are important opportunities for further research on new approaches for cost modelling and cost 
optimization. ABCES may represent a good basis for such developments. 
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Analysis and implementation  
of the system FIFO for one  
production line. 
 
Guimarães GE1, Pedrali PC2, Duarte LC3, Galeazzi D4, Campos M5 
 
 
Abstract: The area of methods and processes responsible for the routing of the fabrication’s process of 
items and components used in the products of the company, responsible too for the machine’s 
programming through CNC (Computerized Numeric Command), also working  in the attendance and 
participation in the process improvements of industrial management and in the productive process 
applying techniques and resources that serve this needs, also operates in the adjustment of machines and 
processes to the regulatory norms, in the preparation of work instructions, among other activities. The 
activities where it had superior involvement will be described succeeding with a short bibliographical 
research about the subject which will be emphasizing in this work. Occurred the elaboration of routes 
with use of software EMS (Enterprise Management System), drawing viewers like DWG and 
Teamcenter, also participating in the monitoring in industrial process management and production and 
manufacturing processes. 
 
Keywords: Methods and Processes; Manufacturing; Industrial Engineering; Manufacturing routing; 
FIFO. 
 
 

 
 
1 Introduction 
 
Companies seek to develop competitive production structures to face challenges, this structure aims to 
reduce costs and increase the efficiency of production processes. Often have specialized equips in product 
development and manufacturing processes, but does not have the necessary attention as the way and when 
will be produced or how it will be controlled. In this context there are numerous philosophies and 
concepts of production control, and lean manufacturing as the most known and widespread in industries. 
   The work was carried in one private company in the area of Methods and Processes that attends to 
industrial engineering. 
   In the area of methods and processes, stand out activities like the development of manufacturing 
routing, creating programs using Computerized Numerical Control (CNC) for thermal cutting and 
shearing machines, bending and machining, the analysis of needs and resources productive with respect to 
equipment and processes, production performance monitoring, preparation of work instructions, training 
and qualification of workforce among others. In summary can be said that the methods and processes is 
the area of constant and full support in the production process of the company. 
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2 Activities developed 
 
Before describing the activities it is necessary to be clear what for and in what type of product these 
activities have been applied. 
   The Company receives its main raw material in various forms, mostly in metallic hot-rolled sheets, hot 
rolled and pickled and galvanized sheets. These sheets come in the form of reels and pre-cut sheets when 
the thickness exceeds 4.75 mm, it also receives metallic material in the form of cylindrical bars and 
finished components that are used in the assembly of the joint as screws, rollers, motors, belts, 
transmission chains, non-metallic components among others of lower flow. To transform the raw material 
into finished components, the company has many resources in manufacturing equipment, which uses 
modification processes like stamping, machining, heat cutting, shearing, welding, assembly and painting. 
   In the area of Methods and Processes activities are directed to effectively use all these resources 
through the work of professionals and specific activities, with the responsibility of meeting the company's 
interests in making the final product more lucrative as possible. To this is necessary to follow, study and 
adapt processes to reduce to a minimum the stages using control tools to assist in managing productivity. 
   Considering the above requirements, were held under the supervision of professionals some 
responsibility activities of the Methods and Processes department, such as: Development of manufactured 
items routings; Part of production processes analysis and management of production divided in different 
sections and monitoring in various production processes, preparation of Work Instructions, among others 
of minor involvement activities. 
 
 
3 Description of the problem 
 
Currently the main productive form of Kepler Weber is the form "push" 6   in some cases was 
implemented "pull" systems with the use of Kanban cards, but in the work centers the production happens 
arbitrarily by managers and operators, who often do not follow the same principles to define 
manufacturing priorities, causing an imbalance in the production of sets or liberation of the final product 
to the customer, this format "allows"  that an item wait fabrication for a longer period than other items in 
and out of the process on the same day or shorter intervals, because of the large volume of stocks in 
production and the difficult interpretation of priorities for different responsible or the autonomy of the 
operators to define what they will do first. Another problem of the current productively is the difficulty in 
identifying and controlling the volume of orders for each equipment, the company works with the push 
production system, the stocks are inevitable, creating problems to identify priorities in the following 
operations. 
   The Company currently uses the SEM business management system (Enterprise Management System) 
developed by DATASUL, the system will be disabled in January 2015, coming on the SAP (Systeme, 
Anwendungen und Produkte in der Datenverarbeitung) system that requires a production in an orderly 
way according to the emission of orders dates and manufacturing orders, so the need to start resources 
aimed at meeting these requirements. 
 
 
3.1 Process Description 
 
The analyzed production process uses combined production system between JIT and MRP. According 
Slack (2009), "even though it have opposite characteristics can complement each other since they 
preserve their respective advantages." In this case, Kanban that is applied to items with higher demand 
and repeatability; the Heijunka in its alternative application, objects to the organization of the 
productivity according to the time available of equipment and to quickly identify or predict the time in 
which each request will be done; the 5S program go into this process to organize and promotion the 
discipline of those involved; Finally, the use of the FIFO’s frame to order the priorities at high production 
flow equipment. 
 

                                 
6 In a system of planning and pushed control, activities are programmed by a central system and completed in line with the 
central directions, as in an MRP system. Each work center pushes the work, regardless if the next job center can use it. 
(Slack, 2009, p. 303) 
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3.2 Studied Problem 
 
Because of the versatility of print works equipment exposed in this work, there is a large concentration in 
the production volume, making it difficult to control the organization by date, especially when referring 
to PVI's 32 and 33, because it receive materials from eight different equipment of the cutting sector. 
Figure 6 shows the current status of material in process. 
 
 
 
 
 
 
 
 
 
Fig.1  
Material in depot waiting work in PVI’s and CAL’s. 
 
 
   The main difficulty for maintaining FIFO sequencing rule is the high Work in Process (WIP) as shown 
in Figure 1, hinders the separation of the material in order of arrival. 
   The area marked in orange is for to store material that wait to be manufacturing in the equipment PVI 
16, PVI 32, PVI 33, CAL 15 and CAL 39, where it can be observed high volume of boxes and moving 
cars with different items and quantities, as figure 2. 
 
 

 
 
Fig.2  
Graph the number of orders per day in CAL 15. 
 
 
   Figure 3 shows the chart of the amount of OF's daily for CAL 39 in October 2014. 
 
 
 

 
 
Fig.3  
Graph the number of orders per day in CAL 39. 
 
 
   In this equipment (CAL 39) it is possible to see in the graph a growth of the daily volume of the  
Manufacturing Orders processed by the equipment, reaching a daily average of 40 OF's. 
   In the equipment LAS 04 (laser cutting center) the daily average is 597 orders considered high value, 
this is the reason for the need for a sequential control system. This equipment typically produces the first 
operation of each item, produces pieces for later undergo other operations. 
   The figure 4 illustrates the OF's volume chart (Order Manufacturing) proceeds in the LAS 04 in the 
period that includes the month of October 2014. 
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Fig.4  
Graph of the number of orders per day at 04 LAS. 
 
 
   Figure 5 shows the chart of OF's volume processed in the 05 LAS. 
 
 

 
Fig.5  
Graph of the number of orders per day at 05 LAS. 
 
 
   In the equipment (LAS 05), the volume is also considered high, demanding good elaborated control 
system, requiring some adjustments for using the same system equipment with volumes considered low. 
As shown in the graph of the Figure 6 of OF's volume processed in the PVI 16. 
 
 

 
Fig.6  
Graph of the number of orders per day at 16 PVI. 
 
 
   For PVI 32 the average of 61 daily orders is considered high because these orders arrive in boxes and 
moving carts from different supplier workstations. 
   Figure 7 shows the graphic of the volume of OF's processed in the ISP 33, this equipment has an 
average of 122 daily manufacturing orders. The volume is considered high for this equipment, added to 
the other pieces that divide storage box, make difficult to control the sequence by dates without a system 
to assist in this ordering currently made by the movers seeking overdue lists the priorities, but are not 
always followed, consequently creating new lists. 
   Generally it can be observed that there is a high flow of manufacturing orders in this sector, considering  
other equipment that are not contemplated in this study, the volume is even superior so is inevitable 
delays when not appropriately controlled. 
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Fig.7  
Graph of the number of orders per day at PVI 33. 
 
 
   Aiming at adapt the FIFO control system to the needs and characteristics of the sector, will have to be 
done a separation by box or car as a single volume and represent them in the table by the number of a 
"guide order" elected by the location criterion by the person who will do this control, another difficulty 
encountered in the implementation was the understanding of the benefits provided by the sequential 
control FIFO and the real use of this resource by operators. 
   Considering that the items in the boxes are from the same work and carrying the same material and 
manufacturing dates, we can determine that all orders fit into the same priority. It may be noted the large 
volume of production orders in a single box where was used the number of the order that is marked with 
green label to represent this volume in the FIFO table. 
   In the laser cutting equipment, the implementation was not very problematic, because the number of 
volumes of raw materials is lower. For the material that supplies the LAS 04 and LAS 05, the ordering of 
the FIFO frame was identified by the job number generated by the program and that came with the 
material, the previous image is highlighted the programming card which has the job as identification. 
 
 
4 Results and Conclusions 
 
Was followed the use of the FIFO table during an evaluation period that lasted one week, in this period 
could be observed some positive results when used correctly, the maximum delay in the OF was three 
days in this period in all equipment, which confirms the idea of sequential control FIFO. But was very 
difficult to preserve the sequencing of the table, because the movers forgot to use it, this caused great 
inconvenience to locate materials misidentified or that had already been made and not removed of the 
sequencing, having to reorganize or check every day in this week. 
   As the valuation of the work done by the FIFO table, was randomly chosen two days of August (before 
FIFO’s implantation) and two days of November (after FIFO) to compare results, was observed a 
reduction in average delays. The figure 8 shows comparative chart with this information, which is on the 
vertical axis the number of orders and the horizontal axis the number of delays. 
 
 
 
 
 
 
 
 
 
 
 
Fig.8  
Graph comparing before and after FIFO’s implantation. 
 
 
   As a positive result, also can be mentioned the assistance in the fast visual identification of the 
condition of material stocks in all equipment that has been implemented this tool in one place, so could be 
compared to decide about priorities, taking care to keep the sequential control FIFO. 
   The planning of processes will become economic and precise the operations as much as the efficiency 
of the methods used and the technological and organizational knowledge of the people hired for these 
activities. 
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Improvement in the fabrication  
process and adjustment to the  
norm NR-12 of a platform  
of bucket’s elevators 
 
Campos M1, Guimarães GE2, Pedrali PC3, Duarte LC4, Galeazzi D5 
 
 
Abstract: The current study will present an adjustment project of the norm NR-12 of a platform of 
bucket’s elevators. The project is outdated in respect to fabrication process and also do not attend the 
requirement of the technical norm of security. An analysis will be realized, identifying and correcting 
occasional problems adjustting them to the nr-12 requirements, looking for the lower costs and the 
maximum utilization of production. Applying those improvements will be checked if the project 
methodology fulfilled the requirements of the work. 
 
Keywords: NR-12; work security; bucket’s elevator; project of platform; agro-business. 
 
 

 
 
1 Introduction 
 
The security’s norms in transporter’s equipment of grains are not recent, but were never observed in 
development of the products. 
   The purpose of this project is to facilitate the production’s process and to adjust to the norm NR-12 the 
platform of bucket’s elevators. The project is outdated in respect to fabrication process and also do not 
attend the requirement of the technical norm of security. An analysis will be realized to improve, and 
verify if achieve the requirements of the work. 
   The quick growth in the agricultural market and replacement’s pieces makes necessary improve projects 
to facilitate the production and turn faster the delivery, in addition to adjust parts of equipment to have 
more secure in the utilization. 
 
 
2 Methodology 
 
Studies and activities related directly to the segment of pieces and agribusiness’s equipment were 
developed, aiming to mature a project that makes simple the production and is a part of equipment 
appropriate to NR-12.  Were performed the following analyses: 
 

•!Analysis of actual project; 
•!Analysis of fabrication process; 
•!Analysis of costs; 
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2.1 Presentation of existent project  
 
The platform of inspection and maintenance of the bucket’s elevators of the company X was first 
projected to be produced in welded modules, according to the figure 1, with metal floor produced in the 
company and posteriorly fixed on the modules with screw self-perforates. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Welded modules platform of inspection and maintenance. 
 
 
   After the modulation of the structure of the platform is fixed the screwed pillars in the lateral of the 
welded modules, then the tubes of the handrail are fixed and posteriorly the baseboard, according to the 
figure 2.  So is mounted the platform of the bucket’s elevator. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Complex of the platform. 
 
 
2.2 Project’s proposal 
 
Attending to both principals objectives proposed in the work that are the adaptation to NR-126 and the 
improve in the production process was developed the concept of a module that compose the platform 
without use the solder.  
   Consisting of a metal sheet perforated fabricated in the company that attend the requirement of the 
norm about being antiskid, with reinforcement’s plait that serves like substitution to the existent module, 
according the figure 3 below. 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Proposal module. 

                                 
6 The norm NR-12 and the appendage, actualized in 12/11/2013, define technical references and protection measures to guarantee 
the health and physical integrity of the workers and establish minimum requirement to prevent accidents and occupational diseases 
in the project’s phases and the machine’s utilization and all kind of equipment. 
The 12.122 paragraph in the item a) determine that the yellow should be used in fixed and moveable protections. 
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   Subsequently the elaboration of the antiskid floor module was elaborated a sustentation’s structure of 
the whole platform. This structure is made of two folded profiles screwed, it is not necessary to use solder 
to do any union. This profile’s structure can be observed in the figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
profile’s structure and support. 
 
 
   The fixing pillars of the handrail’s tubes and the fixing baseboards were reviewed too and actualized 
during the elaboration of the new project, both have symmetric inserts what permitted that the piece was 
used in any position.  
   The baseboards were changed too, the height was increased in function of the norm established, and the 
material used had to be modified to make possible to paint yellow the finishing.   
   Finally the handrail’s tubes had the material changed too to make possible to paint according the 
security norm established, this changes can be observed in the figure 5. 
 
 
 
 
 
 
 
 
 
 
 
Fig.5  
handrail’s tube. 
 
 
   At last all the components can be mounted using hexagonal screws, the platform was designed to be 
symmetric, the work area can be mounted to the right side or to the left side using the same pieces, 
according the figure 6. 
 
 
 
 
 
 
 
 
 
 
Fig.6  
Mounted platform. 
 
 
 
2.3 Cost’s analyses  
 
Before explore the costs is important to mention facts that were not mentioned until now, the first one is 
the area’s size of the older platform and the new model. 
   The older platform had a total area of 3,98 m², while the new one has a total area of 4,51 m².This 
alteration in the utilization area of the platform occurred to turn the verification and maintenance 
activities more secure for the worker. 
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   The second item to be observed is the quantity of handrails that the actual project presents. The new 
model has seven sets while the older model had only two. 
   This increment is not established by the regulative NR-12 norm, the norm only establish the utilization 
of crossbar higher to 1,2 meters of the floor and the second crossbar 0,7 meters of the floor. 
   The increase in the quantity is because several of renowned clients in the area of grain’s storage 
requested this, so the company decided to turn this rule in a standard to the elevator’s platform. However 
it can be retired in case of a client’s request, without causing any damage at the new project 
   With that reservation about both specific points is possible to say, examining critically the areas of the 
new model and the older one, the new model is about 10% more expensive. 
   The area is bigger and the quantity of handrail’s tubes was increased, in addition the special yellow 
painting requested by the norm. The cost/benefit analysis suggests that this increase in the costs is not 
representative because the security provided is priceless. 
 
 
2.4 Prototype 
 
Finished the project’s work, one platform was produced and this prototype was mounted in the company 
to verify if was heeding the requisites that were thought during the project’s phase, according the figure 7 
below. 

 

 
Fig.7  
Mounted prototype. 
 
 
   In the figure 7 is possible observe the mounting’s detail of the baseboards, and also the quality of the 
antiskid floor. A reservation should be done because in the prototype was not applied a yellow painting in 
the baseboard and in the handrail’s tube like the norm requires, because this is only a mounting 
verification. In the figure 8 below is possible verify the mounting of the handrail’s tube in the pillar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8  
Detail of the handrail’s tube. 
 
 
   Another detail that can be observed is the rigidity and security of the structure that support all the 
platform, it was executed thinking in connect the sustentation profile, the floor and the pillar that supports 
the handrail’s tube and the baseboard. It is not necessary to use solder to do any union because it will be 
made by hexagonal screws, what turns the production process easier. The figure 9 below shows this 
union. 
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Fig.9  
Facilitation of the Mounting by screws.  
 
 
   With the prototype fabrication was possible verify in practice all that was thought and projected for the 
elaboration of the new concept. Was observed too that a good project and a good case study can bring 
great results. 
   The prototype demonstrate how the mounting of the platform is now practical, and testing the platform 
could be observed the security feeling that it transmits to the user in confrontation with the older model. 
 
 
2.5 Installation 
 
   The next step after the prototype fabrication was the homologation by the engineering. After all this 
process the next step was the fabrication and application of the first platforms in practice. The figure 10 
below shows the use in clients that bought an elevator with new concept of the inspection platform. 
 

 

 
 
Fig.10  
Installed platform in client. 
 
 
   The figure 10 demonstrate the need of yellow painting according the norm’s requisite, this painting 
should be realized in the fixed and moveable protection’s parts and serves to alert the user about the risks. 
   Another point that should be accentuated in the figure 10 is the importance that the platform has for the 
user, in consideration that in most cases the elevator is used with heights ranging between 30 and 40 
meters, and a fall is fatal. This is the reason for the project consider all that the norm establish, and was 
developed and thought to provide the maximum of security to all users. 
 
 
2.6 Another IPEs 
 
For the knowledge and information about the bucket’s elevator X, is not only the platform according to 
the norm that provides more security to its users. 
   Other aspects that provide security in this equipment are: 
 

•!Access stair step to the platform with antiskid surface; 
•!Guardrails since the floor until the access to the platform, according to the norm; 
•!Safety line with steel cable since the floor until the platform; 
•!Protection system against falls coupled to the safety line; 
•!Complete sealing of the moveable parts of the elevator; 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 495 

   All these items makes the bucket’s elevator more safe for the utilization and demonstrate the company’s 
preoccupation in furnish to the clients equipment capable of realize the tasks for which they were 
designed also provide resources to preserve the health and promote the safety of all its users. 
 
 
3 Conclusions 
 
Always is possible improve products by study and analysis, attending the needs of the clients and the 
needs of the company. 
   About the objectives proposed by the stage, the actual project analysis, manufacturing process analysis 
and cost analysis can be affirmed that all items were realized satisfactorily. 
   The analysis of the existent project was important to comprehend that the concepts used in this model 
were surpassed and a change was necessary for the establishment of a new concept. This new concept 
was not made by only one idea, was result of an entirety of improvements that were proposed and 
analyzed to turn possible to make a choice of the best project done. 
   Other important phase was the analysis of the production process, with a focus in eliminate, where was 
possible, the utilization of welded components, this because the welding process is very toxic to the 
worker by virtue of the emitted gases. This factor was very significant in the elaboration of the new 
propose. 
   Finally the cost’s analysis exposed that is not always possible to change existents concepts trying to 
reduce costs, sometimes is necessary to abstain of this idea because of a better result, in this case, the 
health and security of all involved people, since the production until the utilization. 
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Total Cost of Ownership  
in the Context of Supply Chain  
Management: an Instructional Case 
 
Afonso P1, Leite S2 
 
 
Abstract: This paper presents and discusses an in-class exercise on Total Cost of Ownership (TCO). 
TCO can be included within the Supply Chain Cost Management (SCCM) framework being essentially a 
tool that aims to determine the true cost of buying from a specific supplier. There are some references in 
the literature on TCO but its dissemination in the industry has been very slow. Thus, it is important to 
develop and implement case studies and instructional cases to promote and disseminate this technique 
among both academics and practitioners. Indeed, research supports the assumption that students have 
varying learning styles which can be supported better by other pedagogical techniques than typical 
lecturing. The case presented here represents an original instrument for the understanding and 
dissemination of TCO. The case design and materials used are explained and discussed. This case has 
been applied in the format of short course but it can also be used in class in a program of several weeks. 
The results obtained demonstrate that this in-class exercise can be used to involve students or 
practitioners in a dynamic process of learning and discussion on supplier cost management. 
 
Keywords: Total Cost of Ownership (TCO); Supply Chain Cost Management; Suppliers Management; 
Case Study, Instructional Case.   
 
 

 
 
1 Introduction 
 
The costs with materials and components is one of the most important for most companies and they 
represent a significant portion of production costs. In many industries, the costs that reflect the purchasing 
function represent between 50% and 90% of the production cost. Furthermore, the selection of a supplier 
should not be made taking, as the unique criterion of reference, the price of the goods purchased. 
Companies understood that they should select the best supplier, and the best supplier may not necessarily 
be the one that sells at the lowest price. There are other significant costs beyond the price of the material 
or component such as: transportation costs, costs of non-quality and non-compliance, delivery delays, 
costs in the after-sales service, etc. The literature also addressed various monetary and non-monetary 
criteria, such as risk, quality, and reliability of deliveries, performance track record and the financial 
position of supplier. Thus, the selection of suppliers should include, in addition to prices, a wide range of 
quantitative and qualitative parameters. In fact, the exaggerated focus on acquisition costs that prevailed 
for many years resulted in many hidden costs or future costs which have been affecting corporate profits 
without a clear understanding of such situation. 
   Purchasing plays an important role in the competitiveness of companies and, therefore, there are several 
methods for the selection of suppliers, based on different selection criteria. Among the existing methods, 
they may be highlighted the Total Cost of Ownership (TCO), the Life-Cycle Costing (LCC), the Zero-
Based Pricing and the Cost-Based Supplier Performance Evaluation. The life-cycle costing considers the 
purchase price and the costs the organization incurs to use, operate and maintain, and finally the disposal 
costs of a particular asset, that is, has a focus on the costs that occur after the moment of purchasing. The 
zero-based pricing and the cost-based supplier performance evaluation are two methods that consider the 
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total costs of suppliers. These methods give special attention to the cost of "doing business" with a 
particular supplier, i.e. costs prior to purchasing. 
   The Total Cost of Ownership (TCO) approach considers additional costs such as expenses on the 
implementation of an order, costs with searching activities and qualification of the supplier, transportation 
costs, insurance costs, warranties, product inspection and quality costs, replacement possibilities, 
downtime caused by failures, etc. 
   Furthermore, the TCO is a methodology used to determine the true cost of buying a particular good or 
service from a specific supplier, accounting for that all the costs associated using a monetary valuation of 
all relevant financial and non-financial attributes, for example quality considerations (Ellram, 1995). 
According to Ferrin and Plank (2002), the Total Cost of Ownership (TCO) is a methodology used in 
leading companies in worldwide supply chains aiming to determine the true cost of buying a particular 
good or service from a particular supplier, accounting for it all costs associated with the purchasing 
activity (Degraeve et al., 2005), using the monetary quantification of all financial and non-financial 
attributes (Morssinkhof et al., 2011). According to Dickson (1966), the main criteria to be considered in 
selecting a supplier are: quality, delivery, performance history, warranties and claims policies, supplier 
facilities and production capacity, price, technical capability, financial position, performance procedures, 
communication systems, reputation and position in the industry, degree of commitment to the business, 
management and organizational capacity, level of operational control, capabilities in terms of repairing 
services, location, level of training and existence of reciprocal agreements. 
   The exercise presented here represents an original instrument for the teaching, understanding and 
dissemi-nation of TCO practices. It can be used to involve students or practitioners in a dynamic process 
where participants should understand and apply this cost management technique. The instrument 
presented in this article intends to complements previous published research and case studies on TCO. It 
is an exercise that has embedded a series of important concepts which go beyond the current or common 
understating of TCO. 
   One class of students has been used to test this instructional case. A short approach of 240 minutes has 
been designed and applied in the ENEGEP 2014. Thirty five students have participated in this exercise. 
This article presents and discusses this instructional case. Furthermore, some managerial implications and 
opportunities for improvements are discussed. In fact, this research work offers a basis for further 
replications in a classroom setting and it can be also used to demonstrate the features of TCO to an 
audience of students or practitioners. 
 
 
3 Methodology 
 
The traditional lecture method is still extensively used in classrooms primarily because it is cost-effective, 
useful for passing on large amounts of information quickly, and presents a minimum threat to students in 
the sense that they do not need to participate in the process (Beegle and Coffee, 1991). Nevertheless, 
research in higher education (Silberman, 1996) and business education (Salemi, 2002) shows that 
effective instructors select strategies that involve students as active participants in the learning process 
and use a variety of teaching methods and presentation skills to stimulate interest in the subject matter. 
Further research supports the theory that students learn in a variety of ways; that is, students have varying 
learning styles and a significant number have learning styles best suited with pedagogical techniques 
other than lecturing (O’Connor, 1999).  
   This exercise was design to be used as an instrument to explain TCO. It simulates the application of 
TCO using a real case. All the steps and considerations about TCO are explained in a dynamic process 
where the participants participate in an iterative process guided by the teacher or by who is responsible 
for the implementation of the case. The exercise can be a team-based exercise or it can be solved 
individually. Previous knowledge on TCO and active learning exercises and games is not a requirement 
or condition but it is important.  
   In the exercise it is required the computation of TCO using a spreadsheet model and participants are 
asked to make decisions considering simulated TCO outputs.  
   The exercise begins just after the definition of the main concepts related with TCO, Supply Chain Cost 
Management, Suppliers Selection and Management and the Fundamentals of Cost Accounting and 
Management. The conditions for the computation of TCO are explained through an example which is 
used to guide participants in the use of the TCO model built in spreadsheets. Each student or team 
receives a kit including several documents and the spreadsheet model. A set of questions and a guide for 
the teacher has been also produced. The questions can be grouped and presented into different “output-
sheets” which can be given successively. 
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4 Application of the Instructional Case 
 
The instructional case that has been developed follows a well-defined set of steps and a process which 
can be managed by the teacher. Figure 1 shows these steps indicating the objectives of each of them, the 
time set for the different tasks, the inputs or material of each phase and the outputs which are expected to 
be generated. These phases follow the typical teaching case study approach (e.g. the Harvard case study 
method). Teaching case studies are designed to give a deep understanding and virtual contact with real 
life situations. They support teaching methods in the most of business schools since the pioneer example 
of Harvard University and have been introduced with success in other areas namely, in industrial 
engineering schools. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
The Five Phases of the Instructional Case. 
 
 
   The case study is supported by several materials namely 1) recommended readings, 2) the case study, 3) 
the TCO model developed in a spreadsheet, and 4) material for the teacher. The suggested readings have 
a focus on several concise texts that students have to read before each phase. Six different short 
documents have been produced to support the instructional case. Participants should go through these 
documents following the rules defined by the exercise.  
   Firstly, a concise definition of several fundamental concepts such as Supply Chain Management, 
Supply Chain Cost Management and Supplier Cost Management is provided. This moment may be used 
by the teacher to promote some debate or simply to clarify and define concepts and assumptions. After 
that, students will be more prepared to make the readings on TCO and only after those readings they will 
be asked to learn about how they can compute the TCO. Fourteen questions have been produced to guide 
the instructional case in each of the different phases and to turn the case an iterative process where 
students are able to learn the concepts behind TCO and how they can compute it. At the end of the 
learning process, participants will be asked to discuss the results of different situations which will be 
presented to them (e.g. comparing the TCO of national suppliers, comparing national and foreign 
suppliers, etc.). 
   The TCO tool presented in the case requires inputs from four different levels: at a global level (i.e. at 
the company level), at the level of the business unit (does not contain figures), at the factory level and 
finally, at the project level. The first levels are reviewed periodically but they affect equally all projects. 
The project level is the one that lead to differences in the computation of the TCO. It includes the 
following data entry fields: project details, supplier information, order costs, shipping costs, inventory 
costs, supplier's appointment costs, quality costs, other costs. 
   The company's logistics department developed a document to help the users of the TCO software where 
we can find typical values for logistics data such as: transportation costs, conditions of shipping, type of 
stock and inspection procedures. 
   After the introduction of all inputs, the software produces a detailed TCO for each of the first three 
years of the project as well as overall results of the TCO for the entire project in the format of tables and 
graphs. Figure 2 shows the result obtained with the introduction of the data related to Case 1. This case 
considers a part with a total production volume of 700.000 unities. Three potential suppliers were selected 
for quotation. All of them are national suppliers. These suppliers have presented a quotation for the 
supply of this part and it was possible to proceed to calculate the TCO. 
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   Students have used the TCO tool presented in spreadsheets developed for this teaching case study. This 
model explains the computation of TCO and simulates a TCO software offering a very real experience. 
This tool is structured in eleven different worksheets: suppliers database, project details, information 
about the selected suppliers, order costs (e.g. part 's price, tooling), shipping costs, inventory costs, 
nomination costs, quality costs, other costs, output (TCO Table) and output (TCO Graph). The last two 
worksheets (output) present the results and are automatically produced according to the data entered 
previously. 
   Figure 2 represents the TCO of Case 1 on which is visually evident the weight of the different cost 
components and the cost structure of buying from the three potential suppliers. 
 
 

 
 
Fig.2  
Detailed TCO. 
 
 
   As Figure 2 shows, the results of the TCO are grouped into 8 classes which permits to have a deep 
understanding of the influence of the different cost items in the computation of TCO: purchase price, 
price of packaging, tooling costs, shipping costs, inventory costs, appointment costs, quality costs and 
other costs. 
The TCO tool developed for this instructional case and the different cases allow participants to become 
familiar with the TCO and offer them the opportunity of using a model similar to a real TCO software. 
Furthermore, participants are asked to analyze and discuss some aspects related to the implementation of 
the TCO and to interpret the results obtained in different situations. 
 
 
5 Discussion 
 
The analysis and discussion is one of the most important aspects of an instructional case. In this case, all 
the questions used to support the case are important but especially the final questions which request 
analysis and discussion after the computation of the TCO. For example, in Question 10, participants are 
asked to comment the fundamental principle of TCO that states that “the cheapest supplier may not be the 
one with the lowest purchase cost." In fact, in the cases presented (which represent the most common 
situations in the company that provided the basis for the design of this case) the lowest TCO coincides 
with the lower purchase cost. Then, we can question the interest of TCO which is a detailed approach and 
a very demanding process in terms of cost calculation if this lead to the same results that would be easily 
obtained only by comparing the price of the parts. 
   Indeed, the TCO is not only important to select the supplier that represents the lowest cost to the 
company. TCO is also important to know more and understand the costs associated with suppliers in 
order to give to the buyer a better bargaining position and support a more effective managing of 
supplier’s related costs. In fact, as it can be seen also from Question 12, despite that purchasing cost 
represents a significant portion of the total computed cost, the calculation of TCO is important to show 
the real dimension of the cost of buying from a particular supplier. In the cases that have been studied, the 
TCO (total cost) is between 1.5 to more than 3 times the purchase cost. Therefore, other costs beyond the 
purchase cost are (very) important and must be managed properly. 
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   In Case 2, three national suppliers are compared with an Asian supplier. The supplier with lower TCO 
is simultaneously the one with the lower price per unity. However, it is clear that the global cost goes far 
beyond the acquisition price. Indeed, the total costs of providing this part is equivalent to a value between 
2 to 3 times the acquisition costs. The cost of the part is the most significant cost item but in all the cases, 
such costs are less than 50 % of total cost. With an accurate perspective of the TCO, the company can 
track and find more cost-reduction opportunities. Table 1 shows these cases. 
 
 
Table 1  
TCO vs Acquisition Costs. 
 
 

 Supplier A Supplier B Supplier C Supplier D 
Acquisition Costs (€) 0,4794 0,2419 0,2310 0,2431 

TCO (€) 1,1563 0,7434 0,5148 0,5115 

TCO/Part’s price 2,4 3,1 2,2 2,1 

 
 
 
   Another important aspect is that the TCO permits to detail the components of the total cost, and such 
information can be used to negotiate cost reductions in new rounds of request for quotation. In fact, it was 
what has happened in Case 2, in which suppliers C and D have presented very similar values in a first 
round of quotations. The company has selected Supplier C and TCO information highlighted some 
opportunities for cost reduction and improvements.  
   TCO has evident advantages and contributes positively for a better management of suppliers’ costs. 
However, it can be complicate to implement because requires very detailed information and some of that 
information may be subjective (e.g. quality costs), estimated with a high degree of uncertainty or difficult 
to obtain. In these cases, the TCO can be used to identify the most relevant cost items which can be used 
to compute a proxy of the TCO based on the most relevant cost items. For example, in the cases presented 
before, the purchase price and tooling costs represent more than 90% of overall costs, being the inventory 
the third most significant cost element. The remaining items weigh little in TCO and the decision making 
could focus on these three main items. 
   Some final considerations can be made. Firstly, this exercise can be proposed to students with more or 
less additional or previous teaching material on TCO. This material can be based on several readings or 
previous lessons. Thus, the exercise can be used to test students’ knowledge on these issues or it can be 
used in an earlier stage. Nevertheless, this exercise was designed and applied considering the first 
approach. This case requires 360-minute classes. A shorter approach of 240 minutes has been designed 
and applied in the ENEGEP 2014. Furthermore, it may be also presented in several weeks in a different 
number of classes or, alternatively, as a take-home exercise with subsequent discussion in class which 
may include oral presentations or not. This instructional case may be developed individually or by a team 
of students or other participants. Each participant or team may be asked to answer to all the questions or 
different questions may be answered by different teams. On the other hand, the results obtained by each 
team can be measured and a score could be given. The different teams may also be grouped differentially, 
e.g. one could be for example a buyer, the others, 1st tier suppliers and even 2nd tier suppliers could be 
considered. Some of the suppliers (i.e. teams) can be involved earlier or later in the buyer’s new product 
development process, being the TCO an important tool to manage the buyer-supplier relationship in such 
contexts.  
  During the exercise it was allowed full access to the teaching material. In this exercise it is not necessary 
that participants are comfortable with the main concepts and techniques of TCO. However, if students 
have been exposed to TCO, the classroom exercise could be more effective. The time that has been taken 
to complete each of the outputs should be controlled and recorded in order to determine both the 
development and the difficult level of each output purposed. 
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6 Conclusions 
 
This article presents an instructional case and discusses it. It offers a basis for further replications in a 
classroom setting and also can be used to demonstrate the features of TCO in the context of SCCM 
activities to an audience of practitioners. Academics and professionals concerned with cost management 
with suppliers, supply chain cost management and TCO will find this exercise useful. This exercise 
describes the concepts and techniques of TCO in a user-friendly, in-class activity. In fact, engaging 
students in such kind of exercises help them to understand and appreciate the concepts involved. Students 
expressed their appreciation about the exercise and commented that it motivated them throughout the 
learning process. Two lines of further work can be expected. Firstly, this exercise can be replicated to 
different audiences of students or practitioners. Secondly, the exercise itself and the methodology may be 
improved and extended. 
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Modelling and simulation of  
inventory level control in service  
operations management 
 
Gibelati E1, Pereira F2 
 
 
Abstract: A discrete event simulation is one of the most used techniques in the field of operations 
research. It is a technique to support the decision, in which the search for a problem solution is performed 
by analysis of a computational model that describes the behavior of the system under study. Applications 
of this technique are found in several areas with very significant results. Building a model of discrete 
event simulation in planning the amount of material is presented in this work. The main objective is the 
definition of the ideal inventory level for a material at a distribution center. To this end, we propose the 
development of a modelling and simulation in computer system Arena of a service company supply 
chain. The construction of the model follows the usual steps of project planning and construction of the 
conceptual model. With the simulation it is possible to follow the evolution of the model variables, 
related or not to the queues, observe the conditions under which rupture or excess inventory occur and 
identify the best option for a given scenario of demand and sales forecast. 
 
Keywords: Discrete event simulation, supply chain management, Inventory management, modelling. 
 
 

 
 
1 Introduction 
 
The discrete event simulation is one of the most used techniques in operational research area. This is a 
technical decision support, in which the search for the solution of a problem in the analysis of a 
computational model that describes the behavior of the system under study. Applications of discrete event 
simulation are found in several areas such as: engineering, finance, supply chain, among others, with very 
significant results (Aguilar et al, 2009; Hernandez and Librantz, 2013).  
   However there are still lacks of studies in many areas, especially in service operations. The 
management operations and services comprises a set of activities that transform inputs (resources) on 
goods and services (products) demanded by consumers. Such activities occur in all organizations. The 
following aspects are involved: a) the definition of the strategic objectives; b) technical or quantitative 
tools used and c) the management of human resources. In the current environment, operations 
management services and interacts with other functions such as engineering, marketing and finance, 
assisting the organization in meeting its strategic objectives (Martins, 2000). 
   The service and operation company stock sizing can be considered similar to an industry. Therefore 
applications of modelling and simulation used by industries can also be applied in service operations. 
   In practice, the discrete event simulation can help in the decision-making process by assessing the 
adequacy of possible solutions to a given problem. Therefore, obtained by simulation information can be 
used, for example, in an inventory sizing process in managing the supply chain. 
   In this sense, the goal of this work is to create a simulation model covering the fundamentals of the 
inventory design process in supply chain, in order to ideal days of stock definition of materials a 
distribution center. To achieve this goal we develop a modelling and simulation in the computer system 
Arena®, the supply chain of a service company, as part of a case study in the company Sky Brazil®. 
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2 Literature Review 
 
Although it represents a very important issue, since the lack or excess materials in stock incur unneces-
sary costs, this topic is still largely unexplored when considering applications in service operations 
systems. 
   In the studies no deal directly with the subject proposed by this article. Studies for inventory manage-
ment have only one part and discussions of other topics such as, inventory planning models or analysis of 
some variables that influence in management. In the supply chain there are many variables, but some may 
be more significant in inventory management, which can interfere directly in the planning. In this aspect, 
Santoro e Freire (2008) state that the choice between stock models helps decision making based on 
several variables such as demand forecasting, sales history, amount of purchase orders.  
   However, the variables of a service operation may be different from those considered in an industry, as 
there are business features and each service branch also has their characteristics.  
   On the other hand there are few studies from the perspective of a service operation with respect to the 
use of modeling and simulation. There were no items with the complete concept to model and simulate 
several variables that affect the planning of a distribution center from the perspective of a service 
company. 
   Sakurada e Miyake (2009) describe the use of discrete-event simulation for service operations, analyze 
how the modeling process varies according to each type of service analysis and concludes that the 
simulation technology developments and the even simulation software must evolve to incorporate the 
ability to represent a more complete range of elements and relationships involved in service processes.  
   In modeling and simulation in inventory management is important to consider all the variables that 
interfere with the volume of material planning, because all the results are measured by the volume of 
material, for example, costs, handling and occupation. 
   Garcia et al. (2012) address the inventory control for supply chain with an appropriate control based on 
the lead time, incorporating the production time in the variable of the total time. However, not used 
modeling and simulation, but could be a tool that would help in the results. Because according Carteni 
and Luca (2012) a discrete event simulation helps to achieve some goals, overcome the limitations 
mathematical optimization approaches, supported by computer models and help in decision-making 
processes. Further states that the approach is very effective in the simulation of operations of a container 
terminal. 
   As shown, the supply chain is very complex by their interactions, but it is still poorly explored in 
service operations companies. Machuca et al. (2006), conducted a research, which showed a lack of 
research in service management, also said that there are few studies in management of supply chain-
related services. 
   Modeling and simulation can help in decision making through the results, but in service operations is 
not widely used, there are studies on the subject in industries, but without treating the objective of this 
work. Tracht et al. (2013) presented simulation for spare aircraft parts, defining storage inventory levels 
in the aviation industry, taking into account various input parameters and planning output. 
   Jammernegg and Reiner (2007) discussed the opportunities and challenges to improve the performance 
of processes. Using simulation, demonstrated how the coordinated implementation of inventory 
management methods and capacity management as a result, improved performance measures of costs and 
service levels. Illustrating the approach for a telecommunications branch of the supplier and the 
automotive industry. Hernandez and Librantz (2013) propose a reduction of all logistics costs involved in 
the export process, using discrete event simulation as a methodology using the ProModel® software as a 
simulation platform. The simulated scenarios show a reduction in costs, and a new planning strategy was 
also evaluated. 
   Modeling and simulation are widely used in industries, supply chain for inventory management: how to 
measure levels, capacity, and performance of logistics processes and costs. This way indicates good 
results, demonstrating that can be applied in service operations, in which processes are similar. 
 
 
2.1 Modelling and Simulation 
 
According to Aguilar et al. (2009) simulation is a representation of a real-world process, it involves the 
generation of an artificial system, by observing this system are drawn conclusions about the real system 
operating characteristics. 
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   Modelling and simulation of a process or system it comes to the simulation of complex problems, so 
that the model imitate the responses of the real system a sequence of events that occur over time. Of 
computer vision, the model is a computer program whose variables have the same dynamic behavior and 
stochastic real system it represents. Bringing these two definitions simulation is the process of designing 
a computer model of a real system, conduct experiments with this model in order to understand their 
behavior and / or evaluate strategies for its operation (Freitas, 2008). 
   Kelton (1998) states that the computer simulation tool, which was previously very expensive and 
specialized, has been increasingly used in companies and targeted for many applications in the process to 
support decision-making. 
   To use the modeling and simulation is necessary to build a model. According to Freitas (2008) for 
building the model is based on the steps of formulating a study modeling and simulation. 
 
 
2.2 Supply Chain 
 
Supply Chain Management is the management of the supply chain, that is, the management of the 
operational part, the management of logistics, which include several areas and processes. The concept is 
similar to logistic processes, but takes a wider scope and integrated strategically adding value to the entire 
chain (Ballou, 2006).  
   One of the areas of supply chain is material planning, which, briefly, is the area responsible for 
inventory management from the perspective of planning the amount of materials to be used in the 
production process and finished products (Ballow, 2006 ). And one of the main issues of planning is to 
define the optimal amount of stock of each material to be consumed or the stock output. The ideal stock 
definition is a very important concern, for both the lack and the excess material in stock incur 
unnecessary costs. 
   The stock represents in general, materials that are stored awaiting use: consumption or stock output 
(Garcia et al., 2011). Depending on the type of business (trade, industry or service), the stock may have 
different characteristics, forms of control and management.  
   Blackburn (2012) describes one of the most important factors of inventory management is the cost of 
the total inventory, in other words monetary amount of the total volume stored. To achieve this volume 
planning is important to define some key parameters to calculate the optimal amount of stock that a 
distribution center must have. 
   In the case of a service company, there is not a production process, or the process occurs only moments 
before delivery of the service; there are no production orders, but there purchase order material, for every 
service depends on resources to perform the sale. Measure this material volume in days is a way to set a 
parameter. This parameter need not be changed at any time, this form it is ideal for seasonal demand, in 
which the volume change can be different every month. 
 
 
2.2 Modelling and Simulation in service operations management 
 
The modelling and simulation in service operations can be useful to study the material planning on the 
inventory management process. There are many issues that can be responded, for example, the amount of 
inventory that a distribution center must have. 
   Another aspect of the current context that favors the use of simulation is the extraordinary advances in 
computer technology in the last years, and constantly growing. The Discrete Event Simulation technique 
was quite favored industries, which now has powerful computational tools, able to study more complex 
systems involving many variables (Aguilar et al., 2009). 
   This way, the application of modeling and simulation, can also be satisfactory in service operations, 
which is more complex due to transformation of demand for goods in services. 
 
 
3 Materials and Methods 
 
The approach used in this article was a quantitative research of the exploratory type, with the construction 
of a computational modelling and simulation in Arena® program, with data collected through a field of 
study in business services operations: Sky Brazil ®. 
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   The construction of the model was based on the steps of the formulation of a study of modeling and 
simulation (Kelton, 1998). In the formulation and problem analysis, were raised several possible 
inventory management problems, for example, minimum inventory volume, maximum volume and 
inventory restocking cycle, which can be answered with computer modeling and simulation. 
   Before the computational model, a conceptual model was created, defining processes and activities that 
constitute the system. The next step was carried out to create, verify and validate the computational 
model, conducted the first tests, confirming that the model will be operating as planned and, where 
necessary, making adjustments until you reach the desired result. 
   The final design is also called go live production, in which experiments were conducted, generating 
some scenarios to be analyzed. At this stage was set the sample size of six months of the scenario 
simulation and thirty replications.  
   Following the comparison and identification of the best solutions, the best proposed scenarios will be 
discussed in detail, by statistical calculations, for example, t-test, statistically to ensure that the response 
of the model represents the best alternative. 
 
 
4 Results and Analysis 
 
Following are the results and analysis applying the steps of modeling and simulation. The main purpose is 
to define the ideal amount of stock for a material in a distribution center. 
   The conceptual model is part of the supply chain, in which the defined processes directly influence the 
calculation of income. In this way the processes that have a direct relationship with inventory 
management were defined (figure 1). 
 
 

Fig.1  
Conceptual model. 
 
 
   The entrance represents the entry in the material in stock. The DC is the distribution center of material, 
in which the material is stored waiting until his departure. The transportation is the transit of the material 
until your destination. The certified represents the stock Sky® partner, who will perform the service for 
the customer. And finally the installation is to provide the customer service for the consumption of the 
material and the completion of the process. 
   In this model the queue is the stock, the size is the volume available in stock. For this case does not 
have a queue is bad because it is the rupture of stock, on the other hand is also bad to have a lot of queue, 
as it indicates an excess of stock. 
   The intention of the development of a simple system is precisely to facilitate a business user. In some 
cases, the business user can stop easier access and processing of data, as it has greater knowledge in day-
to-day process. 
   The computational model is shown in Figure 2. The model was built with the blocks of the basic flow 
module in ARENA. The entrance of the material was represented by the Create module; Distribution 
Center, transportation and Certified were represented by a Process module and, finally, the installation 
process is represented by a Dispose module. 
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Fig.2  
Arena® computational model. 
 
 
   Table 1 shows the results in 30 replications. The response shows the average size of the queues 
(Number-InQueue) in the different links in the supply chain. The numbers are normalized due to 
confidentiality agreement. The result, for the scenario tested, there was no disruption of the stock, 
indicating that the stock size adopted in the simulated scenario is sufficient to meet the defined demand. 
 
  
Table 1 
Normalized results for average size of the queues.  
Queues represent the stock 
 
 

Stock in different links in the supply chain Volume in days 

Distribution Center.Queue.NumberInQueue 1 
Transportation.Queue.NumberInQueue 0,25 
Certified.Queue.NumberInQueue 0,37 

 
 
   Although it has been enough stock, we cannot state that represents the ideal volume, since it may 
represent an excess of stock. In order to identify the ideal volume other scenarios should be simulated. 
 
 
5 Conclusions  
 
This paper presented the development and application of a simulation model for the inventory control 
process in a service company. With the simulation is possible to follow the evolution of the model 
variables, related or not to the queues, observe the conditions under which occurs rupture or excess 
inventory and identify the best option for a specific demand scenario and sales forecast. 
   As a future prospect, it is intended to simulate the different scenarios as well as using the model in an 
optimization applications such as, for example, Opquest a tool which is used to optimize an already 
existing template. 
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Using Overall Equipment  
Effectiveness (OEE) to predict  
shutdown maintenance 
 
Kurscheidt Netto, R J1, Santos, E A P2, Loures, E de F R3, Pierezan, R4 
 
 
Abstract: This research proposes an approach to predict equipment condition using OEE performance 
metrics. Statistical tools are used to correlate measurements of OEE factors and maintenance history from 
a real database. The results suggesting that there is a correlation between the Time Between Stoppages 
and the trend degree of the Mean and/or the Standard Deviation (SD) of cycle time. This approach 
intended to help the predictions of shutdowns for maintenance. 
 
Keywords: Condition-Based Maintenance. OEE. Trend Analysis, Process Mining. 
 
 

 
 
1 Introduction 
 
Several maintenance strategies are proposed and applied to productive processes, for improving the 
operational capacity of processes, saving maintenance costs, and improving industrial competition 
(Kumar et al. 2013). An appropriate maintenance action, at the right moment, is necessary for reducing 
process failures and increasing equipment reliability (Wang, 2012). In order to maximize preventive 
maintenance effectiveness, the Condition-Based Maintenance technique was proposed. The main 
motivation of this strategy is that equipment failures are preceded by signals, conditions or indications 
that the failure may occur (Ahmad and Kamaruddin 2012). According to Ahmad and Kamaruddin (2013), 
Overall Equipment Effectiveness (OEE) provides an estimation of the lifetime of the equipment where its 
intended use is influenced by its availability, performance and quality. This paper proposes a study to 
estimate degradation on an equipment operation using performance factor of OEE index, aiming to 
monitor the operating condition of equipment to find deviations from its normal condition. The present 
paper is organized as follows. In section 2 the theoretical background are introduced. Section 3 describes 
the proposed methodology. A case study of methodology application in a real process is showed in 
Section 4, covering the found issues and discussions about results. Finally, a conclusion about 
methodology application and further results are presented in Section 5. 
 
 
2 Theoretical Background 
 
The approach proposed in this paper is based on the following key concepts: performance measurement 
based, Condition Based Maintenance and Trend Analysis with attention to the Double Exponential 
Smoothing trend prediction model. A theoretical foundation on manufacturing event logs is presented.  
   Van Der Aalst et al. (2011) highlights the growth of information systems as Process-Aware Information 
Systems (PAIS), which record process information in the form of structured and detailed records of 
events from activities performed by a process (Weber et al. 2011). Each event refers to an instance (case 
ID) and a set of activities (task ID), including information from the beginning, ending, scheduling of this 
activity, date and time (timestamp) and user who performed the task are possible in some of these 
(Rozinat et al. 2009). Factory Information Systems (FIS) are a subclass of PAIS, which are responsible 
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for the management of data related to a manufacturing system, where the information is typically received 
in the form production events (Santos et al. 2008). The data acquired by FIS are stored in the form of 
sequential events into defined structures of data, entries from operators on the factory floor or from 
sensors installed on monitored machines. 
   CBM, which is a technique in the context of a predictive maintenance policy, is the most popular and 
modern technique discussed in the literature (Ahmad and Kamaruddin 2012), where its fundamental basis 
is condition monitoring, using signals measured by sensors continuously, allowing to identify if the 
operational condition of the equipment is deviated from a defined normal condition (Jardine et al. 2006). 
Frequent inspections when equipment is in good operation increases the costs of operation. On the other 
hand, deferring the inspection can increase the occurrence of unexpected failure and economic losses 
(Abeygunawardane et al. 2013). Many types of equipment failures present some kind of change in their 
condition that is detectable. When the equipment is in a good condition, it has performance or quality 
factors with known mean ! and variance σ#  values (Venkatasubramanian et al. 2003). However, in a 
wear condition or in the eminence of a failure, the mean, the variance or both values might change. 
   The OEE, proposed by (Nakajima 1988), is one of the most used indicators for performance 
measurement, and is used for measuring the progress made by the Total Productive Maintenance 
philosophy. It is a quantitative indicator, serving to measure performance, to identify areas for 
improvement, and to guide efforts to improve the areas that involve the equipment used in the process 
(Kumar et al. 2013). The basic formulation for the OEE is based on the product of three mutually 
exclusive factors: Availability, Performance, and Quality. Performance factor is the ratio of the actual 
cycle speed and theoretical cycle time. Its traditional formulation is represented by Equation (1). 
 
 

$%&'(&)*+,%- % =
-01234-561789:7- ∗ <=%(&%>?,*@-AB,@%-<?)%

C34:D7360EF: − HI9487:70EF: − ∑K0 +-∑M0
∗ NOO------(N) 

 
   It indicates the current diversion of in-time production with respect to an ideal cycle (Almeanazel 
2010). The denominator in Equation 1 represents the time which the machine is really producing. The 
term ∑RS (Downtime) is the sum of all no planned stoppages. The term ∑TS (Stoptime) represents the 
sum of planned stoppages. In this paper we make use of a direct measure from the equipment, provided 
by FIS data, and obtained from activity “Machine Working”. Using the time difference between its Start 
and Complete events, it can be computed the measured time cycle. 
   Trend Analysis (TA) is a statistical tool used to fit a general trend model based on time series data. The 
application of TA is appropriate because the nature of the component deterioration trend is presented 
according to a time series form (Maurya et al. 2010). The Double Exponential Smoothing (DES) model is 
one of the practical forecasting models that can be used to predict trending, being specifically used to 
forecast the future point based on the non-linear trend model (Ahmad and Kamaruddin 2013). The DES 
model uses an equation for estimating the forecasting value and another equation to estimate the trending, 
as shown in Equations (2) (3) (4).  
 

UV = WXV + 1 − W- UVZ[ + -SVZ[- -----------------------------------------(2) 
SV = ] UV − -UVZ[- + 1 − ]- SVZ[-----------------------------------------(3) 
_V`[ = UV + SV,------------------------------------------------------------------------------(4) 

 
   where XV  is the actual value in time c , W  is the value-smoothing constant, ]  the trend-smoothing 
constant, UV is the smoothing value for time c, SV is the smoothing trend value for time c, and _V`[ is the 
forecast value for time c + 1. 
 
 
3 Proposed Methodology 
 
A methodology was proposed in Kurscheidt Netto et al (2014) to use the performance measures obtained 
from an equipment to monitor its condition and therefore, define the optimal moment to preventive 
maintenance. Figure 1 illustrates the proposed methodology. 
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Fig.1  
Proposed Methodology (Kurscheidt Netto et al. 2014). 
 
 
   Analyzing the variation trend of these measures, it is possible to estimate the equipment condition and 
the moment for the preventive maintenance action. The phases are defined as Implementation phase, 
which aims to structure the methodology based on equipment information to be monitored and 
Monitoring phase, where the equipment condition is monitored and the decision for the maintenance 
action is taken. 
 
 
4 Case Study 
 
To validate the proposed methodology, correlation analyses were applied to a database collected from a 
lathe machine (CNC Turning) through a FIS, installed in an automobile industry. A period of eight 
months was considered for the event logs of the productive process, totalizing 85,830 events, structured in 
85 cases. Each case represents one production day. The equipment under analysis is used for the 
manufacturing of 13 types of products, with different cycle times and number of operations. Figure 3 
graphically summarizes the cycle time variation according to the product type during the period under 
analysis. The curve represents the cycle time filtered, to eliminate incorrect events, e.g. production times 
higher than 1,000s. Nevertheless, a noise level was observed in the measures obtained, requiring its 
treatment for the conduction of the study object of this paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Normal Structure for Production Activities. 
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5 Results and Discussions 
 
Events registered by the FIS (taskID) were classified into Activities and Events, aiming to extract the 
process main structure represented by the Activities and identify the occurring deviations, represented by 
the Events. Events, in their turn, were classified into Production Events, Quality Events, and Maintenance 
Events. Table 1 summarizes the results obtained with the mining of the event log under analysis, 
identifying the four activities that compose the process and events classified as non-scheduled stoppages. 
 
 
Table 1 
Structure activities and maintenance events. 
 
 

Activity description Freq Relative freq. Classification 
Machine Working 25142 29,2928% Activity 
Finished Part 20601 24,0161% Quality Event 
Product Removal 20437 23,8110% Activity 
Short Stoppage 18662 21,7430% Activity 
Adjustments 298 0,3472% Maintenance Event 
Tool Wear 54 0,0629% Maintenance Event 
Autonomous Maintenance 6 0,0070% Maintenance Event 
Electrical Maintenance 2 0,0023% Maintenance Event 

 
 
   4 types of products were selected for the analysis, representing around 80% of the production in the 
period considered, as pointed out in Table 2. Based on the execution time for activity “Machine 
Working”, the cycle times were obtained for each day of production and products selected in Table 2. In 
order to conduct the analyses, the outliers values were removed in order to keep the standard deviation of 
the cycle time acquisitions at about +/-2s for products #110 and #111, and about +/-10s for products #112 
and #118. After that, days with 10 or less pieces produced were removed. 
 
 
Table 2 
Selection of relevant products for analysis. 
 
 

Prod Code Quantity Relative Freq Cumulative Days of Prod 
118 9141 36,36% 36,36% 21 
112 5494 21,85% 58,21% 20 
110 3614 14,37% 72,58% 20 
111 1697 6,75% 79,33% 9 

 
 
 
   The DES method was employed, with mean smoothing factors and trend defined in 0.6 for the analysis 
of the respective cycle time trend (Mean and Standard Deviation). The compiled results are shown in 
Figure 4, in which both the mean trend and the standard deviation follow normal distributions, at a 
reliability criterion of 95%. It is possible to observe the occurrence of variations in the cycle time mean 
values of some products. Operation errors are regarded as factory-floor related, e.g. incorrect definition of 
the product type and/or acquisition errors of the events timestamp. The analysis is validated through the 
removal of those values for verification of trends and variations. As attested in the results shown in Figure 
3, the cycle times mean and/or standard deviation tend to increase in certain periods. Such trends were 
related to non-scheduled stoppage events (Downtimes) of the machine under analysis, specifically those 
related to Maintenance Events, as presented in Table 1. 
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Fig.3   
Results of Mean, SD and Trending for each product. 
 
 
   Figure 4 brings the results of the stoppage total time measurement for each day of production analyzed 
and related to the cycle time mean for each product. The dashed circles highlight the periods in which an 
increase of the cycle time mean occurred. Considering that the database does not include additional 
information on the root of such deviations, it is assumed that they are caused by the equipment 
degradation. So as to found such hypothesis, the mean trend value and cycle time SD were correlated 
with the Time Between Stoppages (TBS). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4   
Graphical correlation between Mean cycle time  
and moment of stoppage. 
 
 
   Figure 5 presents the results obtained and is possible to verify the grouping of the mean and the SD 
measurements, represented by the points inside the highlighted circles. Regarding the correlation with the 
mean trend, the analysis of the results shows that product #110 data are more dispersed, while regarding 
SD trend product #2 is more dispersed. Values for other products are grouped in a certain region, 
suggesting that there is a correlation between the Time Between Stoppages and the trend degree of the 
mean and/or the SD. In this analysis, the correlation with all Maintenance Events is considered, although 
the Electrical Maintenance event has almost no occurrence. 
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Fig.5   
Correlation between TBS and Mean / SD Trends for each product. 
 
 
6 Conclusions 
 
In this paper, we consider the hypothesis that any reduction in the equipment speed is due to factors such 
as degradation, aging or fatigue-related failures. With the results obtained, it is possible to attest the 
correlation between the mean and standard deviation trend of cycle time with the occurrence of 
maintenance events. Although measures present relative dispersion, most values obtained are grouped. 
   Indeed, the measurement quality of the cycle time, contributing for the accuracy of the methodology 
proposed by Kurscheidt Netto et al. (2014), can be emphasized. The existence of noise in the values 
acquired must be observed, increasing the factor variance and influencing the operational limits, thus 
impacting on the correct identification of the slope value. The main cause determined after the database 
analysis refers to event registration errors by the operator. In addition to the main objective of this paper, 
the need for the correct use of events for the explicit and well defined delimitation of the start and end 
working shifts, machine operation state and start/end of in-progress production. These events help employ 
mining algorithms, reducing the noise and contributing to the application of the proposed methodology. 
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Supply Chain Risk  
Management in the Brazilian  
Auto Parts Industry 
 
Vanalle R M1, Lucato W C2, Alves Filho A G3, Nogueira E4, Ganga G M D5 
 
 
Abstract: In this article, we seek to present results of a survey carried out in an effort to understand how 
some companies of the Brazilian auto parts industry are managing risks in their supply chain. We built a 
questionnaire based on the works developed by Thun and Hoenig (2011) and Lavastre, Gunasekaran, 
Spalanzani (2012) and analyzed the answers got from forty-four firms. The results show that the main 
companies’ concerns in SCRM are devoted to typical Supply Chain Management problems (e.g. 
suppliers’ quality, demand variation and inventory levels) and that they tend to work together to reduce or 
eliminate risks. We observe as well that tier1 and tier 2 firms perceive chances and impacts of events in 
almost the same way, but they have different capabilities of transferring risks to other members of the 
supply chain. 
 
Keywords: Supply chain management; Risk management; automotive industry. 
 
 

 
 
1 Introduction 
 
Researchers and practitioners have been devoting increasing attention to Supply Chain Risk Management 
(SCRM) since the middle of the 1990 decade. They have pointed out that supply chains are increasingly 
exposed to risks, as globalization expands and more companies adopt lean and agile production systems 
practices to improve their competitiveness (Thun and Hoenig, 2011). 
   Being a relatively recent stream of research, the body of research is increasing rapidly and the 
fundamental concepts and bases for empirical research are still under development. Colicchia and Strozzi 
(2012) presented a systematic literature review highlighting the key themes that have been investigated 
and proposing a vast research agenda for the future. However, to the best our knowledge, only a few 
research efforts on this subject were carried out focusing segments of the Brazilian industry, 
corroborating the incipience of the field in Brazil. 
   In this article, we seek to explore how some companies of the Brazilian auto part segment perceive risks 
while managing their supply chain and what attitudes they have been taken towards those risks. We sent a 
questionnaire composed by close-ended questions to a sample of auto part companies and analyzed the 
returned responses. The questionnaire was developed based on the ones designed by Thun and Hoenig 
(2011) and  Lavastre, Gunasekaran, Spalanzani (2012). 
   More specifically, we choose to discuss two general questions: (1) What are the main risks and their 
potential impact in the supply chains of auto part companies installed in the State of São Paulo - Brazil? 
(2) What are their main attitudes to deal with supply chain risks? 
   In the next sections of this article, we present very briefly: the main SCRM concepts, the method 
adopted in this research, and the analysis of the data collected for the study. 
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2 Supply chain risks 
 
Before bringing the central concepts that backing up our specific research, it is worth to point out that 
SCRM, as an area in its beginning, has its content range still in formation. We can see that authors in the 
field are trying to identify the main supply chain risks and to propose management schemes that could 
improve companies’ performance. 
   Colicchia and Strozzi (2012, p. 404) bring the initial and well-adopted definition of SCRM: “Supply 
chain risk management is defined as, ‘the identification of potential sources of risk and implementation of 
appropriate strategies through a coordinated approach among supply chain members, to reduce supply 
chain vulnerability’ (Christopher et al., 2003). The main aim of supply chain risk management is to 
protect the business from adverse events.” 
   “A main particularity of Supply C Management (SCRM) contrary to traditional risk management is that 
it is characterized by a cross-company orientation aiming at the identification and reduction of risks not 
only on the company level, but rather focusing on entire supply chains.”(THUN and HOENIG, 2011,         
p. 243). 
   Researchers in correlated fields are nevertheless discussing the fundamental concepts that have been 
adopted and are proposing significant modifications and expansions of the fields' contents. They 
highlighted that works on SCRM have been concerned mainly with risks – not including uncertainty – 
and have focused only the possible negative effects of events that may occur in the supply chains. Ward 
and Chapman (2003), for example, dealing with Project Risk Management (PRM), argument that the term 
‘risk’ induces a restricted focus: “the association of the term ‘risk’ with adversity, implying that project 
risks are potential adverse effects on project performance, and that sources of risk are ‘things that might 
go wrong’, or threats to the project.” (WARD and CHAPMAN, 2003, p. 98). They argument as well that 
“…it is important to take uncertainty about anything that matters as the starting point of uncertainty 
management, defining uncertainty in the simple ‘lack of certainty’ sense.” (WARD and CHAPMAN, 
2003, p. 98). 
   We (the authors of this article) agree with those arguments conveyed by Ward and Chapman (2003) and 
understand that they are as appropriate to the field of SCRM as they are to PRM. In the near future, we 
hope that more researches could tackle the need to identify uncertainty and risks, as well as opportunities 
and threats, in supply chains in order to propose appropriate management schemes to improve their 
performance. Nevertheless, to identify and to manage risks in a supply chain may be a proper initial step 
in that direction. 
Since there are only a few empirical researches carried out in Brazil on the area of SCRM (Aguiar, 
Tortato and Gonçalves (2014); Graeml and Peinado (2010); Sellitto et al (2013), we try to identify, in this 
work, in the perception of the managers, the main risks that could affect supply chains and the main 
management attitudes taken towards the risks by auto part companies.  
   It is necessary then to focus our discussion here towards the concepts of risk and of impact or 
vulnerability. We choose to adopt the definitions presented by Harland, Brenchley, Walker, (2003) and 
Thun and Hoenig (2011).    
   Risk is defined as ‘‘…the probability of loss and the significance of that loss to the organization or 
individual’’. (Mitchell, 1995 apud Harland, Brenchley, Walker, 2003, p. 52). The types of risks 
considered in this research are the ones presented by Harland, Brenchley, Walker (2003) and Thun and 
Hoenig (2011). 
   Thun and Hoenig (2011, p. 243) consider that “The impact of an incident on a supply chain depends on 
the particularity of the incident on the one hand and on the design of the supply chain on the other hand. 
The latter refers to the aspect of vulnerability of a supply chain.”   
   From those definitions of risk and impact / vulnerability, and from the definition SCRM, we choose to 
discuss in this research the two questions presented earlier in the first section (Introduction) of this article.   
   Following the researches carried out by Thun and Hoenig (2011) and Lavastre, Gunasekaran, 
Spalanzani (2012), we decided to present here the results from a survey carried out in a sample of the 
Brazilian auto parts industry. 
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3 Methodolology 
 
Since we had decided to collect data on SCRM in a sample of the Brazilian auto parts industry, we 
designed a questionnaire based on the ones used by Thun and Hoenig (2011) and  Lavastre, Gunasekaran, 
Spalanzani (2012) in their researches. 
   The questionnaire was composed mainly by closed questions organized into three blocks: company's 
general characteristics; company's vulnerability to risks (occurrence of risks, risk impacts); company's 
attitudes towards risk. The questions used for this analysis are measured by seven-point Likert scales. 
   The survey was launched during the months of September / October /2014 to a sample of the auto parts 
industry segment installed in Brazil. The questionnaire was sent by e-mail to people in charge of supply 
chain management in 150 companies randomly chosen among the auto part companies associated to the 
SINDIDEPÇAS (Brazilian Union of the Auto Part Manufacturers) and located in the State of São Paulo. 
Subsequent phone contacts by the researchers requested for the questionnaire fulfilment. From the total 
sent, 44 (or 29%) of the questionnaires were received back (adequately answered) and were used to 
support the analyses and findings considered in this paper. From that total, 30 companies belonged to tier 
1 of the Brazilian automotive supply chain and 14 to tier 2. Since this is not a random sample covering 
the entire country, we could not say that it represents the population of companies in the auto part 
industry installed in Brazil. Nevertheless, the results can give an initial idea of the risks in this segment 
and how companies are dealing with them. 
   All mean comparisons developed in this paper were statistically tested using the t test, assuming a 
significance level of 95%. 
 
 
3 Results 
 
Analyzing the data received from the field, initially it was possible to conclude that the three major 
concerns regarding risk perceived by the researched companies were raw material price increases, 
demand variations and supplier’s fault. Conversely, the lowest risk alleged were terrorist attacks, 
petroleum crisis and natural disasters. The complete list of possible events evaluated in the research is 
shown in Figure 1. And the complete list of consequences evaluated is shown in Figure 2. 
 
 

 
Fig.1  
How risks are perceived by the researched companies. 
 
 
 

How often the following risks are considered in your supply chain?  
From 0 (Never) to 7 (Very often) Mean Std Dev. Median

    - Raw material price increases 4,02 1,70 4
    - Demand variations 3,89 1,87 4
    - Supplier's fault 3,85 1,69 4
    - Supplier quality problems 3,53 1,54 3
    - Restriction in importation and exportation 3,09 2,35 3
    - Machine breakdowns 3,06 1,42 3
    - Lack of enough inventories throughout the supply chain 3,02 1,44 3
    - Red tape in customs clearance 2,94 2,17 3
    - Problems in inbound logistics 2,91 1,56 3
   - Communications problems in information systems 2,85 1,76 2
    - Problems in outbound logistics 2,74 1,58 2
    - Strikes 2,53 1,68 2
    - Technological changes 2,13 1,51 2
    - Accidents (fire, for instance) 1,91 1,47 1
    - Natural disasters 1,68 1,35 1
    - Petroleum crisis 1,55 1,69 1
    - Terrorist attack 0,71 1,47 0
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Fig.2  
How consequences are rated by the researched companies. 
 
 
   Interestingly, the first seven events are the same (in different positions) in figures 1 and 2. They 
establish the main SCRM concerns of the companies.  
   However, companies belonging to tier 1 and 2 of the Brazilian automotive supply chain consider those 
risks differently (Figure 3). Tier 1 and tier 2 firms indicated the same first three events (in different 
positions) as the ones with the highest chances of occurrence: supplier’s fault, raw material price 
increases and demand variation. Furthermore, supplier quality problems and supplier’s fault are amongst 
the two events Tier 1 companies rated as the ones with the highest risks consequences, and amongst the 
four events that Tier 2 companies rated as the ones with the highest risks consequences. Tier 2 firms rated 
machine breakdowns as the event with the highest impact.  
 
 

 
Fig.3  
How risks are perceived in tier 1 and tier 2. 

How do you rate the consequences of the following risks to your 
company?                                                                                          From 

0 (Inexistent) to 7 (Very high)
Mean Std Dev. Median

    - Supplier's fault 4,55 2,05 5
    - Supplier quality problems 4,51 1.93 5
    - Machine breakdowns 4,28 1,73 4
    - Raw material price increases 4,28 1,74 5
    - Lack of enough inventories throughout the supply chain 4,00 1,89 4
    - Restriction in importation and exportation 3,98 2,35 4
    - Demand variations 3,83 1,71 4
    - Problems in inbound logistics 3,79 1,76 4
    - Problems in outbound logistics 3,77 1,75 4
    - Accidents (fire, for instance) 3,68 2,05 4
    - Red tape in customs clearance 3,64 2.26 3
   - Communications problems in information systems 3,55 1,84 4
    - Strikes 3,36 2,21 3
    - Technological changes 3,11 1,71 3
    - Natural disasters 3,02 2,81 3
    - Petroleum crisis 2,32 1,81 2
    - Terrorist attack 2,09 2,39 1

How often the following risks are considered 
in your supply chain?  

From 0 (Never) to 7 (Very often)

Mean 
(µ1)

Std 
Dev.

Median Mean 
(µ2)

Std 
Dev.

Median
t test       

µ1 ≠ µ2 ?   
α= 95%  

    - Supplier's fault 4,00 1,62 4 3,71 1,68 4
    - Supplier quality problems 3,67 1,49 4 3,43 1,34 3
    - Red tape in customs clearance 3,43 2,31 3 2,43 2,14 2
    - Restriction in importation and exportation 3,17 2,12 3 2,79 2,26 3
    - Problems in inbound logistics 3,07 1,62 3 2,79 1,19 3
    - Strikes 2,80 1,77 2 2,29 1,44 3
    - Technological changes 2,17 1,44 2 2,07 1,54 2
    - Natural disasters 1,87 1,50 1 1,43 0,85 1
    - Terrorist attack 0,90 1,67 0 0,50 1,09 0
    - Raw material price increases 3,90 1,63 4 4,43 1,74 5
    - Demand variations 3,97 1,69 4 4,14 1,79 4
    - Machine breakdowns 2,93 1,08 3 3,50 1,79 4
    - Lack of enough inventories throughout the supply chain2,97 1,47 3 3,14 1,17 3
   - Communications problems in information systems 2,83 1,76 2,5 3,14 1,51 2
    - Problems in outbound logistics 2,73 1,53 2 2,93 1,54 3
    - Accidents (fire, for instance) 1,73 1,44 1 2,36 1,55 2
    - Petroleum crisis 1,47 1,48 1 1,71 1,98 1
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   Considering at the same time the mean and median values in Figure 1, we see that Tier 1 companies 
perceive supplier quality problems and red tape in customer’s clearance with higher chances of 
occurrence than Tier 2 companies do. While Tier 2 companies perceive raw material price increases and 
machines breakdowns with a higher chances of occurrence than Tier 1 companies do. 
   Tier 1 companies perceive supplier quality problems, lack of inventories throughout the supply chain 
and red tape in customers’ clearance as events with higher consequences than Tier 2 companies do. While 
Tier 2 companies perceive machine breakdowns, restriction in importation and exportation and 
communications problems in information systems with higher consequences than Tier 1 companies do 
(Figure 4). 
 
 

 
Fig.4  
How the researched companies perceive  
the consequences of each risk. 
 
 
   Our research also investigated how the auto part manufacturers handle the supply chain risks. 
Interestingly enough, many companies in tiers 1 and 2 reported almost the same behavior in that respect. 
In fact, the highest rated conduct indicated that they and their business partners in the supply chain work 
together to reduce or eliminate risks. We observe that that attitude – collaboration amongst supply chain 
members – can facilitate the implementation of SCRM initiatives. The complete results obtained for that 
question are reported in Figure 5. 
 

 
Fig.5  
How the researched companies manage  
risks in the supply chain. 

How do you rate the consequences of the following 
risks to your company?                                                                                          

From 0 (Inexistent) to 7 (Very high)

Mean 
(µ1)

Std 
Dev.

Median Mean 
(µ2)

Std 
Dev.

Median
t test       

µ1 ≠ µ2 ?   
α= 95%  

    - Supplier quality problems 4,77 1,76 5 4,43 2,03 4
    - Supplier's fault 4,70 1,88 5 4,64 2,27 6
    - Lack of enough inventories throughout the supply chain 4,37 1,83 5 3,50 1,87 4
    - Red tape in customs clearance 4,33 2,29 5 3,71 2,33 4
    - Demand variations 4,03 1,54 4 3,71 1,86 4
    - Problems in inbound logistics 4,00 1,64 4 3,79 1,76 3
    - Accidents (fire, for instance) 3,93 2,12 4 3,57 1,87 4
    - Strikes 3,70 2,20 3 3,07 2,20 3
    - Natural disasters 3,47 1,94 4 2,57 1,91 2
    - Petroleum crisis 2,40 1,75 2 2,36 1,91 2
    - Terrorist attack 2,33 2,47 1 1,93 2,40 1
    - Machine breakdowns 4,30 1,74 4 4,71 1,14 5
    - Raw material price increases 4,37 1,59 5 4,57 1,65 5
    - Restriction in importation and exportation 3,70 1,97 3 4,00 2,69 6
   - Communications problems in information systems 3,60 1,85 4 3,86 1,66 5
    - Problems in outbound logistics 3,93 1,60 4 3,93 1,69 4
    - Technological changes 3,23 1,55 3 3,21 1,97 4
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...shares the risks with other members of the supply chain. 3,97 2,06 4 3,46 2,11 4
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   We can see overall, based on the answers of forty-four firms of the Brazilian auto parts industry, that 
the main companies’ concerns in SCRM are devoted to typical Supply Chain Management problems 
related to suppliers’ quality, demand variation and inventory levels, besides some legal and economic 
problems related to restriction to importations and exportations, and raw material prices. 
   We observe as well that tier1 and tier 2 firms perceive the chances and the impacts of events in almost 
the same way and that they tend to work together to reduce or eliminate risks. There are evidences, 
however, that suggest that tier 1 companies tend to use their capability of transfer risks to other supply 
chain members while tier 2 companies have to deal more frequently with internal problems (e.g. machine 
breakdowns) and have to look for internal solutions to reduce and eliminate risks. 
   This stream of research will continue with a detail investigation of practices and tools that companies in 
the Brazilian auto parts industry are adopting. 
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Using the Internet of Things in  
a production planning context 
 
Alarcón F1, Perez D2, Boza A3 
 
 
Abstract: One of the most novel concepts that has been applied to companies in recent years is “Sensing 
Enterprises”. This concept implies a drastic change in the way companies operate. Within the framework 
of this concept, another necessary and complementary concept arises, the so-called “Internet of Things” 
concept. It seems evident that the Internet of Things can generally help improve the functioning of the 
processes undertaken in companies, particularly one of the key processes; the production planning 
process. Despite being able to find abundant information on both themes, and the apparent relevance that 
using the Internet of Things could have for the production planning process, no works that have jointly 
studied these matters were found. To bridge this gap, the present work intends to reflect on how the 
characteristics and advantages of the Internet of Things can be put to good use in the production planning 
process. 
 
Keywords: Internet of Things; Production planning; Sensing enterprises. 
 
 

 
 
1 Introduction 
 
One of the most novel concepts that has been applied to companies in recent years is “Sensing 
Enterprises” (SE). This concept entails a drastic change in the way companies operate and, along with 
other concepts (e.g. liquid, agile, “glocal”, sustainable, inventive, humanist, cognitive and community-
oriented), seems to mark the future roadmap.  
   Applying and using the SE concept helps companies to be more sensitive, to become rapidly aware of 
what is going on around them, and to quickly transfer it to processing centres and decision centres.  
   Within the framework of this concept, another necessary and complementary concept arises, the so-
called “Internet of Things” concept (IoT).  The IoT permits an interaction between people and things, and 
at its highest degree of development, the interaction between things and things. This interaction entails 
obtaining information from environment, and processing and/or sending this information to other things 
over the Internet. These other things receive it which, in turn, can set up a new interaction with another 
thing. In this process, things can basically: acquire and send information over the Internet; process the 
information they acquire from their environment or which they receive from other things; make decisions; 
amend their performance or the performance of the system to which they belong.  
   Nowadays, growing interest is being shown in applying smart products and the IoT to production and 
supply chain management (Meyer et al., 2009). It seems evident that the IoT can help improve the general 
operations of the processes undertaken in companies, and one of key process in particular; the production 
planning process (PPP). Despite there being abundant information on both themes (IoT and PPP), and the 
apparent relevance that using the IoT for the PPP could have, no works that have jointly analysed these 
matters were found. To bridge this gap, the intention of the present work is to reflect on how the 
advantages that the IoT in the PPP offers can be put to good use. To this end, the following section 
reviews the relevant literature on both themes; IoT and PPP. Section 3 identifies and presents examples of 
IoT applications in an orderly fashion, and the main benefits of their use for subsequently presenting 
those aspects that characterise the IoT (IoT characteristics). Finally, Section 4 analyses how the IoT 
characteristics can be put to the best use in the PPP. 
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2 Literature review 
 
The interest for the work lies in analysing and understanding how the PPP can improve by using the IoT. 
Since no previous works that have profoundly dealt with the relation between both these themes were 
found, we opted to review them all separately. In this way, and depending on the information obtained for 
each one, the subsequent sections identify and analyze the impact that using the IoT has on the PPP. 
   Next a literature review on the SE and IoT concepts was done in an attempt to pay attention to the 
meaning of both concepts, their utility and the advantages/benefits that their use can offer. Then the 
literature on the PPP was reviewed putting the focus on the activities that comprise it. 
 
 
2.1 “Sensing Enterprises” and the Internet of Things (IoT) 
 
The “Sensing Enterprises” (SE) concept attempts to decentralize the company’s smartness for the 
elements and/or people comprising it, and who work in it, to move on to a scenario in which the company 
acts as a complex smart organisation capable of detecting, sensing and reacting to business stimuli 
(FInES, 2012). According to Thoma et al. (2013), two recent technologies now permit the SE concept to 
become a reality: the real-time analysis of large quantities of data and sensors networks that are beginning 
to complement the already existing RFID technology.  
   The elements, technologies or sensors that capture information in an SE context are also known as 
“things”, and have given rise to the term “Internet of things”. The IoT is a concept that aims to improve 
forms of communication between humans and the devices (objects) we employ today by using Internet 
networks. The IoT attempts not only to help humans communicate with one another (humans-humans), 
but also the things are able to exchange information among them, over the Internet, which gives way to 
new forms of communication: humans-things and things-things (Tan and Koo, 2014). 
   For Gubbi et al. (2013), the IoT is a radical development of today’s Internet towards a network of 
interconnected objects that not only collects information from environment and interacts in the physical 
world (action/command/control), but one that also uses existing standards on the Internet to provide 
information transfer services, analyses, applications and communications. 
   Some examples of objects that can interact in an IoT context include: radio frequency identification 
devices (RFID), sensors/actuators, communication machines and devices (Miorandi et al., 2012). Wang 
(2014) also mentions RFID as well as infrared sensors, global positioning systems (GPSs) and laser 
scanners. Whitmore et al. (2014) cites RFID and sensors/actuators, and adds mobile phones. 
   As for the benefits or specific advantages that the IoT can provide, Teng Yue (2011) analyses its effect 
on each link of a food supply chain. This author demonstrates that the IoT can improve the chain’s 
efficiency and the degree of food safety because its use allows real-time communication and it shares 
accurate information to carry out smart recognition of products, their location, follow-up and monitoring. 
   The work of Yu Gu and Tiaobin Jing (2011) presents three specific IoT applications and their benefits 
in a fresh agricultural produts supply chain. The work of these authors includes a table that reflects the 
improvements obtained from using the IoT in the links of this particular supply chain. Other interesting 
works mention the benefits of the IoT; e.g., those by Mao Cuiyun and Han Yuanhang (2010) and Zhou et 
al. (2015). 
   Given the interest of the business processes perspective for the present work, it is worth highlighting the 
IoT definition proposed by Carretero and García (2014): the IoT is a network of objects connected to the 
Internet that are perfectly integrated and can be converted into active participants in business processes. 
   Although the research conducted by Wang (2014) does not follow a clear business processes approach, 
it mentions some activities that objects perform in an IoT context: capturing information, accurate 
transmissions and smart processing. This work also mentions some activities that constitute the 
information and communications exchange protocol for devices connected to the IoT: smart identifi-
cation, positioning, follow-up, monitoring and management. 
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2.2 The production planning process (PPP) 
 
The classic production planning concept, in which many authors coincide about, consists in planning the 
desired future, the means needed and the activities to be performed to cover demand. 
   Planning is a process for which all those involved in covering demand are organised with time to 
optimise their work and to obtain the biggest benefit possible for the company. Its main objective is to 
respond to customer requirements in quality, quantity and due date terms (Meyer et al., 2011) at the 
lowest possible cost so that available resources are used in the best possible way. 
   Production planning is defined as a long-term plan for the operations subsystem which includes the 
objectives to be met, the actions to take and allocation of resources to various products and tasks. All this 
must be done to pursue meeting the company’s objectives within the corporate strategy framework. This 
entails establishing a Long-Term Capacity and Production Plan.   
   There are many ways in which the planning process and controlling production can be arranged with a 
hierarchical approach, even though the essence is always the same. Normally, the next five phases are 
distinguished: Long-term or strategic planning, Tactical or mid-term planning, Master planning, 
Components programming and Execution and control. 
   For Slack et al. (2004), the activities needed to cover demand can, however, be grouped into the 
following four tasks: loading, sequencing, programming, and monitoring and control. The first three 
constitute production planning, while the fourth is known as production control (Meyer et al., 2011). The 
monitoring and control task covers the activities performed to react to alterations, which enables 
deviations from the original plan. The majority of academic efforts on the production planning and 
control theme have been made on more sophisticated planning concepts, while monitoring and control 
have taken second place (Vieira et al., 2003). The work of Meyer et al. (2011) studies using the IoT from 
the production control perspective to overcome drawbacks or alterations in the production plant, such as 
product errors, production errors, machine failure, quality problems or delivery errors. 
 
 
3 Applications, benefits and characteristics of the IoT 
 
This section summarises the applications that the IoT permits companies by means of a literature review, 
which was done beforehand. With these applications or examples of using the IoT, benefits can be 
obtained, which are also provided, to summarise the literature review done. Studying the applications, 
along with the benefits of the IoT, and the other contents obtained from the works we consulted will 
subsequently permit the identification of IoT characteristics. 
   Next, we provide the IoT applications cited in the consulted literature, which is not a single or closed 
list. The IoT can be used to: 
 

•!Monitor product quality, which will allow a better control of damaged, lost and stolen 
products 

 
•!Improve and ensure product safety, especially the safety of perishable products, such 

as food or pharmaceutical products, by means of a powerful real-time traceability 
system 

 
•!Make real-time product information available and for all the supply chain nodes, 

inclu-ding customers. This will permit better product follow-up all along the transport 
route, the exact location and recovery of products, if required, and also information 
about consumer habits. The participants in the chain will be synchronised with 
changes in demand. It will also allow customers to decide when to buy and it will 
offer them ample information about products and producers 

 
•!Identify products automatically and accurately classify them 

 
•!Know the state that equipment is in and its performance in real time, identify and 

manage emergences more quickly, and confer autonomy to “things” so they can react. 
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   The benefits that using the IoT can provide companies, as mentioned in the consulted literature, can be 
grouped as follows: 
 

•!More efficiency: The IoT can improve system efficiency in general, and production 
efficiency in particular, by allowing production to be done according to customer 
requirements, and will improve the ratio of equipment usage and preparing more 
realistic plans 

 
•!Increased quality and safety: the traceability offered by the IoT allows the exact 

conditions that products must pass through to be known and will, therefore, prevent 
quality and safety problems 

 
•!Facilitate integration: the facilities that the IoT offers for supply chain members 

include information exchange, which favours the chain’s integration, coordination and 
interoperability 

 
•!Costs reduction: The IoT helps reduce inventory levels, improves the control of spoilt 

products and increases system efficiency, including production, storage, distribution 
and transport. It improves system management as it makes it easier. It also helps cut 
down the number of errors and allows less dependence on operators. Allocating 
routine activities at the lowest operational levels will allow humans to be capable of 
concentrating on strategic matters 

 
•!Improved customer response: the IoT can help achieve more reliable deliveries and a 

better service level. It is also possible to detect changes in demand more quickly and 
to make the adjustments required to better cover demand. 

 
   According to the consulted information and the interpretation of the authors who wrote the present 
work, the IoT can be characterised by the following four basic aspects: 
 

1.! Reliable and accurate data collection. The sensors and elements (things), designed 
according to the environment in which they must work, are capable of collecting very 
reliable and accurate data 

 
2.! Capacity to collect a huge quantity of data. The development of information 

technologies enables huge quantities of data to be stored and processed 
 

3.! Rapid data transmission. Today’s communication technologies enable huge 
quantities of data to be transported in a very short time (e.g. wireless technologies), 
and confer “things” with a real-time response capacity 

 
4.! Automated processes. "Things" can become completely autonomous, and entire 

activities (data collection, calculations and data processing, sending signals with 
messages, etc.) and whole processes can be performed, including decision making. 

 
 
 
4 Using the IoT in the PPP 
 
   After identifying the IoT characteristics, this section analyses which ones can be applied to the PPP to 
improve it. 
   Along the same lines as the work of Meyer et al. (2011), in order to analyse which characteristics the 
IoT can provide to improve the PPP, two main groups were established for the phases, activities or tasks 
of the PPP, depending on whether its purpose is to: a) develop a plan/programme (Strategic planning, 
Tactical planning, Master planning and Component programming); or b) run it and control it (Execution 
and Control). The nature and operation of each group of phases (developing and execution/control), their 
objectives and, especially the information to be used, will be clearly different. An IoT application to 
improve the PPP should, therefore, bear in mind these differences by adapting the performance of 
“things” to the type of process phases which they are to interact with. Next the use of the IoT is analysed 
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for these two groups of PPP phases or activities: developing plans and executing and controlling these 
plans. 
   The information that required to develop plans is basically demand (forecast and/or firm), forecasting 
the supply capacity of suppliers and the company’s capacities (production, assembly, storage, distribution 
and installation), and forecasting the status of inventories (at the corresponding information aggregation 
level in each case). 
   To develop plans, the IoT can contribute reliable and accurate data collected from points of sale and 
customers (demand), which will fine-tune forecasts and improve the quality of plans. Reliable and 
accurate data can be essential as far as the company’s capacities and the status of the inventories are 
concerned. 
   The IoT’s capacity to collect and work with huge quantities of data will be fundamental to create lists 
and to calculate forecasts according to the number of articles to be managed. It will also be important for 
processing information on the company’s capacities, depending on the number of sections, human 
resources, machines and the complexity of the production process. 
   The possibility that the IoT offers for automating these tasks must be suitably assessed and used to 
improve efficiency and to reduce errors and costs. As far as rapid data transmission is concerned, the IoT 
characteristic is considered of little relevance to develop plans if we bear in mind the horizons and dates 
that are usually dealt with, and it is not strictly necessary to acquire input data for real-time plans. 
   However, for executing and controlling the plan, the IoT characteristic will be extremely valuable for 
rapid data transmission. To execute and control the plan, it will be necessary to know the plan itself in 
adequate detail and the performance of all our resources, preferably in real time, so that we can react as 
soon as possible to incidences or deviations from the plan. Likewise, the reliable and accurate data 
collection that the IoT offers can be used to send plans and to execute them, and to also follow-up and 
exactly control their execution. Automation is also considered most important for this case, and the IoT 
performs tedious, hazardous, complex or repetitive tasks. Perhaps the least relevant IoT characteristic to 
execute and control the plan is the capacity to collect a large quantity of data, but what is really necessary 
in this case is to follow-up what occurs in the plant in real time. 
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Re-location of EMS Facilities 
Using GIS 
 
Fares E1 and Musharavati F2 
 
 
Abstract: This paper studies the usefulness of contemporary geographic information system tools in re-
locating emergency medical service (EMS) units on periodical bases. Research has already shown that the 
service level of an EMS system is highly related to many factors. Such factors include; (a) factors 
associated with the environment that is surrounding the EMS facility, and (b) factors associated with the 
design and operations of the EMS system itself. Since most of these factors are dynamic and since they 
change periodically, it is often necessary to re-locate and assess the effectiveness of an EMS system 
occasionally. In this paper, the EMS system in Qatar was used as a case study. Geographical information 
system (GIS) tools were implemented to assess the effectiveness of the locations of EMS units with 
respect to current demand. A comparison of the re-located EMS with the current EMS showed differences 
in the service area covered. 
 
Keywords: EMS, GIS, re-location, facility planning and layout, simulation, healthcare. 
 
 

 
 
1 Introduction 
 
Facility location allocation models provide an optimal location and allocation of facilities in order to 
supply a set of demand points. The literature in this field is vast since facility location allocation is 
considered as a critical element in strategic planning for both private and public sectors. The facility 
planning and layout problem becomes more crucial when the systems under consideration are related to 
human beings since any inefficient location and allocation could result in the loss of human life.  
   A typical example of systems that can use facility location allocation models are emergence medical 
service (EMS) systems. A specific example of EMS systems is the location and allocation of ambulance 
vehicles. As stated by the Institute of Medicine in USA; “…safe, effective, patient centered, timely, 
efficient, and equitable care service…” are all considered as dimensions of quality care (Committee on 
the Future of Emergency Care in the United States Health System Board on Health Care Services, 2006).  
The discussions in this paper focus more on response time as one of the most important indicators for a 
quality service in EMS systems. For ambulance service systems, response time covers simply the period 
from receiving an urgent call until an ambulance reaches the scene (Breen, Woods, Bury, Murphy, & 
Brazier, 1999).  
   As stated by American Heart Association within four to six minutes after cardiac arrest, the brain death 
and permanent death occur and the chance to survive is reduced by 7% to 10% with every minute that 
passes without advanced life support assistance (Ludwig, 2004). Furthermore, based on the National Fire 
Protection Association 1710 standard, 90% of EMS calls have to be covered within four minutes or less 
(Office of Strategic Health Autohrities, 2009). Consequently, the response time of an EMS system should 
not exceed 10 minutes if saving lives is the principal mission of the EMS system.  Accordingly, there is 
an inherent need to make sure, from the beginning, that the EMS facilities are located in the right 
location.  However, due to the increasing complexity of the real-life EMS systems there is a growing need 
to use advanced tools and methods that are capable of solving EMS location allocation problems in 
reasonable time.  
   One of the tools that has gained popularity in solving EMS problems is the geographic information 
system. GIS is “an organized collection of computer hardware, software, geographic data, and personnel 
designed to efficiently capture, store, update, manipulate, analyze, and display all forms of geographically 
referenced information to support geographical decision making” (Murray, 2010). It is also a powerful 
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and efficient instrument to: i) make location decisions specially for dynamic and complicated conditions, 
ii) find the best location , iii) find the best way to get to that location, and iv) optimize the use of the 
available resources (Vafaeinezhad, Alesheikh, Hamrah, Nourjou, & Shad, Using GIS to Develop an 
Efficient Spatio-temporal Task Allocation Algorithm to Human Groups in an Entirely Dynamic 
Environment Case Study: Earthquake Rescue Teams, 2009).  
   GIS has been used in many researches related to facility location allocation. For example, 
Vafaeinezhad, et al. (Using GIS to Develop an Efficient Spatio-temporal Task Allocation Algorithm to 
Human Groups in an Entirely Dynamic Environment Case Study: Earthquake Rescue Teams, 2009) 
modeled task allocation to persons in a totally dynamic and complicated environment where they used 
GIS to simulate data, and to generate and evaluate the results of the tasks for two groups of life-detectors 
and rubble-removers of earthquake rescue teams. Thus, GIS used here as both to generate inputs and to 
find problem solution. GIS has also been used by Rodrigues, et al. (Solving a location-routing problem 
with a multiobjective approach: the design of urban evacuation plan, 2012) as source of input data and to 
present model results. Similarly, Bender, et al. (location software and interface with GIS and supply chain 
management, 2002) used GIS to export attribute and coordinate information to be used in location 
modeling problems. In Bozakaya, et al (A GIS-Based Optimzation Framework for Competitive Multi-
Facility Location-Routing Problem, 2010), a Tabu search heuristic algorithm was coupled with GIS 
software to solve a vehicle routing problem. It was also used to store, analyze and visualize the location 
routing solutions.  
   The remaining of this paper is organized as follows: section 2 describes the background of the case 
study used in this research. Section 3 states the method and tools used to solve the problem. Section 4, 
discusses the results and finally the conclusion is presented in section 5. 
 
 
2 Background 
 
EMS design and operational issues differ from country to country. In the State of Qatar, for example, the 
population is continuously increasing. Therefore, it is sometimes necessary to evaluate and re-evaluate 
the performance of an existing EMS in order to avoid operating a sub-optimal EMS system. In the state of 
Qatar, the EMS system incorporates more than one type of facility, namely; (i) static facilities, which are 
ambulance hubs and, (ii) transportation facilities, which are mainly represented as ambulance vehicles. 
The focus of this paper will be on the transportation facilities. Since GIS is a very promising tool which 
offers multiple functions that could in principle be used for solving facility location allocation problems, 
this research focused on using GIS in location-allocation problem setting in order to solve location-
allocation problem for the EMS system in the state of Qatar. 
 
  
3 Methodology  
 
In this paper ArcGIS 10.1 was used for location allocation analysis of the EMS system. ArcGIS 10.1 is a 
software capable of analyzing both spatial and non-spatial data (Zhang, Johnson, & Sutherland, 2011). 
ArcGIS location-allocation analysis tool includes six problem types, namely; minimize impedance (p-
median), maximize coverage, minimize facilities, maximize attendance, maximize market share and 
target market share. In this paper, the maximize coverage model in ArcGIS was used. In implementing 
the maximal covering problem, a geodatabase was created. The geodatabase included the following GIS 
layers: (i) road network, (ii) spatial distribution, (iii) population district polygons, and (iv) candidate 
locations of EMS units. 
   In a maximal covering model, facilities are located such that as many demand points as possible are 
allocated to solution facilities within an impedance cutoff. Impedance cutoff is a predefined critical 
distance or time between a facility and a demand point. For example, in EMS systems the impedance 
cutoff is the response time which in our target is 10 minutes. Therefore, any emergency case that is 
positioned within 10 minutes or less from a facility will be served by that facility. For EMS location this 
model is important because emergency services are required to arrive at all demand points within a 
specified response time. The mathematical representation of maximal covering model is shown below. 
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i: Index of demand points, i=1,2,3,…m; j: Index of candidate location points of facility, j=1,2,3,…,n; S: 

The maximum acceptable service distance; P: The total required servers to be located. 

 
   To compare between the effectiveness of the existing and proposed models, GIS simulation was used. 
More specifically, service area analysis was used. In service area analysis, the GIS was asked to generate 
the service area for 8, 10, and 15 minutes. The generated areas where used to find the number of covered 
districts regardless of whether they are populated or not. They are also used to find the number of 
populated districts and the number of covered population. Obtained results are discussed in section 4. 
 
 
4 Results  
 
Using the maximal covering model, a GIS based EMS system was developed by seeding existing 
locations of EMS units. This was regarded as an exercise to update/upgrade the existing EMS system 
using the recent population data.  The reason for this procedure was to find out if the GIS environment 
can be used iteratively i.e. in two steps to provide a better EMS system. Thus, all existing EMS units’ 
locations were seeded as candidates locations and the GIS asked to select 49 units (the exact number of 
existing EMS units) in such a way to meet the objective (i.e. maximal the covering). It was expected that 
all 49 units would be selected. However, even at a cut-off value of 5 to 60 minutes, it was observed that 
only 43 units of the existing were selected and the rest of the unselected EMS units were considered as 
redundancy i.e. units that do not add any value to the EMS system. This could be an indication that the 
existing system is over designed. !
   In order to compare between the two systems, service area analysis for ambulance response times of 8, 
10, and 15 minutes was applied. The summary of the service areas analysis is shown in Fig. 1, Fig. 2, and 
Fig. 3 while the locations of EMS units for the existing and the updated systems are represented in Fig. 4. 
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                               Fig.1                                                                     Fig.2  
                               Percentage of covered population for                  Percentage of covered districts for the 
                               the two alternative EMS systems.                        two alternative EMS systems. 
 
 
 

 

 
 
                                        Fig.3                                                                  Fig.4  
                                        Percentage of covered populated districts         Existing vs. updated EMS locations. 
                                        the two alternative systems. 
 
 
   Based on the population data, (Fig. 1), it is found that the existing system generate better results if we 
are considering the population data points. However, in Fig. 2 and Fig. 3, the new system proposed by the 
GIS method gives almost the same results as the existing system although the EMS units is only 43 i.e. 
less by 6 units. This may suggest that the redundancy in the existing system makes the system more 
costly but without any gain in the performance of the system if the service providers focusing on the 
number of district covered. Consequently, determining the best system to apply is depending on the 
service provider objectives. For example, if the service provider considers the number of population 
covered as the main objective, the existing system will be preferred. However, if the number of districts 
covered and the cost of the system are the main focus, then, the proposed system is preferred. 
 
 
 
5 Conclusions 
 
In conclusion, it is found that the GIS environment can be used to model, simulate, assess, evaluate and 
compare the performance of a number of EMS systems. The results also showed that the suitable location 
and allocation of EMS facilities is determined by first deciding the main objective and focus of the EMS 
system.  
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   It can be noted that surprisingly, the GIS based proposed system was designed with only 43 EMS units 
while the existing system currently operates with 49 EMS units. This could be an indication that the 
existing system is either over designed or was designed to operate with some redundancy. Obtained 
results have shown that the performance of the system with 43 EMS units (re-located system) is 
comparable with the performance of the system with 49 EMS units if the objective is to maximize the 
number of districts covered and reduce the cost. 
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Supply Chain Risk Management:  
a framework for risk assessment  
and the application of Decision  
Support tools 
 
Cruz C1, Ferreira L2 
 
 
Abstract: Supply Chain Risk Management (SCRM) is in the agenda of both academics and 
entrepreneurs. In a context of increasing competitiveness and globalisation of relationships between 
organisations, the understanding of Supply Chains (SC) underlying mechanisms, as well as related 
phenomena which might result in competitive advantage may dictate the difference between success and 
failure. SCRM is, therefore, a global concern. There is a growing need to know organisations’ reality in 
real time, to create models and tools that allow them dealing with these challenges. The volatile business 
context, as well as the increasing pace of change in terms of products, technologies and other variables 
changes SC exposure to risk, and also the very nature of risk itself. Thus, typically stable and predictable 
SC, due to evolution, economic conjuncture or globalisation, might be exposed to increased disruption 
risk. Due to the magnitude of their impact on organisations, both in operational and financial terms, as 
well as their recovery ability, disruptions must be the object of particular caution and analysis. Within this 
scope, tools that enable organisations to deal or reduce the risk of disruptions, from mitigation strategies 
to flexibility or alternative scenario planning are primordial in the recovery and reestablishment of SC. 
 
Keywords: Supply Chain Risk Management, Decision Support tools, disruption, mitigation. 
 
 

 
 
1 Research goals 
 
SCRM has suffered a significant increase in the number of related publications. This trend may suggest a 
growing interest in the topic, both in academic and managerial contexts. However, the increasing number 
of publications reveals heterogeneity of approaches and scopes whose analysis and synthesis through a 
systematic literature review may help to clarify what is known and unveil future research opportunities 
(Seuring, 2012). SCRM literature points out the urgency of creating, developing and adapting Decision 
Support (DS) tools to manage SC risks. Researchers must be motivated to develop new models for 
managing risk, particularly quantitative models, as their current scope is primarily on operational risks, 
instead of disruption events (Tang, 2006; Tang and Musa, 2011). 
   This research starts with a review of SCRM literature, looking for state of the art techniques for 
mapping complex, multi-echelon SC, identifying potential risk in each level, analysing risk and 
evaluating its impact in terms of disruptions in SC (IEC/ISO 31010, 2009), based on metrics that may be 
related to response time, recovery costs and other considered relevant. By having a deeper knowledge on 
the nature and impact of risk, criteria may be defined to prioritise risk, thus allowing it to be treated 
according to objective metrics. 
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Fig.1  
Adapted from the “Contribution of risk assessment  
to the risk management process”.  
(source: IEC/ISO 31010, 2009) 
 
 
   Afterwards, applicable DS tools will also be identified, found in the literature reviewed, as well as the 
scope for their use. A special attention will be paid to quantitative tools as, according to relevant 
academics in the area of SCRM, they are lacking (Tang and Musa, 2011). 
 
   By mapping SC and categorising risk events, as well as researching relevant DS tools, it will be 
possible to build a framework that enables its users to perform the identification of potential risks and 
their impact on the SC. This framework will be designed in accordance with IEC/ISO 31010 (Risk mana-
gement – Risk assessment techniques) and subsequently adjusted to real situations. This construct will 
enable the application of adequate risk reduction or mitigation strategies (Simangunsong et al., 2011). 
  
   With the help of this model, SCRM will be addressed as a process that begins with in depth knowledge 
of the SC, by mapping all the levels and their interveners, goes on with risk identification, analysis and 
evaluation and proceeds to the stage of risk treatment through the application of the appropriate DS tools, 
in accordance with priorities defined. 
 
 
2 Research questions 
 
SCRM is a very broad research area, whereby it is fundamental to define the scope for the present study. 
The focus is SC mapping, risk assessment (identification, analysis and evaluation) and the use of DS tools 
in risk management. Within this context, the research questions for this study are listed below: 
 
RQ1: How can risk be classified in terms of SCRM? 
 
RQ2: What metrics can be used to assess the impact of risk in SC? 
 
RQ3: Which DS tools or techniques can be used to address risk in SC? 
 
RQ4: How can multi-echelon SC be mapped? 
 
RQ5: What metrics can be used to evaluate the performance of DS tools and techniques in reducing or 
mitigating risk events? 
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3 Methodology 
 
This study will start with a literature review on the topic of SCRM. The main focus will be on risk 
assessment, DS tools and SC mapping techniques. This literature review will be based on a list of 
sources, such as journals, books and online databases. Literature will be reviewed according to topic, 
theory and methodology. 
  
   This theoretical background will then be applied to real situations, using primary or secondary data, as 
the research questions presented seek an understanding of reality and phenomena that lead to an empirical 
study. 
   In depth case study will also be conducted, in order to apply the reviewed theory, mapping a real multi-
echelon SC, assessing risk and the appropriate toolkit in terms of DS tools. 
 
   Currently, the final steps of the literature review phase are undergoing, aiming for a systematic 
approach that might validate the identification of gaps and research opportunities. 
 
 
4 Research outcomes 
 
By the end of the present study, the author intends to obtain the answers to the RQ presented and, by 
doing so, to create an approach to the risk management process within the scope of SCRM that might be 
applicable in real context. 
 
   The aim of this study is to describe the current state of research in the area of SCRM, particularly in 
what concerns to the assessment of risk events. By using IEC/ISO 31010 framework, it will be possible to 
identify and categorise DS tools, and their application in the risk management process. 
 
   Overall, the author expects to take the SCRM research area a bit further in terms of the knowledge 
related to the application of DS tools, while developing a framework according to the IEC/ISO 31010 that 
might be applied in diverse managerial contexts to assess and manage risk. 
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Understanding Employee  
Resistance to 5S Implementation  
in a Portuguese SME 
 
Amorim M1, Pires C2 
 
 
Abstract: It has been extensively acknowledged that the adoption of quality and Lean techniques make a 
positive contribution for the competitiveness of organizations. However, evidence suggests that their 
kick-off implementation can involve substantial difficulties, arising from staff resistance and lack of 
familiarity with the specific methods and tools. This has been particularly noticed in the case of small and 
medium sized companies (SMEs), which often lack the resources and the internal capabilities to invest in 
adequate training. In this paper we present the results of an internal questionnaire employed by a 
Portuguese SME, for stimulating employee awareness about the benefits from the implementation of 5S. 
 
Keywords: 5S, Lean, Quality, SMEs. 
 
 

 
 
1 Introduction 
 
Whereas the implementation of quality management philosophies is acknowledged as a key driver of 
manufacturing performance, and the knowledge about existing tools for quality improvement has become 
widely disseminated, the systematic adoption of such methodologies still creates important challenges for 
small and medium sized companies (SMEs). Small manufacturers often operate with very limited 
resources, a context which poses important constraints to introducing operational changes, for the 
elimination of waste and the improvement in productivity. For these companies the adoption of hands on 
methodologies, such as the 5S technique described in this paper, may offer an important initial step to 
address quality problems, and to fight existing inertia in the production and staff routines (Kumar and 
Madu, 2005). 
   In this paper we describe the kick-off of the application of the 5S methodology in a Portuguese SME (a 
manufacturer of furniture for the healthcare sector). The company experienced difficulties in the control 
of raw materials, which had been leading to inefficiencies in the management of resources. The lack of 
systematic quality management practices, inserted a progressive inertia in the production system, notably 
in staff routines and attitudes towards change. Moreover, these problems were aggravated by the recent 
growth on the operational volume and variety, as the company steadily had been investing and 
progressing towards new export markets. The paper addresses the key difficulties and sources of 
resistance found in the kick-off process, and presents the results of a communication strategy adopted to 
surpass them: the conduction of an internal questionnaire to assess the employees’ perceptions about the 
existing quality and Lean practices in the company, and the expected benefits from implement the 5S 
technique. The results of the questionnaire were communicated internally and contributed positively to 
build up the workers acceptance towards the quality program, with many of them contributing with 
suggestions which were useful to the preparation of the 5S implementation strategy. The preliminary 
preparation phase was determinant for the effective follow up of the 5S routines, an involved the setup of 
teams which were responsible for the development of strategies to disseminate the objectives of the 5S 
technique, and to motivate the employees. This approach contributed to achieve an early visibility of the 
5S results across the company, leading to a reinforced employee’s commitment in the implementation. 
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2 Quality and Lean Management 
 
 
2.1 Quality and Lean Approaches and Techniques 
 
Organizations commit a considerable volume of resources to implement quality management systems to 
effectively compete in increasingly sophisticated contexts (e.g. evolving customer requirements, 
sustainability issues, legislation, etc.) (Kaynak, 2003). Such investments build on the existing evidence 
that suggests that companies that deploy quality management models improve their ability to meet 
customer requirements, achieving gains in productivity and efficiency (Khan, 2003). 
   Quality management models, methods and tools that are prevalent in today’s practice reflect a hands-on 
approach to quality, i.e. a perspective that promotes an active involvement of all staff across an 
organization in a shared effort of continuous improvement (Bou and Beltrán, 2005). The guiding principle 
of this management philosophy is to achieve world class quality in products and services, building on a 
culture of participation, teamwork and learning, promoting a continuous zeal for improvement (Reed et 
al., 2000). The deployment of quality management across organizations is supported by a number of 
techniques and tools that have been developed to reflect the values of modern quality management 
philosophies, in particular the ability to involve and engage all actors in an organization in the quality 
improvement processes (Tari and Sabater, 2004).  
   The development of quality management efforts often goes hand-in-hand with the adoption of Lean 
philosophies, i.e. the pursuit of the objective of eliminating waste, to increase productivity and efficiency. 
Much alike in quality management thinking, Lean approaches touch both at the strategic and the 
operational level. The operational level deals with the various tools and practices support the 
organizational changes for the elimination of waste and pursuit of continuous improvement (Demeter and 
Matyusz, 2011). 
 
 
2.2 The 5S technique 
 
5S is a commonly used technique to achieve and maintain a well-organized, and clean workplace for the 
pursuit of work effectiveness and quality, originally developed by Osada (1991) as a baseline tool for 
quality improvement. 
   The maintenance of an orderly work environment is considered an important step for embedding in the 
organization the values of cleanliness, order, standardization and discipline. To this end, the 
implementation of 5S is often one of the first lean practices implemented by companies pursuing quality 
and lean management goals (Chapman, 2005).  5S - short-stands from the Japanese words for: sort, set in 
order, shine, standardize, and sustain, that are defined as follows (Hirano, 1996): Sort: Refers to the 
practice of sorting through all the tools, materials, etc., in the workplace with the goal of keeping only 
essential items, whereas everything else should be stored or discarded. Sorting thus removes the excess, 
broken or obsolete materials, clearing up floor space. The results include the reduction of hazards and less 
clutter to interfere with productive work; Set in Order: Refers to the need for having and orderly 
workplace. This involves the systematic arrangement of tools, equipment, and materials, in order to 
enable and easy and efficient access to them when necessary, using techniques such as the painting of the 
floors, outlining working areas and locations, using shadow boards, etc; Shine: Represents the need to 
implement the regular practice of keeping the workplace neat. To this end, regular practice include 
cleaning up working areas at the end of each sift; Standardize: Refers to the need for standardizing the 
best practices in order to achieve consistency on the application of the neat principles across the 
organization; Sustain: Refers to the maintenance of the archived standards in order to keep the workplace 
orderly and safe in the long run. Sustaining the aforementioned changes is considered the most difficult 
‘’S’’ to implement and maintain. Resistance typically accompanies the changes, and staff often turns back 
to the status quo. 
   The 5S technique therefore relies on the application of simple wisdom in a systematic manner. For this 
reason it can be introduced in management practice with ease, making it an attractive tool to kick-of 
changes in the organizational mindset required for initiating quality and Lean change processes in 
organizations. It’s results include gains in the organization of the workplace, reduction of working area, 
and the improvement of the quality and safety of work (Bayo-Moriones et al., 2010). 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 537 

   While the benefits of 5s are extensively acknowledged in the literature, is is also recognized that its 
effective implementation (as well as with other quality and Lean techniques) is a long-term process, with 
frequent resistance of staff and return to initial status quo (Bou and Beltrán, 2005). This is particularly 
referred in the context of SMEs, not only due to the already mentioned limitations in resources and 
capabilities, but also to a disseminated perception that the quality and Lean frameworks have been 
developed and derived primarily from the context and experience of larger sized organizations rather than 
small businesses, therefore leading to questioning and resistance to their use (Kumar and Madu, 2005). 
 
 
3 A Case of 5S Implementation in a Portuguese SME  
 
 
3. 1Company Context and Motivation for the Adoption of 5S 
 
This study reported on this paper was developed in the context of the implementation of 5S in a 
Portuguese manufacturer of geriatric and hospital furniture (e.g. electric beds, emergency trolleys, 
etc.).Having started business as a small locksmith, the company experienced an important growth in 
recent years – with increases in sales reaching about 15% annually – and a growing presence in 
international markets. By transforming a once small family business into an international manufacturer, 
these circumstances determined profound changes in the organizational context and culture. Together 
with the need for a physical expansion of the workplace, as well as of the staff (employing about 90 
people at the time of the study), the company was forced to embrace quality and lean management 
principles, in order to compete with world class manu-factures in the international scene. Together with 
the implementation of the production standards required in its competitive context (e.g. ISO 14001), the 
management team felt the need to start creating the adequate environment for the development of a 
quality management system.  
   5S offered an adequate approach for the management team to initiate the aimed processes of change and 
improvement for several reasons, including: the possibility of involving all the different staff (e.g. from 
top management to production line workers, young employees as well as more senior staff the was in the 
firm since its establishment, etc.); its simplicity and intuitiveness, including for example the extensive 
utilization of visual clues in processes of setting the work space in order; and the potential for evidencing 
improvements in a relatively short period of time (e.g. by means of the preliminary results of sorting and 
setting in order activities). The prospect of evidencing results in a short period of time was considered an 
important aspect for the company, notably for motivating and engaging the relatively more reluctant 
senior staff in the desired processes of change and improvement. 
   The implementation of 5S was initiated in two vital departments of the company: the so-called 
production area that included the key transformation operations necessary for the production of the 
furniture (e.g. involving operations such as laser cutting, metal bending and pressing, drilling. etc.), and 
the assembly and expedition sector. The choice for the kick-off of 5S implementation relied on the 
departments which exhibited stronger volumes of waste and cluttering. The goal was to achieve visible 
results in a short period of time in these departments, in order to benefit from the visibility of such results 
to motivate the further adoption of 5S methods to other areas in the workspace. 
 
 
3.2 Understanding Challenges in the Kick-off of 5S  
 
In the kick-off for the implementation of 5S the company experienced the usual resistances and 
difficulties of small and medium sized enterprises (SMEs). It is recognized that SMEs face limitations in 
the resources available, such as in the volume of staff, the access to adequate skills and the financial 
resources for investments in the aimed processes of change (Antony et al., 2005). Lack of familiarity with 
quality management and lean concepts and practices is also very common in these contexts, often leading 
to a misunderstanding of the purpose and concepts in stake. Moreover, SMEs often face the important 
issue of lack of motivation, or staff resistance, to the implementation of the quality and lean techniques. 
Such resistance is often driven by beliefs that the implementation of techniques such as 5S can affect the 
way that staff organizes their daily working routines, and that it can lead to subsequent reduction in staff 
in the pursuit of productivity gains (Achanga et al., 2006). All these elements were present in the context 
of this study. The familiarity of the staff with specific quality and lean techniques was rather low – both  
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in senior staff that was in the company since its inception and small size, a context were standardized 
quality management methods were not in place, and in younger staff, employed by the company as a 
response to the recent growth, which overall had very few years of work experience (for many the work 
in the company was their first job experience). 
   In order to address the resistance to the kick-off for the implementation of 5S, the management team 
employed several standard approaches for these situations, including the dissemination of information by 
means of awareness and training sessions involving both the operational and managerial staff. In addition 
the company decided to develop an internal questionnaire to assess the awareness of employees about the 
existing wastes and the need for changes in work practices and in the organization of the work place. The 
questionnaire included 18 items related to the various phases of 5S implementation, and used a closed 
response approach, asking respondents to rate the given statements about their perceptions and behaviors 
of cleanliness and discipline in a scale from 1 (Never) to 6 (Always). The questionnaire included two 
main parts: one asking staff to state their perceptions about the existence of quality and Lean practices in 
their department or section (e.g. “All the materials in my section are being used”; “The stock of material 
sin my section is organized”; “It’s easy to access to the materials in my section when we need them”, etc.) 
; and a second part where respondents were asked to state their perceptions about their own behavior in 
terms of quality and Lean practices (e.g. “I use all the resources at my disposal before I request for new 
ones”; “I keep my workplace neat and clean”; etc.). The questionnaire was applied across all the sections 
in the organization, as follows: Raw Materials and Cut Section (3 questionnaires); Transformation (9); 
Welding (12); Metal (7); Polish (2); Paint (6); Assembly (18) and Administration (14). Respondents were 
included a majority of male staff (about 90%).Women were essentially present in administrative 
functions. Regarding age, most respondents were in the intervals [23, 34] and [35, 54], (about 90%). As 
for work experience in the company, only 1,8% were there for more than 20 years. The remaining were 
distributed as follows: less than 5 years (25,4%), ]5, 10], (40,8%) and ]10, 20] (32,4%). 
   The preliminary analysis of the results3 revealed that respondents had positive perceptions about the 
organization’s, as well as about their own practices regarding the maintenance of a clean and orderly 
work environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Average total ratings attributed by respondents  
to the 18 questionnaire items for the different  
company production sections. 
 
 
   When assessing the organizations’ about the cleanliness and organization of the workspace, only 18% 
summed up response ratings below 0.60 (indicating a perception of important gains to be obtained from a 
5S implementation). This perception was even stronger in the results about the self-perceptions of 
cleanliness, organization and discipline: 100% of the responses attributed ratings above 0.6 to the total of 
18 questionnaire items. Respondent’s self-perceptions about their quality and Lean practices were 
substantially higher that the perceptions they held about the organization (see Fig. 1). Moreover, 
respondents from the sections of painting and polishing expressed lower perceptions, both about the 
organization and their own behavior. A further analysis of the average and standard deviation for the 
responses per section, revealed also that overall respondents had higher perceptions about the 

                                 
3 Results were obtained using the following index: 
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organizations’ quality and Lean practices related to the first Ss (i.e. Sort, Set in Order …). As documented 
in Table 1, average responses about the frequency of observation of quality and Lean practices related to 
Sort include, for example values about 4.75 for the Transformation section, whereas the values fall for 
1.39 for the questionnaire items related to the Sustain practices. 
 
 
Table 1  
Ratings attributed by respondents to the perceptions  
about the organization quality and Lean practices,  
arranged by group of questions and by production  
section - Averages (Av.) and Standard Deviations (S.D.).  
 

Sections SORT SET IN ORDER SHINE STAND. SUSTAIN 

 Av. S.D. Av. S.D. Av. S.D. Av. S.D. Av. S.D. 

R. Mat./Cut 3.67 1.04 3.76 0.91 3.25 1.32 3.17 1.04 1.15 1.15 

Transf. 4.14 0.52 4.85 0.66 5.36 1.03 5.56 0.58 1.39 1.39 

Welding 4.16 0.88 4.37 0.90 3.77 0.96 4.63 1.32 1.70 1.70 

Metal 3.95 0.48 4.12 0.66 4.61 0.78 4.79 0.57 0.57 0.57 

Polish 4.75 0.71 3.57 1.62 1.71 0.06 2.25 1.06 0.00 0.00 

Paint 3.58 0.66 3.73 1.43 3.33 1.26 3.50 1.14 1.63 1.63 

Assembly 3.95 0.48 4.06 0.66 4.24 0.82 4.08 1.13 1.34 1.34 

Admin. 4.57 0.77 4.80 0.67 5.20 0.68 4.50 1.47 1.97 1.97 

 
 
   The same pattern seems to hold for the respondent’s self-assessments (see Table 2), although again for 
this cases it is noticeable averages are significantly higher. Results suggest that one of the sources for 
employee resistance in adhering to a systematic implementation of 5S can be related to this asymmetric 
perception about their performance vs. the rest of the organization. The substantially high perceptions 
about self-behavior can induce in staff a disbelief in the benefits to expect from the implementation of 
quality and Lean techniques. The results were communicated to the company staff, leading to an increase 
in the awareness of the potential benefits for the 5S implementation. These results open a new perspective 
for the importance of analyzing employee motivation when initiating the implementation of quality and 
Lean techniques. 
 
 
Table 2  
Ratings attributed by respondents to their self-perceptions 
about quality and Lean behaviors, arranged by group  
of questions and by production section - Averages (Av.)  
and Standard Deviations (S.D.).   
 

Sections SORT SET IN ORDER SHINE STAND. SUSTAIN 

 Av. S.D. Av. S.D. Av. S.D. Av. S.D. Av. S.D. 

R. Mat./ Cut 4.33 0.58 4.50 0.87 4.19 0.71 4.67 0.58 4.50 1.00 

Transf. 5.67 0.50 4.95 0.57 4.99 0.49 5.61 0.42 3.83 0.66 

Welding 5.36 0.81 4.73 0.59 4.37 0.74 5.14 0.50 4.00 0.89 

Metal 4.83 1.47 4.54 0.47 5.11 0.51 5.14 0.94 3.86 0.80 

Polish 5.50 0.71 4.38 0.53 4.06 0.71 5.25 1.06 3.75 0.35 

Paint 6.00 0.00 4.58 0.44 4.73 0.83 5.25 0.76 5.25 0.76 

Assembly 5.00 0.88 4.55 0.58 4.56 0.57 4.84 0.65 3.89 0.59 

Admin. 5.67 0.49 4.81 0.78 4.72 0.72 5.38 0.55 4.54 1.14 
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Using Mixed-Integer Linear  
Programming to solve a real  
distribution problem 
 
Moura A1 
 
 
Abstract: This work presents a mathematical model of Mixed-Integer Linear Programming to solve a 
distribution problem of a Portuguese company that has a minority of its suppliers whose material flow is 
performed in both directions. The objective is to determine a minimum cost daily route for a vehicle, 
which must collect and deliver cargo to multiple suppliers considering its time windows and the vehicle’s 
capacity in terms of weight and volume. The contribution of this work involves the presentation of three 
mathematical models. The first two reflect the integration of Vehicle Routing Problem with Simultaneous 
Delivery and Pick-up with the Capacitated Vehicle Routing Problem with Time Windows. The third one 
is a model that packs all the items on pallets in order to be delivered to the suppliers, that reflects a Single 
Stock Size Cutting Stock Problem. 
 
Keywords: Vehicle Routing Problem with Simultaneous Delivery and Pick-up; Capacitated Vehicle 
Routing Problem with Time Windows; 3D- Packing Problem. 
 
 

 
 
1 Introduction 
 
In a production company, the distribution process can directly or indirectly affect all stages of production 
and the distribution system, representing a significant percentage of 10% to 20% of the product’s final 
cost (Toth and Vigo, 2002). From the supplier's perspective, a good transport service is vital, since the 
delays in the delivery will affect the production schedule, which might lead to an unsatisfactory service 
and affects the supplier-customer relationship. Thus, in this particular problem, an efficient and effective 
distribution is necessary in order to not jeopardize the production process and also to achieve higher 
performance at lower cost. 
 
 
2 Objectives and Methodology 
 
The company addressed in this work has a small minority of suppliers, where the flow of components is 
done in both directions. To create greater pressure on suppliers in order to force them to meet the delivery 
deadlines and to control in an effective way the material flow, the company intended to be responsible for 
the products transportation. Thus arising the need to optimize the transportation process and evaluate their 
costs that will be imputed to the company. Given the limited number of the suppliers the idea was to 
develop a mathematical model that optimizes the products flow and where the main objective is to 
minimize the total transportation cost between the company and suppliers. Taking into consideration this 
scenario, the first problem that must be dealt is an integration of two variants of the vehicle routing 
problem, called Vehicle Routing Problem with Simultaneous Delivery and Pick-up and the Capacitated 
Vehicle Routing Problem with Time Windows. According to the main objective, some improvements in 
the pallets loadings must also be considered in order to minimize the number of pallets that has to be 
delivered to the suppliers. So, the second problem that must be dealt is the 3-Dimensional Packing 
Problem. 
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4 Results 
 
With the real data, the number of suppliers of the company is relatively small (a maximum of nine per 
route) and the weight and volume of the boxes in each route is always smaller than the vehicle’s capacity. 
The models always achieve the optimal solution in a very low computational time when the real problems 
are solved. So, in order to test the efficiency of the presented models in bigger and more challenging 
problems instances, the benchmark tests (PDPTW) from (Li and Lim, 2001) were also used. The 3D-PP 
model was also tested with the benchmark problem sets thpack9, from (Ivancic et al, 1989). 
 
 
5 Conclusion 
 
In work a PDPTW and a 3D-PP mathematical model, applied to a real world case study is presented. The 
models of (Castillo and Westerlund, 2005) were modified and adapted in order to consider all the 
problem constraints and requirements. Considering the complexity of those problems it was proven that 
when applied to small scale problems, like the one presented in this work, it is possible to achieve optimal 
solutions efficiently generated in a reduced computational time by a standard solver. 
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Adapting transport modes to supply  
chains classified by the uncertainty  
supply chain model: A case study  
at Manaus Industrial Pole 
 
Oliveira FL1, Oliveira AR2, Rebelo LMB3 
 
 
Abstract: This paper discusses transport modes supporting Uncertainty Supply Chain Model (USCM) in 
the case of Manaus Industrial Pole (PIM), an industrial cluster in the Brazilian Amazon that hosts six 
hundred factories with diverse logistics and supply chain managerial strategies. USCM (Lee, 2002; 
Fisher, 1997) develops a dot matrix classification of the supply chains considering several attributes (e.g., 
agility, cost, security, responsiveness) and argues that emergent economies industrial clusters, in the 
effort to keep attractiveness for technological frontier firms, need to adapt supply chain strategies 
according to USCM attributes. The paper takes a further step, discussing which transport modes are 
suitable to each supply chain classified at the USCM in PIM´s case. The research´s methods covered the 
use of PIM´s statistical official database (secondary data), interviews with the main logistical services 
providers of PIM and phone survey with a sample of firms (primary data). Findings confirm the 
theoretical argument that different supply chains will demand different transport modes running at the 
same time in the same industrial cluster (Oliveira, 2009). In the case of PIM, this implies investments on 
port and airport infrastructure and a strategic focus on air transport mode, due to (1) short life cycle of 
products, (2) distance from suppliers, (3) quick response to demand and (4) the fact that even PIM´s 
standard products use, in average, forty per cent of air transport at inbound logistics. 
 
Keywords: Uncertainty Supply Chain Model, Manaus Industrial Pole, transport. 
 
 

 
 
1 Introduction 
 
One of the most important aspects linked to the competitiveness of emergent economies and industrial 
clusters refer to supply chain management and its correlated logistics strategies (Oliveira, 2009). To 
determine the conditions under which supply chains located in these less developed geographic contexts 
can operate in higher competitive level standards demands broad and detailed theoretical and empirical 
exam of the needs, limits and possibilities of each supply chain, as well of the public policies involved in 
their supporting. 
   Among the many supply chains theoretical perspectives (Halldorsson et al, 2007) and classifying 
models available in the literature (e.g., Marques et al, 2008), the Uncertainty Supply Chain Model 
(USCM)4 focuses as its core theoretical contribution the developing of a dot matrix classification of 
several supply chains, considering uncertainty as an essential parameter (Oliveira, 2009; Lee, 2002; 
Fisher, 1997). This uncertainty matrix is useful to categorize the supplying (raw materials/components) 
and demand (consumer market processes), considering the singularities of each manufactured product, as 
also to indicate the suitable logistics strategies for the diverse domestic and global supply chains. 
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Transport modes is one of the strategic aspects to be considered in enhancing supply chain performances, 
but it is, at the same time, a variable strongly dependent to the characteristics of the final goods produced 
by the diverse existent supply chains and their respective markets. 
   This paper explores this theoretical linkage between the USCM and transport strategies in the context of 
a concrete case: the Manaus Industrial Pole (PIM). Operating as an industrial cluster in the very heart of 
the Brazilian Amazon (in the city of Manaus) since1967, PIM hosts about six hundred companies 
manufacturing durable goods classified mainly in the sectors of consumer electronics, motorcycles, 
information technology hardware, chemicals, watches, among others. 
 
 
2 The Uncertainty Supply Chain Model and Transport Strategy 
 
This USCM has as core framework an Uncertainty Matrix used to categorize the supplying (raw materials 
and components) and demand (consumer market) processes, considering intrinsic characteristics of each 
manufactured product. In general terms, the USCM classification shows that there are some goods 
characterized by demand and supply stability, longer cycle of life and low added technological value, that 
will demand a more simplified logistics strategy, and that there are other goods, characterized by demand 
and supply instability, very short life cycle and high added technological value, will require special 
logistics strategies management. 
   Figure 1 reproduces the Uncertainty Matrix (Lee, 2002). USCM classifies products in two main 
categories: functional - characterized by low technological added value and stable demand (consumer 
market) and supply (raw material/components)processes - and innovative- characterized by cutting edge 
technology, unstable demand (consumer market) and supply (raw material/components)processes. For 
each one of these product categories, a different SCM strategy was theorized. 
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Fig.1 
The Uncertainty Matrix. 
*Source: Aligning Supply Chain Strategies with Product Uncertainties: Lee, 2002 
 
 
   This being so, the products considered to present low uncertainty of supply and low uncertainty of 
demand are those that aggregate low technological value in their production, in other words, the life 
cycles of these products are usually longer and their manufacturing depends in a low degree on 
technological evolution. Whereas those with low uncertainty of supply and high uncertainty of demand 
are the audio and video, telecommunications and computer products that follow the tendencies of a 
market characterized by the consumption of novelties that aggregate new technologies, in the expectation 
of keeping up with technological evolution. These products already usually present a short life cycle and 
require agility in the management of their supply chains, since the tendencies in technological evolution 
can be very fast. 
   Those products with high degrees of uncertainty in supply and low degrees of uncertainty in demand 
(e.g., hydroelectric power generating equipment, cables and connections and mining equipment) and 
some food segments that transform specific raw materials. The sources for the supply of raw materials to 
manufacture these products are limited and this leads to uncertainty of supply, since demand is stable and 
the need for production remains constant from a source with scarce supply. 
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   Goods with a high degree of uncertainty in demand and a high degree of uncertainty in supply are 
represented by telecommunications products, high-end computers and semi-conductors. These products 
have sources of even scarcer supply and that are sometimes monopolized by a handful of companies. 
From the point of view of demand, telecom products (e.g., mobile telephony) have short life cycle, high 
competitiveness and a high degree of uncertainty regarding the consumer desire to buy. Agility in the 
management of this supply chain is vital to the survival of the product´s manufacturing. Industrial clusters 
that wishes to include companies classified in the lower quadrants of the Uncertainty Model, needs to 
consider agility as one of its pillars of development (Oliveira, 2009). 
   The strategies for the uncertainty models are classified according to four types: (1) Efficient Supply 
Chains, (2) Supply Chains with risk coverage, (3) Sensitive Supply Chains and (4) Agile Supply Chains. 
Figure 2 presents a summary of these supply chain classifications: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 
Supply Chain Strategies. 
*Source: Aligning Supply Chain Strategies with Product Uncertainties: Lee, 2002 
 
 
   According to Grieger (2002), the most critical variables to analyze in the USCM are: a) Fast Product 
Life Cycle; b) Just in Time Production; c) Cost leadership; and d) Global Competition. Based on the 
behavior of these variables, it is possible to research and predict which logistics strategies will be more 
suitable to supply chains located on one of the four quadrants of the uncertainty matrix, as, for example, 
the choice of the transport modes involved either to import raw materials/components or to export final 
goods (Oliveira, 2009). This theoretical aspect adjusts the rationality of transport decisions in the way 
they are currently exposed in the SCM and business logistics literature (e.g., Bowersox et al, 2002), 
which does not explicitly and formally integrates these uncertainty variable as a SC classification 
parameter to be considered in firms´ logistic decision-making and strategy. 
 
 
3 Methodology 
 
The methodology used in the empirical investigation conducted in the case of the Manaus Industrial Pole 
(PIM) covered three main strategies: (1) The use of PIM´s official statistical database (SUFRAMA, 
2015a) and PIM´s Companies´ Official Profile (SUFRAMA, 2015) 5 , as also the current customs 
legislation of Brazil, as documental sources of secondary data (number and name of the enterprises by 
sector, main manufactured goods, sector revenues, imports and exports, customs processes etc.); (2) 
interviews conducted with the main logistical services providers (LSP´s) of PIM as a source of primary 
data directed to the classification of PIM´s supply chains in the USCM quadrants and the actual usage of 
transport modes by each SC; and (3) phone survey with a sample of firms (also primary data) to confirm 
the data collected in the previous steps. 
   The first effort was to outline the universe of PIM´s companies in such a way as to identify how this 
model may fit the reality of an industrial pole (geographical delimitation), and of the current customs 
legislation in this country, or in their respective particularities. 

                                 
5 Both documents regularly published by Superintendência da Zona Franca de Manaus (SUFRAMA), public federal agency 
encharged to manage tax benefits and public policies oriented to the regional developing of Brazilian Western Amazon and PIM. 
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   From the PIM´s sector revenues, we identified the most twenty important products of PIM. Based on 
this products list and crossing with supply chain strategies respectively, all supply chains of these 
products have been identified, so was their respective companies. 
   Then, the LSP´s interviews and subsequently phone survey with the companies involved to confirm 
their most used transport modes. This survey was done by telephone and using some personal contacts 
with clearance people. All the information about transport modes were filled up without previous 
checking just to guarantee we were capturing the real transport mode in use, even knowing some products 
were standard. 
   The transport modes appointed by the theoretical model were confirmed, with increased use of air 
transport even in the standard product supply chains. 
   With regard to the purposes, this survey was explanatory and applied, because it aimed not only to clear 
up the factors involved, but also to contribute to the making of decisions and propose concrete solutions 
to concrete and immediate problems. 
   The universe for study refers to the group directly involved in the formulation of the problem, the 
companies in the Manaus Industrial Pole (PIM).  
   This analysis, adapted and chose the Uncertainty Model in its most extreme aspect uncertainty of 
supply and uncertainty of demand, using an industrial unit that has its supply chain perfectly adapted to 
this reality as its research universe. 
   The results obtained here, therefore, are restricted to the industrial units with extreme uncertainty 
regarding their supply chains, following the guidance of Brazilian customs legislation, and improving the 
processes already identified as being promising by the case study for the Brazilian customs authorities: 
The Manaus Industrial Pole (PIM). 
 
 
4 Results (Case Study: Manaus Industrial Pole- PIM) 
 
The most important products of PIM represents eighty percent of the total billed by this agglomerations 
model within one year. A sample of these products took us twenty-seven companies whose products 
make up the list of the most lucrative of the PIM. 
   This research set out to identify the classification of these companies between global and multinational, 
and from the uncertainty model and its respective supply chains derived from them. Then, to identify the 
modes of transportation actually used for incoming inputs, independent of type of supply chains. The first 
result was on the PIM´s composition: seventy percent of the companies operating on it are subsidiaries of 
global companies. This means that logistics strategies are defined in their respective foreign dies, leaving 
minimal autonomy for decision and adaptation of local logistics strategies. 
   It helps to explains why, passed almost fifty years of PIM´s existence, until now there isn´t a single SC 
strategy formally formulated and implemented by policy-makers (e.g., SUFRAMA, Amazonas State 
Government etc.). When it checks the types of supply chains, the result was 11 Agile Supply Chains, 05 
Sensitive Supply Chains, and 11 Efficient Supply Chains. This means that a total of twenty seven 
companies surveyed, sixteen need the air mode to remain competitive because their supply chains have a 
level of uncertainty still present. This represents fifty nine per cent of dependent companies of air 
transportation and therefore potential users of the infrastructure improvements at airports for PIM. 
   This high usage rate of air mode confirms the hypothesis that to remain competitive logistics of PIM, it 
is necessary to accept that being away from the supply base and also to final customers makes the airline 
the able way enable the uncertainty of supply and demand. Thus, if the expectation is to attract companies 
whose products are technological innovation, Brazil needs to be special attention to the logistical support 
of the air mode. Table 1 presents the types of companies, their supply chains and transport modes 
considered for inbound. 
 
 
5 Conclusion 
 
Brazil is an emergent country which works with regional, multinational and global companies. Manaus 
Industrial Pole is very important to keep around a hundred thousand employments in a city with less than 
two million people and which is responsible for economic activity for the north region in Brazil. 
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Table 1 
Supply Chains Identified at PIM. 
Source: Elaborated by authors (2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
   Not to find regional or local companies listed on the most important products from PIMseems to be 
aworrying matter to PIM´s policy-makers. It means that domestic capital is not present in the 
manufacturing of high-tech products. 
   In the other hands, Brazil has to be able to attract and keep these international companies on different 
agglomeration models. 
   If Brazilian government as a representative of emergent economy, wants to keep industries´ competiti-
veness based in Brazil, a high investment on airports and air transport infrastructure has to be done. The 
risk, if it is not done in a short time, is to keep in Brazil only companies without innovative products and 
delay the consumption of innovative products by Brazilian society, since it will be imported, not 
manufactured in the country. 
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Stochastic Machine Maintenance  
under Imperfect Maintenance 
 
Ruiz-Hernandez, D1, Delgado-Gómez, D2, Pinar-Pérez, J3 
 
 
Abstract: The high operation and maintenance cost of industrial equipment (wind turbines, coal mills, 
and so on) combined with the limited accessibility by human resources to the engines and components, 
requires the use of complex maintenance scheduling systems in order to fulfil the requirements of high 
availability, reliability, maintainability, and safety. Glazebrook et al (2006) established the indexability of 
a class of restless bandits (Whittle, 1988) designed to model machine maintenance problems in which 
maintenance interventions have to be scheduled to mitigate escalating costs as machines deteriorate, and 
to reduce the chances of a machine breakdown. Whittle (1996) and Glazebrook et al (2005) have 
previously given index-based analysis of particular models, whereas Glazebrook et al (2006) shown that 
indexability is guaranteed in general. However, in that work the state transitions under maintenance 
interventions were assumed to be state independent. In this work we further develop those findings by 
presenting an alternative formulation for which explicit formulae for the Whittle index can be derived. In 
this case, we relax the previous assumption that maintenance interventions are perfect, and allow for 
some randomness in the active transitions. Moreover, the effectiveness of maintenance interventions is 
assumed to be state dependent. Numerical investigation testifies the strong performance of Whittle’s 
index heuristic. 
 
Keywords: Imperfect Machine Maintenance; Restless Bandits; Indexability. 
 
 

 
 
1 The Machine Maintenance Problem 
 
Under certain independence assumptions, the multiple machine maintenance scheduling problem under 
imperfect interventions can be modelled as a multiarmed restless bandit problem. Each machine is 
characterised by S, P0, P1,C,k,β , where S represent the arm’s state space; P0  the transition dynamics 
when the machine is under operation; P1   the dynamics under maintenance intervention; C and k the 
intervention and operation costs, respectively; and β is a discount factor. We further parameterise our 
problem with an activity charge, W. 
   Consider an intervention policy that, at any intervention time t and state x, takes the system to state y <
x, with probability P1 x,y . After that, the system is operated optimally until the first entry, after y, into 
state x. Once the machine returns to state x a new intervention is performed and the policy is repeated 
indefinitely. The expected discounted cost of such policy is given by B x,W = Ey1x|xB x,W +W. 
Consider an alternative set up where, after entering state x, the machine is allowed to evolve (deteriorate) 
for additional τ periods, after which, a maintenance intervention is conducted. From that point, the system 
is operated optimally. The Gittins index for such policy is given by the expression 
 

G x = inf
τ

K x,τ + E βτC X τ |x − C x
1 − E βτ|x  
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   Assume that X 0 = x ∈ S. Operation is optimal at time t = 0 if and only if there exists some stationary 
stopping time τ ≥ 0 on the machine process X t ,t ≥ 0  evolving under passivity, such that any policy 
which chooses operation at times t = 0, … ,τ − 1; intervention at time t = τ; and then optimally at any 
other time@t ≥ τ + 1; has total expected costs no greater than the best policy among those which choose 
intervention at t = 0. This can be expressed by the inequality 
  

G x ≤ B x,W . 
 
   The Passive Set of our problem is B W = x ∈ S:G x ≤ B x,W  
Following Whittle’s discussion (see Whittle, 1988) the restless bandit characterized above -and the 
associated machine maintenance problem-, will be indexable if B W  is increasing in W. 
   Once indexability is established, the following index rule is applied:  
Whittle Index Policy: Consider an indexable restless bandit problem with M machines and Whittle index 
Wi: Si → R  for machine i,1 ≤ i ≤ M . The Whittle index heuristic prescribes, at each time t ∈ N , to 
intervene the q machines with largest index Wi X t , and to operate the remaining M − q machines. 
In this work we apply the indexability analysis developed above on two alternative families of machine 
maintenance problems: simple deterioration models (with no breakdowns) and breakdown/deterioration 
models. The performance of the index policy is tested exactly against the optimal solution, for small 
cases, and by simulation, comparing it against alternative myopic or naïve policies, for real sized 
instances. 
 
 
 
References 
Glazebrook K. D., Ruiz-Hernandez D., and Kirkbride C. (2006). Some indexable families of restless bandit problems. 
Advances in Applied Probability, 38:643-672. 

Whittle P. (1988) Restless bandits: Activity allocation in a changing world. Journal of Applied Probability,                      
25A: 287-298. 

Whittle P. (1996), Optimal Control, Basics and Beyond. John Wiley, Chichester. 

Glazebrook K. D, Mitchell H. M., and Ansell P. S. (2005). Index policies for the maintenance of a collection of 
machines by a set of repairmen. EJ of Operational Research, 165:267-284. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 551 

Factors of Influence in Tugger 
Train Systems 
 
Martini A1, Stache U2 
 
 
Extended Abstract: Tugger trains are increasingly spread in manufacturing logistics due to their 
efficiency and for safety reasons. The complexity of planning and optimizing tugger train systems is 
caused by the high number of design options and interdependencies of the input factors effecting the 
objectives. Consequently, there are controversial views in literature concerning the relative importance of 
these factors. The objective of the research project is to identify the relevant system-specific influence 
factors by measuring the intensity of different dimensioning parameters. The importance of the input 
factors is determined by a series of sensitivity analysis based on a static-deterministic EXCEL-simulation. 
The basic program calculates nine cost and performance figures for a given tugger train system. The test 
design comprises of two sets of tests referring to systems with small load carriers (SLC) and large load 
carriers (LLC). For each system, eight input factors are examined in individual tests by stepwise 
modifications over reasonable ranges. In addition, parameter changes of two input factors are combined 
in a test series resulting in three-dimensional output surfaces. The resulting curves (objective value over 
input factor value) can roughly be classified as either negative exponential functions or more or less linear 
increasing functions (partly with steps). The level and sequences of the factor importance vary strongly 
between the SLC-tests versus the LLC-tests. There are asymmetrical interdependencies between input 
factors mutually either weakening or strengthening the effect on the objectives. Moreover, the sensitivity 
of input factors with negative exponential curves varies from high to low with an increasing value of the 
input factor. So even for a single input factor it is not possible to decide in general if it is important or not. 
That means that the planning and operation of an efficient tugger train system always requires a detailed 
simulation and analysis. 
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Lean wastes in Andalusian  
aeronautical industry: identification  
and analysis of the main causes 
 
González L1, Muñuzuri J2, Hidalgo M3, González MJ4 
 
 
Abstract: Through an action research methodology based in case study in 17 aeronautical companies, 
this investigation has identified Lean wastes that appear most frequently in aeronautics industry and has 
analyzed the main causes for its occurrence. Finally, these causes have been classified according to their 
origin: external or internal to the companies. So, most important external factors are: variable production 
schedule by leading company and a supply chain unconsolidated; otherwise, most relevant internal factors 
identified are: an inadequate production planning and an inappropriate purchasing management. 
 
Keywords: Lean; Aeronautical; Improvement. 
 
 

 
 
1 Introduction 
 
Lean aims to identify and eliminate wastes that decrease companies’ performance (Womack and Jones, 
1996) 
   Thus, in recent years there is a strong engagement in aeronautical companies with Lean, implanting it 
not only in single undertakings (Prida and Grijalvo, 2011), but also in their supply chain (Martínez and 
Moyano, 2011). 
   In Andalusia, where this sector accounts for 19% of industrial GDP of the region (Fundación Hélice, 
2014), aeronautical companies also have been implementing Lean (Díaz et al., 2012). 
   In this sense, this investigation aims to identify most frequently Lean wastes in Andalusian aeronautical 
companies and to detect its most relevant root causes. 
 
 
2 Objectives 
 

•!Identifying most important Lean wastes in Andalusian aeronautical companies. 
 

•!Analysing these wastes and detecting the root causes of them. 
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3 Methods 
 
In this research have been involved 17 of the 57 manufacturers aeronautical companies stablished in 
Andalusia (Fundación Hélice, 2014).  
   Firstly, in all of them Lean has been implemented analysing a pilot product, according to the 
methodology proposed by Rother and Shook (1998). 
   Based on the analysis of the Value Stream Maps (VSMs), was developed a list that included all of the 
Lean wastes presented in these companies. Then, using specific methodologies (5-Why, for instance), the 
root causes of these Lean wastes were detected and classified. 
 
 
4 Results 
 
Most frequently Lean wastes detected in Andalusian aeronautical companies analysed were: inventory, 
waiting and transportation; they appeared multiple times in each company. 
   On the other hand, the main causes of these wastes could be classified in two categories according to 
their origin: external or internal to the companies.  
   So, most important external factors are: variable production schedule by leading company, a supply 
chain unconsolidated and a lack of authorized suppliers; otherwise, most relevant internal factors 
identified are: an inadequate production planning and an inappropriate purchasing management. 
 
 
5 Conclusion 
 
Researchers have identified the main factors that could decrease productivity in Andalusian aeronautical 
companies. So, based on this research, futures studies can be developed in order to improve performance 
in this sector (researching about specific methodologies, for example). 
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Complexity and operations  
performance: a case research  
from Brazilian automobile industry 
 
Salomon A1, Simon M2, Peixoto M3 
 
 
Abstract: Increase or decrease operations complexity depends on corporate strategy, as Mass 
Customization, for instance. However, operations issues are also very important for corporate results. The 
case research aims to identify a model to measure complexity and evaluate it with operations 
performance. The research object is an automobile assembly line in Brazilian State of Rio de Janeiro. 
 
Keywords: Automobile Industry; Complexity; Operations Management. 
 
 

 
 
1 Introduction 
 
Automobile assemblers find themselves often under the pressure to increase the variety of their products. 
Mass Customization (Pine et al., 1993) is a strategy to search for increasing products variety under mass 
production costs. In 2006, there were 165 different models of automobile in the United States, 
corresponding to 375% more than in 1969. In West Germany, from 1975 to 1990, the variety of autoparts 
grew 400%. BMW says that one of its product family has 1017 different combinations (Hu et al. 2008). 
   To attend this strategy, the first consequence are more complex operations. Complex manufacturing 
systems may have unpredictable results, uncertainty by lacking in knowledge, and many disconnected or 
unrelated components (Efthymiou et al., 2012). This scenario creates a dilemma: Mass Customization is 
good for commercial management, but it can be bad for operations management. That is, as greater the 
variety of products, as harder automobile assemblers deliver their products with desirable costs, quality, 
and time (Fisher & Ittner, 1999). 
 
 
2 Objectives 
 
The main objective of the research is to propose actions for management of complexity on the operations 
of automobile assembly. This work presents the development of the research, by the end of 2014 and 
beginning of 2015. 
 
 
3 Methods 
 
Case research is one of the most powerful methods in operations management (Voss et al. 2002). 
Nevertheless, the research will also apply Mathematical Modeling (Bertrand & Fransoo, 2002). 
Therefore, this is a mixed-method research (Bryman, 2005). The researched object is an assembly line of 
commercial automobiles located in the State of Rio de Janeiro. 
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4 Results 
 
There are four main methods for measurement of Complexity in manufacturing: 
 

1.!Non Linear Dynamics Theory 
2.!Information Theory 
3.!Axiomatic Design Theory 
4.!Reynolds Number 

 
   The research aims to present a model to measure the complexity and evaluate its suitability to a real 
manufacturing system. The increasing and decreasing complexity will be compared with operations 
performance indicators as costs, delivery reliability, and quality (Hallgren, 2007). 
 
 
5 Conclusion 
 
There is a lack in the literature on models to deal with complexity and operations performance. However, 
findings for some kind of industries may not been proper to another kind. The way this situation can be 
solved is from empirical researches. 
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VSM-based framework for  
managing the supply chain 
 
Puche JC1, Pino R2, Priore P, Gómez A, De la Fuente D, Rosillo R 
 
 
Abstract: Supply chain collaboration is a fruitful research area, and its potential to outperform 
reductionist solutions is widely understood. This work proposes an integrative framework based on the 
Viable System Model (VSM). It shows how the VSM can be used to define the supply chain’s system 
structure. Supply chain processes integration is better controlled through a collaborative performance 
system. It is aimed to create management awareness about how the entire supply chain can benefit from 
this collaborative approach. 
 
Keywords: Supply Chain Management, Viable System Model; System Thinking. 
 
 

 
 
1 Introduction 
 
The globalization age have forced companies to place a premium upon Supply Chain Management 
(SCM) as a key source of competitive advantage. Several authors have demonstrated that considering the 
global strategy as a sum of individual strategies leads to large inefficiencies. In other words, supply chain 
collaboration enables the members to create and capture mutual benefits for all of them (Fisher, 1997). 
For this reason, different approaches to collaborative supply chains have been proposed in literature –e.g. 
Collaborative Planning, Forecasting, and Replenishment. Nevertheless, practitioners find it difficult to 
address the issue of proposing an appropriate collaborative framework (Mentzer et al., 2000). In other 
words, the interaction phenomena among different features of supply chain collaboration must be unders-
tood, in order to prepare the members to create collaborative efforts successfully (Lambert et al., 2004). 
 
 
2 Objectives and Methods: Viable System Model (VSM) 
 
This work aims to propose an integrative framework to supply chain collaboration based on the Viable 
System Model (VSM). This approach is used to define the supply chain systemic structure, which must 
be combined with the integration of supply chain processes and the definition of a collaborative 
performance system. 
   The Viable System Model (VSM) (Beer, 1985) allows to scientifically designing an organization in 
order to constitute a system endowed with capacities –for learning, adaptation and evolution– required for 
“survive” over time. To achieve this, VSM proposes an invariant structure based on the definition of 5 
functions: (1) System One represents the production processes that enable the organization to generate its 
products or services; (2) System Two dampens the uncontrolled oscillations that occur in System One; (3) 
System Three identifies the synergies among processes and provides an integrative approach; (4) System 
Four looks outwards to the environment to monitor how the organization needs to adapt to remain viable; 
and (5) System Five defines the ideological aspects and organizational principles. 
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3 Results 
 
This research shows how the VSM can be used to establish the framework for supply chain collaboration 
in the Beer Game scenario. Based on the five-feature collaborative approach proposed by Simatupang and 
Sridharan (2005), and understanding information sharing as an enabler, the systemic structure defined by 
the VSM allows decision synchronization and promotes aligning incentives. Hence it must be coordinated 
with a collaborative performance system, as well as the definition of integrated supply chain processes. 
 
 
4 Conclusion 
 
The hypothetical case presented in this research can help managers to change from a reductionist 
approach where each node looks for their individual interest to a holistic approach where each node looks 
for the overall interest of the supply chain. Thus, the performance of the entire supply chain and the 
performance of each of the nodes that compose it are better. The best solution to the system is the best 
solution for each member of the system. 
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Lean Production Systems  
Deployment and Monitoring  
using Discrete-event Simulation 
 
Guimarães C1, Marques A2, Moniz S3 
 
 
Abstract: This paper explores and reports, through a case study in a metalworking SME, the use of 
discrete-event simulation modeling as an enabling tool for both ex-ante Lean implementation evaluation, 
serving Value Stream Mapping purposes, and ex-post, changing the production drivers during 
deployment, monitoring on-going results. A successful change of production system from “push” to 
“pull”, one of the pillars of Lean Production system, was achieved disclosing the benefits of using 
discrete-event simulation in pre, during and post Lean deployment. It aims to contribute to the scarce 
literature on Lean monitoring tools for Lean sustainability. 
 
Keywords: Lean Production; Pull System; Simulation; Decoupling Point. 
 
 

 
 
1 Introduction 
 
When exploring the barriers and enablers of a sustainable Lean culture, some posit that the discontinuity 
of deployment, taking Lean as experiment events, short-term orientation, exclusive focus on Lean tools, 
and lack of on-going audits prevent the creation of a Lean mind-set (Guimarães and Carvalho, 2012). 
Achieving “Lean Thinking” (Womack and Jones, 1996, 2003) is though achieving a mind-set, a way of 
life, or a “way of doing things around here”. Mann (2009) attributes to Lean management the linkage role 
to overlap the gap between Lean tools and Lean Thinking but does not explore the tools that can present 
ex-ante Lean results. Many large companies seem to have embraced Lean practices, while SMEs, that 
represent 99% of all European businesses and 67%of EU employment (European Commission 2014) are 
still in an embryonic stage of Lean deployment (Shah and Ward, 2003). The use of simulation as a 
planning and decision support tool allow for the impact analysis of candidate plans before substantial 
investments in the production layout. This paper also explores and reports the use of discrete-event 
simulation modelling as an enabling tool for both ex-ante Lean implementation evaluation, serving Value 
Stream Mapping purposes, and ex-post, changing the production drivers during deployment, monitoring 
on-going results. It aims to contribute to the scarce literature on Lean monitoring tools for Lean 
sustainability and present a research stream to fill a literature gap and provide practitioners new Lean 
tools. 
 
 
2 Theoretical background and research questions 
 
 
2.1 Lean Production System 
 
Womack et al. (1990) reformulated and streamlined the core Lean concepts based in Taiichi Ohno’s 
Toyota Production System (TPS), describing lean production in five elements: (i) lean manufacturing, (ii) 
lean product development, (iii) supply chain coordination, (iv) customer distribution, and (v) lean 
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enterprise management. Research has been strongly concentrated in lean manufacturing and only recently 
the discussion on lean production included the concept’s relation to Six Sigma and Total Quality 
Management (TQM) (Liker 2004). Lean is about doing more with less (Christopher 2011). Presented as 
an antidote to muda (waste), converting muda into value, “Lean thinking” was coined by Womack et al 
(1990) as a five principle improvement philosophy: (i) specify value, (ii) identify the value stream, (iii) 
make the value-creating steps for specific products flow continuously, (iv) let the customers pull value 
from the enterprise, and (v) pursue perfection. In this paper, we explore the contribution of simulation 
tools in pull system deployment.  
   Lean deployment requires not only to be lead but also to be measure as, following Drucker’s axiom, 
“what doesn’t get measured doesn’t get managed”. As so, another issue explored is the need of 
implementation monitoring in Lean deployment. In fact, there’s a lack of studies on methods for 
implementing and assessing Lean Production (Marodin and Saurin, 2013). 
  
2.1.1 Pull System 
 
Pull production is one of the main principles within Lean (Karlsson and Ålström, 1996; Womack and 
Jones, 1996) and one of the ten dimensions of a Lean system according to Shah and Ward (2007). Where 
a push production system entails jobs being pushed from one workstation to the next upon completion, a 
pull system consists of jobs that are pulled by successive workstations, as and when required. Pull in 
simplest terms means that no one upstream should produce a good or service until the customer 
downstream asks for it (Womack and Jones, 1996). 
   Thus, a push system schedules the release of work, while a pull system authorises the release of work. 
A push schedule is prepared in advance on the basis of demand forecasting, while pull authorisation 
depends on the plant status. A push strategy, sometimes described as an open system, releases new 
material into it at a constant rate (uniform release strategy) based on either a demand forecast or the 
desired throughput rate of the system, without considering the work in process (WIP) level or machine 
status of the line. In contrast, a pull control mechanism, or a closed system, has a feedback loop within 
the structure so that material release is dependent on the status of the line. The authorisation of work into 
a line is made either to synchronise the workflow in the line (e.g. Kanban – the Japanese word for tag or 
signal) or to control the overall level of WIP (Spearman and Hopp, 1990). 
   Therefore, pull production is considered as a method of workload control. Workload control can be 
divided into three main levels: job entry, job release, and priority dispatching/WIP control. The job entry 
level considers demand and capacity management, for example the decision as to whether to accept or 
reject orders, the setting of due dates, and the management of capacity. Job release determines the time of 
release for accepted orders, and short-term adjustments in capacity. Finally, priority dispatching/WIP 
control manages the flow of orders on the shop floor (Fredendall et al 2010). 
 
 
2.2 Leagility 
 
The original concept of agility was introduced by academics (Lehigh University) and practitioners, in 
1991, referring to a new manufacturing paradigm (high quality and highly customized products, high 
information and value added products/services, mobilization of core competences, responsiveness, 
response to change and uncertainty and intra/inter-enterprise integration). Gunasekaran (1998) present the 
key enablers of agile manufacturing to respond to 21st century challenges: (i) rapidly changing markets; 
(ii) globalization; (iii) decreasing new product time-to-market; (iv) increasing inter-enterprise co-
operation; (v) interactive value-chain relationships; and (vi) increasing value of information/service. 
   Agility is mutual compatible with leanness (Jones et al 1999; Katayama and Bennett 1999; Naylor et al. 
1999; Yusuf et al. 1999; Mason-Jones et al. 2000; Hormozi 2001), as lean is needed to build agility 
(Marcus 2010). Containing “little fat”, leanness may be an element of agility, but by itself does not 
warrantee satisfying the customer more rapidly as is expected from a “nimble” organization (Christopher 
2011). For Narasimhan et al (2006) lean does not imply agile, but agile does imply that many of the 
principles and techniques of lean are in place. The Total Cycle Time Compression Paradigm (Towill 
1996) is, though, sufficient to achieve lean, but represents only one necessary condition, not sufficient, to 
achieve agile (Christopher 2002). Therefore, agile is a post-lean paradigm leaving to lean a 
"foundational” role.  
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   “Leagility” (Naylor et al. 1999; Mason-Jones et al. 2000; van Hoek 2000) is the combination of both 
paradigms (lean and agile) within a total supply chain strategy marked by a decoupling point downstream 
of which an agile strategy responds to a volatile, unpredictable demand, and upstream providing level 
scheduling and eliminating waist, non added-value activities and bottlenecks pursuing a lean strategy. 
This strategic point separates the supply chain part that is pulled directly by the end customer and where 
variability asks for agility and effectiveness, from the upstream supply chain part lead by efficiency 
purposes and forecast driven. Leagility is, thus, also called hybrid strategy (Christopher 2011). Both 
paradigms can coexist separated: (i) by space (matching agile supply chain with innovative products and 
functional products); (ii) within a whole and its parts (by settling a decoupling point); (iii) in time (having 
short lead times for “fashion” or “emergency” and longer ones for “basics” or “elective”); and (iv) upon 
condition (using order winner criteria in market segmentation or in product design modularization) 
(Stratton and Warburton 2003). It is also possible for a corporation to simultaneously pursue both lean 
and agile strategies by adopting a leagile infrastructure (Krishnamurthy and Yauch 2007). 
 
 
2.3 Simulation for Manufacturing Operations Management 
 
The increasing complexity of the production systems calls for new planning and decision support tools 
that can easily analyse the impact of candidate plans before entering into production or before substantial 
investments in production layouts, what can be critical in a SME context. Such tools virtually represent 
the dynamics of the production system over time, anticipating the value of relevant process performance 
indicators such as: lead-time, order delivery dates and level of utilization of the resources.  
   Simulation models can be used for manufacturing system design and operation namely: (i) in manu-
facturing operations planning and scheduling (long and short-term production planning, automated 
material handling systems operations, general, flow shop and job shop scheduling, flexible manufacturing 
system and semiconductor manufacturing scheduling); (ii) in maintenance operations planning and 
scheduling; and (iii) in real-time control (Negahban and Smith, 2014). 
   Simulation studies have been carried out in operations management in manufacturing settings for 
several purposes: for disturbance reduction (quality losses, speed losses, unplanned stops and in planned 
stops as set-ups and maintenance) in manufacturing systems (Ingemansson and Bolmsjõ, 2004); to reduce 
different bottlenecks in different products combining simulation results with manufacturing 
improvements in real settings (Ingemansson et al, 2005); to explore impacts of different policies for 
allocating resources to production and engineering work (Crist and Uzsoy, 2011),  showing efficiency 
gains before and after they are produced. 
   Simulation approach has been used, for instance, to improve process flow analising workload 
distribution in park homes production process testing scenarios to determine the optimum line balance for 
every section of the production process (Garza-Reyes et al. 2012). 
   Other authors present simulation tools to study the batch size effect on production lead-time in a multi-
stage assembly pull system considering the combined effect of push and pull production conditions 
(Hung and Liker, 2007).  
   Simulation studies were classified by Jahangirian et al (2010) in three types according to their empirical 
nature: (i) real problem-solving; (ii) hypothetical problem-solving and (iii) methodological. 
   Having the presented arguments as challenges, it is, therefore interesting for both academics and 
practitioners to explore the use of discrete-event simulation in Lean deployment, particularly in SMEs 
context, so two research questions were identified: 
   RQ1: How can discrete-event simulation introduce Lean principles, namely pull system? 
   RQ2: What can be the extension of pull system and how can discrete-event simulation contribute for the 
definition of the decoupling-point? 
   Therefore, and driven by real problem-solving, this paper presents a case-study approach to address 
these research questions. 
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3 Methods 
 
A case study methodology (Yin, 2009) appropriated to “How” and “What” questions and to investigate a 
contemporary phenomenon in its real-life context when the boundaries between phenomenon and context 
are not evident recurring to several data collection techniques and different evidence sources, was carried 
out. This qualitative method, allowing a deeper understanding of phenomena (Flyvbjerg, 2006), has been 
frequently used in management studies, namely in operational management (Voss et al, 2002) and 
logistics (Ellram, 1996; Renner and Palmer, 1999). Being more a idiosyncratic than a generalizing 
method, was chosen by its descriptive and exploratory character, not to produce causality statements but 
to achieve a logical sequence of connection between empirical data, problem/research questions and 
findings/conclusions. Though, the unit of analysis chosen was a SME metalworking company hosting a 
research project for Make-to-Order production improvement. 
   For data collection, semi-structured interviews with a primary on-site contact, which was the CEO and 
the production manager, were conducted. Also were interviewed Consultants and/or project managers 
involved in the simulation project implementation. One of the researchers was identified as the primary 
interviewer and was present at all interviews. Data triangulation was carried out by direct observation and 
through use of documentation in order to strengthen construct validity. Production and production 
planning processes were analyzed and improved by a production-scheduling tool using novel discrete-
event simulation algorithms in order to first evaluate, and then implement, a make-to-order system 
serving a “pull” strategy. 
   Data analysis followed Miles and Huberman (1994) recommendations on data codification, reduction 
and categorization techniques. Data gathered from different informants and sources was reduced to 
precise categories in common tables (Miles and Huberman, 1994), and then systematically interrogated 
(Yin 2009) comparing and noting patterns (Miles and Huberman 1994). 
 
 
4 Case Study 
 
A metalworking Small- Medium Sized (SME) company producing a large number of products in small 
pro-duction series and short delivery times presented a challenge to introduce discrete-event simulation to 
change production system into a weekly make-to-order (MTO) production were each product could have 
alternative production routing and also, the use of specialized workers was often a bottleneck for the 
planning process. 
   The discrete-event simulation tool was introduced for scheduling the weekly production. 
   Two sorts of resources were considered in the model: (i) Plant resources: layout (machine location), 
transportation (material and people paths), machine efficiency and availability, machine groups (parallel 
unrelated machines) and specialized manpower; (ii) Process resources: operations sequence; limited 
storage of the machine queues and machine setups and sequence-dependent changeovers. 
   The operations sequence is presented in Figure 1: 
 

•!cutting → bending → tooling → welding →pre-assembling → assembling 
   or 
•!cutting → tooling  → bending → welding →pre-assembling → assembling 

 
 
 
 
 
 
 
 
 
 
Fig.1  
Operations Sequence. 
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   The scheduling problem (the assignment and sequencing of jobs to machines in a given time horizon) 
implies two different types of decisions: 

– Assignment decisions – allocation of a job to a machine and 
– Sequencing decisions – the order a job is processed in a machine 

   The relevant events considered in the simulation model were: urgent job arrival; job cancellation; delay 
in the arrival or shortage of materials; change in due date or job priority; machine failure; over or 
underesti-mation of processing times; rework or quality problems; operator absenteeism; and 
transportation tasks. 
   The due date, or the date in which a job must be ready to deliver to the customer (Vinod and Sridharan, 
2011) taking into account that: 

– Job due date must be defined before its release; 
– Due dates can be defined: 

– externally be the customers: -  exogenous method; 
– or, internally by the scheduling system: - endogenous method; and 

– Internally set of job due dates reflects the congestion of the shop floor 
 
   The simulation model was built to find the best approach to determine/update the WIP norm and also to 
understand what should be done in the scheduling and simulation components with the targeted WIP level 
determined by the Workload control (WLC). 
   The simulation approach is presented in Figure 2 and Jobs modeling is presented in Figure 3 where 
production orders are converted to jobs (simulation entities) with unitary lot size and jobs are represented 
always by sequential operations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Simulation Approach. 
 
 
 

 
 
Fig.3  
Simulation model- Jobs modelling. 
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   Preliminary results suggest that the proposed tool enables a better allocation of the workers to the jobs, 
dynamically generated by the simulation model, while assuring the fulfillment of the delivery dates. The 
simulation results allowed the swift from a pure push system into a hybrid one. As so, an assembly-to-
order (ATO) system was so far introduced introducing pull production system into the value chain. 
 
 
5 Conclusions  
 
The production driver paradigm moved from make-to-stock to a make-to-order paradigm through this 
simulation tool, improving the planning process in several dimensions: selection of alternative product 
routing, reducing specialized workers related bottlenecks and better order fulfillment. This tool enabled 
the Lean Production implementation, setting  “pull” system by changing: production planning of orders 
over time, scheduling orders in machines, sizing-up buffers, and re-organizing the industrial layout. 
   The tool will allow on-going assessment and adjustments to the coexistence of both push and pull 
systems while reducing the weight of forecasting-based decisions. 
   This case study’s results suggest that the proposed tool enables a better allocation of the workers to the 
jobs, while assuring the fulfillment of the delivery dates. It also allows better assess the current 
production system and provides a valuable trial environment considering candidate production plans and 
its influence on production performance. The proposed discrete-event simulation tool provides an 
important contribution towards the efficiency, adaptability, and sustainability of the new production 
system allowing for being incorporated into more flexible business models. 
   The presented case illustrates a successful change of production system from “push” to “pull”, one of 
the pillars of Lean Production system, and discloses the benefits of using discrete-event simulation in pre, 
during and post Lean deployment. Through simulation it is possible not only to foresee the gains of 
moving from a make-to-stock system to an assembly-to-order and make-to-order system, but also to use 
as a tool in sche-duling the weekly production. Simulation proved to be valuable to Lean Production 
deployment, avoiding relying only in trial and error changing pathways. 
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Experimentation tool to study  
and improve rail container  
terminals 
 
García-Hernández A1, García-Miranda I2 
 
 
Abstract: In this work, an experimentation tool is presented to make easier the search and the evaluation 
of improvement proposals for rail container terminals. The tool is composed of two elements: a 
simulation model that imitates the performance of a terminal, and an experimentation module that 
generates alternative scenarios from the information set by a decision maker. The tool can be used to find 
new terminal configurations that meet a service level established in advance. 
 
Keywords: experimentation tool; terminal simulation; combined transport. 
 
 

 
 
1 Introduction 
 
Simulation is frequently used to evaluate improvement proposals for rail container terminals (purchase of 
a new crane, etc.). In the literature, these proposals are presented in two ways. In the first one, the authors 
simulate the initial state of a terminal and use the simulation results to identify them. In the second one, 
the new configurations are proposed at the beginning of the study, without any previous simulation. In 
both cases, the simulation scenarios are limited and are generated by changing one or a few 
characteristics of the terminal (number of cranes, shifts, etc.). In this context, a simulation tool able to 
generate and evaluate a wide number of terminal configurations can be very useful, being that it would 
make easier the study of multiple improvement proposals before starting a redesign project. 
 
 
2 Objectives 
 
The aim of this work is to develop an experimentation tool composed of two elements: a simulation 
model with different preprogrammed characteristics among which a decision maker can choose through 
an user interface to configure the initial state of a terminal, and to get information about its performance; 
and an experimentation module that automatically generates and evaluates several alternative scenarios 
for the terminal. This module used three sets of input data: terminal characteristics that can change from 
one scenario to other, values among which these characteristics can change and restrictions that invalidate 
certain combinations of characteristics/values. The simulation results show which combinations of input 
data can satisfy the demand without generating delays on the outgoing trains and attending most of the 
trucks in less time than the maximum allowable dwell time. This tool has been developed using the 
commercial software Witness. 
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3 Methods 
 
The methodology is divided into four phases. In the first one, the literature was reviewed to verify the 
originality of the experimentation tool. None of the works studied has an experimentation module to 
facilite the simulation of new scenarios. In the second phase, we worked on a model developed in 
previous investigations to increase its realism. Among the improvements included highlights the 
definition of several terminal operation rules (storage policies, allocation of cranes to working areas, etc.) 
as input data. These rules remain fixed in other models reviewed in the literature. In the third phase, the 
experimentation module was developed and joined with the simulation model. Finally, the experimen-
tation tool was used to analyze a case study. 
 
 
4 Results 
 
The experimentation tool has been used to seek improvement proposals in a terminal. After exploring 
over 20 scenarios, several improvement configurations have been found. There wouldn't have been 
obvious to find some of them without the help of the experimentation module. 
 
 
5 Conclusion 
 
The approach used to build the experimental tool allows users with little programming knowledge to 
model and study different terminals, and to analyze different improvement proposals where a wide 
number of terminal characteristics may vary. In future work, it would be interesting to add a cost module 
to the experimentation tool, in order to determine which of the proposed improvement configurations is 
the most appropriate. 
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Supply Chain design and  
analysis: a case study on a  
low-cadence car production 
 
García-Miranda I1, García-Hernández A r2 
 
 
Abstract: The study presents a case study on the design and analysis of a supply chain in a low cadence 
car manufacturing plant in order to maximize the added value in the line. Lean manufacturing tools are 
used to design the internal logistics and upstream processes. Among all tools, kitting stands out as a 
solution for maximizing value, reducing WIP, lead times and machine utilization. Comparative cost-
analysis is conducted obtaining a saving of variable costs of 10% in the logistic and assembly costs. 
 
Keywords: material handling; assembly lines; manufacturing management. 
 
 

 
 
1 Introduction 
 
The automotive industry's customers demand a wide variety of models and variants. Manufacturers thus 
compete by offering customised cars. 
   This demand and the manufacturing strategy result in the handling of a large number of components in 
production systems. The problem of keeping many and varied components is met in many companies by 
materials kitting. A materials kit consists of all the components needed to assemble an individual product 
or a complete part of a product. Kanban, small parcel and manufacturing supermarket and other different 
lean manufacturing techniques are implemented in order to obtain a more efficient solution. In a lean 
world, kitting is considered a waste. However, Toyota has started using kitting in some of their plants for 
high volume assembly operations. The advantage of this approach is more value added time by the 
operators, cleaner work areas with visual control, fewer part selection errors, and easier training of 
assembly operators. The disadvantage is increased manpower by adding kitting personnel. 
 
 
2 Objectives 
 
Lean manufacturing principles are usually applied in mass series production by the biggest carmakers 
worldwide. This work seeks to respond to the need for a car manufacturer for the re-design of its Supply 
Chain, intended for the production of a vehicle of low-cadence, in particular 16 vehicles per day, 10 
operations in assembly line and high diversity. These aspects represent a logistical challenge, since on the 
one hand the volume is not enough to obtain economies of scale and on the other hand, the number of 
references to handling is also very high. 
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3 Methods 
 
Using lean manufacturing techniques a value stream mapping on the supply chain is conducted. The res-
trictions are that both the product, production process and component suppliers are defined. The geogra-
phical location of the factory and suppliers are restrictions of first level that must be follow the design of 
the supply chain. 
   After that internal logistics are designed, detailing the supply of the different line processes from the 
entrance of the material on the premises of the manufacturer. Then external or upstream logistics, which 
can carry components from different suppliers to assembly factory, are defined. 
 
  
4 Results 
 
The costs of direct labour and rental of means of support are reduced 10% in case of use of the presented 
system.  
   To be necessary a lower surface by use of optimized warehouse, the associated overheads will be 5% 
lower in the case of using materials kitting. 
 
  
5 Conclusion 
 
Collaboration between companies of the same supply line allows getting large economies, notably in the 
early stages of a project. In logistics, the choice of a supplier of components or the design of a container 
will be the more optimal; the more takes into account the different actors in the Supply Chain. 
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The role of International  
Purchasing on the competitiveness  
of industrial companies in Portugal:  
an empirical study 
 
Lopes O1, Ferreira L M, Moreira A 
 
 
Abstract: International purchasing and global sourcing (IP/GS) are research subjects that have been 
developed mainly during the last two decades (Quintens et al., 2006). Nevertheless, this is a field of 
research with a lot of potential, especially in small countries like Portugal, where the knowledge and 
research about this subject is almost inexistent. The ultimate goal of this study was to understand the 
actual contribution of international purchasing (IP) practices for the competitiveness of industrial 
companies. Two main conclusions are: (1) IP, for Portuguese companies, is not an option but instead a 
necessity due to the frequent lack of feasible domestic options and; (2) in most cases, it’s easier to 
achieve competitive solutions through IP, although geographic distance could be an obstacle to the 
increasingly required flexibility strategy on purchasing. 
 
Keywords: International Purchasing; industrial companies; competitiveness. 
 
 

 
 
1 Introduction 
 
IP/GS are research subjects that have been developed mainly during the last two decades (Quintens et al., 
2006). Nowadays, and counteracting the trend of the last years, researchers are paying more attention and 
studying more deeply international purchasing issues. Some factors such as the development of informa-
tion and communication technologies and the development of distribution systems, besides market 
globalisation, are responsible for the increasing of IP/GS activities in companies, making those themes of 
great interest as research fields (Hultmam et al, 2012; Knudsen and Servais, 2007; Nassimbeni, 2006). 
 
  
2 Objectives 
 
The present study aims to understand how the growth of purchasing to international markets can 
contribute (or if it actually contributes) to the development of competitiveness of industrial companies. In 
order to achieve this main objective, three research questions are proposed: (1) How, and why, is 
triggered IP in industrial companies?; (2) How can organizational and structural issues be related with the 
purchasing processes in the international markets?; and (3) How can IP contribute to industrial companies 
competitiveness? 
 
 
3 Methods 
 
This study was developed using a qualitative approach, with multiple case studies in industrial 
companies, being each company a unit of analysis. Eleven companies were studied and they were chosen 
knowing in advance that they purchased in international markets. The use of multiple case studies allows 
applying the replication logic, as a way of strengthening the findings (Yin, 2009). The leading method 
chosen to data collection was the semi-structured interview. 
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4 Results 
 
This study reveals that the contribution of the Purchasing activity and particularly IP for the performance 
of industrial companies is felt, or can be felt mainly in terms of savings, flexibility and speed to market. 
None of the companies who have participated in this study makes a clear distinction between the general 
purchasing function and IP; this can be explained due to the fact that Portugal is a very small country with 
limited domestic supplier options which makes IP almost an inevitable decision, if companies aim to be 
competitive. 
 
 
5 Conclusion 
 
The ultimate conclusion that can be drawn from this study is that IP, in Portugal, is vital to companies’ 
competitiveness and, for most industrial companies, IP is essential to their existence due to the lack of 
feasible domestic options. 
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Conceptual methodology for  
handling unexpected events in  
hierarchical production planning 
 
Vargas A1, Boza A1, Patel S2, Patel D2, Cuenca Ll1, Ortiz A1 
 
 
Abstract: An inter-enterprise architecture allows enterprises that make up collaborative networks to 
model holistically and integrally business processes, human resources, organizational structure and 
technology. Inter-enterprise architecture can be used to solve the different issues that collaborative 
networks face on a daily basis. The components of an inter-enterprise architecture are: framework, 
modelling language and methodology. A conceptual methodology that addresses the problem of 
unexpected events management in the context of hierarchical production planning to improve decision-
making in collaborative environments is proposed and validated in a Spanish collaborative network of the 
tile sector. 
 
Keywords: inter-enterprise architecture; collaborative network; hierarchical production planning, 
unexpected events, methodology. 
 
 

 
 
1 Introduction 
 
Enterprises need to involve in collaborative networks (CN) to effectively and synergistically overcome 
current global and dynamic environment.  To enable this, inter-enterprise architecture (IEA) facilitates the 
integration of business processes with collaborative networks, in line with their information technology 
(Vargas et al. 2013). 
   Information technology improves the value chain by changing the way companies do business (Cuenca 
et al. 2011). Decision support systems (DSS) as part of information technology, support decision-making 
processes in different situations, such as: purchase planning, inventory control, production planning and 
distribution planning among others. In this paper and ongoing research, we focus on the use of decision 
support systems in the context of hierarchical production planning in collaborative environments. 
   Production planning is extremely complex, and therefore it is difficult to develop a single model to 
represent the complexity. Hierarchical production planning (HPP) facilitates decision-making by 
decomposing the problem into sub-problems, in the context of an organizational hierarchy where 
decisions of the higher levels impose restrictions at the lower levels (Alemany, 2003), which supports the 
development of manageable models. Even when DSS for HPP guide decision makers to assimilate 
information and ensure effective decision-making, these systems are designed without taking into account 
different unexpected events, because of the perceived difficulty of representing uncertainty in the models.  
   There is tiny evidence in the literature connecting the fields of IEA, HPP and DSS leading to solve the 
problem of unexpected event handling, finding a gap in the literature that our ongoing research is 
addressing. The main components of the IEA that address the specific problem of unexpected events in 
HPP are: framework, modelling language and methodology. Our previous work have focused in the 
framework and modelling language definition. In this paper our focus is the conceptual methodology that 
is applied to and validated on a collaborative network scenario based the Spanish ceramic tile sector. 
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2 Objectives 
 
The main objective of this paper is to describe the conceptual methodology that allows modelling the 
problem of unexpected events handling in the context of hierarchical production planning in collaborative 
networks. 
 
 
3 Methods 
 
The conceptual methodology is proposed and validated in a real case scenario. 
 
  
4 Results 
 
The proposed methodology has helped to validate the use of the framework proposed in our previous 
work and its applicability in a real case study. 
 
 
Conclusion 
 
This paper reports the need for a methodology that guides the framework of IEA allowing decision 
makers to model the problem of unexpected events handling in HPP that can be used by CN to support 
better and more efficient decisions. 
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A Flexible Model Approach  
for Production Planning 
 
Sampaio RJB1, Wollmann RRG2 
 
 
Extended Abstract: Uncertainty in demand forecast and in production capacities through the planning 
horizon lead to serious drawbacks in production planning, since they generate nervousness and 
improvisations in shop floor. Thus it is highly desirable that the production planning incorporate some 
degree of flexibility to deal with these events that otherwise are almost present in every productive 
systems. To cope with variability in the planning processes the planner is often required to freeze its 
planning in the planning horizon. However, freezing the planning has important implications for 
production costs, and produces large imbalances in addressing the real demands. Therefore it is important 
to incorporate some mechanism into the production planning to enable flexible implementation of the 
planning in order to take into account, from period to period, updated information on demands and 
capabilities. The objective of this work is to turn the production planning models flexible enough to allow 
information updating whenever it requires, by modeling the production planning problem using linear 
programming models coupled with clearing function (Miss-bauer et al, 2010; Kacar et al, 2014) and then 
decomposing the model (Wollmann, 2012; Sampaio et al, 2014) using the concept of rolling planning 
(Chand et al, 2002). To solve this problem, a two-phase algorithm was developed and several numerical 
experiments were performed to illustrate it, and to support the proposed algorithm a theorem was 
enunciated. The proposed algorithm seems to perform well in rolling planning environments and allows 
data update at the beginning of each period over the planning horizon. This result is quite relevant in view 
of the fact that the flexibility was incorporated into the production planning model thereby avoiding 
freezing periods, which in turn increase costs. 
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Production Planning and  
Control: Case study of a small  
dairy industry 
 
Motta B1, Sampaio F2, Borges L3, Mendonça L4, Evangelista W5 
 
 
Abstract: This paper is a case study developed in order to define the Production Planning and Control 
(PPC) of a small business in the dairy industry, located in Brazil's southeast region. The methods used to 
research were literature reviews on the PPC and mapping of the productive processes of the two 
production lines in the company through personal observations and semi-structured interviews with 
employees. The main activities of strategic planning and production scheduling were analyzed to define 
the ideal activities. As a result, the Production Planning and Control was defined and Operation 
Management was improved. This also resulted in optimized resources and reduction of stock formation of 
finished products, which in this case are extremely perishable. However, more research is needed to 
define the percentage of success of the suggestions made in other industries of the sector. 
 
Keywords: Production Planning Control; Operations Management; Dairy Industry. 
 
 

 
 
1 Introduction 
 
The PPC is based on the performance of four overlapping activities, so that there is a balance between 
volume and time: loading, sequencing, scheduling, and monitoring and control (Slack et al. 2002). The 
PPC is an extremely important factor, since it allows greater understanding the real business of the 
company, and it is the source of information necessary for any intervention measures which ensure that 
company's performance is in harmony with their goals and strategies (Rodrigues & Oliveira 2009). 
 
  
2 Objectives 
 
The objective of this study is to propose an ideal definition of the Production Planning and Control (PPC) 
for a small dairy industry in Brazil's southeast region. 
 
 
3 Methods 
A literary review was performed. In addition, the research instruments used for data collection were 
personal observation and semi-structured interviews with the production line employees through on-site 
visits. 
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4 Results 
 
The company operates from Monday to Saturday and it was calculated that the loading limit for each 
machine is 45 hours per week. However, it was used only 24 hours, which demonstrates idle capacity. 
There was no sequencing of tasks. Therefore, the prioritization was defined so that the longer processes 
are of higher priority. The production schedule was established so that the production of yogurt occurs on 
the first day of the week, and then it alternates days. The bottling will happen on the following day, when 
the yogurt is ready, and this process will be simultaneous to the production of sweet milk. Therefore the 
dairy production programming will be backwards, since the products will be made at the last moment. 
The company needs to monitor its operations to ensure that the planned activities occur and that any 
deviation from plans can be rectified by some type of intervention. 
 
  
5 Conclusion 
 
This paper is relevant for the sector because during the literary review, it was observed that there are no 
published studies with relevant analysis of the PPC activities in the small dairy industry. In the studied 
company, the results obtained demonstrate the need to perform marketing campaigns to publicize the 
products, and thus reduce the idle capacity. Through the defined sequencing, there will be an optimization 
of resources. The established schedule will enable the company to meet the deadlines for deliveries to the 
consumers, thus avoiding unnecessary stock of finished products. The monitoring and control must be 
constant; however, if problems arise from the operations interventions and re-planning must be 
implemented to restore operations. Based on these settings, the dairy industry studied will improve its 
production process and will also have the possibility to expand itself on the market. However, more 
research is needed to define the percentage of success of the suggestions made in other industries of the 
sector. 
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Greenness indicators for the  
Madrid-Lyon freight transport  
corridor 
 
Benedito E1, Corominas A2, Olivella J3, Pastor R4 
 
 
Abstract: European Community policy promotes the so called freight transport “green corridors”. These 
corridors should allow accommodating rising traffic volumes while promoting environmental sustaina-
bility and energy efficiency. In order to achieve this objective, a set of proper indicators is needed to 
measure the performance of the corridors. A set of indicators for the Madrid-Lyon corridor are defined by 
means of an experts’ consultation. 
 
Keywords: Green Corridor; Freight transport; Key Performance Indicator. 
 
 

 
 
1 Introduction 
 
Green Corridor for freight transport is a concept that still need a wide accepted definition (Demir et al., 
2014). European Commission (2007) states that freight Green Corridors “rely on co-modality and on 
advanced technology in order to accommodate rising traffic volumes while promoting environmental 
sustainability and energy efficiency”. According to Psaraftis & Panagakos (2012) “Green Corridors aim 
at reducing environmental and climate impact while increasing safety and efficiency”. 
 
   Indicators for green corridors have been previously proposed by Supergreen project (Psaraftis & 
Panagakos, 2012) and East West Transport Corridor project EWTC II, 2012), between others. Social 
aspects and co-modality of the corridors were scarcely addressed by these works.  
 
   The aim of the work is defining key indicators to assess the green development of the Madrid-Lyon axis 
of the Mediterranean corridor. 
 
 
2 Methodology 
 
To determine appropriate indicators, we establish the more relevant factors to assess the actions intended 
to make a freight transport corridor green, by conducting an experts’ consultation. The experts 
interviewed are 20 members of shippers, operators of infrastructures, transport and logistic companies, 
public administration and environmental agencies. A set of indicators is defined by taking into account 
the factors obtained. 
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3 Results 
 
A total of 69 factors were identified from the experts’ consultation: operational (21), environmental and 
climate impact (11), economic and social impact (22), and infrastructures renewal or construction (15). A 
set of indicators reflecting the general functioning of the corridor and based on the factors selected by the 
experts are defined. An overall of 16 indicators are proposed. A total of 9 indicators were previously 
proposed by SuperGreen project (Psaraftis & Panagakos, 2012), 2 by EWTC II (2012) project and 5 are 
first proposed (Table 1).  
 
 
Table 1 
Full set of indicators proposed. 
 
 

Block Indicator Proposed by 

Operations 

Direct costs of transport SuperGreen 
Frequency of service SuperGreen 
Safety measures ECTW II, modified 
Security measures ECTW II, modified 
Proportion of co-modal transport CLYMA 
Quality of service in intermodal transport CLYMA 
Reliability of service SuperGreen 
Transport time SuperGreen 

Environment 
and climate 

impact 

Alternative fuels filling stations ECTW II 
CO2 emissions SuperGreen 
Engine standards ECTW II 
SOx emissions SuperGreen 

Economic and 
social impact 

Activity of the areas served CLYMA 
Impact on physical environment CLYMA 
Total goods volumes ECTW II 
Use of capacity CLYMA 
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Identifying Interorganizational  
Relationships Through Theoretical  
Indicators: A Study In The Milk  
Production Chain 
 
Okano MT1, Vendrametto O2, Santos OS3, Fernandes ME4 
 
 
Abstract: The literature on the interorganizational relationship between companies and organizations has 
increased in recent years, but there are still doubts about the various settings. The inter-organizational 
networks are important in economic life, the fact facilitate the complex interdependence between 
transactional and cooperative organizations. A need identified in the literature is the lack of indicators to 
measure and identify the types of existing networks. The objective of this research is to examine the 
interorganizational relationships of two milk chains through indicators proposed by the theories of the 
four authors, characterizing them as network or not and what the benefits obtained by the chain 
organization. The results showed that interorganizational relationships are small and largely limited to the 
sale of milk or dairy cooperatives. These relationships relate only to trade relations between the owner 
and purchaser of milk. But when the producers are organized in associations or networks, 
interorganizational relationships and increase benefits for all participants in the network. 
 
Keywords: Interorganizational networks; dairy chain; Interorganizational Systems. 
 
 

 
 
1 Introduction 
 
The literature on the interorganizational relationship between companies and organizations has increased 
in recent years, but there are still doubts about the various settings. 
   The inter-organizational networks are important in economic life, the fact 
facilitate the complex interdependence between transactional and cooperative organizations. 
 
 
2 Objectives 
 
The objective of this research is to examine the interorganizational relationships of two milk chains 
through indicators proposed by the theories of the four authors, characterizing them as network or not and 
what the benefits obtained by the chain organization. 
 
 
3 Methods 
 
To achieve the objective of this work was carried out a survey of milk producers in two regions of the 
state of São Paulo (Avare and Fartura). To collect the information needed for the analysis, exploratory 
research, qualitative nature was used. 
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   The research instrument of this work consists of a roadmap of semi-structured interviews with open 
questions. Some of the answers were directed by the interviewer in the form of performance notes aimed 
at detecting the degree of Importance, according to the perception of intensity to that regard. 
 
  
4 Results 
 
The results showed that interorganizational relationships are small and largely limited to the sale of milk 
or dairy cooperatives. These relationships relate only to trade relations between the owner and purchaser 
of milk. But when the producers are organized in associations or networks, interorganizational 
relationships and increase benefits for all participants in the network. 
 
 
5 Conclusion 
 
The various visits and interviews in several dairy farms in the regions of São Paulo (Avare and Fartura) 
indicated that the inter-relationships are small and largely limited to the sale of milk to cooperatives or 
dairy. These relationships refer only to trade relations between the owner and the purchaser of milk. But 
when the producers are organized in associations or networks, interorganizational relationships increase 
and bring benefits to all participants in the network. 
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Assembly lines for end-of-life  
products: improving their efficiency 
 
Cardoso J1, Xambre AR2, Fernandes R3 
 
 
Abstract: To compete in a global market, companies must be flexible and have high levels of responsi-
veness to changes in the demand (either in terms of types of products or volume). This means that 
traditional mass production systems, such as assembly lines, must be adapted and improved in order to 
incorporate the required flexibility. 
 
Keywords: Assembly line; efficiency; production systems. 
 
 

 
 
1 Introduction 
 
The work presented in this paper is part of the final project integrated in the Master’s Program in 
Industrial Engineering and Management (MIEM) from the University of Aveiro, Portugal. The project is 
being developed at a multinational company that produces electronic goods and operates in an 
unpredictable market. 
   The company produces based on forecasts but, since they have a low volume / high diversity 
environment, this can become quite volatile. Some numbers might help to illustrate the complexity of the 
system: the company has 22 production lines, 550 different products of which only 9% are runners 
(produced everyday), 65% of planned operation time (POT) is used by runners, and minimum lot size is 1 
part and maximum is 96 parts. This means that, per day, only 35% of the POT is available to produce the 
remaining products (the non-runners). 
   The portfolio of this company is growing so the use of resources (such as space, workers and 
equipment) is becoming an issue. Also, high flexibility plays an important role in such a market since it is 
essential to be agile and to respond quickly to changes in customer requirements. 
 
 
2 Objectives 
 
The purpose of the project is to identify, study and compare strategies to help the company deal with the 
diversity of products that have low production volumes and are reaching their end-of-life stage, thus 
increasing its flexibility. In this work a specific analysis is described where the challenge was to release 
space on the shop-floor in order to build new assembly lines for new products. 
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3 Methods 
 
The first step was to identify the assembly line that was dedicated to products in the decline phase of their 
life cycle. Assembly line number 2 was identified as a possible target since it occupied a lot of space 
(88m2) and presented frequent underutilization of some workstations. Figure 1 shows the production 
history of the product families assembled at this line. 
 
 
Fig.1  
Production history (number of parts per year, for each product family). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   In a second stage, a work measurement study was performed to confirm the times of bottleneck 
workstations. Then, with this two sets of data, it was possible to determine the total time, per day, that is 
needed to produce the quantities for each product family (forecast/day*bottleneck) and check if the POT 
available (including 12% for unpredictable losses) is enough to meet costumer’s needs. 
 
 
4 Results 
 
It was decided to reduce all the equipment of the line to 1 unit of each type and also reduce 2 
workstations in the manual assembly. Taking this into account and considering the forecast for each 
family and the bottleneck operation time, identified through the work measurement study, it was possible 
to determine the time per day necessary to meet customer needs. Figure 2 shows those results and it is 
noticeable that two shifts are sufficient to face customers’ demand (and also spike orders) with the 
exception of February 2015 when three shifts are required. 
 
 
Fig.1  
POT vs required time (in minutes). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   The re-layout of the assembly line was then performed which led to several savings such as: (i) less 
33m2 of used space, (ii) less equipment, and thus (iii) lower maintenance costs and (iv) less unpredictable 
stoppages due to equipment’s breakdowns. Additionally the distances inside the line were reduce which 
helped in the development of a better solution for the balancing problem, in a way that the workload 
balance improved by 10%. 
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5 Conclusion 
 
Companies must find ways to be competitive and, in this specific case, the strategy used was to get the 
same output with fewer resources while increasing the company’s portfolio. Assembly lines with end-of-
life products can be seen as an opportunity for improving the production system efficiency. The next 
stage of the project is to develop methods/strategies that companies could use, in a specific point in time, 
to predict this inefficiency instead of acting after the fact. 
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Maturity models in supply chain  
sustainability: a literature review 
 
Correia E1, Azevedo S2, Carvalho H3 
 
 
Abstract: This paper aims to explore the different maturity models that have been used in the context of 
supply chain sustainability. Given the relevance of the topic a systematic literature review is performed to 
identity a set of maturity models that have been developed in order to assess the different levels of SC 
sustainability. Also, the main focus of analysis performed and the shapes of the maturity models are 
explored. The guidelines on conducting a systematic literature review were followed to ensure that an 
unbiased and valid evaluation was conducted. The novelty of this research lies in the methodology used 
for reviewing the literature and in the adoption of a dynamic perspective to analyze the theory 
developments. 
 
Keywords: Maturity Models, Sustainability, Supply Chain, Systematic, literature, conceptual framework. 
 
 

 
 
1 Introduction 
 
Since its development, maturity models have been widely adopted and used (Bititci et al., 2014) in areas 
such as engineering or management (Pigosso et al., 2013). According Wendler (2012) the application of 
maturity models in diverse fields such as engineering or management justify the need to analyze the 
literature on these models in a more structured way.  
   Given its characteristics the maturity models seem to be a useful tool for the analysis and evaluation of 
supply chain’s (SC’s) sustainability, mainly because they presuppose an evolutionary perspective (Paes 
2011) i.e. admit a temporal dimension which is inseparable from the concept of sustainability (Lozano et 
al., 2014). As stress Wendler (2012) and Becker et al. (2009), the development of new maturity models 
must take in consideration that there are existing models available and it is necessary a careful evaluation 
of them and analysis of their applicability. Doing so improves the quality and relevance of the 
development of new models (Wendler, 2012). In this line, this paper seeks to identify and analyse the 
maturity models that have been used in the context of sustainable SCs. This justifies a structured review 
of further literature focused on maturity models that connect these two areas: sustainability and SC. 
 
 
2 Methodology  
 
A systematic review of the literature, as opposed to a narrative literature review, shows how the 
investigation was conducted enabling to monitor the decisions, procedures and conclusions of the 
investigator. As pointed out by Rousseau et al. (2008) systematic reviews are: comprehensive through the 
inclusion of all relevant studies; use transparent analyzes; and apply the critical interpretation with 
specific criteria for providing the evidentiary value of a body of previous literature. This work follows a 
multidisciplinary integrative review according to the five phases proposed by Whittemore and Knafl 
(2005): 1) problem formulation; 2) literature search; 3) evaluation of research; 4) Research analysis and 
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interpretation; and 5) presentation of results. The application of each one of these phases to a systematic 
literature review of maturity models in SC sustainability is described as follows. 
Phase1 - Problem formulation 
   Although there are some frameworks that seek to assess sustainability in the SC (Chardine-Baumann 
and Botta-Genoulaz, 2014), there are a few that allow managers and other stakeholders to understand 
where the company and its SC are in terms of the evolution of sustainability and what actions should be 
made to maintain and promote it evolve (Reefke et al., 2014; Kurnia et al., 2014).  
Despite the widespread use and adoption of maturity models (Bititci et al., 2014), Wendler (2012) points 
out that neither the meaning nor the elements of the maturity model are established and clear. For 
example, models can define different sets of levels or stages, and use different means for determining the 
maturity level (Pace, 2011). Thus, for the development of a conceptual model, the literature review can 
contribute to a better knowledge and understanding of the proposed maturity models previously in the 
context of the SC and sustainability. Therefore, the following research questions have been identified: 
What kind of maturity models have been developed to assess the different levels of SC sustainability? 
Which is the main focus of analysis of sustainability maturity models in the context of SC? 
Which are the main shapes of the maturity models? 
 
Phase 2 - Literature search 
   The next step is the selection of bibliographic databases to be used and then the definition of keywords 
and search strategy. For identification and selection of studies to analyze researched to the SCOPUS 
databases, Emerald Insight, EBSCO and Web of Science in March 2015. With this choice is intended to 
ensure the integration of the most important publications in the relevant sectors for the study, as the SCM 
and sustainability (e.g. Tachizawa and Wong, 2014), but also in areas such as information systems and 
software development, which dominated the maturity models research works (Wendler, 2012).  
 
Phase 3 - Evaluation of research 
   To obtain the broadest possible range of papers for analysis synonyms for the term "maturity models" 
were identified using a small sample of some papers on the subject. Three classes of keywords were used 
as follows: i) "maturity" and maturity models "; ii) "sustainab*", "environment*" and "social"; iii) 
"supply chain" and "supply chain management". Various combinations of these keywords were used to 
search all databases the papers that contained in its title, abstract or keywords such terms from January 
2000 to March 2015. 
   To ensure that only relevant papers entering the set of papers to be analyzed, several 
inclusion/exclusion criteria were established. Whereas it is intended to make the broadest possible review, 
it was decided to include all kinds of papers (conceptual, empirical, literature reviews, etc.). Given the 
goal of this study were considered as acceptable for further analysis all kinds of papers present in the 
databases either in academic journals as proceedings conference. Subsequently we compared the results 
between the databases and eliminated duplicate papers getting 69 papers. A reading in full of the 
remaining led to the conclusion about its focus on maturity models and their relevance to provide insights 
to answer to the research questions. From this process it were selected 20 papers for a deeper analysis.  
 
Phase 4 - Research Analysis and interpretation 
   The fourth phase aims to summarize and document information extracted from the selected papers. In a 
first step it was analyzed the research strategy used by the different authors; in addition it was identified 
the main research objective, this is, maturity model development, application or validation, or other. 
Table 1 contains the result of this analysis.  
   An interesting element found in most papers is the absence of a definition of maturity model. In the 20 
papers, the exception is made in 5 (Cuenca et al, 2013 Pigosso et al, 2013; Okongwu et al, 2013;Vanathi 
and Swamynathan, 2012; McCormack et al., 2008). Most of the reviewed papers aim to develop maturity 
models and its validation Note also that some of the developed maturity models are the basis for 
subsequent application. For example, McCormack et al. (2008) is an example of a paper whose purpose 
lies in the application of maturity models developed previously. On the other hand, there are papers which 
merely conceptual models developed, validated or not meeting the set of revised applied work (e.g., 
Reefke et al., 2014). The category "Other" also includes a reasonable number of papers.  
   The dominance of case studies as a research method is usually appointed as an indicator of immaturity 
"research stage" that field. Analyzing only the entered papers under the SCM or SSCM, many of them 
(e.g. Aryee et al, 2008; Netland et al, 2007) proposes models that were validated or applied to assess the 
maturity of a company, or applied to several companies but without considering the link between them, 
missing perspective in terms of SC. 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 586 

Table 1 
Research objectives and research strategy. 
 
 

 Maturity model development stage 

Research strategy Development Application Validation Other 

Conceptual  (5)    (14), (16), (19) 

Surveys (4) , (2), (17)   (18) 
 

 

(4) , (17)  
 

(6), (7) , (9)  

Action research (11)    (11)  

Expert panels     

Case studies  (3) , (8) , (10), (13), 
(15), (20) 

(2) 
 

 

(3) , (8) , 
(10), (13), 
(15), (20)  

 

Other/ no method 
applied 

(1)    (12)  

 
Legend: (1) Huang and Handfield, 2015; (2) Souza et al., 2015; (3) Golinska and Kuebler, 2014; (4) Hynds et al., 2014; (5) Reefke 
et al., 2014; (6) Jabbour et al., 2014a); (7) Jabbour et al., 2014b); (8) Kurnia et al., 2014; (9) Jabbour et al., 2013; (10) Cuenca et al., 
2013; (11) Pigosso et al., 2013; (12) Estampe et al., 2013; (13) Hameri et al., 2013; (14) Edgeman, 2013; (15) Okongwu et al., 2013; 
(16) Vanathi and Swamynathan, 2012; (17) Frederico and Martins, 2012; (18) Trkman et al., 2012; (19) Oliveira et al., 2012; (20) 
Meng et al., 2011. 
 
 
 
Table 2 Summarizes the main characteristics of  the maturity models in the revised papers. 
 

 
Table 2 
Main characteristics of maturity models. 
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(6)       X  3  !      n.a 
(7)   X    X  3         n.a 
(8)   X    X  4 a XX X    XX  
(9)       X  3 a !   X   n.a. 

(10)     
X
X    5 na       XX  

(11)       XX  5  XX      n.a. 
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(12)        XX n.a          
(13)        XX 5          
(14)           n.a         n.a 
(15)         XX  4 a         
(16)   X      5  XX       
(17)        Xx  XX 5         X 
(18)    X      5 a  X      
(19)   X   XX   5 a         
(20)   X      5 a       X  

    
   Legend: a) continuous; (1) Huang and Handfield, 2015; (2) Souza et al., 2015; (3) Golinska and Kuebler, 2014; (4) Hynds et al., 
2014; (5) Reefke et al., 2014; (6) Jabbour et al., 2014a); (7) Jabbour et al., 2014b); (8) Kurnia et al., 2014; (9) Jabbour et al., 2013; 
(10) Cuenca et al., 2013; (11) Pigosso et al., 2013; (12) Estampe et al., 2013; (13) Hameri et al., 2013; (14) Edgeman, 2013; (15) 
Okongwu et al., 2013; (16) Vanathi and Swamynathan, 2012; (17) Aryee et al., 2008; (18) McCormack et al., 2008; (19) Standing 
and Jackson, 2007; (20) Netland et al., 2007. 
 
 
 
   Table 2 shows that most mature designs within the SC focus is in the$processes of SC (eg Garcia Reyes 
and Giachetti, 2010; Lockamy III and McCormack, 2004; McCormack, 2001). Fewer are the models that 
focus on the integration of SC (eg Aryee et al., 2008), relationships in SC (eg Cuenca et al., 2013) or have 
a broad SC approach (eg Meng et al., 2011). Many of the papers on the sustainability field focus on 
specific issues incorporating the concept of maturity. For example, Pigosso et al. (2013) perform a 
systematization of ecodesign practices that can help implementing the ecodesign process and that are 
useful in evaluating the company's maturity profile. Standing and Jackson (2007) suggest a maturity 
model to insert sustainability concerns in the IS system. Under the SC, Lockamy III and McCormack 
(2004) published one of the first studies that analyze the maturity of processes related to SCM, becoming 
a model oriented to the management of processes (Business Process Orientation - BPO) (Söderberg and 
Bengtsson, 2010). 
   Models that explore the two areas (SC and sustainability) focus mainly in processes and sustainability. 
These models help to establish a direction and strategy for the transformation processes required to 
achieve a sustainable SC. Thus, Reefke et al. (2014) pointed out that in order to be sustainable the SC 
must continu-ously improve its processes towards sustainability, to include performance measurement 
systems of sustainability. The main idea of maturity models is that they assume a path of development or 
evolution (Paes, 2011), which is drawn through a series of levels, stages or phases from an initial state to 
maturity (Becker et al., 2009 ). Achieving each maturity level allows incremental and lasting performance 
improvements (Estampe et al., 2013). Despite being proposed different maturity models within the SC, all 
share a common feature: define a number of maturity levels. As can be seen in Table III, maturity models 
considered in the papers referred oscillate between levels 3 to 6, the most common number five maturity 
levels.  
   The maturity models may have different ways to determine the maturity levels and can be classified, 
depending on how they are constructed in different groups: maturity grids (grids maturity), hybrid models 
and questionnaires Likert  style (Likert -like Questionnaires). The maturity grids submit a description of 
activities for each level of maturity. Hybrid models are models that combine quizzes with maturity 
settings, which can be general descriptions of the maturity levels or contain an additional description for 
each activity. The models framed in the latter group are those using questionnaires that a practice is 
described and asked the respondent to answer that matches the performance of a 1 to n scale (Paes, 2011). 
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3 Conclusion 
 
Maturity models have been widely adopted and used (Bititci et al., 2014) in areas such as engineering or 
management This paper has as main objective to explore the maturity models in the supply chain 
sustainability context using . After a systematic literature review it can be concluded that most maturity 
models that explore the two areas (SC and sustainability) focus mainly in processes and sustainability, 
They can be classified into maturity grids, hybrid models and questionnaires Likert . 
 
 
Acknowledgments  
 
This research is funded by Fundação para a Ciência e Tecnologia (UID/EMS/00667/2013). 
 
 
 
4 References  
Available on request. 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 589 

A tool to visually explain the  
zones of influence of several  
distribution centres in a network 
 
Maligo C1 
 
 
Abstract: The concept of zone of influence is bound to arise in a great variety of situations involving 
explanations about supply chain, logistics or distribution of goods or services. Although the concept itself 
is not particularly difficult to explain or understand, the classroom experience strongly recommends the 
use of drawing or any visual aid to obtain effective and fast results. This work is the result of the search 
for a tool which could not only provide the visual support teachers need for their explanations but also 
show – graphically – the effects on form and size of the zones of influence due to changes in the related 
variables. This work shows how the use of the conditional format resource in a Microsoft Excel spread-
sheet makes it possible to construct such a tool, bringing to students, through a visual and simulation-like 
experience, a deeper understanding on the subject. 
 
Keywords: zone of influence; logistics; simulation. 
 
 

 
 
1 Introduction and objectives 
 
The concept of zone of influence – ZoI – is not particularly difficult to explain but problems may arise 
when one has to explain the concept to a diverse audience, possibly with no background on logistics or on 
the industry being focused. Ensure a good understanding of the concept is key to move on and show the 
relationships lying under the figures and how they can influence each other. The objective of this work is 
to publicize a simple but efficient tool that can help teachers in this task. The tool was conceived and 
designed aiming a graphic result capable of catching the attention of the audience by being interactive. 
This simulation-like characteristic is vital, since it enhances the understanding of the concept as well as 
allows the explanation to go deeper into the complexities of real world examples. 
 
 
2 Methods 
 
The tool is a workbook where the last spreadsheet is to be kept visible to the public. In this work, a 
distribution chain pictures a main terminal (T1), a secondary terminal (T2) which receives product from 
T1 by rail, and a tertiary terminal (T3) which receives from T2 by big trucks – bT. Transportation from 
terminals to retail is done by small trucks – sT. The calculations took into account different transportation 
costs and different operational costs of the terminals, supposing they differ in size and throughput. Other 
costs can be easily added at will. The cost of sending product to each cell is calculated, considering the 
three possibilities: T1+sT, T1+rail+T2+sT, and T1+rail+T2+bT+T3+sT. After that, the three figures are 
compared, and each cell is associated with a value according to the result: 1, if the lower cost is via T1 
only; 2, if via T2 is best, or 3, if T3 is the best option. The conditional format is then applied throughout 
the scenario to obtain the final result: colouring each cell with the same colour of the cell picturing its 
supplying terminal, thus creating the image of the three ZoI. Should further changes in cost components 
cause the change of any cell’s supplying terminal, the cell’s colour will change accordingly. 
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The slight change in T1/T2 border and the loss for T3 due to a 5% reduction in sT cost. 
 
 
 
3 Results 
 
The tool was already used in lectures on logistics in the automotive fuel distribution market in Brazil. 
Audiences, composed by professionals of various areas, were struck by the visual results and interactivity 
and showed interest by bringing up comparisons with other scenarios and other markets, and suggesting 
other simulations and different changes in the variables to check for the consequences. 
 
 
4 Conclusion 
The proposed tool is cheap, easy to construct, and uses the hardware commonly available in today’s 
classrooms and auditoriums. It is easy to handle and provides a visual aid to teachers dealing with supply 
chain, logistics or distribution subjects. 
 
 
References 
Bowersox DJ, Closs DJ (1996) Logistical management: the integrated supply chain process. McGraw-Hill. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 591 

Performance Measurement of  
Total Productive Maintenance  
in a Production Company 
 
Tasan A.S1, Boztug U.A2 
 
 
Abstract: Total productive maintenance is very important to gain and sustain competitive power of 
service and manufacturing companies. Besides, the performance of total productive maintenance has to 
be measured and considered by managers. In this study, an integrated performance metric is proposed for 
total productive maintenance in a production company based on several performance metrics such as; 
spare parts availability, breakdowns, product quality and efficiency. The integrated performance metric is 
formulated using regression analysis. 
 
Keywords: Performance measurement; total productive maintenance. 
 
 

 
 
1 Introduction 
 
Total productive maintenance has become very important in service and manufacturing industries due to 
increasing competition. Nakajima (1989) defined total productive maintenance as an innovative approach 
to maintenance that optimizes equipment effectiveness, eliminates breakdowns, and promotes 
autonomous maintenance by operators through day-to-day activities involving the total workforce. In 
today’s business environment, managers have to consider not only total productive maintenance but also 
the performance of total productive maintenance. One approach to improving the performance of 
maintenance activities is to develop and implement strategic total productive maintenance programs 
(Ahuja and Khamba, 2007). Successful strategic programs are made based on accurate performance 
metrics. The performance of maintenance significantly affects production costs, efficiency and product 
quality and total productive maintenance process has to be managed based on predetermined performance 
metrics. In this study, an integrated performance metric is proposed for total productive maintenance in a 
production company. 
 
  
2 Objectives 
 
The aims of this study are to understand the maintenance performance perception of managers with 
different perspectives and to develop an integrated performance metric for measuring the performance of 
total productive maintenance efforts in a production company.  
 
  
3 Methods 
 
Interviews were conducted in a production company to understand how the managers evaluate 
maintenance results. The performance perceptions of managers were associated to some performance 
metrics based on these evaluations.  The overall performance of total productive maintenance was 
determined using regression analysis. 
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4 Results 
 
Some maintenance performance metrics were obtained for considered production company. These 
metrics are related to spare parts availability, breakdowns, product quality and efficiency. An integrated 
performance metric was proposed based on the relative importance levels of these performance metrics 
and their historical values through regression analysis. 
 
 
5 Conclusion 
 
Performance management of total productive maintenance process based on some metrics is important for 
gaining and sustaining competitive power in means of lower production costs, higher efficiency and 
better product quality etc.  In this study, an integrated performance metric for total productive mainte-
nance was proposed for a production company. 
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Analysis of Logistics Flows  
in an Urban Functional Area.  
Application to Cartagena 
 
De-la-Fuente-Aragón MV1, Ros-McDonnell D2, Nyerges L3, Bajor P3, Ros-McDonnell L1 
 
 
Abstract: The main priority of authorities is the constant search of fast, feasible and economical solutions 
in the Urban Transport Problems (traffic congestion and parking difficulties, freight distribution, public 
transport inadequacy, difficulties for pedestrians, loss of public space, environmental impacts, etc.) and it 
shows a clear trend towards increasing pedestrian areas in the city centres. But the city centre pedestria-
nization has also led to the appearance of problems such as limited parking areas, traffic access 
limitations, difficulties in delivering operations, as well as the access difficulty of the neighbours living in 
these areas. The main objective of this work is the analysis of the logistics flows in an urban functional 
area. Specifically, the studio has been focused on the city centre of Cartagena, characterized by the large 
number of pedestrian areas.  For this purpose, the research team will perform the urban structure of the 
functional urban area under studio. The information gathered concerning urban flows allow modeling the 
behavior and performance of the study area, identify their main problems and outline a number of 
solutions to solve them. 
 
Keywords: Urban functional area, freight transport, pedestrian zones, logistic flows. 
 
 

 
 
1 Introduction 
 
Cities are a big and increasing market for transportation companies. Different size of retail shops, ware-
houses, restaurants, food markets can be found there. Supplying them is a daily challenge, even because 
competition between supply chains (i.e. enterprises) is crucial. It is important to realize that the most of 
supply chains extend far beyond any single political boundary. By reason of globalization, big firms have 
extended their supply chains, sometimes through continents. Supply Chain Management (SCM) is 
responsible to handle these long supply lines.  
   The extended version of the Total Logistics Concept: “to treat many different elements that come under 
the broad category of distribution and logistics as one single system” (original Total Logistics Concepts), 
but SCM includes the supplier and the end user in the process of the upstream and downstream (Rushton 
et al., 2014).  
   Urban movement is the last echelon in the supply chain, mainly (except some cities with major ports or 
freight terminals) a mix of “last-mile” deliveries on the way to the final consumer or intermediate 
shipments. The Council of Supply Chain Management Professionals estimates that last mile movements 
accounts 28% of all transportation costs (Goodman, 2005). Decreasing costs in the last mile is the new 
challenge for distribution operators.  
   Why is important to support distribution within the company? Because distribution is a key driver of the 
overall profitability for a firm. Firstly, distribution directly impacts both the supply chain cost and the 
customer experience, and secondly, a good distribution can be used to achieve a variety of supply chain 
objectives ranging from low cost to high responsiveness. 
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2 The Urban Area Definition 
 
“An Urban Area (UA), also called built-up urban area, is a continuously built up land mass of urban 
development that is within a labour market (metropolitan area or metropolitan region). An urban area 
does not contain any rural land.” (Demographia, 2015). 
   The Urban Area meaning differs amongst countries. This study uses the following categorization: 
 

•!Metropolises – the very largest urban areas with over 3 million inhabitants 
 

•!Other Large Urban Zones – urban areas with more than 500,000 inhabitants 
(excluding the metropolises) 

 
•!Smaller Heritage Urban Areas – smaller urban areas that are “sensitive” 

environments because of the importance of the town or city in cultural or heritage 
terms. Cartagena fits to this category. 

 
   More than one-half of the world population is living in Urban Areas. In 2015 there are around 34 
megacities in the world (urban areas over 10 million population). A total of 75 urban areas are indicated 
with 5,000,000 or more population. This indicates that, it would be a big issue in the future (actually 
already) to supply and support of these urban centers (DG MOVE European Commission; 2012). 
 
 
Negative Impacts of Logistics Flows in an Urban Area 
 
Main problems with the freight transport in an Urban Area are quite similar to problems caused by the 
motorized mobility in UA. Because of their nature, the Urban Freight Transport should be handled apart 
from the passengers transport. Main leading problems are as follows (DG MOVE European Commission; 
2012): 
 

•!Accessibility: Freight vehicles are mainly due to insufficient infrastructure, access 
restrictions or congestion. When they park they can reduce road capacity heavily even 
when there is not designated area to park. 

 
•!Environmental: Harmful emissions, noise, vibration and physical hindrance. 

  
•!Safety: Freight vehicles, due to their size, manoeuvrability and on-road 

loading/unloading operations, are significant cause of accidents. 
 

•!Energy Consumption: Urban freight transport is the major and rapidly growing sector 
of oil consumption. 

 
   Therefore, to improve the sustainability of urban freight operations three main solution-directions can 
be distinguished: technology, policy and logistics. These solutions, very of them implemented separately, 
but to achieve sustainable urban freight transport it is necessary to use a mix of them (Taniguchi et al., 
1999). 
 
 
3 Cartagena as an Urban Area 
 
The city center of Cartagena has three main activities: leisure, commercial and business, besides the other 
industrial activities in its surroundings (industrial port, refinery, shipyard, and naval base). Most of the 
museums and famous heritage buildings are located in the old town. Moreover, local authority buildings 
and financial headquarters are based in the center. These establishments generate passenger traffic and 
around 600 different commercial establishments (restaurants, bars, clothing shops, supermarkets, etc.) 
generate freight flows to the city center.  
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Identifying Logistics Flows Problems in Cartagena 
 
   The freight transportation situation in the old town is briefly described: 
 

•!Restricted entry in the city center, since 2009, Cartagena’s Council rebuilt and pedes-
trianized not of the streets. Commercial vehicles need a permission to enter into the 
pedestrian zone. 

  
•!Residential cars: residents in city center want to commute and this situation leads to 

compete for free spaces with freight vehicles. 
  

•!Congestion: main streets are busy in the morning,, because of the timetable, all 
commercial shops have to resupply heir stocks within 3 hours, and also at this time 
pedestrian commuters are using the streets. 

  
•!Parking hubs for freight vehicle and loading restrictions: the municipal ordinance 

limits parking in these hubs and limits loading/unloading operation to maximum 15 
min. Usually these places are occupied by resident’s or shop owner’s cars, sometimes 
freight drivers leave their car for a long time (i.e hours), an another bad habit is the 
double parking. 

 
 
 
4 Flow analysis results in Cartagena 
 
During the development of this work, the research team applied the Taniguchi’s methodology (Taniguchi, 
1999), which suggests a systematic procedure to analyze the existing problems in logistics flows in an 
urban functional area and to propose solutions. 
 
 
Measurement and Data Collection 
 
   Data collection in urban freight surveys is an expensive and difficult task without any standardized 
form, and a range of data is often required often required to provide a rational basis for decision-making 
(Taniguchi, 1999; Herce, 2009).  
   Surveys and other data gathering from freight operators and shop owners are difficult and time-
consuming processes, so this project is focused on freight traffic flows measurement, in order to get exact 
information about vehicle-based operations. For this purpose, we used the Elli3 Moment application, an 
android-based application for mobile devices, with a variable measuring screen where you can define any 
kind of time based activities.  
   As detailed before, this study is only focused on the pedestrian zone which is highlighted with a red 
polygon in Fig 1. The area is approximately 0.35 km2. This urban functional area has different type of 
streets in it:  
 

•!Streets only for pedestrian commuting (and for those who have permission; e.g. 
resident cars, emergency vehicles, taxi cabs etc.). Every other commuter is prohibited 
to enter this area, except between 8:00 and 11:00 am, when it is opened for freight 
vehicles, so they can deliver goods to shops.  

 
•!Mixed streets, where cars and pedestrian commuting are allowed the whole day.  

 
 
 
Flow Analysis Results 
 
Two main measuring zones were implemented (see Fig. 1). One is called ‘outer ring’, these points (blue 
polygon) are located little further from the city center. These points were implemented to observe traffic 
flow directions to the center and to locate traffic hubs. To achieve these goals, 7 measuring points (‘outer 
ring’) were set up, in order to cover all of the main streets to the center.  
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   Another measuring zone is called ‘inner ring’, this (red) polygon actually lay on the pedestrian zone. 
The seven measuring points were set up alongside the border of the pedestrian zone and we defined one 
measuring point inside. Reason of the implementation of that one point is to measure the traffic density 
along the main street.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Measuring points around the center:  
the “outer ring” and the “inner ring”. 
 
 
   The measurements were taken in three different time-range. Weekdays in the morning (8:00 to 11:00 
am), weekdays in the afternoon (16:00 to 18:00 pm), and Saturdays in the morning (9:00 to 11:00 am).  
Morning’s weekday is the busiest time: shops are going to open, offices also open, and freight deliveries 
take place. The reason of the afternoon measurements is because shops are going to open (around 17:00-
17:30 p.m.), so the traffic will start to be busy again.  
   On table 1 are shown all the whole morning traffic flows going into the city center. The 80% of the 
entering vehicles are passenger cars, and 15% are the freight vehicles. Points nº 3-6-7 are the busiest entry 
points (more than 100 different vehicles passed through them). Point nº 3 is the most commonly used way 
for freight deliveries to reach directly the center in the morning. 
   A similar situation occurs during the exit traffic flows along the morning. In this case, only points nº 6-
7 are the busiest, because of the traffic system directions. 
 
 
Table 1 
Outer ring entry vehicle distribution in the morning. 
 
 
Vehicle Nº 1 Nº2 Nº3 Nº4 Nº5 Nº 6 Nº 7 

Bus 0 0 13 11 0 12 0 
Cyclist 7 6 25 11 5 2 17 
Moped  35 9 36 17 8 30 106 
Car 444 168 1214 360 123 975 1688 
Small Van 56 46 104 61 10 79 91 
Large Van 22 26 72 42 5 71 110 
Truck 23 20 25 12 0 29 17 
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   In summary, we can note that in the morning time, a constant increasing number of freight vehicles are 
observed into the city center. Mostly of the time, the number of the entering vehicles was higher than the 
exiting vehicles (Fig. 2). Some reasons can be pointed out: drivers park their vehicles and left there, or 
also loading/unloading activities take more time than expected. We must remark that the measurement 
ends at 11.00 a.m., but a great number of vehicles are still operating inside the city center. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Total Freight vehicles distribution in/out of the outer ring. 
 
 
   The study of the logistic flows in the inner ring includes a new element: Pedestrians (see table 2), 
because it is supposed that in the pedestrian zone the traffic flows will be lower than in the outer ring. 
   An enormous peak of entry-activity was detected at point C. the 72% of freight vehicles used that way 
to reach the city center. A second peak is at point G, with  the 25% of total share. 
 
 
Table 2 
Inner ring entry vehicle/pedestrian distribution in the morning. 
 
 

Vehicle A B C E F G 

Pedestrian 845 1261 663 177 121 189 

Cyclist  14 17 20 11 0 0 
Moped  1 0 71 4 0 2 
Car  0 0 385 59 12 40 
Small van 0 8 102 12 9 25 
Big van 0 10 60 8 8 25 
Truck  0 10 33 1 10 19 

 
 
   Regarding to the traffic flows in/out of the pedestrian area, figure 3 shows the same trends we could see 
as in figure 2. This means more freight vehicles entered the pedestrian zone than left it. Increasing of 
freight volumes are also similar, but during the last hour  (10-11 a.m.) the entry freight vehicles were 
reduced and vehicles started to leave the inner ring. 
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Fig.3  
Total Freight vehicles distribution  
in/out of the Inner ring (pedestrian zone). 
 
 
   Figure 4 shows the available times for freight deliveries. Through the E point, a vehicle has the highest 
chance to avoid congestion toward the center (11 empty time spans), but from here the way is quite 
uncomfortable with a truck (narrow streets and sharp turns). Another suitable entry site is the B (7 empty 
time spans). In general, most of the empty times spans are located in the first hour (12 empty time spans). 
While the last hour (10:00 am to 11:00 am) the city center is really busy, increasing pedestrian commuters 
and freight deliveries, the first hour (8:00 am to 9:00 am) is quite calm. It is a very useful information for 
further analysis. 
 
   
 
 
 
 
 
 
 
 
 
 
Fig.4  
Empty time spans for freight deliveries  
to the center in the morning. 

 
 
 
6 Conclusions 
 
The urban structure analysis has identified the city center of Cartagena as a functional urban area with a 
high occupancy rate (85%) of housing, and with a high concentration of commercial, business, leisure and 
tourism – cultural activities. The flow of people, vehicles and goods is affected by: 
 

•!Poor accessibility to the city centre (insufficient signposting) 
 
•!The continuous increase in pedestrian areas during the last decade. 

 
•!The collapse of loading/unloading areas by private and public vehicles, hindering the 

delivery activities. 
  

•!Incompatibility of delivery times with the opening hours of shops and stores 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 599 

   The analysis of urban flows has identified traffic density at different slots, conditioned by commercial 
and cultural activities, and also the weather conditions. Based on the context and according to local 
regulations the research group have defined a number of solutions that affect the different members 
existing in the functional area: transporters, receptors, residents and local government. 
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Implementation of a  
Manufacturing Execution  
System in the Natural Cork  
Stoppers Industry 
 
Alves D1, Lopes RB2 
 
 
Abstract: This work details the methodology adopted for the implementation of a manufacturing 
execution system in a company of the natural cork stoppers sector. The main objective of the implemen-
tation concerned a correct information management, namely, regarding traceability of the product and 
process control. 
 
Keywords: Manufacturing Execution System; Traceability; Process Control. 
 
 

 
 
1 Introduction 
 
The industrial sector has undergone enormous changes since the early twentieth century. Technology has 
helped break barriers and achieve parameters that were once unimaginable. The competition is becoming 
tighter and the mere survival of companies requires that all aspects of its business be continually 
monitored and improved (Olsen, P & Borit, M, 2013). 
   In this context Manufacturing Execution System (MES) may be crucial. MES systems are extended 
information systems that play an important role in identifying and solving some gaps at the shop floor 
level, possibly improving companies’ operational performance. A manufacturing information system is 
therefore an enabler to reach higher levels of operational and financial performance. 
   However, the correct implementation of these systems is a complex and iterative process often facing 
several challenges ranging from information management aspects to human-related factors. It should be 
noted that a poorly designed and tuned information system definitely hinders the ability to serve the 
company’s goal of sustaining and increasing profits (Vieille, J., 2007). 
 
 
2 Objectives 
 
The objective of this work is to present the methodology adopted for a real-life implementation of a MES 
system. Focus was on information management, more specifically, on the traceability of the natural cork 
stoppers and process control. 
 
 
3 Methods 
 
The implementation of the MES system was separated into five main steps, detailed as follows. 
   The first step consisted mapping the current flow situation, in order to under-stand and analyze the 
current information and materials flows around the shop floor. Then, a requirements specification report 
was developed. This report contained all functional and physical specificities that the MES system must 
incorporate/support. 
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   The next step involved mapping the future situation, which will be necessarily different from the 
current situation. After this, operations on the shop floor must be adapted to the future situation, so that 
the implementation of the MES system faced the lowest possible resistance by employees. 
   The final step corresponded to the full implementation of the MES system and subsequent monitoring. 
 
 
4 Results 
 
Concerning the main objectives defined, most relevant results of the implementation of the MES are 
presented as follows. 
   Regarding traceability, initially this was ensured by collecting data manually. This originated numerous 
mistakes, which led to an inefficient traceability record. Main errors were incorrect information exchange, 
such as a disappearance of a batch or an increase in batch size. The MES system allowed the automation 
of the traceability process, from the collection of data to its registration into the appropriate system. In 
this new process, human interference only occurs in the validation of data collected. This led to the 
elimination of most traceability errors, and all records are updated and registered efficiently in real time. 
   Process control was initially guaranteed through the parameterization of the machines in the shop floor 
and completed by the analysis of the product in the lab. The main problem was that it was impossible to 
prevent the defects in real time, as products are analysed only when the full batch is produced. The 
implementation of the MES system allowed analysing some real-time data from machines, such as 
temperature or velocity. Furthermore, parameters may now be changed in real time, if needed. The main 
advantages of the MES implementation, was the shortening of the response time to an abnormality and a 
reduction of defects. 
 
 
5 Conclusion 
 
This work presents the methodology adopted in a real-life implementation of a MES system. Main 
objectives concerned the correct information management regarding traceability of the product and 
control of the process. 
   The implementation of a MES system is however an iterative and complex process that must be updated 
ever since there is a modification in the shop floor. 
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A Case Study of Photovoltaic 
Solar Energy in Brazil 
 
Melo M1, Nascimento A2, MoreiraR3, Campello S4 
 
 
Abstract: There is a great need to reduce the costs of energy supply because it is the basis of all industrial 
production chain, of agriculture and also of the provision of services. Also, risks due to global warming 
are real and attitudes and actions should be concrete, especially those related to energy conservation and 
efficiency. Renewable energy sources are presented as the main alternative to meet the demands of 
society regarding the quality and safety of care of the electricity demand with sustainable development 
and with energy eco-efficiency. Brazil is a world power in terms of solar radiation and in recent years has 
conducted studies and research for the use of photovoltaic solar energy. This work aims to present a study 
of photovoltaic solar energy application case in Brazil in minigeneration ventures and show the potential 
and the implementation feasibility of this new form of renewable energy. 
 
Keywords: Solar Photovoltaic Energy; Energy Management; Eco-efficiency and Sustainability. 
 
 

 
 
1 Introduction 
 
Electrical energy is the basis of all industrial production chain, of agriculture and also of the provision of 
services. There is a great need to reduce the cost of this input. This produces huge benefits not only for 
the supply chain, making companies more competitive, but also to the general population, because the 
final price of products ends up smaller (MELO et al., 2010). 
   On the other hand, it is noteworthy that all segments of society should contribute effectively to the 
improvement of our environment, because the risks due to global warming are real and attitudes and 
actions should be concrete, especially those related to conservation and efficiency energy. This paradigm 
shift will contribute substantially to future generations of our planet (MELO et al., 2010). 
   In 2013, total anthropogenic emissions associated with the production and use of energy in the Brazilian 
energy matrix reached 459.0 Mt CO2-eq (EPE, 2014) 7% above the value obtained in 2012. This fact 
leads to confirmation of the need to increasingly produce clean energy in order to have a sustainable 
development in the Brazil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Total emissions(2013) in Mt CO2.  
Source: EPE, 2014. 
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   However, concern about future power failure persists for humanity as well as the environmental impacts 
of many ways to capture it. Considerable positive fact for its availability are affordable, abundant, correct 
and with minimal environmental ecological risks associated with the production and use. This is one of 
the important factors for the desired improvement in quality of life (Nascimento, 2015). 
   Further demonstrating this fact that makes the growing scarcity of fossil fuels has aroused worldwide 
interest in the use of solar energy (Hasnain, 1995). According to WEO (2013), renewable energy will 
account for almost half of the increase in electricity generation in 2035 and these variables sources, wind, 
solar and photovoltaic will constitute 45% of the expansion of renewable sources. Substantially, the 
power industry has adapted globally to a new mode of existence, with the wind and solar energy (WEO, 
2013). In Brazil, in 2012, the share of renewable energy matrix remained among the highest in the world, 
with a slight reduction due to lower supply of hydroelectric power, Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
CurrentElectric Generation Matrix 
Source: EPE, 2014. 
 
 
   In this scenario, renewable energy sources are presented as the main alternative to meet the demands of 
society regarding the quality and safety of care of the electricity demand by reducing the environmental 
impacts of energy consumption. Therefore, several studies in recent years have pointed to the social and 
environmental implications and impacts of energy consumption (Martins apud Nascimento, 2015). 
   It is noteworthy that more recently the federal government turned to this type of energy as a 
consequence of a water crisis, since most of hydropower in the country is working to "wire of water," that 
is, the level of dams are at critical levels and the national electrical grid began to show some limitations. 
   Thus, solar energy is experiencing strong techno- logical-progress in the world in recent years. This 
development reflects the exponential growth in the volume of production and photovoltaic (PV) and the 
fall of the cost of supply, caused by incentive programs for PV generation in the world, as demonstrated 
in Figure 3 (Nascimento 2015, EPE 2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Variation in the cost of photovoltaicsystems(1997-2030). 
Source: EPE, 2014. 
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2 Solar Energy In Brazil 
 
The Brazilian program for solar time was focussing on the rural supply and isolated communities, but the 
Brazilian photovoltaic array tends to increase. There is a continuous cheapening of equipment, growing 
interest of investors, the emergence of new technologies and a tendency to solidification of incentive 
policies, which are already implemented worldwide (PERLOTTI, et al 2012). 
   The regulatory system in Brazil gave a great stimulus to the advancement of the sources of electrical 
energy incentive programs. General conditions for access were established and mini micro distributed 
generation allows access to generation at all levels of the production chain of the electricity sector 
(distribution, sub transmission and transmission), which may be a booster for solar generation in the 
country (ANEEL, 2008 ). 
   Brazil is a world power in terms of solar radiation and can be considered almost self-sufficient in 
energy due to a huge scanning capability of the various forms of energy from natural resources. To get an 
idea of the great potential, solar radiation in Germany, comprising the country with the largest installed 
capacity of solar energy in the world, is 40% lower than in the least sunny region of Brazil, which is the 
southern region (Ruther, 2010). 
   Figure 4 shows the solar metric index of Brazil where it is found that this radiation varies from 8 to 22 
MJ (megajoules) per square meter (m2) during the day. The data considered high highlighting the area of 
the region semi arid blue. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  
Solar RadiationMap in Brazil. 
Source: EPE, 2014. 
 
 
   Figure 5 shows the projection of the photovoltaic market in Brazil by 2020, revealing an exponential 
growth from 2016 to 2020. This growth will contribute to a greater reduction in deployment costs in 
Brazil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Projection: PhotovoltaicMarket in Brazil MW. Source: Projeto Carta do Sol. 
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3 Case Study: Results and Discussion 
 
The methodology used to the implementation of this work was the case studying Brazil on asemi arid 
region. With all the data obtained, the Technical Feasibility Studies and Economic (TFSE) were used to 
help in the process of decision making. The local price of a complete Solar Photovoltaic Plant, provided 
on Turn-key, fully installed and commissioned, varies between installers power scheme to one micro 
distributed generation of 325kWp. The energy indicators analyzing the bills between August 2013 and 
July 2014 are:  
 
 

Average Monthly Electric Consumptions 45920 kWh/month 

Annual Total Electric Consumptions 551037 kWh/year 

Unit Costs  (kWh) US$ 0.23111 /kWh 
 
 
   The total consumption of the project would be in mini generation On-Grid mode, where a power 
compensation contract would be signed, in which the surplus produced in sun hours would be provided to 
the distributor and measured in a second meter. The final bill to be paid would be the difference between 
the energy consumed and measured by current meter and the energy injected into the system and the 
distributor as the new meter. In these conditions, we would have the following results: 
 
 

Type of Photovoltaic Module Yngli245kWp  

Number of photovoltaic modules 1440  

Installation Area 3755 m2 

Peak Power 353 kWp 

Electric Energy Production 568062 kWh/year 

Unit Cost kWh US$ 0.23111  /kWh 

Annual Savel US$ 131287  /year 

Investment 759877 US$ 

Investment Operational  Return (IOR) 
 

5.8 years 
 
 
   The photovoltaic plant has inverters for connection to the internal three-phase power grid in the 
enterprise (380V - 60Hz). The operation thereof is made transparently to the user, that is, no human 
intervention is required. All the electricity flow control is automatic: there available energy in the 
photovoltaic panel is going to consumption and the surplus is injected into the distribution 
network.Carrying out the project with 80% financed by the bank within the specific program in 12 years, 
with 1 year grace period: 
 
 

Amount Financed US$607902 80% 

Counterpart  US$151975 20% 

Interest Rate 6.7% /year 

Period Financing 12 years 

Vesting Period 
 

1 year 

Annual provision 221550 US$ 
 
 
 
 
The following cash flow statement shows that the project is self-financing, with positive cash from 
the18th month: 
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   The financial indicators of this operation are: 
 

Total Investment   759877 US$ 

Disbursing of Cash (counterpart) 151975 US$ 

Investment Operational  Return (IOR) (on the counterpart) 17.4 months 

Investment Rate of Return (IRR) 
 

49% /year 

Net Present Value (NPV) 
(attractiveness rate = 
 15%/year) 198177 US$ 

 
 
 
5 Conclusions 
 

•!Studies indicate that in Brazil today the use of solar photovoltaics for the industrial 
sector is already economically viable. 

  
•!The investment for the use of a 353kWp mini generation distributed is US$ 759877, 

which is approximately 2153U$/kWp. 
 

•!The Northeast of Brazil is a world power in terms of solar radiation and can be 
considered almost self-sufficient in energy due to a highsolar potential. 

 
•!Investment Operational Return (IOR)is 5.8years for and aplant of 353 kWp.                     

With financing this value decreasing to1.45 year. 
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Environmental Tools in the 
Spanish Food Industry 
 
Jaca C1, Viles E2, Santos J3, Porras D4, Ormazabal M5 
 
 
Abstract: Concern about environmental management has increased considerably among companies, in 
part because of pressure from their various stakeholders, who are demanding products and services that 
minimize environmental impact. The Spanish food industry is one of the biggest sectors in the economy 
and hence contributes significantly to environment degradation. Although there are some companies that 
certify their environmental management and communicate their environmental improvements, work in 
this area is incipient and there have been no studies on whether a company’s use of environmental tools is 
related to whether a company holds certifications and engages in external communication.  Therefore, the 
aim of this study is to present an overview of the sector and analyse the above relations through a survey. 
The results show that small companies have evolved less than medium or big enterprises in terms of 
environmental issues, and that there is a close relationship between the use of environmental tools and 
certification and communication. 
 
Keywords: food industry, survey, environmental tools, certification, communication. 
 
 

 
 
1 Introduction 
 
In recent years, the issue of economic and environmental sustainability has been of increasing concern 
among companies. Because of society’s growth in awareness about the link between human activity and 
environmental impacts, environmental regulations that push companies to improve their environmental 
management have been enacted (Claver at al., 2007; Tsai et al., 2011). The food industry is one of the 
most important sectors in Spain. The Spanish food industry represents one of the most significant sectors 
of the Spanish economy, with over 30,000 companies and close to 450,000 employees (Muñoz Cidad and 
Sosvilla Rivero, 2014). From the environmental point of view, this sector contributes significantly to 
global carbon emissions from diverse sources such as product and machinery manufacture, the transport 
of materials, and direct and indirect greenhouse emissions from soil. Because of the Spanish food 
industry’s large carbon footprint, it is also receiving increasing attention from products and services that 
minimize environmental impact (Foster et al., 2007). 
   It is important to highlight that not all the companies have reached the same stage of maturity in terms 
of environmental management (Jabbour, in press). In the academic literature, several classifications of the 
different maturity stages that companies might be in have been proposed. By way of illustration, 
Ormazabal et al. (2013) proposed an environmental management maturity model of six stages that move 
from low maturity to high maturity: legal requirements, responsibility assignment and training, 
systematization, ECO2 (ecological and economic benefits), eco-innovative products and services, and 
leading green company. According to their research, many companies gradually reach the systematization 
stage thanks to environmental management certifications such as ISO 14000 (Emilsson and Hjelm, 2002), 
but only a few move on to the second half of the model, which is focused on minimizing environmental 
impact, process that involves a company’s proactive attitude to using different environmental tools and 
worker participation (Ormazabal and Sarriegi, 2014). This paper is interested in this second half of the 
maturity model, in helping companies move forward. More specifically, the study is focused on some of 
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the tools that are becoming widely used by companies in order to improve their environmental impact 
(Emilsson and Hjelm, 2002; Knight and Jenkins, 2009). 
   It appears that when a company systematizes and standardizes its environmental systems, it facilitates 
the application of tools that reduce the company's environmental impact. Moreover, since communicating 
environmental achievements to the public at large is part of a company’s evolution towards 
environmental management (Ormazabal and Sarriegi, 2014), it is important to identify whether there is 
any relation between a company’s capacity to communicate its environmental achievements and its use of 
environmental tools. 
   Because there are many different situations regarding the use of different environmental tools, the aim 
of this paper is to analyse via survey data how the food industry in Spain is applying these tools. 
Therefore, the following research question were formulated and examined through this study in relation 
to agro industries: 
   RQ1: Are there differences between certified and non-certified companies in their utilization of 
environmental tools? 
   RQ2: Are there differences between companies that do and do not report their environmental advances 
relative to their utilization of environmental tools? 
 
 
2 Methodology 
 
To get at the above research questions, a questionnaire was administered to Spanish food companies. The 
design of this questionnaire was based on environmental tools, policies and motivations presented the 
literature in connection with environmental management. The initial version of the questionnaire was 
revised based on the recommendations of academics and experts in the field (Ormazabal and Sarriegi, 
2012). Furthermore, based on a pilot study, the questionnaire items were improved and modified in terms 
of clarity. The final version of the questionnaire includes general questions about company profile, 
motivations and barriers, processes, objectives and resources and environmental tools and indicators. This 
study undertook a descriptive analysis of Spanish food companies and their characteristics regarding 
environmental management, and more specifically, about their use of different tools for improvement and 
impact minimization. Based on a seven-point Likert scale (where 1 represented “low use” and 7 
represented “high use”), the respondents were asked to indicate the degree of use in their companies for 
the different environmental tools.  
   The sample aimed to characterize the Spanish food sector. Although there are more than 30,000 
companies in this sector, an initial sample of 900 companies was randomly selected. In the end, 99 
completed questionnaires were received – a response rate of 11%, which is acceptable compared to the 
response rate of the research studies by Melnyk et al. (2003) or Nawrocka and Parker (2009). 
 
 
3 Results 
 
Most of the companies in our sample are micro and small sized enterprises; 37% employ fewer than 10 
employees (micro), 35% have more than 10 and fewer than 50 (small), 21% have between 50 and 250 
employees, and only 6% employ more than 250 people. This ratio corresponds to the distribution of agro 
industries, according to the Spanish Statistical Institute (INE, 2013).  
   In terms of environmental management, most companies claim to have some activity related to environ-
mental management (71%), although a small percentage (39%) reports having certification via some 
environmental standard (ISO 14001, ISO 14006, EMAS or other). Regarding environmental management 
measures, only 29% of the companies control their efficiency by using indicators.  
   In order to understand how much companies are aware of the environment, we calculated the 
percentage of companies that have some activity in environmental management, that are certified or that 
use any indicators related to management, grouped by company size (see Table 1).  
   This table shows that medium and large companies have a higher percentage of environmental activity 
and certification, although the number of companies that responded (and which reflects the distribution of 
the sector in Spain) is proportionally higher in micro and small business. The results of McKeiver and 
Gadenne (2005) and Gonzalez et al. (2008) show similar results. 
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Table 1 
Environmental activity and certification. 
 
 

Company size Environmental     
activity 

Certified company Control indicators 

Micro (<10 employees) 51% 8% 11% 
Small (10-50) 77% 26% 26% 
Medium (50-250) 90% 48% 50% 
Large (>250) 83% 83% 40% 
Total 71% 39% 29% 

 
 
   The survey included questions to assess the degree of use for different tools related to environmental 
management, as described by authors such as Ding (2008), Finnveden & Moberg (2005), Ormazabal & 
Sarriegi (2014) and Wrisberg et al. (2002) and shown in Table 2 below. 
 
  
Table 2 
Use of environmental management tools. 
 
 

Environmental tool Mean SD Median Respondents 

Life Cycle Analysis (LCA) 4,63 2,06 5 41 
Carbon Footprint 3,46 2,10 4 37 

Ecodesign 3,89 2,00 4 44 

Eco-learning tools 4,08 1,78 4 51 
Suggestion System 4,67 1,98 5 49 

Eco-efficiency tools 4,45 2,19 5 40 

Recycling tools 4,85 1,84 5 53 

Measurement Tools for 
Environmental Indicators 3,85 2,10 4 39 

Tools to increase Consciousness 4,20 2,07 4 45 

 
 
   As the data show, the tools that are related to the measurement of environmental impacts, such as 
carbon footprint assessment tools or measurement tools for environmental improvement, are the less 
applied ones. However, the tools that are widely used are the ones related to recycling and that encourage 
the participation of people (such as suggestion systems, tools to increase awareness and Eco-learning 
tools). It is also worth noting that the LCA analysis tool is one of the most applied, even though it is 
related to environmental impact measurement. 
   Companies that have been certified according to an environmental standard like as ISO 14001 usually 
have a higher level of application of environmental tools (González!Benito and González!Benito, 2005; 
Bansal and Hunter, 2003). In analysing these differences in food companies, we compared the level of 
use of different tools by certified and non-certified companies, using an unpaired t test analysis. The 
results show that certified companies have a significantly higher level of tool use, except for Life Cycle 
Analysis and recycling tools, as shown in Figure 1 and Table 3.  
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Fig.1 
Use of environmental management tools comparing  
certified and non-certified companies. 
 
 
Table 3 
Use of environmental management tools and certification. 
 
 

Environmental tool 
Mean 

differences 
p-value   

Life Cycle Analysis (LCA) 0.95 0.121 * 
Carbon Footprint 2.14 0.001 
Ecodesign 2.59 0.000 
Eco-learning tools 1.43 0.003 
Suggestion System 1.57 0.004 
Eco-efficiency tools 1.46 0.025 
Recycling tools 0.65 0.195 * 
Measurement Tools for Environmental Indicators 2.05 0,001 
Tools to increase Consciousness 2.07 0.000 

                   (*>0,05)  
 
 
   On the other hand, several authors have noted that one of the objectives of the tools related to 
environmental management is to communicate results (Wrisberg et al., 2002) (Ormazabal and Sarriegi, 
2012). Consequently, this study analysed the relation between the companies that claim to report their 
environmental improvements and the use of the available tools in those companies(Table 4 and Figure 2). 
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Fig.2 
Use of environmental management tools comparing companies  
that communicate their results with those that do not  
communicate their results. 
 
 
Table 4 
Use of environmental management tools and communication of results. 
 
 

Environmental tool Difference p-value 

Life Cycle Analysis (LCA) 1.50 0.036 

Carbon Footprint 2.41 0.000 

Ecodesign 2.57 0.000 
Eco-learning tools 1.17 0.018 

Suggestion System 1.53 0.008 

Eco-efficiency tools 2.58 0.000 

Recycling tools 1.29 0.013 

Measurement Tools for Environmental Indicators 2.06 0,001 

Tools to increase Consciousness 2.57 0.000 
 
 
   The results show that there is a strong relation between the use of environmental tools and 
communicating environmental outcomes to the community. Using environmental tools might help 
companies to better manage their environmental impacts and in turn communicate their results to society 
at large. 
 
  
4 Conclusions 
 
As mentioned at the outset, the food industry represents one of the most important sectors in Spain. 
Consequently, it is important to identify how environmental management is carried out in this sector, so 
future improvements can be made. 
   Through this study we can conclude that big companies are the ones that have evolved more on 
environmental issues, as they carry out more environmental activities, have more certifications as well as 
use more control indicators. Moreover, certification and external communication are two aspects that are 
closely linked to the use of environmental tools. As a consequence, we can conclude that a company with 
a certification might be better prepared to use environmental tools, and that will lead to better 
communication with external stakeholders. 
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   This research does not identify a relationship between a company’s environmental performance and the 
application of certain environmental tools. Future research might be conducted in order to investigate 
ways in which firms can more effectively use those tools when implementing certifications and in their 
way to achieve sustainability. Another way not specifically explored as part of this study is how help 
companies to justify the implementation of environmental tools from an economic point of view, as some 
researchers have stated (Lee et al., 2010; Valentine, 2010). Future research might study this aspect.  
   Finally, it is important to highlight that policy makers and researchers have to do more to help small 
companies improve their environmental management since they are the ones that have evolved less and 
yet make up the bulk of companies in this sector. 
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Ramp-up curves:  
A literature review 
 
Bultó R1, Viles E2, Mateo R3 
 
 
Abstract: The globalization, in other words, the incorporation of new markets with growing demand to 
be satisfied results in the expansion of new production centres all over the world. Therefore, the 
synchronization of the launches in different parts of the globe is necessary. Furthermore, the high 
expectations of the costumers on the quality and the on-going renovation of the products cause shorter 
product life cycles. The period since the production has started in a productive centre until has achieved 
the planned production rate becomes more frequent, and the specific importance regarding the model life 
greater. The objective of the present article is to provide with a thorough review of the bibliography over 
this concrete phase in the life cycle of a model in order to identify, compile and extract any relevant 
information. This information will enable us to build the theoretical framework of the Ramp-up curve. 
The article begins with a definition of the different launch phases of a new product. And it concludes with 
the evidence that this is a topical item of scientific interest where the 21% of the articles related to this 
item are focused on the automotive sector, being planning and management the most recurrent themes. 
 
Keywords: Ramp-up, Start-up, Product launch, SOP (Start of production). 
 
 

 
 
1 Introduction 
 
The phenomenon of globalization in the automotive sector is leading to the expansion of production 
centres, thereby creating a map of the automotive activity which covers practically all the entire surface 
of the earth. Alliances among brands allow the appearance of the “multi-brand” factories. This combined 
with the fact that customers are increasingly demanding shorter product life cycles. Today, we find 
ourselves that launches of new products are becoming more frequent  (Harvey and Griffith, 2007). As a 
result, the specific weight of the cost of losses during the period of time the ramp-up curve is last (period 
from the launch of the first series vehicle to reaching the maximum volume planning) becomes more 
significant in comparison with the total economic output of the model for its entire life (Carrillo and 
Franza, 2006). Economic losses caused by decreasing productivity are estimated at between $42 and $53 
million and are concentrated within the ramp-up period (Gopal et al., 2013). 
   However, the research articles referred to the review of the literature on the ramp-up curve are scarce, 
and it is mentioned in many of these without being treated as the main theme of research, but as a 
circumstantial factor linked to the main problem. Thus, this article intends through an in-depth literature 
review to detect, extract and collect any relevant information enabling us to build the conceptual 
framework to clarify all these difficulties facing the launch of a new product to be addressed in the 
scientific environment.  
   Then it goes on to explain the methodology of the search, turning to a careful analysis of the data 
obtained to conclude with a discussion on points relating to the ramp-up curve which are ignored by the 
literature, thus opening up new fields of research in the future. 
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2 Definition of the term “ramp-up curve” 
 
Ball et al. concludes that there is no agreement among the authors on chronological limits of a launch 
(Ball et al., 2011). This situation leads us to study the different interpretations about this period that exists 
in the literature with the aim of providing with a definition that will guide the rest of the article. 
   We now turn to the each different interpretation referred to the ramp-up curve found in the literature: 
   Some authors define the “Ramp-up period” or “Produktionsanlaufphase” to the period from the start of 
pre-series production to reaching the maximum production capacity (Buescher and Hauck, 2012; 
Hertrampf et al., 2008). But at the same time it is divided into two periods: 
 

•!Pilot series. The period from pre-cars are built to the start of production. 
 

•!Production ramp-up. The period from the start of production and reaching the 
maximum production capacity. 

 
   Other authors refine that in case the new product replaces an existing one, the ramp-up curve of the new 
product has to be distinguished from the rate of sales decline of the one is going to be replaced (Winkler 
and Slamanig, 2011). 
 

•!Launch of a new product. The period between the release of the pre-series production 
and the achievement of the maximum production capacity. 

 
•!Phase-out period. The period between the release of the pre-series production and the 

last manufactured unit of the replaced product. 
 
   Jürging introduces a new period during the ramp-up curve, it is the so called Start-up. The period 
covered from the production of the first unit for customer and a point from the ramp-up curve about a 
month later (Jürging, 2008). This point is important because the daily production volume increases 
substantially.  
   Other authors also use the term “start-up”, but in a different way with regard to what we have seen so 
far (Almgren, 2000): 
 

•!Manufacturing Start-up. The period of time since the pilot series ends and the maxi-
mum capacity is reached. 

 
•!Low-Volume production. The period of time between the end of the pilot series and a 

point from the ramp-up curve where the slope increases. 
 

•!Ramp-up. The period of time since the ramp-up curve increases its slope and the 
maximum capacity is reached.  

  
   The “Ramp-up phase” starts with the first units produced in the production facilities according to the 
series conditions and ends once the ordinary productivity is reached, which coincides with the end of the 
ramp-up production (Scholz-Reiter and Krohne, 2008). Other definitions:  
   The work order for the first customer, the so-called “Job 1” begins the escalation (Ceglarek and Jin, 
2004). 
   Ramp-up phase can be defined as the phase characterised by the increase in production and quality and 
a reduction in unit costs(Glock and Jaber, 2012) 
   Production ramp-up can be defined as the period of time from the end of the product design to reaching 
the maximum production capacity(Bohn and Terwiesch, 1999)  
   By summarising the different terms collected in the described research, we can conclude the definitions 
related to the launch of a product: 
 

•!Launch: a process composed of a set of activities whose aim is to take a daily amount 
of a new product, or an already existing product, which is produced in certain 
facilities for the first time to the series production. This set of tasks is developed since 
the first unit is produced in series facilities to reaching the planned daily production. 
This definition is considered more appropriate than the one, which defines the start of 
the launch in an indeterminate form “end of the phase of project design” (Bohn and 
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Terwiesch, 1999) and which, as is well known, many times it does not end until the 
product is put on the market (Almgren, 2000) (Milling and Jürging, 2008). 

 
•!Pilot series: a process composed of a set of activities whose aim is to manufacture a 

series of units of the new product with the goal of testing out the facilities, the 
manufacturing processes, operators training, check the components, and finally verify 
the product itself is ready for introducing on the market, with all the requirements this 
implies. The period of time within this process is developed goes from the 
manufacture of the first unit in series facilities to the manufacture of the first unit for 
customer. 

 
•!Pre-series: first units manufactured in series facilities that start the launch, which are 

characterised by not meeting the expected quality requirements for the series. 
 

•!Zero series: units manufactured in series facilities under series condition, which are 
characterised by meeting the minimum quality requirements to be introduced on the 
market. But the aim is to ensure the manufacturing process and the product itself both 
are sufficiently mature to start the series production. 

 
•!Ramp-up curve: the function that represents the number of units to be daily produced 

according to time elapsed since manufacturing the first unit for customer. It ends 
when reaching the planned daily production. 

  
•!Start-up: first period of the ramp-up curve, which is characterised by low and 

controlled production with the aim to solve problems in facilities and the product, and 
give operators time to develop the ability to carry out operations. 

  
•!Increased production: second period of the ramp-up curve during which the daily 

production is increasing gradually until reaching the planned production. 
 

•!Decline curve: the function that represents the number of units to be daily produced 
according to time elapsed during the end of product life phase. 

 
•!Start of production: The point at which the first unit for the customer is manufactured 

and coincides with the beginning of the ramp-up curve. 
 

•!End of production: The point at which the last unit of the product that ends its life 
cycle is manufactured. It coincides with the endpoint of the decline curve. 

 
•!Market introduction: The point from which the product is available to be purchased by 

customers. 
 
 
3 Methodology of search 
 
The bibliographic review started with the reviewed of the “Web of Knowledge” database from different 
searches based on the following criteria: 
   C1 “Web of Knowledge” was initially chosen and supplemented later with: “ScienceDirect”, 
”Academic OneFile”, “Expanded Academic ASAP”, ”General OneFile”, “Literature Resource Center”, 
“Business Insights”, “NewsBank”, as researchable databases. 
   C2 The keyword used for different are “Ramp up” and “Start-up”, both related to “Production”, “Start 
of production”, “Production launch”, “Product launch”, “Time to volume”  and “Series production”. 
   C3 Initially, publication dates are from 1990 to 2014. Later, and after finding an amount of articles from 
2005, searches from that date to present day were restricted. 
   C4 The application sector is not specified. 
   C5 Academic publications were selected. Professional publications and electronic resources were 
included later. 
   After conducting searches, a total of 1448 articles were found, which were analysed in detail to avoid 
duplicity and be related to the subject, reducing the result to 293 interest articles. 
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   In total 293 articles in some way related to the period since the first series unit is launched to reaching 
the planned daily production volume, which were summited to a final selection on the basis of the 
following criteria: 
 
   C1 The article contains any relevant information to build the conceptual framework of ramp-up curves. 
   C2 The article opens the way for further research to pursue the matter of building the conceptual 
framework of ramp-up curves further. 
   C3 The article should not refer to a specific problem of a specific industrial sector. 
   This new selection results in 143 articles met all the three criteria. 
 
 
4 Data analysis 
 
Following the analysis model of Houy, Fettke and Loos (2010), the 143 articles were analysed from three 
perspectives: 
 

•!Meta-perspective, that will allow us to see the development of the science in the field 
that we are concerned and will answer the following questions: number of contribu-
tions per year, number of contributions per magazine, number of contributions per 
country, language of publication, most productive authors and number of co-authors. 

 
•!Content-based perspective. The contribution of the article will be sought. 

 
•!Methodological perspective. What methodology has been used and which sectors 

have been analysed. 
 
 
4.1 Meta-Perspective 
 
The amount of contributions has risen sharply in the last few years. The magazines “International Journal 
of Production Research” and “Procedia CIRP” have published a significant number of articles, 8 and 9 
respectively, in comparison with the rest of magazines. 
   The nationality of the publication is considered to be as the origin of the institution, in which the first 
author was registered by the time the article was published.  
   Germany and the United States lead the number of publications with 54 and 29 articles respectively, 
followed by the United Kingdom and France with 6 articles. 
   Almost all publications were written in English (123). Nevertheless, by searching German keywords we 
have found 19 articles published in the German language. Only one single publication was found in 
Portuguese. There are 297 co-authors in the 143 articles, which means an average of 2 co-authors for each 
article. Only 9 authors who have published more than 2 publications dealing with the subject matter have 
been found. 
 
 
4.2 Content-based perspective 
 
In order to classify the different articles according to its content we have established a range of themes, 
which have been somehow discussed in the publications. Then we present the relationship of the most 
representative themes: launch management, training, human resources, process, product, logistics, 
planning, simulation, revision, troubleshooting, changes, quality and design. 
   Different classifications of problems during the ramp-up were found (Van der Merwe, 2005). The 
addressed themes were present therein but no theme was outstanding for its importance.  
   The most used themes have been “Planning” with 51 and “Launch Management” with 41, that is, how a 
launch is prepared and, once immersed, how the situation is managed. 
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4.3 Methodological perspective 
 
The phenomenon of a launch can be classified in the empirical sciences. This means that their statement 
must be properly supported by empirical basis.  
   The technique most used for research has been the case study, which makes sense since it is necessary 
to support the results of the study on the real world. The literature reviews, which based on the preceding 
research come to new conclusions, are also important. 
   Half of studies do not refer to the sector being studied and the rest is polarised in the automotive and 
electronics. 
 
 
5 Discussion and Conclusions 
 
The study of ramp-up curves is a current theme. This is demonstrated by the growing interest that arouses 
among researchers, more articles have been published in the year 2014 than over the entire period of the 
1990s. In fact, most of the articles begin in the same way, recognising the pressure that currently exists on 
manufacturing to offer increasingly new products in less time. 
   In reference to the distribution of the articles in the different magazines, the magazines “Procedia 
CIRP” and “International Journal of Production Research” are the two most prolific. The first one 
publishes articles from conferences and curiously the 8 selected articles are from the year 2014, so it 
seems evident that launches have become a fashionable subject. In 2011 the first launch conference, “1st 
International Conference on Ramp-up Management”, was held in Aachen, and the second was in the year 
2014, organised by the University of Aachen.  
   With regard to the origin of the authors there is a high preponderance of the German, followed by the 
Americans.  
   After the literature review it can be described the Ramp-up theoretical frame-work based on these three 
ideas: 

1.! The Ramp-up curve is a function between production capacity (of the final 
manufacturer and suppliers) and load (demand) (Almgren, 2000) 

2.! The demand is not limiting the Ramp-up curve (Stauder et al., 2014) 
3.! Capacity is limited due to three aspects (Goerke and Gehrmann, 2014). 

1. Technological. They are depending of the product and equipment complexity. 
(Tschöpe and Knüppel, 2013) 
2. Human. The knowledge of the  operators, technician and managers (Minhas et al., 
2012) and the coordination(Gross and Renner, 2010) and motivation(Kallis, 1997) are 
key factors 
3. Organizational. Although the organization during the ramp-up period is crucial for 
the launch results there is not a specific production system for that phase or the 
existing ones are poor (Winkler and Slamanig, 2011) the reason is the large period of 
time between launches (Slamanig and Winkler, 2010) 

   The planning of the launch and its management have been the most frequent research themes. 
   There is a lack of structured organization during the launch curve and specific in the start-up phase. 
How can be improve the launch results through a specific method in the start-up phase and how can be 
transferred the acquired knowledge in a product launch to a second launch of the same product in another 
factory are points that remain open for future researches. 
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New product development  
typologies: An analysis of  
publications and citations  
between 1992 and 2012 
 
Lopes AP1, Carvalho MM2 
 
 
Abstract: The new product development for decades has favored companies that can put their products to 
market quickly and efficiently, providing sustainable competitive advantage difficult to be achieved by 
their competitors. The main objective of this article is to understand the publication patterns of new 
product development, focusing on aspects related publications, citations and scientific collaboration, 
between 1992 and 2012. For this, the authors performed a bibliometric study with content analysis. 
 
Keywords: project type, project typology, new product development. 
 
 

 
 
1 Introduction 
 
The increased competition between companies has required that products are increasingly innovative. 
Consequently, understanding the process of product innovation is essential. The collaborative 
relationships play an important role in product innovation (Nieto & Santamaría, 2007). Researches 
indicate that supplier involvement is an important variable in the process of new product development 
(Petersen, Handfield, & Ragatz, 2003). The supplier involvement in new product development can help to 
reduce the cycle time and increase the success, and some factors are very important in this process, such 
as: the selection of the supplier; the geographic proximity of the supplier, which favors reducing the time 
and cost of delivery; efforts of all involved to achieve effective exchange of information; the perception 
of all stakeholders of the importance of the continuity of the partnership (Bonaccorsi & Lipparini, 1994). 
 
   There is a typology for supplier integration in the new product development process: radical 
contribution, which leads to obtain radically new products; architectural contribution, which can lead to 
either significant improvement or re-engineering existing products; incremental contribution, which 
favors cost reduction and minor improvements to existing products (Lipparini & Sobrero, 1994). The 
level of technology (technological uncertainty and complexity) can influence the supplier involvement in 
the new product development process. The greater the complexity and technological uncertainty, most 
companies tend to share information with suppliers (Petersen, Handfield, & Ragatz, 2005). 
 
   There is a typology that classifies product regarding the type of innovation: incremental, which refines 
and extends an existing technology; modular, which modifies some essential concepts of an existing 
technology; architectural, which reconfigures a system established; radical, that establishes a new 
technology and therefore a new architecture (Henderson & Clark, 1990). Another typology classifies 
product regarding the type of project of research and development (Wheelwright & Clark, 1992): Projects 
“breakthrough”: involves significant changes to existing products and processes; Projects “platform”: are 
among the "breakthrough" and "derivative". Imply changes in products and processes, however, do not 
introduce new technologies or new materials; Projects “derivative”: are projects that vary the cost of 
existing products or carry out improvements to existing processes; Projects “research and technology”: 
creation of new knowledge, new materials and technologies that transform into developing marketable; 
Projects “alliances and partnership”: may include any of the above projects and, for this reason, the 
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management of these projects can vary greatly. In this context, there is a plethora of typologies that has 
resulted in an ambiguity in the way it is applied in new product development research. 
  
   The main objective of this article is to present a literature review on the new product development 
typologies, published from 1992 to 2012, focusing on aspects related to collaboration. The 
methodological approach selected was a systematic literature review mixing bibliometric with content 
analysis. The work is divided into three sections, which were methodology, finds and conclusions. In the 
methodology section, the steps are described for selecting the sample for analysis and the indicators to be 
analyzed. The results are presented the main findings and conclusions are strengthened most 
representative analysis as well as possible limitations are cited in the research. 
 
 
2 Methodology 
 
The research method used is a bibliometric study. One of the ways to conduct this kind of study is the 
publications analysis that allows the identification of the relevant group of journal, the evolution of the 
publications along the years and the related subject areas (Prasad & Tata, 2005). Some bibliometric works 
also analyze the citations, looking for finding the most cited works and authors, as well as the possible 
research trends (Neely, 2005). A bibliometric study can include content analysis and thereby allow the 
identification of the most important topics, approaches and methods, as well as the most important 
definitions of a theme (Ramos-Rodríguez & Ruíz-Navarro, 2004; White & McCain, 1998). 
  
   To obtain the initial sample a database was selected and it was searched with no restrictions relating to 
academic disciplines, journals or publication dates. The ISI Web of Science database was selected for this 
process because a search of this database includes papers from other databases (such as Scopus, ProQuest 
and Wiley) that were published in indexed journals with a calculated impact factor in the JCR (Journal 
Citation Report). Moreover, the ISI Web of Science database provides a set of metadata that is essential 
for the bibliometric analysis, including abstracts, references, number of citations, list of authors, 
institutions, countries and the journal impact factor. 
 
   The data were collected, using the keywords ("type of project" or "project type" or "project typology" 
or "project classification" or "project taxonomy" or typology or classification or taxonomy) AND 
("product development" or "new product development"), resulting in 212 articles.  Publications between 
1992 and 2012 were analyzed in order to identify the journals with the highest number of publications, 
publications over time, subject areas related to the topic of study and citation analysis. 
 
   Considering that the number of the citations of one article is directly related to the importance of the 
work to the research area, an analysis of the most cited articles were made (Culnan, 1987; Culnan, 
Oreilly, & Chatman, 1990; Neely, 2005; Ramos-Rodriguez & Ruiz-Navarro, 2004). The citation analysis 
was conducted using several software programs including Sitkis 2.0 (Schildt, 2002), Ucinet for Windows 
6.289 (Borgatti, Everett, & Freeman, 2002) and NetDraw (Borgatti et al., 2002). Sitkis made it possible to 
import and metadata from the scientific database.  Ucinet and NetDraw were used to develop the network. 
 
 
3 Findings 
 
The 212 articles were published in 122 journals, which indicate that there is a multidisciplinary area 
(average of 1.7 articles per journal). The editorial scope of this relationship journal covers topics such as 
management, engineering, production, among others (see Table 1). Although the first publications date 
from 1992, there was much oscillation number of publications over time (see Figure 1). 
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Table 1  
Publications per journal and year, considering only 
those journals with at least three publications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Journals are listed in descending order of total of publication. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Publications per year. 
 
 
   After reviewing the publications, were performed the analysis of citations. The first was an analysis of 
the network of keywords that appeared in the sample more than 6 times (see Figure 2). This filter was 
made of citations respecting the nomination 1 to 10% of the sample suggested by the software manual 
Sitks. The stronger connections were between: management and product development; integration and 
product development; innovation and performance; resource-based view and competitive advantage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Keyword network.  
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Note: The thicknesses and colors represent the intensity of the relationship. 
   The second was an analysis of 17 articles with more than 40 citations (see Table 2 and Figure 3). 
Between 1192 and 1998 only six articles were cited (Adler, 1995; Griffin & Page, 1996; Lipparini & 
Sobrero, 1994; Nobeoka & Cusumano, 1997; Wheelwright & Clark, 1992). Between 1999 and 2003, 
seven more articles began to be cited (Childerhouse, Aitken, & Towill, 2002; Garcia & Calantone, 2002; 
Kostoff & Schaller, 2001; Pearce, 1999; Pich, Loch, & Meyer, 2000; Rosenkopf & Nerkar, 2001; 
Tatikonda, 1999).  From 2004, the last four articles began to be cited (Bullinger, Fähnrich, & Meiren, 
2003; Faller, Bracher, Dami, & Roguet, 2002; Flynn, Huo, & Zhao, 2010; Lindkvist, 2005). 
 
 
Table 2 
Articles with more than 40 citations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Evolution quote of the 17 most cited papers. 
 
 
 
 
 
 

Author (Year) Journal Number of citations

Ulrich (1995) Research Policy 563
Rosenkopf & Nerkar (2001) Strategic Management Journal 345
Garcia & Calantone (2002) Journal of Product Innovation Management 317
Griffin & Page (1996) Journal of Product Innovation Management 218
Adler (1995) Organization Science 163
Kostoff & Scaller (2001) IEEE Transactions on Engineering Management 141
Pearce (1999) Research Policy 104
Pich, Loch & Meyer (2000) Management Science 103
Childerhouse, Aitken & Towill (2002) Journal of Operations Management 69
Wheelwright & Clark (1992) Harvard Business Review 67
Lipparini & Sobrero  (1994) Journal of Business Venturing 65
Nobeoka & Cusumano (1997) Strategic Management Journal 64
Bullinger, Fahnrich & Meiren (2003) International Journal of Production Economics 54
Lindkvist (2005) Journal of Management Studies 48
Flynn, Huo & Zhao (2010) Journal of Operations Management 46
Tatikonda (1999) Journal of Product Innovation Management 44
Faller, Bracher, Dami, & Roguet (2002) Toxicology in Vitro 42
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4 Conclusions 
 
Companies seek to innovate in research and development with the goal of obtaining technological 
advancement; meet changing customer needs; shorten the life cycle of products and increase competi-
tiveness (Cooper, 1994). Technological knowledge is a very important tool for achieving competitive 
advantage, since it helps reduce costs and differentiate the company from its competitors (Lichtenthaler, 
2007). There was in the last two decades a growth related to technology licensing and many companies 
have adopted this type of activity in their business strategies. This research allowed us to analyze 
quantitatively and qualitatively the theory of new product development. The 212 articles were published 
in 122 journals in various areas. The journals that more published were: Journal of Product Innovation 
Management, International Journal of Operations & Production Management, Journal of Engineering 
Design and Research Policy. The analysis of keywords showed that the work was mainly directly related 
to new product development and management. 
 
   The citation network analysis showed that there is no concentration of work on specific authors, 
confirming the multidisciplinary of the subject. A limitation of this research is to use a single database, 
whose effects are minimized with the citation network analysis articles for references. 
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Is the TQM Outdated?  
- Four case studies 
 
Bernardino LL1, Teixeira FLC2, Barbosa AS3, Jesus AR4, Lordelo MJ5 
 
 
Abstract: The objective of this study is to try to understand what happened to the loss of highlight of 
TQM over the last 20 years. A multiple cases temporal and comparative approaches of four organizations 
from different companies in Brazil were accomplished. The results revealed that 19% of TQM practices, 
28% of TQM tools and 57% of TQM methodologies are no longer being used. However, the principles 
revealed an average 96% utilization. It can be noted that the prevailing management philosophy is still in 
the organizational environment of organizations. Many of the practices, tools and methodologies were 
incorporated into the automated systems of the companies or also suffered nomenclature changes, but its 
essence remained. 
 
Keywords: TQM, quality management, excellence management model, multiple case studies, Brazil. 
 
 

 
 
1 Introduction 
 
The 90s was characterized by a shock in the competitive environment of the Brazilian industries, 
initiating a process of intensive reforms and transformations. In this context many companies have 
adopted the total quality management (TQM) as its management model. Currently, we no longer hear so 
much about TQM both in academia and in business. The purpose of this present study is to analyze what 
happened to TQM, which aspects that are still present, those who have been discarded or are in disuse or 
those that have been modified. 
 
 
2 The Model for Total Quality Management in Brazil 
 
Total quality management focuses the majority of its principles, practices, tools and methodologies on a 
restricted group of formulators. These scholars are referred by several authors as masters or "quality 
gurus". Based on Zairi (2013), Brown (2013) and Wood Jr. and Urdan (1994), this study highlights 
Edward Deming, Philip Crosby, Armand Feigenbaun, Kaoro Ishikawa and Joseph Juran (1990).In Brazil, 
the professor and consultant Vicente Falconi Campos is referred by several authors as the "master of the 
quality of Brazil" for its efforts of absorption and scattering of the Japanese model in Brazil. 
   Falconi Campos employed the teachings of the Japanese Union of Scientists and Engineers (JUSE) to 
extend the Japanese model to a significant number of organizations. Four categories of analysis were 
developed: principles, practices, tools and methodologies (PPTM), that were collected in the studies 
developed by Campos (1989, 1992, 1994, and 1996). Detailed descriptions of the PPTM are presented in 
the following sections. 
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2.1 Principles 
 
Principles are concepts that are structured as mental symbols to provide an abstract notion of a set of 
characteristics that are common to a class of beings, objects or abstract entities. Within TQM, the 
following principles were identified: customer focus; systemic and holistic view; search for synergy; 
humanist vision; quest for continuous improvement and actions guided by facts, data and priorities. 
 
 
2.2 Practices 
 
The practices consist of techniques. Within TQM, the following practices were identified and categorized 
into sixty relevant practices, which are composed of five subgroups: general practices, marketing 
management, buyer/supplier relationship, and human growth management and auditing. 
   The first subgroup - general practices - comprises sixteen practices: participation in all areas by a 
company's employees in the study and conduction of the TQM; the use of tools and statistical techniques; 
training in quality control circles (QCCs); quality assurance; process control; automation; ISO 
certification; participation in national quality programs; failure analysis; standardization; blocking action; 
shake-down; brainstorming; action plan; study groups and the 5S program. 
   The six practices of marketing management primarily address issues such as: satisfying the needs of the 
customers and benchmarking and development of new products. The eleven practices buyer/supplier 
relationship primarily focus on reducing the number of suppliers; establishing relations of cooperation, 
trust and continuity; outsourcing processes; decreased inventory and increased frequency of purchases. 
   Human growth management consists of 21 practices related to training; employment stability; and 
motivation and remuneration. Six auditing practices were identified in the literature: external audits, 
audits of the vendor by the buyer, President Audits, audits for ISO certification, audits by a consultant 
and audits to obtain the Deming Prize. 
 
 
2.3 Tools 
 
The tools comprise resources to be used in the methodology. Within the framework of TQM, the 
following seven quality tools were identified in the literature as relevant tools and disseminated by 
Professor Kaoru Ishikawa: check sheet (checklist), stratification, Pareto chart, cause and effect Diagram, 
trend graph (correlation diagram), histogram and process control chart. 
 
 
2.4 Methodologies 
 
Methodologies include logical sequences to achieve a predetermined goal, i.e., steps that must be 
followed to achieve a particular effect. Within the framework of TQM, the following relevant 
methodologies were identified in the literature and categorized: statistical process control (SPC), method 
of analysis and problem shooting, PDCA (plan, do, check, and act) cycle and management by policies. 
   After exposure of the more relevant PPTMs, a brief analysis of the possible reasons for the decline of 
the TQM model is presented. 
 
 
3 The Crisis of the TQM Model 
 
The development of this study sought evidence in the literature to substantiate the premise that the model 
of TQM - the Japanese style - is not being used as a mean of improving organizational outcomes. The 
bibliometric study by Paulista et al. (2010) reveals a peak of publications on the subject between the years 
1998 to 2001, followed by a sharp decline in subsequent years. In addition, hypotheses and arguments 
about the possible factors that motivated this process of decline have been identified in various studies. 
The formulated hypotheses are based on the analysis undertaken by various authors, such as Porter 
(1996), Wood Jr. (2001), Tolovi (1994), Cordeiro (2004, 2009), Wood and Caldas (1995), Campos, 
(1989), Jesus (2000); Vasconcelos and Teixeira (1997), Zilbovicius (1999) Pyzdek (2001), Brown (2013), 
Antony (2013), Mosadeghrad (2013, 2014), and Zu et al. (2010).Some of the authors and their main 
assumptions are summarized in Table 1. 
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Table 1 
Main assumptions for the "crisis" of the TQM model. 
 
 

Emphasis on operational effectiveness and not on strategic positioning; 
lack of integration of operational programs and global strategies.Weak 
objective definition of expected returns by the program. 

Porter (1996); Asif et al (2009); 
Pyzdek (2001) 

Vision and treatment provided by some organizations or academia and 
gurus of TQM as a management fad and not a management philosophy, i.e., 
lack of understanding about the broader significance of the TQM model. 

Wood Jr (2001); Cordeiro 
(2004); Campos (1989); Wood and 

Caldas (1995); Brown (2013) 

Barriers encountered in the western management culture; emergence of 
new managerial wave that accelerated the decline of the model 

Wood and Caldas (1995);      
Cordeiro (2004) 

Lack of emphasis given by the TQM model to the phenomenon of 
leadership as the driver of innovative processes and value creation. 

Jesus (2000); Anthony (2013); 
Brown (2013) 

Lack of commitment and involvement of senior management Tolovi (1994); Mosadeghrad 
(2013, 2014); Zuet al. (2010) 

Negative perception for workers in relation to the TQM program 
(resistance to the proposed changes) and lack of appropriate technical and 
academic training at the operational level. 

Vasconcelos and Teixeira 
(1997); Mosadeghrad (2014) 

 
 
 
4 Excellence Management Model  
 
The National Quality Foundation is a Brazilian research center that was founded in 1991.Their mission is 
to "spread the foundations of excellence in management for increasing competitiveness of the 
organizations and Brazil" (FNQ, 2011, p.9).It disseminates the Management Excellence Model (MEM) 
that has many similarities with the Baldridge Prize of the US. The two approaches (TQM and MEM) have 
many similarities and some differences that are summarized in Table 2. 
 
 
Table 2 
Similarities and differences between TQM and MEM approaches. 
 
 

TOTAL QUALITY MANAGEMENT MANAGEMENT EXCELLENCE MODEL 

Prescriptive model No prescriptive model 

Driven to the productive system Driven to the management system 

Emphasis on quality Emphasis on excellence 

Driven to medium and large companies Driven to companies of all sizes 

Focus on the internal environment Focus on the external and internal environment 

Emphasis on formal standardization Minimal emphasis on formal standardization 

Does not evaluate management or confer 
awards 

Focus on management evaluation and awards 

Employment of  statistics  tools Does not prescribe tools 

Missing term Emphasis on democratic and participative leadership 

Missing term Visa sustainability and environmental responsibility 

Missing term Emphasis on strategic planning 
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5 Methodology 
 
The motivation to perform this research derived from the curiosity to explain the question "Where did 
TQM go since it was so prevalent in the 1990s?" or "Why are TQM programs limited?” The qualitative 
analysis is better suited to the purpose of this research because it provides a detailed analysis. The choice 
of a multiple case study approach is justified by the possibility of performing a temporal analysis and 
comparative approach. 
   The construction of the interview scripts and semi-structured questionnaires was based on one analysis 
model which considers the TQM dimensions and the MEM deploys indicators that represent the 
following categories: principles (a total of six), practices (a total of 60), tools (a total of seven) and 
methodologies (a total of four), as presented in section 2 of this study. 
   Data were primarily collected via exploratory interviews, followed by document analysis. The 
exploratory interviews revealed that many of the professionals who were involved in the implementation 
of TQM in the 1990s currently use the MEM; their companies also employ the MEM. 
   After the completion of exploratory interviews, we conducted documentary research to verify the 
consistency of the data, that is, the objective was to determine whether the companies that adopted TQM 
in the1990s had migrated to the MEM, which was confirmed. 
   The document analysis was conducted by collecting raw data from files of the Bahia Association for 
Competitive Management (ABGC, 1995) fromthe1990s, and the most current files (98-2011), which 
include winning companies of the Quality Bahia Award (PGQB).After exclusion of companies that no 
longer exist and companies that competed for the award with different units, four cases remained. 
   A total of eight interviews were conducted, in which eight semi-structured questionnaires in the areas of 
quality were completed by managers, employees and former employees of the selected companies. Four 
interviews were conducted with people who participated in the implementation of TQM in the 1990s, and 
four interviews were conducted with the quality managers in 2013. Two respondents from each 
organization were interviewed. 
 
 
6 Analysis and Results 
 
This section presents the data from the four organizations and a comparative analysis of the data. 
Adoption - use or disuse – of the principles, practices, tools and methodologies in the 1990s and in 2013. 
 
 
6.1 Company "X" 
 
The unit named "Company X" has operated in the field of mining (smelting and refining of primary 
copper) since 1982.Company X implemented total quality management in 1991.With this new 
management model, the organization envisioned an opportunity to survive the crisis caused by falling 
import barriers. According to one interviewee (who was responsible for the implementation of TQM in 
the1990s), the program achieved improvements of significant gains in productivity and profitability 
during that period. It benefitted from the commitment and involvement of senior management, a 
generalized motivation for the program and even received praise from one of the Japanese consultants 
from the Japanese Union of Scientists and Engineers (JUSE) as the best implementation of TQM in 
Brazil at the time. 
   Company X began the deployment of the MEM in 1998, when it won the Bahia Quality Management 
Award. It won this award because it intensively implemented TQM beginning in 1991 and the MEM until 
2003. In 2001, the company began implementing Six Sigma. 
   In 2003, top management was replaced, which caused a break in the management model. As a 
management option, the new directors disregarded most of all other points proposed by the MEM. 
   The analysis of the relationship between the PPTM implemented by company X in the 1990s and the 
PPTM implemented by company X in 2013 compared with the total number of principles recorded in the 
literature suggests that Company X continues to adhere to the principles and tools of the TQM adopted in 
the 1990s.However, the same results were not obtained for the practices and methodologies. The 
percentage of practices implemented in the 1990s decreased from 67% to 45%.Regarding the 
implementation of methodologies, the reduction is even sharper - from 100% implementation to only 
25% implementation.  
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   According to the person responsible for quality management in company X, the quality of the processes 
and products is currently managed and controlled by indicators via automated systems, such as the "SAP, 
CORPWEB, and the Integrated Management System (SIP),which includes ISO 9001, ISO 14001, 
OHSAS 18000 and other certifications, in which the focus is very similar to the balanced scorecard 
(BSC). The seven quality tools are incorporated within these systems. Although the tools are not 
disseminated by employees, they remain prevalent within the automated systems. 
 
 
6.2 Company "Y" 
 
The organization named "Company Y" has operated since 1991 in the manufacture of organic chemicals 
and is responsible for approximately 95% of the consumption of detergent in the Brazilian industry. In 
2013, its annual production capacity consisted of 220,000 tons of linear alkyl benzene (LAB) and 80,000 
tons of linear alkyl benzene sulfonate (LAS).Company Y is categorized as a medium-sized private 
company because it has approximately 200 employees. Company Y began the implementation of TQM in 
1990 due to pressure from the external market. According to the person responsible for implementation in 
the1990s, external clients began to demand a quality management system that was certified by ISO 
standards. To ensure the closure of new supply contracts, the company's board decided to implement a 
comprehensive TQM instead of adopting only the ISO 9000because they already had a number of 
elements that resembled the Japanese style system of quality management. 
   The deployment of MEM in Company Y began in 2003 and aimed to improve the internal processes of 
the organization and win awards. Company competed for the Quality Bahia Award and was awarded the 
Silver Trophy in 2003 and the Gold Trophy in 2004.Using a managerial option (cost of external 
consultants and efforts of the workforce), Company Y stopped using the MEM as a reference 
management model in 2006 because the company "had already achieved the expected results. "However, 
the person responsible for quality management in Company Y in 2013 noted that "today the company's 
management has many convergences with the MEM." 
   The analysis of the relationship between the PPTM implemented by Company Y in the 1990s and the 
PPTM implemented by Company Y in 2013 compared with the total number of principles cited in the 
questionnaires suggests that Company Y continues to adhere to the principles proposed by the literature 
on TQM and general practices, as demonstrated by a slight decrease in adherence from 73% to 
68%.However, the same result was not obtained regarding the tools and methodologies as demonstrated 
by the percentage reduction from 71% to 57% and from 100% to 50%, respectively. According to the 
person responsible for quality management of Company Y in 2013, the quality of processes and products 
began to be managed and controlled by indicators and various automated failure management systems. 
These systems contain many fragmented practices, tools and methodologies from TQM. The company 
believes that many practices employed during TQM remain in use, which is consistent with the 
organizational culture and demonstrates their ability to satisfy the demands of the company. As an 
example, she cites the PDCA and some statistical problem solving tools. She notes that "the principles of 
TQM, for example, were incorporated as values or actions within our Strategic Planning." 
 
 
6.3 Company "Z" 
 
The unit named "Company Z" was established as one of 28 regional offices responsible for 
implementation and administration of postal services within the state of Bahia. Company Z is a public 
company and is associated with the Ministry of Communications, which were founded in 1969. 
   Company Z began implementation of a comprehensive program of TQM in 1993.According to one of 
the persons responsible for implementation of TQM in the 1990s, TQM resulted from the fear of being 
surpassed by other organizations that were "embarking on wave of the quality." 
   According to the person responsible for coordinating the MEM between the years 2002 and 2009, each 
regional board individually performed quality actions by applying a particularly model - the Post-
Excellence Model - which was inspired by the criteria of excellence for the MEM. In this context, 
company Z applied for the Bahia Quality Award and was awarded the Bronze Trophy in 2007 and 2008. 
In 2010, senior management of the central office - who controls all regional boards, including Company Z 
- opted for corporate adoption of the MEM in its complete version. 
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   The analysis of the relationship between the PPTM implemented by Company Z in the 1990s and the 
PPTM implemented by Company Z in 2013 compared with the total number of principles in the 
questionnaires indicates that company Z continues to adhere to the principles proposed by the literature 
on TQM. However, the same results were not obtained regarding general practices as demonstrated by a 
decrease in adherence from 92% to 53%.The employed tools also showed a significant reduction of 
implementation - from 100% to 43%.The methodologies demonstrated a more significant reduction - 
from 100% to 25% of implementation.  
   When asked about the main differences between the current quality management system (based on 
MEM) and the model of TQM implemented in the 1990s, the interviewee explained that a specific area is 
no longer responsible for quality or TQM throughout the company. However, quality remains embedded 
throughout the company management using the MEM as part of their organizational culture in a manner 
that is integrated in the corporative strategy. 
 
 
6.4 Company "W" 
 
The unit named "Company W" has operated in the business of distribution of electricity in the state of 
Bahia since 1960, which is the date of its creation. The Company began to implement a comprehensive 
program of TQM in 1992. According to one of the persons responsible for implementing the TQM in the 
1990s, top management chose to adopt the TQM of professionals from the University of São Paulo 
(USP), who were teaching courses to the executives of Company W during that period. The interviewee 
explained that one of the major problems of TQM was linked to the creation of expectations, which was 
not confirmed in practice. 
The adoption of the MEM began in 2002 with the goal of creating value for the company's business. The 
company competed for the Bahia Quality Award and was awarded the Bronze Trophy in 2003, the Silver 
Trophy in 2004/2005 and the Gold Trophy in 2006. 
   The analysis of the relationship between the PPTM implemented by Company W in the 1990s and the 
PPTM implemented by Company W in 2013 compared with the total number of principles in the 
questionnaires indicated that the company continues to adhere to the principles proposed by the literature 
on TQM. However, the same results were not obtained regarding general practices, as demonstrated by a 
decrease in adherence from 70% to 58%,a reduction from 86% to only 43% for tools, and a reduction 
from 75% to 50% for methodologies.  
   When asked about the main differences between the current quality management system (based on the 
MEM) and the model of TQM, the respondent explained that the main difference is the form used to 
understand quality. At the time of TQM, the employees believed that they needed to perform their work 
and the quality aspect. Thus, the quality focused on a specific sector that coordinated the quality 
movement. After the adoption of the MEM, it has changed; the employees began to regard quality as a 
value, i.e., "it is not seen as a plus, it turned to be transversal". 
 
 
7 Comparison of Results 
 
In this section, the comparative analysis of the results for the four cases is presented. All surveyed 
companies showed strong adherence to the PPTMs of a program of total quality management. The 
analysis of the aspects that have changed compared with the current corporate management model 
identified some similarities. The current managers of the four cases no longer lead a program of total 
quality management throughout their companies. The companies claim to have an "integrated quality 
management system." Regarding the aspects that were eliminated, we highlight the QCC and the 5S 
Programs. Only one case (Company Z) retained Program 5S. 
   Although some practices are no longer performed in the same manner of the period in which the TQM 
was adopted, its objectives are maintained. For example, the practice of monitoring the indicator of 
morality with organizational climate surveys based on the monitoring of other indicators and the old 
"suggestion box", which was replaced by more modern methods, are currently used. 
   The increased use of automation and the PDCA cycle has been described in all four companies. In 
addition, some principles that were not part of company management in the 1990s but were integrated 
with the adoption of the MEM were included: focus on leadership, emphasis on excellence and strategic 
planning, and search for sustainability and environmental responsibility. These three principles were not  
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part of TQM. The programs of environmental responsibility gained more prominence and became 
complex in all cases. The empirical research discovered that three of the four cases are currently certified 
by ISO 9001: 2008, with the exception of Company Z, which never achieved certification. This finding is 
attributed to the realization that the ISO standards have achieved significant credibility in the market. 
   Regarding the adoption of the MEM, only 50% of the companies (Companies Z and W) continue to use 
it as a management reference model. The two companies that employ other management models declared 
that the MEM was abandoned due to strategic decisions of senior management. The surveyed companies 
that continue to adopt the model MEM include service companies, unlike the industrial firms X and Y, 
which discontinued its use. The average percentages of disuse of the PPTM by the surveyed companies 
are listed in Table 3. 
 
 
Table 3 
Average % of disuse of PPTMs by the Companies. 
 
 

 
Total Average 

Decade 90 Average 2013 Average% 
Disuse 

Principles 6 96% 96% 0% 
Practices 60 75% 56% 19% 

Tools 7 89% 61% 28% 
Methodologies 4 94% 37% 57% 

 
 
 
   The analysis of the compliance with the principles obtained from the literature on TQM revealed that 
the four companies continue to show strong adherence to them. The reports collected during semi-
structured interviews demonstrated that the principles supported by data were substantially disseminated 
and integrated in the values, mission, vision, and strategic formulations of these organizations. 
   Considering the attendance to the practices, the four cases showed adherence to more than 60% of the 
practices during the 1990s. This context has changed in the current scenario. Only the Company Y 
currently exceeds this percentage. Thus, the percentage of practices that were implemented by Company 
X, Company Y, Company Z and Company W during the 1990s decreased from 67% to 45%, from 73% to 
68%, from 92% to 53%, and from 70% to 58%, respectively. 
   Analysing the current spread of tools of quality, the results indicated that all companies reported 
adherence of more than 70% during the 1990s, which has also changed in the current administration. One 
exception is Company X, which featured the use of 100% of those surveyed in the two reference periods, 
and Company Y, which disused only one quality tool. In company Z, the percentage decreased from 
100% to 43%, whereas the percentage decreased from 86% to 43% for company W. In the case of this 
study, the use of quality tools remained more constant over the years for the industrial type of companies 
(X and Y) compared with service providers (Z and W). 
   A comparative analysis was performed with respect to the methodologies. In the 1990s, the four cases 
showed adherence to more than 75% of the methodologies, which has also changed in the current context. 
The methodologies showed the largest reduction among the surveyed companies - from 100% to 25% 
implementation in companies X and Z, from 100% to 50% in company Y, and from 75% to 50% in 
company W. The use of the PDCA cycle remains valid for the four cases. 
   Considering these analyses, this paper proposes the argument that some of the current practices, tools 
and methodologies from the TQM model, which were employed during the 1990s by the surveyed 
companies, are not more prevalent. However, most of the principles, i.e., the prominent management 
philosophy during that period, remain part of the organizational environments of these companies. 
 
 
8 Conclusions 
 
According to the data analysis, although many practices, tools and methodologies are not described or 
named in the same manner in which they described during TQM, its essence remains preserved. In this 
case, some programs have been fragmented within integrated management systems, such as 5S, bonuses, 
methodologies that have been replaced by software that is capable of performing with greater complexity 
and agility and statistical analyses, and new programs and tools for ideas and suggestions. 
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   In addition, several PPTMs were incorporated into the automated systems of the companies. This 
phenomenon fosters the suspicion that the training and the dissemination of various tools and practices of 
TQM stopped circulating within the operators and migrated to automated systems. Corporate managers 
are aware of this phenomenon but operators are not familiar with it. This suspicion is strengthened by the 
disuse of practices such as QCC, the focus on problem solving, "Quality Study" groups, the practice of 
shake-down to solve problems, the declining use of methods for solving problems, the reduction of 
training in tools and statistical techniques, and other aspects that required significant involvement and 
effort by operators in relation to continuous quality improvement. 
   On the other hand all practices, tools and methodologies that remain in use should be considered, even 
after twenty years since the beginning of its implementation, especially considering the volatility of 
managerial waves in the field of administration. Thus, TQM is not a management fad that experienced a 
"crisis" and disappeared based on the four cases. The findings from this study indicate an expansive 
dissemination of the principles of this model in the current management of the surveyed organizations, 
influencing and inspiring them to utilize new practices, tools, methodologies, models and systems that are 
considered to be more "modern". 
   The results of this study indicate that the models or "managerial waves" that are successful in the field 
of administration contributed to the evolution of the management of organizations despite a period of 
great dissemination (referred to as the "leading edge" by some authors) followed by a stage of decline. 
They provide teachings and important legacies, which are consistent with their different contexts for 
continuous improvement, for managing people and processes to produce better products and services. 
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Sales performance  
management: a strategic 
initiative to the growth of  
micro and small enterprises 
 
Galvão E1, Cotrim S2, Leal G3, Aragão F4 
 
 
Abstract: Micro and small companies are increasing in number and economic importance in the 
Brazilian market. In the sector of services they already account for 27% of the Country’s GDP. Given this 
importance, the goal of the case study is to analyze how the integration of the production engineering 
tools with performance management, through indicators, can boost strategically these organizations 
achieve and exceed their sales goals and so become increasingly competitive and growing in size and 
quality of service. This proposal was applied in a micro company, and the target reached was 121% of the 
primary goal, in the first four months of the year of 2014. 
 
Keywords: Performance Management; Quality Tools; Sales Strategy; Goals. 
 
 

 
 
1 Introduction 
 
World Bank data (2013) shows that the service sector has been growing its share to the economic 
development of countries. It can be seen that in 2009, this sector represented 80% of France’s Gross 
Domestic Product (GDP) and 71% of Germany's GDP in 2010. In Brazil, despite being a developing 
country, the contribution of this sector reached 67% of the national GDP in 2011. 
   Negri and Kubota (2006) emphasize that the service sector is of utmost importance with regard to the 
creation of firms and jobs in Brazil. According to IBGE (2011), more than a third of the national 
production (36.3%) of the Services sector, come from small business. Since micro and small businesses 
have been growing in the country and already account for 27% of its GDP. 
   However according to Fontes and Pero (2009), the consolidation of institutions and the creation of 
favorable conditions for increasing productivity and formalization of these businesses, are still challenge 
for countries development, as the case of Brazil. This is what hinders the development of a model to 
increase access to markets. 
   To survive these challenges, it is essential that the companies know how to identify customer needs, so 
that they can determine strategic ways to reach sales targets while maintaining quality of service. 
   Ledingham et al. (2006) highlights that effective and efficient operation of a sales force is a critical 
element for the success of many companies. And leverage sales can be an effective operational strategy to 
boost revenues and the growth of profit. 
   Thus, this article aims to analyze how the Performance Management can help strategically the 
increasing of sales for micro and small enterprises, through the case study of a micro company 
representative of products for Animal Nutrition. 
   The paper is structured in four sections, including this introduction. Section 2 presents the literature 
review that supported the development of the proposal. Section 3 characterizes the research and describes 
the method adopted. In Section 4 the results are posted. Finally, in Section 5 presents the final 
considerations, highlighting the difficulties, limitations and future work. 
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2 Literature Review 
 
 
2.1 Strategy 
 
According to Kaplan (1940), "strategy is not an isolated management process; is one of the steps in a 
logical continuum that moves all organization.” To Calvcanti (2007), every company must have a reason 
to exist, establishing targets to be achieved, and to reach these goals it is necessary to think more 
fragmented and strategically.  
   Thereby, the strategy starts the discussion of issues related to threats, opportunities, risks and worries 
about the customer areas, suppliers and competitors. From there on, plans and objectives are drawn so the 
organization can achieve its expected results. 
 
 
2.2 Prevision of Demand 
 
According to Slack (2009), "without an estimate of future demand it is not possible to plan effectively for 
future events, only reacting to them." Thereby, the demand forecast is critical to the definition of a 
production system.  
   Tubino (2007), states that the demand forecast can be evaluated from quantitative and qualitative 
methods, and serves as a basis to strategic planning of the company in production levels, sales and 
finance. 
   Furthermore, it is important to understand and correct interpretation of the data obtained and what were 
the technical bases and restrictions used for the calculation of orders, to facilitate communication between 
the PCP (Planning and Control of Production) and the Marketing sector. 
 
 
2.3 Quality Tools 
 
Ishikawa (1968)  apud Fernandes and Souza ( 2013), states that 95% of quality issues can be solved by 
using simple tools, such as the basic tools of quality. 
   Also according to Paliska et al. (2007), highlight the use of quality tools in the phases of both product 
development, as in the production, so that a target can be set to reduce costs and enhance customer 
satisfaction. 
   However, it is important first to diagnose what process needs priority in improvements deployment, 
helping with the justification for selection of a particular process improvement. 
   Miguel (2001) addresses some of the tools used in the research: Cause-effect Diagram, Pareto Chart, 
Control Chart and Check Sheet, addressed as follow: 
   The cause-effect diagram is a graphical tool that allows you to represent the causes of a problem 
(effect). According to the Netherlands and Pinto (2009), it can detect a large number of causes for this 
fact and it can be divided into categories or families. The diagram should suit the situation studied and 
thus seek to relate what are the real causes and motives. 
   The Pareto chart is based on Pareto's Law which states that 80% of effects relate to 20% of the causes. 
Campos (1999), points out that by Pareto analysis can be obtained dividing the method into smaller 
problems and simple resolution, and assist in establishing concrete goals and achievable.  
   The Control Chart according to Miguel (2001) consists of a graph whose purpose is to follow process 
over a period of time, and monitoring under the same as the variations of the calculated control limits and 
detection of the reasons of its variations. 
   The check sheet for Aguiar (2002) aims to organize, simplify and optimize keeping the information of 
the registered data collected and in addition, the sheet can be adjusted depending on the type of 
information to be obtained from it. 
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2.4 Performance indicators 
 
To Melnick (2004) apud Sellito and Mendes (2006), the performance measurement is a way of 
connecting the strategy to reality, the fact that the strategy without measurement is useless without 
measurement, strategy makes no sense. According to Lima (2001) apud Costa (2002), the indicators 
promote a communication link between the performance of certain activities or actions, integrating the 
results-or measures of the goals set by the strategy. And Rodrigues, Schuch & Pantaleon (2003) also 
point out that the indicator systems are reasoned to lead actions such business improvement. 
   According to Carvalho et al. (2005), the indicators are defined in quantitative bases. These indicators 
are drawn from a logic composition, which evaluate two sets of information: its basic features and 
components that make up its structure. These indicators should be precisely defined, and be understood 
by all, and they need to be suitable for the context that are being applied. 
 
  
3 Methodology 
 
The purpose of this applied research was to identify how the performance management, through 
indicators, can help micro and small companies to act strategically to achieve their sales targets. On this 
account, as stated by Carvalho et al. (2005), the role of indicators is to take the thought of objective way 
to achieve certain results and analyze the situations on an emergency basis. 
   For the research the following steps were taken: 
   Determining a target, which would become the indicator; collection of historical sales data for the 
realization of a demand forecast; identification of the sales pattern of behavior in order to determine the 
growth projection; preparation of line graphs for study and analysis of demand and projections; 
implementing spreadsheet, with a check sheet for daily entries, where from these daily data it is possible 
to are generated line graphs for tracking sales, and comparative chart monitor the achievement of the 
target set. As well as good indicators for follow-ups of two types of annual targets, divided monthly: one 
established for the representative by the company, and the other which was established by the own 
representative. 
 
 
4 Results and discussion 
 
To increase sales beyond the set targets, there was a study for a representative of an animal nutrition 
company sought to establish a new strategic means that could boost sales increasing.  
   In this context, the demand forecast was set for the year 2014 using data from years 2012 and 2013, and 
after it was applied the percentage increasing that the representative ought to achieve. 
   To have a more accurate monitoring, and that generates a matter of urgency regarding the implications 
of these targets, a check sheet was prepared in a spreadsheet, with indicators that were designed to 
measure the performance and get the comparative goals ranges, both the company representative, as the 
represented company. 
   New sales targets and the creation of electronic spreadsheet for monitoring indicators can be identified 
by analyzing the check sheet and line chart generated by it, days of the week with sales peaks and the 
presence of gaps, wherein days, most weeks, significant losses in the sales occur. Since those days of high 
peaks and sales casualties were unknown until then by the representative.  
   The results obtained in the first quarter in which the study was conducted were satisfactory. Although 
the new targets were reached in just one month of the quarter, it was found that in the whole study period 
in 2014 there was a range of more than 65% of the new target set by the company representative and a 
range of at least 105 % of the goals set by the company represented. 
   It was possible to observe in the months of January, February and April, that these months exceeded all 
sales of the same period the years 2012 and 2013. In fact, it is noteworthy that the month of April was the 
only month in which the new target, the first time, was overcome reaching a range of 116%. Only the 
month of March has not passed the same month sales in 2013. 
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5 Conclusions 
 
Thus, concludes with the case study that the establishment of growth targets and follow-up by a 
performance management system, using indicators, contributed to boost and overcome all the company's 
goals represented in the first four months of the year 2014, reaching 121%. 
   Therefore, it has been clearly applied the benefit of using indicators, serving the purpose of directing 
the organization to set priorities, meet the indexes from them and together generate emergency character 
to situations and consequently bringing improvement and quality to the processes by means of action 
plans that are drawn and applied. 
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Metrics for Quality  
Assessment Systems 
 
Dias, Raquel1, Cabral, A. S2 
 
 
Abstract: The aim of this work was to show a set of quality metrics to control the system quality. This 
central focus of this proposal is the end user. The success requirements are defined as utility, accessibility 
and quality indicators during the cycle of system development and cover two most important dimensions 
in the development process, which is the quality of service and quality of products. The assessment 
process describes the procedures needed by the auditor to quantify the quality criteria. The method to 
aggregate measures resulting from criteria assessment is also proposed.  The significance of this work is 
that it constitutes the effort to obtain an instrument to dimension the success of system development 
process in organizations for assessment and consecution their purposes. In terms of its application in 
research, this model can be used in measuring system engineering requirements in experimental research. 
 
Keywords: quality control, quality measurement, metrics, system assessment, quality model. 
 
 

 
 
1 Introduction 
 
A program of measures for the management of the area of systems must include three basic parameters: 
utility, accessibility and quality.  These three aspects of the program are supposed to be simultaneously 
implemented. The information obtained from programs of measures is important for the strategic 
planning of many companies. Therefore, it exerts some influence on the decision regarding programs for 
the quality of processes, so as the quantify productivity and total quality. 
 
 
2 Theoretical background. 
 
In an evaluation process several aspects are observed, such as ease of use of the tool in use to the decision 
maker. The impact of information linked to the need to resolve the problems, the effect caused by the 
frequent use of the system, the system value perceived by the user and finally, to verify the effect of non-
interruption of consultation (Newell, 1972). 
   Ahituy (1990) stressed the importance of the existence of relevant information as an aspect to be 
measured. The processed information circulating should be evaluated in terms of usefulness, quality and 
quantity. Lancaster, (1996), reported to databases on CD ROM, Jacsó (1992) analyzing the management 
of data showed that no evaluation information systems should focus on Hardware aspects, System and 
Dataware as distinct aspects decision-making process. The appearance aesthetic, or the way in which it 
presents information, also this approach should be observed, as well as the cost.  
   When users become more demanding, the technology is more complex, and the quality control becomes 
a critical factor ever. Verifiable evaluation criteria, considering the whole process - from creating 
requirements for testing - should target the appearance, engineering and services offered to the user. The 
notice of appearance aims a standardized and consistent product. Regarding the engineering 
specifications must be accurate and appropriate. For the services offered to the user, quality means fitness 
for purpose; the main issue is the fulfillment of the users need. To do this, it is important to identify the 
profile of users. Researches on engineering systems have focused on possible indicators for supporting 
quality requirements. The quality of products has been the main subject. Engineering requirements can be 
seen through at least three dimensions. The first relates to the utility of the system, that is, the operation 
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made by the user for information. The second one is related to the facility of access to the information. 
The last one is the quality, approached in the view of engineering, but also to be approached when 
considering the content of the information to be obtained. 
 
 
3 Method and Quality Model: Criteria for Assessment 
 
The model presented in this article is based on three principles that are essential for the assessment of 
implementation, as well as the explanation of the feedback of the team responsible for the development of 
a system and its users.  
   The utility principle is associated with factors determining the level of extension of a system regarding 
the user’s functional needing to be met. 
   The principle accessibility associated with the factors determining the facility of operation of the system 
and, therefore, allowing access to the information.  
   The principle of quality is associated with the level of end-user satisfaction, regarding products and 
services in the area of Technology information.  
   When someone is faced with a problem to be solved needs some information about the question, and to 
do this, in general, it made a search the information through a system, whether automated or not. This 
step is based on the principle of utility, because the information searched must be useful for solving the 
problem. In other words, factors associated with the extension of the system are responsible for the 
fulfillment of the user’s necessities.  
   The first indicator to be considered in order to know about the possibility of finding the requested 
information, is the extent, or coverage of the procedures already implemented in the system, thus, the 
base variable for to assess the utility is the extension, or the coverage and functionality of a system. 
   The second principle to be analyzed is how to get the desired information. This issue is related to the 
principle of accessibility, i.e. flexibility and ease of use.  The third principle - quality- answers the 
question: How satisfied with the product and the obtained information are the users? It is important 
consider the level of knowledge about computers and even the level of engagement of the user with the 
staff responsible for the development of the system. It is also necessary to notice the user's computer 
skills, including high level commands to generate reports, for instance, strongly influence in the final 
user’s satisfaction.  
   The search for a simple and level-headed method for the assessment of the impact and usefulness of a 
system, according to the final user´s conceptions, is really significant for the definition of variables 
related to the utilization, which, in this case, are facility of use and accessibility.  Moreover, they are also 
linked to the user, seen as utility in relation to contents and quality of the obtained information.  All these 
aspects provide an assessment of how successful an information system has been. (Basili, 2012a, b) 
   This model can be summarized as shown by this figure 1, below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Model of quality system evaluation. 
 
 
 
3.1  Focus on the Utility Factor. 
 
The utility principle is associated with the variables: extension and functionalism. 
Thus, utility is a result of the arithmetical average of the total score attributed to those variables. 

Measure of success 

Utility Accessibility 

Extension 

Functionality 

Usability 

Flexibility 

Timeliness 

Reliability 

Precision 

 User´s satisfaction 

Quality 
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3.1.1 Measuring the Extension 
 
This is about the capability of a system to execute all the routines that are responsible for the functioning 
of the final user´s operating unit.  The item to be assessed is the correlation between procedures executed 
by the system and the purposes formally described as needing by the user.  The factor can be a result of 
the ration of the amount of automatic routines, which contribute to meet the user´s needing, to the total 
amount of routines requested by the user. 
 
 
3.1.2. Measuring the Functionality 
 
The functional quality of the system and the procedures used to develop it constitute the critical group of 
measures so as to have an adequate functioning of the business operating unity. Each requested service or 
change in a system application means the existence of a functional deficiency and the necessity to make it 
up.  The requested services will presume different complexities and extensions. each requirement can be 
scored as a way to measure and give support to the impact those changes will have upon the whole 
system. Amount of functional corrections can be a result of the ratio of the amount of fulfilled 
requirements and the amount of requirements made by the user minus the amount of requested 
corrections. 
 
 
3.2 The Accessibility Principle. 
 
When an application program is made available to a user, it is supposed to be able to offer you much use. 
That is why documentation and adequate training should be included in that. Without those items,  an 
application might be undermined in its use. Moreover, those deficiencies would bring about several 
demands to the help desk and to the staff of support services. Great amounts of calls and doubts may lead 
to the necessity of some changes in the application system and/or alterations in the documentation as well 
as further training for the users. An analysis of the requirements may be useful to detect whether interface 
reengineering will be necessary.  Therefore, great amounts of calls may lead to new implementation, 
consequently, as soon as the amount of calls has dropped, one can conclude that those problems had been 
caused by a lack of experience and training in the new system.  The accessibility is a result of the 
arithmetical average of the total score attributed to the former variables. 
 
 
3.2.1 Measuring  the Usability Factor. 
 
This variable reassures that the system offers mechanisms to be easily operated by the users. The aspects 
to be analyzed are (Nielsen, 1993): 
 

•!Whether the entries made by the users are minimized by defaults; 

•!Whether there is any routine that verifies the correction of any data before they are processed; 

•!Whether it is possible to update the already entered data; 

•!Whether there are options of data output layout to be chosen by the user; 

•!Whether data output is standardized and properly identified by headlines; 

•!Whether there is a help desk; 

•!Whether the help mechanism brings any troubleshooting guide in which solutions are proposed; 

•!Whether the procedures described in the manual are sufficient to perform the tasks; 

•!Whether there is proper material for training the users; 

•!Whether that material is an approach of the whole system. 

 
This variable is a result of the ratio of the number of available items regarding specifications of human 
interface to the amount of analyzed items. 
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3.2.2  Measuring the Flexibility Factor. 
 
It means the adaptability of a system to the settings in which it will be operated and its use in other 
operational systems, as well as the facility to aggregate/replace/deactivate products.  To assess this item, 
one should check: 
 

•!Whether open solutions are used. 

•!Whether the system is multiplatform. 

•!Whether it is compatible and adaptable to the settings. 

•!Whether it is possible to aggregate/replace/deactivate sub products and functions easily. 

 
This variable is a result of the ratio of the total of available items to the total of analyzed items. 
  
 
3.2.3 Measuring the Timeliness Factor. 
 
Information needed must be available whenever it is requested; otherwise its usefulness would be 
questionable. Thus, the amount of time necessary for the search and processing of data must be 
considered. The observation of this factor reassures that the solution presented meets all the user´s 
needing, taking a high performance into account. One must verify. 
     

•!Whether the amount of time needed for an answer is suitable for the user. 

•!Whether the solution given meets all the user´s needing. 

•!Whether there is a plan for possible eventualities. 

•!Whether the system is not interrupted by system troubles. 

 
This factor is a result of the ratio of the total of available items to the total of analyzed items. 
 
 
3.3 The Quality Principle. 
 
Quality may be a result of the arithmetical average of the total score attributed to factors such as the 
user´s satisfaction , recovery and precision. 
 
 
3.3.1 Measuring the User´s Satisfaction. 
 
   In order to measure the quality of a system, one must establish efficient criteria, according to how 
important they are for the user. The indicator of quality demonstrates the efficacy with which the process 
that has been assessed meets the user´s necessities. In view of that, the best way to have the right criteria 
in order to measure quality is to know the user´s opinion about products and services and then, search for 
related indicators.  
   How to measure the user´s satisfaction? How extensive must be a survey about the user´s satisfaction?  
Firstly, it should investigate how the users have felt about the products and services they have dealt with. 
The survey should not intimidate the users, that is, if possible, it should be private and anonymous and 
offer the user the opportunity to answer the questions honestly. It should also lead to useful answers in 
order to identify any lack and possibilities for any improvement in the application system. Companies are 
encouraged to contrat specialized organizations to conduct such surveys.  
   Statistical criteria must be rigorously used in order to select a sample of users which represent the 
universe of users and bring about an adequate analysis. Measuring the reliability factor.  
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   Actually, this is a sub factor that reassures whether the system operates properly, for a period of time , 
in the hardware for which it has been designed. The items to be analyzed are.  This factor may be 
assessed having in mind: 
 

•!Whether it is easy to initialize and shut down the system. 

•!Whether the safety mechanism of access is simple and easy to deal with. 

•!Whether initialization takes too long. 

•!Whether the entries on the screen are readable. 

•!Whether the use of different kinds of fonts and styles improves readability on the screen. 

•!Whether the screen lay out is clear and easy to visualize. 

•!Whether the messages on the screen are easy to read. 

•!Whether the commands and/or objects shown on the screen are easy to Understand. 

•!Whether all the screens are consistent in function, mouse and keyboard. 

•!Whether there is a considerable variety of colors and characters. 

•!Whether the error messages are easy to correct. 

•!Whether information is always available in the application. 

•!Whether data is up-to-date enough to be useful. 

 
The satisfaction factor is a result of the ratio of the amount of available items to the amount of analyzed 
items. 
 
 
3.3.2 Measuring the Reliability Factor 
 
The reliability factor is a factor that measures whether the system operates properly for a period of time, 
the hardware for which it was designed. Items to be discussed are:  
 

•!Whether the system provides self-protection mechanisms against any unexpected situation. 

•!Whether there is any routine that checks the correction data. 

•!Whether data processing is only executed after data validation. 

 
3.3.3 Measuring the Precision Factor. 
 
The best way to measure this factor is to consider the error rate. This should be kept minimal. To analyze 
this factor, the information should be focused on two aspects: regarding the procedures followed by the 
system, and the relevance of the information obtained with the process. The accuracy of the system 
procedures ensures that the system provide a satisfactory level of precision in calculation and results. This 
factor is a result of the arithmetic average of the following measures: ratio of the amount of processes that 
are not based on accuracy requirements for the input data processing and output to the total amount of 
processes. 
 

•!Ratio of the amount of processes that are not base on precision requirements 

•!for the data input, processing and output to the total amount of processes. 

•!The ratio of the number of algorithms that have not confirmed their accuracy by mathematical 

analysis for the total number of existing algorithms. 

•!The ratio of the number of routines that have no confirmation that they meet the accuracy 

requirements for the total amount of routines. 
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   In relation to the relevance of the information, it is important to notice that precision may vary, 
according to how the information will be used. Information based on forecasts will not be as accurate as 
information based on historical facts. Equally, long term estimates may be less precise than short-term 
ones. Basically, the exactness must be enough to match to each situation. In conventional inference 
methods, the total absence of information is more acceptable than some imprecise information. In this 
case, rules regarding IF...AND... SO are based on strict answers such as YES/NO. However, considering 
fuzzy inferences, when require YES/NO decisions or intermediate values are allowed, precision is not as 
relevant as it would be, since it is involved in a complex context. Therefore, it is difficult to quantify the 
effectiveness of some information and make it part of the final decision. 
 
 
4 Collection of the Measures 
 
The total results must be situated between 0 and 1. The adequacy of a system should result in 
approximately 1. The collection of the measures is objective and allows the quantification of factors as 
well as the score collection. Thus, the results obtained from the arithmetical average of the sub factors 
extension and functionalism constitutes the utility factor. The average of utility, accessibility and quality 
will determine the level of perfection achieved by the development of the applicative system.(Mendes, 
1999). 
 
 
5 Conclusions 
 
This is a conceptual model for the assessment of the quality of system. The assessment focus is on the 
end user because this is the key factor in the design of the quality goals of products and services. In order 
to control quality patterns, it is necessary to have a system engineering staff and much discipline during 
the development of the system.  The quality indicators will lead to an evaluation of the efficiency of the 
system development. Besides, opportunities of improvement and reduction of costs are other benefits.  
   The indicators will be situated between 0 and 1, getting near 1 as long as the service or service reaches 
perfection. The indicators will be situated between 0 and 1, getting near 1 as long as the service or service 
reaches perfection. The resulting from Evaluating indicators provide insights into the quality of the 
observed system, and the identification of opportunities for improvement in both the process and the 
observed product. 
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Integrated Management  
Systems: An Exploratory Survey 
 
Trierweiller AC1, Gisi MFS2, Spenassato D3, Bornia AC4, Peixe BCS5, Rotta MJR6 
 
 
Abstract: The purpose of this paper is to analyze publications about Integrated Management Systems 
(IMS) and identify research opportunities. A bibliographic study uses the EndNote to index the articles. 
We identified features related to IMS based on a systemic analysis. The interest of firms in implementing 
standards for Quality, Environmental and Occupational Health and Safety, respectively, ISO 9001, ISO 
14001 and OHSAS 18001 is increasing, however, managing three separate systems is a challenge. Some 
of the reasons for implementing IMS include satisfying customers’ requirements and responding to 
government appeals. We identify the most cited authors and articles, barriers and difficulties for 
implementing IMS. 
 
Keywords: Integrated Management Systems, ISO 9001, ISO 14001, OHSAS 18001. 
 
 

 
 
1 Introduction 
 
According to Rocha et al (2007), over the last two decades, the number of international Management 
System Standards (MSS) has grown rapidly. Since the introduction of the ISO 9001 Quality standard in 
1987, other standards have been developed including that for Environmental Management (ISO 14001), 
Occupational Health and Safety Assessment Standard (OHSAS 18001), and Corporate Social 
Responsibility (AA1000). ISO 9001 is a Quality Management System that focuses on operational 
efficiency and its organization occurs in the form of requirements. Its objective is to increase customer 
satisfaction by ensuring that products meet their actual needs (Lo et al, 2009). 
   To reduce the negative environmental impacts and maximize the positive, the EMS based on the ISO 
14001 standard establishes a set of responsibilities, practices, procedures, policies, reviews, processes and 
resources that are required for its implementation. An EMS brings a production process into accordance 
with an environmental policy, enables the implementation of sustainable processes, reduces costs through 
better use of natural resources and applies the concepts of cleaner production (Arimura and Akira, 2008). 
   The Occupational Health and Safety Assessment Standard (OHSAS) is a systematic and proactive way 
to face the challenges of reducing risks and problems in the workplace. OHSAS 18001 specifies the 
requirements for a Health and Safety MS through procedures, policies, goals and objectives, planning, 
identification and monitoring of risk of accidents, seeking compliance with legal requirements (Rocha, 
2010, Vinodkumar and Bhasi, 2011). Companies have expressed increasing interest in the integration of 
MS; however, implementing these standards in parallel requires many duplicate management tasks 
(Fresner and Engelhardt, 2004). 
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   Based on common definitions of Management Standards (MS) the ISO 9001, ISO 14000 and OHSAS 
18001 systems are part of an organizational system used to implement their policies and manage their 
aspects and impacts. Providing elements of a management model in conjunction with other management 
requirements, since the structures of the management standards are similar and can be combined in a 
single management model, organized with a basis in the PDCA cycle. That is, continuous improvement is 
at the core of this methodology (Pombo and Magrini, 2008). 
   The MS have the following structure in common: (1) Management Policy, (2) Planning (3), Implemen-
tation and Operation, (4) Performance Evaluation, (5) Improvement, and (6) critical analysis. Although 
each MS standard has specific requirements, these six categories can guide the integration of the 
standards. Abad et al (2014) based on a literature review conducted a study with purpose was to analyse 
and empirically characterize the integration levels of IMS adopted by Spanish certified firms (ISO 9001, 
ISO 14001 and OHSAS 18001). They did a review about taxonomies used by several authors with two, 
three and four level of analysis (Bernardo et al, 2009, Jørgensen, 2008). Abad et al (2014) showed the 
usefulness of their taxonomic proposal for managers by exploring the relationship between the integration 
level achieved and subsequent corporate benefits: level 1 (documental harmonization), level 2 (partial 
integration) and level 3 (full integration). The authors considered the impact of IMS on Internal benefits 
linked to the firm, and the external benefits, which are oriented to market. Results reveal that significant 
heterogeneity across integration levels is concentrated in the group of internal benefits, e.g., reduction in 
bureaucracy, reduction of costs of internal audits. This indicates that managers perceive the IMS as a 
process that significantly enhances organizational and operational business areas. 
   Bernardo et al (2012) investigated the difficulties found in the integration process and the level of 
system integration. They investigated a sample of 362 organizations, at least, to both ISO 9001:2000 and 
ISO 14001:2004. The organisations with three implemented MS showed difficulties in the integration 
process that influence the level of integration, while this relationship is not significant for those 
organisations with two MS. The IMS translates into a significant competitive advantage for organizations 
that generally have a very competitive market shares characterized by intense competitiveness, constant 
technological progress, new market requirements, and scarce natural resources (Oliveira, 2013). The 
challenge of integration is to overcome the grouping of requirements and achieve the mind-set of synergy, 
this means that a focus on the customer, environment, health, safety and social responsibility must be 
balanced in order to serve all stakeholders (Jørgensen et al, 2006). 
   This study used a bibliometric survey that allows the identification of specific research gaps. We 
analysed publications about IMS and identified opportunities for research according to the following 
structure: (1) Introduction, (2) Research Method, (3) Results and discussion, and the (4) Conclusions. 
 
 
2 Research Method 
 
This paper presents literature review using EndNote X7 software to identify, select, and index scientific 
articles. We conducted our search in six steps (Fig. 1).  
 

 
 
 
 
 
 
 
 
 
 
 

 
 
Fig.1  
Methodological design of the research and suggestions. 
 
 
 
 

1. Definition of the research criteria 

2. Search in the databases 

3. Primary triage 

4. Portfolio of articles 

5. Extract the main ideas from the articles 

6. esults, trends and suggestions 
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   Step 1. Definition of the databases, keywords and dates for the research. We defined the criteria for the 
research, to analyze the topic “Integrated Management Systems” using the keywords “ISO 14001”, “ISO 
9001” and “OHSAS 18001”. The period was from 2000 until 2014. 
 
   Step 2. In the Web of Science we selected the field Topic and entering the terms “ISO 14001”, “ISO 
9001” and “OHSAS 18001”, the period was “2000 to date.” In Scopus, terms “ISO 14001”, “ISO 9001” 
and “OHSAS 18001” in the fields Article, Title, Abstract and Keywords. Period “2000 to date”, the type 
of document was Article or Review, and the area Physical Sciences. In the Science Direct, we selected 
Advanced Search, Journals, and inserted the terms “ISO 14001” and “ISO 9001 AND OHSAS 18001”, in 
Title, Abstract, Keywords and selected Engineering and Environmental Sciences, period “2000 to date”. 
 
   Step 3. We retrieved 88 articles, but there were books, articles outside the period studied and repeated 
articles. We conducted a primary triage, 48 articles remained. We read the titles and abstracts and 
removed articles outside the scope of the search. 
 
   Step 4. Portfolio of articles. We retrieved only 21 articles, many of them did not have free access or 
were unavailable; we read them and extracted the main ideas. 
 
   Step 5. We read the articles, integrally. 
 
   Step 6. We present some results and suggestions for future research. 
 
 
3 Results and Discussion 
 
In this topic, we present the result of the analysis made of the articles in the portfolio. We conducted a 
systemic analysis to identify features of interest related to the topic studied and thus checked in the 21 
items in the portfolio, and in some articles cited by the authors of the articles in the portfolio, those 
elements related to IMS, and identified opportunities for research in this area. We chose this approach to 
provide greater support for the development of this work. 
   The most cited article, with eight citations, “Integrated management systems - three different levels of 
integration" was written by Jørgensen et al (2006) and published in the Journal of Cleaner Production 
(Table 1). Discuss the different levels of integration of MS (ISO 9001, ISO 14001, OHSAS 18001 and 
SA 8000), which due to the tendency toward increasing compatibility between systems has stimulated 
discussions about how to understand the different aspects of integration. The focus of this article is to 
discuss three levels of integration (1 - compatibility, 2 - coordination, 3 - strategy), which encompasses 
the increased compatibility of system elements, the coordination of generic processes for insertion of IMS 
in the learning culture and continuous improvements. The author compares the development of IMS in 
Denmark and Spain and highlights the need to broaden the focus of the organization to the entire product 
chain and all the stakeholders. 
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Table 1 
Portfolio of articles. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   The second most cited article is by Zeng et al (2007), "A synergetic model for implementing an 
integrated management system: an empirical study in China”. It proposes a multi-level synergy model 
(strategic synergy, organizational structural and cultural -resource synergy, synergy and documentation) 
for an effective implementation of IMS. The IMS is a symbol of success and a prerequisite for the 
survival of companies. However, the difficulty is to operate multiple MS in parallel, and seek alignment 
with the organization's strategy. They concluded that the main problems of the companies that operate 
parallel MS are complexity and reduced efficiency in management, cultural incompatibility, and 
increased management costs. 
   We identified the country of origin of the lead author of each article of the portfolio. There is 
predominance of authors from China: (1) Zeng SX, (2) Pun KF, (3) Qi G, (4) Qi L. Brazil has the second 
highest number of articles, with four authors, but each author has only one article: (1) Izeppe FR, (2) 
Oliveira OJ (3) Merlin FK, and (4) Maekawa R. 
   We identified many studies in the portfolio that investigated difficulties and benefits of the 
implementation of IMS, and we present some of them in Table 2. 
 
 
 
 

Authors Titles 
Bamber C.J., Sharp J.M., 
Castka P. 

Third party assessment: the role of the maintenance function in 
an integrated management system 

Celik M. Establishing an Integrated Process Management System (IPMS) 
in ship management companies 

Izeppe F.R., Oliveira J.O. Guidelines for the collective and semi-presence-based 
implementation of certifiable management systems 

Jørgensen T.H. Towards more sustainable management systems: through life 
cycle management and integration 

Jørgensen T.H., Remmen A., 
Mellado M.D. 

Integrated management systems - three different levels of 
integration 

Karapetrovic S., Casadesús 
M. 

Implementing environmental with other standardized 
management systems: Scope, sequence, time and integration 

Maekawa R., Carvalho M.M, 
Oliveira O.J. 

Study on ISO 9001 certification in Brazil: mapping the 
motivations, benefits, and difficulties 

Mendes P., Santos A.C., 
Nunes L.M., Teixeira M.R. 

Evaluating municipal solid waste management performance in 
regions with strong seasonal variability 

Merlin F.K., Pereira 
V.L.D.V, Pacheco Júnior W. 

Sustainable development induction in organizations: a 
convergence analysis of ISO standards management tools´ 
parameters 

Oliveira O.J. Guidelines for the integration of certifiable management systems 
in industrial companies 

Pheng L.S., Kwang G.K. ISO 9001, ISO 14001 AND OHAS 18001 management systems: 
integration, costs and benefits for construction companies 

Pun K.F., Hui I.K. Integrating the safety dimension into quality management 
systems: a process model 

Qi G., Zeng S., Yin H., Lin 
H. 

ISO and OHSAS certifications How stakeholders affect 
corporate decisions on sustainability 

Qi L., Qingling D., Wei S., 
Jine Z. 

Modeling of Risk Treatment Measurement Model under Four 
Clusters Standards (ISO 9001,14001,27001,OHSAS 18001) 

Salomone R. IMS:experiences in Italian organizations 
Santos G., Mendes F., 
Barbosa J. 

Certification and integration of management systems: the 
experience of Portuguese small and medium enterprises 

Shaw O. Hot tips for implementing an integrated management system 
Singh S. An integrative approach to management systems and business 

excellence 
Zeng S.X., Shi J.J., Lou G.X. A synergetic model for implementing an integrated management 

system: an empirical study in China 
Zeng S.X., Tam C.M., Tam 
V.W.Y. 

Integrating Safety, Environmental and Quality Risks for Project 
Management Using a FMEA Method 

Zeng S.X., Tam V.W.Y., 
Khoa N.L 

Towards Effectiveness of IMS for Enterprises 
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Table 1 
Benefits and difficulties in implementing of IMS. 
 
 

Authors, benefits and difficulties to implement IMS Heading 
Benefits 
Zeng et al (2010) - There is a simplification of the certification process, reducing management costs 
and documents. 
Santos, Mendes and Barbosa (2011) - Reduced costs, improved training, easer to comply legislation. 
Simon et al (2012) - Increased cohesion, better use of systems, focus on organizational strategy. 
Salomone (2008) - Optimization / unification of internal and external audit, reduction of 
documentation, timesaving, optimization/unification of training activities, reduction of bureaucracy. 
Zutshi, Sohal (2005), Rocha, Searcy, Salomone (2008), Asif et al (2010), Khanna, Laroiya, Sharma 
(2010), Simon et al (2012), Zeng et al (2010) - Decreased costs, operational improvements, better 
external image, increased customer satisfaction and employee motivation. 
Difficulties 
Salomone (2008) - Risk of not assigning the appropriate level of importance to each variable: quality, 
environment, safety, Difficulties in organizing an IMS. 
Santos, Mendes and Barbosa (2011) - Insufficient integration of standards, very long time for the 
process integration, difficulty in the training of staff and in changing the organizational culture. 

 
 
   Operating multiple systems effectively is difficult (Zeng et al, 2007). Zeng et al (2010) affirm that it is 
challenging to deal with three separate management systems and ensure their alignment with the 
organization’s strategy. According to Oliveira, (2013, p. 124), “Multiple certifiable management systems 
can function separately. However, they are counterproductive, difficult to manage, and involve employees 
who invariably question whether they should prioritize the productive processes or the excessive 
bureaucracy they [the management systems] generate”. However, the integration process is complex, 
according to Jørgensen, et al (2006) the IMS should consider the entire product chain and all the 
stakeholders increase a company’s social and environmental responsibility, thus create competitive 
advantages for the organization, and contribute to sustainable development. 
   The certification of the MS ISO 9001, ISO 14001 and OHSAS 18001 represents an important 
competitive advantage for companies. However, one of the biggest barriers to the implementation of these 
systems are the high costs. Brazilian researchers, Izeppe and Oliveira (2013), and Pinto et al (2006), 
suggest that the collective and semi-face-to-face development of these systems –with no active 
participation of a consultant or specialist in these systems directly at the company – can be one way to 
reduce these costs. 
 
 
4 Conclusion 
 
The aim of the study was to analyze publications about Integrated Management Systems and identify 
research opportunities. We analyzed articles from 2000 to 2014, and identified a tendency to focus on the 
difficulties and benefits of implementing the IMS. The articles highlighted the importance of strategically 
positioning the IMS in the organizational context, which is a prerequisite for implementing any MS 
especially when considering the integration of Quality, Environmental, Occupational Health and Safety 
standards, confirming the relevance of IMS, which involves all stakeholders. 
   This literature survey contributed to a better understanding of the academic research related to IMS, as 
well as identified the need to study further this subject in a strategic perspective. Other approaches could 
have been explored in the literature survey such as the methodological approaches used by the authors in 
the portfolio, detailing the types of qualitative and quantitative studies. Limitations of this article include 
the bibliometric criteria used, i.e. period and key words. This literature survey contributed to a better 
understanding of the academic research related to Integrated Management Systems, as well as identified 
the need to study further this subject in a strategic perspective. Other approaches could have been 
explored in the literature survey such as the methodological approaches used by the authors in the 
portfolio, detailing the types of qualitative and quantitative studies. 
   Despite the still incipient research about implementation of IMS in Brazil, there is a limited amount of 
articles written in English, and thus, with a limited reach, the international and academic literature. 
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Preliminary study of the  
processes at the laboratory  
of the Instituto dos Vinhos  
do Douro e do Porto 
 
Araújo J1, Xambre AR2, Alvelos H3, Simões JT4 
 
 
Abstract: This study examines the weekly pattern of arrival of samples to a sector of the IVDP 
laboratory in order to assist the decision making process concerning the scheduling of the required 
chemical analysis. 
 
Keywords: Quality improvement; ANOVA; Laboratory. 
 
 

 
 
1 Introduction 
 
The Instituto dos Vinhos do Douro e do Porto, I.P. (Douro and Port Wine Institute - IVDP), is the 
certifying authority of Porto and Douro Wines. Certification is the process of checking the conformity of 
those products and is also a process of quality assurance based on the principles of objectivity and 
impartiality. 
   This paper addresses part of the work that is being developed in the scope of a final project of the 
Master’s Program in Industrial Engineering and Management (MIEM) from the University of Aveiro, 
Portugal. Its aim is to study the processes, propose improvement actions, implement them and measure 
their impact in terms of time of response and operating costs of the Laboratory Services of IVDP. 
   The Laboratory of IVDP is divided into six sectors (Chemistry I, Chemistry II, Gas chromatography, 
Liquid chromatography, Mineral analysis and Microbiology), according to the type of analyses that need 
to be performed. These sections have distinct capacities to process the wine samples, resulting in different 
cadences of progress of the samples’ analyses. Additionally, the wine samples are not all subjected to the 
same set of analyses, since these depend on the objective of the wine submission performed by the client 
of IVDP (usually a wine producer). Furthermore, in some sectors, samples are grouped before being 
analysed in order to reduce the unit cost per analysis (use of reagents, gases, electricity and consumables). 
   As there are a lot of analytical properties of the wines that are being analysed in the six laboratory 
sections, a particular chemical compound from the Liquid Chromatography section – Ochratoxin A – was 
selected as an example, in order to describe the methodology followed and the type of results obtained. 
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2 Objectives 
 
The main objective of this particular study included in the MIEM project, is to understand the pattern of 
samples’ arrivals to the IVDP laboratory sectors, whose work rate is variable, to assist the decision-maker 
with the scheduling of parameters’ analyses. The purpose of this paper is to present an example of the 
referred study, in order to understand the weekly pattern of wine sample arrivals that require that specific 
analysis (Ochratoxin A). 
 
 
3 Methods 
 
Data collection was performed on the software used in the IVDP, which has information regarding all the 
samples that arrive at the above mentioned sectors. The examined variable was the samples’ entry date in 
the mentioned sectors during the year 2014. The variables were then grouped according to the underlying 
method (each method corresponds to one or more analytical parameters) and the data were evaluated 
according to the respective weekly trends. A one-way ANOVA was done in order to study if there are 
statistical significant different levels of samples’ arrivals between the various days of the week and, when 
appropriate, Tukey tests were used to determine between which means those differences occurred. 
 
 
4 Results 
 
The example selected for this paper (Ochratoxin A) uses the number of arrivals along 215 days from the 
year 2014, during which 135 samples came in (Figure 1). 
   Table 1 depicts the respective ANOVA results that show that there is at least one significant difference 
between the means of the number of sample arrivals along the week days (F>F crit). 
 

 

   
  
                             Fig.1                                                                Table 1 
                             Arrivals of samples to be analysed                 One-way ANOVA results 
                             (Ochratoxin A) per day of week  
 
 
   The Tukey tests show that these differences are between Monday and Wednesday as well as between 
Monday and Friday. 
 
 
5 Conclusion 
 
This paper described a small part of the work that is being developed at IVDP, which aim is to help 
improve the decision-process in what concerns the scheduling of parameters’ analyses, taking into 
account the response time and the daily capacity in terms of number of analyses. 
   It can then be concluded that the pattern of arrival of samples requiring the Ochratoxin A analysis is not 
random, with a higher probability of occurring a larger number of arrivals of samples on Monday than on 
Wednesday or Friday. With this in mind, a more informed decision and a better use of the equipment can 
be implemented. 
 
 
 
 

Variation Source df MQ F P value F crit
Between groups 4 8,48 3,14 0,02 2,41
Within groups 210 2,70
Total 214
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Designing new products  
and engineering supply chain  
systems with SoSE 
 
Martín-Rubio I1, Grau-Olivé JB2, Andina D3 
 
 
Abstract: The concept of designing smartness of new products and systems from a business perspective 
has been investigated in operations literature. The problem of understanding, designing, engineering and 
governing the technologies behind these new products requires new concepts. The emergence of these 
modern technologies causes a myriad of interconnected systems, which are working together to satisfy 
the necessities of modern life.  Development of System of System Engineering (SoSE) is an attempt by 
the systems engineering and science community to fulfill this requirement. 
 
Keywords: Product Development, Supply Chain, SoSE. 
 
 

 
 
1 Introduction 
 
The literature has signaled a change in buyer-supplier relations in the context of new product/service 
development, since, as Chesbrough (2006) explains suppliers’ proposals may be equal to or better than 
those that occur internally in the organization. The main purpose of a System of Systems (SoS) model is 
to understand a very complex system by studying not only its components, but also the system as a 
whole.  
   Design is a systematic process for identifying, exploring and exploiting value opportunities (Lee &  
Paredis, 2014). Such value opportunities continually can and go, within a global context. There is a 
constant evolution, due to exogenous influences in the global context, but also due to the participants in 
the global context introducing new systems and changing the context. In addition, whether a particular 
company can take advantage of a value opportunity depends also on managing not only its systems 
engineering capabilities, its ability to generate efficiently and effectively a new system in response to a 
value opportunity, but also the System of Systems architecture, where all suppliers interact with the 
manufacture and assembler.  
Connected Industry, also called Industry 4.0, offers companies numerous opportunities for new business 
and improved competitiveness (Kageman et al. 2013). In conjunction with fast data networks and 
software, sensors on components and machines enable objects to exchange information with one another 
without the need for human intervention (internet of things). In the future, even objects that up to now 
have not contained any electronics will be able to communicate with each other.  
   The emergence of modern technologies caused a myriad of interconnected systems, which are working 
together to satisfy the necessities of modern life. The problem of understanding, designing, engineering 
and governing these technologies requires new concepts. Development of Systems of Systems is an 
attempt by the systems engineering and science community to fulfill this requirement. 
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   Our objective is to examine the potential of System of Systems Engineering (SoSE) in Supply Chain 
Management when designing new products. The main contribution of our study is to analyze the strategic 
approach of SoSE when leveraging innovation opportunities. SoSE improves organization’s supply chain 
competence. Our findings unfolds as follows: After, briefly review the state-of-art of supply chain 
management and  product development, we consider the SoSE as a methodological approach to consider 
innovations in complex supply chains architectures. Subsequently, we describe how to construct 
Connected Industry. 
 
 
2 Supply Chain Management and Product Development 
 
Relying on the definition of Wang et al. (2008), product innovation in customer-supplier relationships 
refers to the rate of generating novel and improving products from collaborative inter-organizational 
relationships. In terms of innovation-performance relationships, the literature offers conflicting results. 
While some studies show that innovation generation is beneficial for firm performance, others find no 
relationship or even a negative impact on financial performance (Jean et al. 2013). 
   Supplier involvement refers to the extent to which a supplier is involved in co-designing and new 
product development processes with their customers in exchange relationships (Thomas, 2013). Supplier 
in new product development has been documented as an important factor behind successful innovation 
through inter-firm cooperation. This is particularly salient in the automotive industry, in which 
assemblers involve their first-tier suppliers on in the co-design and co-development of product 
development processes. Literature has identified potential benefits of supplier involvement in a new 
product, for both manufacturers and their suppliers. Knowledge and intellectual property are at the core of 
the competence of the firm (Tekic et al. 2014). Firms may use certain knowledge protection processes, such 
as patents, trademarks and trade secrets, to protect their IP. In addition, knowledge protection can codify 
each party’s rights, duties, obligations, and responsibilities, as well as specifying goals, by creating forma 
operating procedures that require communication and knowledge sharing. While prior work has suggested 
that knowledge protection may be detrimental to product innovation because it hinders knowledge 
sharing (Nielsen and Nielsen, 2009), Jean et al. (2013) confirm that knowledge protection can help 
innovation generation in emerging markets, by providing and effective platform for knowledge sharing 
within the process of inter-firm innovation. Thus, firms that employ appropriate knowledge protection 
may gain a competitive advantage in inter-firm innovation (Zhang et al. 2009, Subroto and Sivakumar, 
2011). 
 
 
2.1 Concurrent Product Development and System of Systems Engineering 
 
In product development, existences of industrial wastes are inevitable and it would be wise to minimize 
as much as possible in order to obtain sound profit. Some of the most common wastes are over 
processing, transportation, motion, inventory, waiting time, defect, overproduction and etc. Most of them 
are time and process dependent and that are expressed in terms of additional costs, time, rework, defect 
rate and etc. Great approaches (like lean, JIT, TQM, concurrent engineering, six sigma, etc.) have been 
proposed for the last few decades in order to tackle such challenge. In the light of concurrent engineering, 
there are activities that could be executed in parallel while developing a new product. 
   The major step is identifying the processes or activities that can be done sequentially and in parallel. 
Individual systems, activities or steps can be designed as the overall processes have been designed. 
   Recently all types of business concepts as New Product Development have become under extreme 
pressure to provide products to the client/customer quicker than ever before. With such an extreme 
pressure being applied to respond, companies that provide product services and products can no longer 
afford to survive to perform work in a sequential manner. According to Martin et al. (1998), one way of 
breaking down these barriers and improving communication and teamwork among functional groups is 
by using Concurrent Engineering (CE) methodologies. 
   A product development process with more cost/budget allocated or invested before design comes up 
with a reduction of total cost by almost half. In addition, the total time for developing a product is 
improved by 17%. 
   System of Systems (SoS) are large scale concurrent and distributed systems that are composed of 
complex systems (Kotov, 1997). The System of Systems concept originally evolved in the defense sector, 
but now it being widely applied in various fields of space exploration, healthcare, logistics, software 
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integration, etc. The emerging SoS concept describes the large-scale integration of many independent, 
self-contained systems in order to satisfy a global need. Each system affects the other. 
   The synthesis of the individual complex systems into a larger SoS results in additional complexity and 
challenges to keep the system working. A supply network chain is made up of various entities and nodes 
in the chain which are working together to achieve one single task, which is providing the final consumer 
the required product or service. The optimization of one part of the chain doesn’t necessarily provide and 
optimised supply chain. The various entities have to be considered together from the perspectives of the 
interdependencies and the dependency on time to achieve the desired output and thus assure the flow 
(Ghadge et al. 2010). 
   During the product development process, change may happen in any stages and the ultimate cost 
required may vary accordingly (Port et al. 1990). As the changes go later, the total cost will go higher and 
that affects the profit and time to market. Andersen (2014), presented that by the time a product is 
designed 80% of the cost, by the time a product goes into production 95% of its cost is determined, so it 
will be unmanageable to remove cost at that late a date. Belay et al. (2012) in their model of system 
dynamics consider 80% of the cost committed before the design state. 
   Traditionally, the product development process was finalized prior to the start of the production 
development. This results in a lengthy time to market, especially when the production system is not 
able to produce the designed product. These two development stages are therefore currently often 
executed in parallel, so called concurrent engineering. In the development of complex products and 
production systems, concurrent engineering methodology has been claimed not only to reduce time 
to market for products, but also to increase efficiency in the management of non-SoS complex systems. 
The network model of a concurrent engineering process can be thought of as a bi-directional link 
between the product development system and the production development system. Furthermore, the 
development process for both the product and production can in their own right be considered as 
densely populated networks. Therefore, these networks can be seen as a bi-directional interaction of two 
networks (Jamshidi, 2008). 
   The primary difficulty in the assessment process is the complexity associated with large-scale 
Systems of Systems and the integrated nature of models required to study complex phenomena. Many 
techniques exist for resource allocation, an approach based on modelling and simulation is 
usually required to quantify technology potential with respect to System of Systems level Measures of 
Effectiveness (MoEs). The modelling and simulation environment relies on a linked suite of variable 
fidelity models that calculate the impact of technologies across a S ystem of Systems hierarchy. 
Similar to any other evolving practices, SoS Engineering (SoSE) needs concepts, methodologies, 
methods, and tools to engineer and design SoS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Methodological illustration of SoSE. 
Production and Product Development of different  
components interact with the assembler requirements. 
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   Ge et al. 2014, proposed a novel executable modelling approach for System of System architecture. 
This methodology provides more flexibility and adaptability for the automated construction of executable 
models directly from the architectural data rather than from static models. Based on initial values, the 
optimal design increases product performance from different parameters. The optimal investment plan 
considers different budgets, components and resources through simulations at each SoSE level. A 
dynamic resource allocation problem is proposed for developing improved designs.  
 
 
3 Discussion 
 
As information science and technology continues to evolve, the paradigm of SoSE has emerged as a 
popular choice for being an economic and strategic approach for enhancing existing system capabilities 
and developing new capabilities to address challenging systems engineering and management problems in 
the military, academia, industry, and elsewhere (Hipel et al. 2007).  
   Optimal design products consider components and resources through simulations from the level o 
products to the inter-organizational service capability level. It is not just an approach to product 
development. SoSE consider the limits of available technology and manage the risks in the interaction 
among different components and suppliers. 
   Connected industry, also called Industry 4.0, offers companies numerous opportunities for new business 
and improved productivity. SoSE enable the high flexibility that Industry 4.0 promotes in production that 
makes customized products possible in cost-effective mass-production. Smart products know the details 
of how they were manufactured and how they are intended to be used. Martin-Rubio et al. 2015,  show 
that business process could be even more distributed since smart meters, in energy industry, may trigger 
an external internet service which will go advance the process itself. 
 
 
4 Conclusion 
 
This paper studies the dynamic behaviour of the complex system of the product development process 
while applying Concurrent Engineering in SoSE approach. SoSE approach is used as it helps to visualize 
and it is based on its capability to incorporate several subsystems and parameters. From the model and 
simulation, valuable findings are noted. When it is changed the cost fraction before and after design with 
the same amount, the total cost of the systems varies significantly at different stages of the development 
processes. This variation indicates that there are some hidden costs that need to be optimized 
systematically, for instance doing some activities in parallel or overlap each other. 
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Metropolitan Region 
 
Piasentine LC1, Ayres F L2, Serra PMM3, Moura EC4, Assis L5 
 

An application of the Innovation Radar in a micro and small companies in the Campinas        
Metropolitan Region 
 
Abstract: The article’s goals were to identify the business innovation degree present at five small 
companies in the Campinas city. Sawhney, Wolcott and Arroniz (2006) developed a model called the 
Innovation Radar, which has related about twelve dimensions: (1) Offer, (2) Platform, (3) Brand, (4) 
Customers, (5) Solutions, (6) Relationship, (7) Aggregation of Value, (8) Processes, (9) Organization, 
(10) Supply Chain, (11) Presence and (12) Network. Besides the prior mentioned dimensions the authors 
decided to include another one, which is the (13) Innovative Ambience, defined by the authors Bachmann 
e Destafani (2008) in order to aggregate more value to the authors research. The methodology used to 
collect and consolidate the dates was made through a questionnaire, that enable the researches applied the 
Innovation Radar and then to discuss the obtained results. The obtained results showed that the 
innovation processes in the studied organizations was not a structured and systematic set of actions. 
 
Keywords: innovation, process innovation, radar of innovation. 
 
 

 
 
1 Introduction 
 
The organizations to face the challenges and changes that are determinate by the changing nature of 
markets, seek to respond or be ahead of this scenario of competitiveness and, consequently, the 
companies moves to develop alternatives, which positioned them differently to its competitors. The 
paradigm of the competition for the future challenges is associated with both the speed of change of the 
environment as well as in the easy to operationalize the internal changes to the necessary adjustments in 
relation to these demands and, thus, reinforce the leadership reinvention, which has a significant influence 
in this changing process (PRAHALAD and HAMEL, 2005). It is understood that one of the alternatives 
that support to break paradigms present to the business and associated with competitiveness of complex 
markets, have their reflexes in driving innovation management in these organizations. Schumpeter (1988) 
establishes that technological innovation is the engine that drives the capitalist economy and acts as the 
mainstay of the regional development of a country. Specifically, the micro and small enterprises play a 
great role in economic growth-competitive countries and should be consider the fact that the way in 
which these organizations are able to disseminate innovation. That capacity is expected by their expected 
behavioural characteristics that generate benefits in relation to large corporations, such as greater 
flexibility and capacity to adapt forward markets extremely volatile (LA ROVERE, 1999). Among the 
technological regions of Brazil, Campinas stands out to be one of the most important technological poles 
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in the Southern Hemisphere. Its importance is proved by the number of patents registered abroad, by the 
concentration of a number of institutions for research and development, universities and technology 
parks, as well as the responsibility for the generation of 5.9% of Gross Domestic Product (GDP) of the 
country. The metropolitan region of Campinas has approximately 15 000 industries, 50 thousand 
companies services and 60,000 commercial enterprises (UNICAMP, 2014). In view of the foregoing, the 
present article seeks to measure and describe the degree of innovation in five micro and small businesses 
in the Metropolitan Region of Campinas, in order to understand how the management of innovation is 
understood and carried out by them. 
 
  
2 Methodology: 
 
In order to evaluate the degree of innovation of the companies studied was employed the Model of Radar 
of Innovation, which in the present article, had a change promoted by the authors, to better meet the needs 
of research. This model was developed by Sawhney, Wolcott and Arroniz (2006), being used in academic 
studies, in addition to its use in a systematic way by Brazilian Service of Support to Micro and Small 
Businesses (SEBRAE, 2014). The diagnostic tool has twelve dimensions: (1) Offer (2) Platform (3) 
Brand (4) Customers (5) Solutions (6) Relationship (7) Aggregation of Value, (8) Processes, (9) 
Organization (10) Supply Chain (11) Presence and (12) Network. In addition to twelve dimensions 
former mentioned, earlier the authors included another one, that is Innovative Ambience (13), defined by 
Bachmann e Destafani (2008). The Radar dimensions are defined and explained in the Table I. 
 
 
Table I 
Innovation Radar Dimensions and their definitions. 
Source: Elaborated by the authors. 
 
 

Radar Dimensions Definitions 
Offer Creation of new products and services valued by customers 

Plataform Use of common technologies for creating diversity of products and 
improvements in the manufacturing process 

Brand Use or brand extension for which customers can capture the values of the 
company 

Customers Ability and capacity to serve new markets and the unmet needs of 
customers of existing markets 

Solutions Personification and paying for products and services in order to solve 
customers' problems, as well as meet new needs or market niches 

Relationship Perception of the buying experience of their customers 

Aggregation of Value Mechanisms for the recovery of the value created and captured by the 
customer in order to obtain new sources of revenue unexplored by action 

Processes Processes redesign for increased efficiency 
Organization Improvements in the structure and scope of the company 

Supply Chain Agility in information flow, supply chain fast and flexible, change in its 
architecture logistics, whereas suppliers and partners 

Presence New forms of marketing at points of sale or the creation other concepts 
of distribution for the company 

Network Improvements in communication between the companies, their 
customers and partners 

Innovative Ambience 
Environment conducive to innovation and people based, third-party 
organizations, knowledge of suppliers and customers, deployment of 
processes of creation 
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   The Model of Radar of Innovation is a data collection instrument, consisting of a questionnaire, 
available and authorized for use by the SEBRAE in this research, with structured questions adherents to 
the dimensions of the radar. This questionnaire has 42 questions, which sustain the 12 dimensions of 
innovation observed by Sawhney, Wolcott and Arroniz (2006) and a one more dimension, which was 
introduced by the authors and sustained by the approach used by Bachmann and Destefani (2008). Each 
one of the dimensions of radar was evaluated by means of a Likert scale, thus consisting of: (5) when the 
variable is systematic or common, (3) when the variable is present occasionally and (1) when the variable 
is not present or is non-existent. For the consolidation of the dimensions of radar were interviewed 
managers and workers at different levels of the companies as follows: Offer(5), Plataform, Brand, 
Customers, Solutions, Relationship and Aggregation of Value (2), Process (6), Organization (4), Supply 
Chain (1), Presence and Network (1or 2), Innovative Ambience (8). The data obtained by the answers of 
the respondents were consolidated for the descriptive statistical analysis, by the system Statistical 
Package for Social Sciences (SPSS) and Excel. That approach make it possible consolidated the 
information, enabling the comparison of the average of the different axes dimensions existing on the radar 
screen. In a second step was performed an inferential statistical analysis, and for this study, was used the 
non-parametric method by Kruskal-Wallis test with a significance level of 5 %. The justification for the 
use of the non-parametric test was because the sample was small and its distribution was not a normal 
curve. 
 
 
2.1 Analyzed Companies: 
 
The research project prioritized only five companies in this initial phase, and will be expanded to more 
companies in a next phase. The description of the companies analysed are listed below: 
 
Company A: It operates in the education sector, a non-profit organization, founded in 1963, which aims 
to promote and encourage cultural relations between Brazil and the United States. In this way, it offers 
courses in English, American literature, didactic material and preparatory courses. Currently the 
organization is fit as small business and has around 50 employees. 
 
Company B: It was founded in 2010 it is a microenterprise in the services sector, with approximately 20 
employees and has as a main result a software developed for electronic invoices for all the national 
territory.  
 
Company C: This company acts in the trade sector, it is a microenterprise, which yields furniture and 
decoration, where in addition to sell their items of decor and furnishings, it manufacture the own parts. Its 
was founded in the year 2007 and currently has 5 employees. 
 
Company D: It was founded in 2007 it is specialized in auto parts for imported cars, working directly 
with workshops of luxury cars, and have a portal e-commerce, which fits the Brazil as a whole. The 
company currently has 4 employees. 
 
Company E: The company E provides solutions to its customers in Web apps, Mobile apps and Games. 
Its main products are for companies that are looking for partnerships in the development of applications, 
both for the internet page as for the mobile phone and mobile platforms. The company currently has 12 
employees and it fits a small business. 
 
 
 
3 Obtained Results: 
 
The Figure I bellow shows the distribution of the different dimensions of the Radar of Innovation for the 
five companies surveyed. 
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Fig.I  
Measurement of the degree of innovation of enterprises at the Radar dimensions. 
Source: Elaborated by the authors. 
 
 
   Based on the analysis of the Figure I was observed the marked variability of the geometry of the radar 
for the analyzed companies in relation to the dimensions on the radar screen, which shows special 
features and differences in the innovation process of each one of them. The ideal situation would be for 
all the dimensions of radar were at a same level simultaneously and, as can be seen, there is a broad range 
of actions, with possibilities of being improved and enacting, not only to bring about all the dimensions to 
the desired levels, but also actions to keep those dimensions that are with the score at the upper limit. 
   It is perceived that the dimension guidance to customers, the company E was the only one to obtain 
maximum score (5) and company B, which also operates in the same segment, had a score lower than 
(3.5). What usually occurs with technology companies is that they offer-shelf products already existing 
and in them, try to adapt the demands of our customers. That variation could be justified by the distinct 
business segments of activity of firms analyzed. The average of the degree of innovation of each 
dimensions of radar was calculated and then it could be possible to identify the dimensions, which have a 
greater and lesser degree, with the possibility to create a ranking between them, as indicated by Table II. 
 
 
Table II 
Value Average for each dimensions of the Innovation Radar. 
Source: Elaborated by the authors. 
 

Ranking of Radar Dimensions Dimensions Average of Innovation Degree 
1° Position Platform 4,5 
2° Position Offer 4,0 
3° Position Solutions 3,9 
4° Position Customers 3,9 
5° Position Relationship 3,7 
6° Position Network 3,6 
7° Position Organization 3,4 
8° Position Aggregation of Value 3,3 
9° Position Presence 3,1 
10° Position Brand 3,0 
11° Position Supply Chain 2,8 
12° Position Innovative Ambience 2,7 
13° Position  Processes 2,3 
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   The results showed in the Table II pointed out that the enterprises are concerned strongly to use 
technologies employed to disposal and creating products that add value and solutions associated with the 
products that are made available to customers. This fact is corroborated by the higher average dimensions 
of Platform (4.5) and Offer (4.0) which were obtained by the dimensions scores of the Radar of 
Innovation in the organizations surveyed. One of the possible analysis of these higher values can be 
explained when the enterprises use physical resources, technology and knowledge in order to produce a 
new product or to develop a new generation of them. It is important to highlight that all the enterprises 
added a kind of service to their products, which could aggregate value to the customers and serve not only 
to a product but also to a family of products. Besides that mentioned actions the same product was offered 
in most versions, to reach new markets or groups of consumers. It was observed still, that the examined 
companies had new products released in less than three years, or products that have been removed from 
the market by the failure that they had, which reflects the high degree of flexibility of these companies. In 
addition, a series of changes on the characteristics of products takes in consideration the environmental 
issues in their designs, by changes in aesthetics, in the drawing of the product, by the use of new materials 
or technologies radically new, contemplating these modifications in the period of the last three years. The 
higher degree obtained by the average of these dimensions in the studied companies, demonstrate that 
they have the understanding of the importance of generating something new, that they have an impact on 
better results for the organization, for the prosperity of the business and to increase their competitiveness. 
Attention should be given too, at the last three dimensions of Radar of Innovation of the ranking observed 
in the Table II, in particular for the supply chain, the innovative ambience and the management of 
processes present in organizations. Hypotheses must be raised about the low value of the average of these 
dimensions and in such a way, that there is not yet a concern of managers of such companies establish a 
tight partnership with their suppliers. The strategic partnership with the suppliers, Universities and other 
enterprises could improve the capacity of developing and strengthening a high aggregate value with these 
actors, and so, obtain a promise of contributions to be promoted by them, mainly in the process of 
innovation of these companies. The design of organizational processes and, in particular, the process of 
managing the innovation, is not yet understood as being a critical success factor, which makes it erratic, 
not systemized and contributes to the perception that the innovation is not due to a robust and continued 
process. This situation opens a huge arena to be exploited by the enterprises owners, in order to establish 
a competent management of the innovation’s process of their companies. The fact that these enterprises 
belongs a family members, there are a strong influence promoted by them during the exercise of their 
leadership, which concentrate the decision-making power on them. Usually, this contributed to produce a 
strong influence on a negative way in the creation of a favourable environment for innovation, which 
must permeate all levels of the organization. 
   The Innovative Ambience (2.7) with the score obtained also spells out the gaps present in the use of 
external sources of knowledge, which could be obtained through partnerships with universities, customers 
and suppliers, support entities, attendance at conferences, seminars and customers. These actions promote 
the generation of knowledge and its exchange would allow the acquisition of rights for technical 
information, developing expertise and skills external and internal, which confirms the low score by 
degree of Supply Chain dimension (2.8). For this reason, it is possible to observe that these companies do 
not seek a managerial way in a holistic vision and synchronized actions in order to promote a favourable 
environment for innovation (TIDD et al. 2008). It is also perceived that these organizations tend to 
prioritize the vision inside the companies, as also do not tend to identify best practices in the market in 
order to exploit them, imitate them or even improve them as a form to obtain competitive advantage, as 
placed by Tidd et al. (2008). The visions of the authors listed above, underline the importance of both, 
internal and external environment to the generation of new ideas, and more, to help the organizations to 
break paradigms in order to create levels of innovations more effective and differentiated. In addition, to 
the data obtained by the dimensions analyzed, it was possible to accomplish also, a comparison of 
companies by their degree of general innovation, demonstrated by the Pareto’s Diagram indicated by the 
Figure II. 
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Fig.II  
Innovation Score of the studied enterprises. 
Source: Elaborated by the authors. 
 
 
   The interpretation of the Pareto’s Diagram realizes that company B and E achieved a higher score on 
the degree of innovation and the company C, the lowest index. It should be noted that the companies B 
and E act on technology segment and company C in trade, which in principle could explain the score 
obtained by them. The interpretation of the dimensions of the radar must take into account that they are 
interdependent and any change in one of the dimensions resonates at different intensity in others. The 
inferential statistical analysis used in this article was the non-parametric method by Kruskal-Wallis test 
by means of an assessment performed with a significance level of 5 %. The choice of the non-parametric 
test was due to the fact that the sample is small and the distribution is not normal. After the test run, we 
obtained the following value for the p (value) = 0.021 and, therefore, lower than the value of 5% of 
significance. This result implies the existence of differences between the averages of the different dimen-
sions of radar, rejecting the null hypothesis, that all the averages would be equal, as shown in Table III. 
 
 
Table III 
TesteKruskal – Wallis: p value.  
Source: Elaborated by the authors. 
 
 
Table III - TesteKruskal - Wallis: p value 

Test Statisticsa, b 
  Value 

Chi-Square 23, 948 
df 12 

Asymp. Sig. 0, 021 
Source: Elaborated by the authors 

 
 
   The value of p (value) = 0.021 reinforces the existence of differences between the mean dimensions of 
the Radar of Innovation, which allow its used in future researches. 
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4 Conclusions 
 
It was observed that the dimensions with a higher average of the Innovation Radar were the Platform 
(4.5) and Offer (4.0). In this way, it can be concluded that the companies studied have greater focus on 
the use of common technologies, which help them in launching products that add value to your 
customers. These companies in a certain way perceive the importance of innovation in aspect of 
competitiveness either to assure their maintenance or perpetuation in their actuation markets. In this way, 
the generation of something new, or actions to improve the products are effective at everyday actions in 
these companies. On the other hand, the dimensions of Supply Chain (2.8), Innovative Ambience (2.7) 
and Process (2.3) had lower degrees of score in the companies analyzed. It is clear that the management 
of the innovation process, it is not understood yet in a systematic way, not encouraging the environment 
for the generation of challenging ideas and not allowing the effective both participation of the employees 
and the supply chain on it. This lack of understanding and organizational synchronicity restricts the 
prospecting of new arenas to enlarge the competitive field of companies studied. Restricts the 
participation of persons within and at the same time reduces the participation and the exchange of 
knowledge with the external environment of these companies. One of the relevant aspects is the barrier 
built by the owners, inhibiting the effective participation of the people in the generation of new ideas. The 
model of the Radar Innovation proved to be important to measure the degree of innovation of the 
companies and the authors recommend that it is could more widely used and refined, so that it can be 
developed with the aim of better assess the degree of innovation of enterprises. 
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Multicriteria Model for the  
Management and Maintenance  
of Critical Assets 
 
Gómez A1, Carnero M C2 
 
 
Abstract: This paper describes an innovative multicriteria model built by integrating Markov chains and 
the multicriteria technique Measuring Attractiveness by a Categorical Based Evaluation Technique 
(MACBETH) for asset management in a health centre. In this case study, the model assesses decision 
making in the choice of optimal maintenance policies for critical care facilities such as those that treat 
contagious patients with hepatitis B and C. The model gives the most appropriate maintenance policies to 
apply and the possibility of taking further action such as including redundancy in equipment and 
facilities. The results are that corrective and preventive maintenance policies, together with two backup 
machines, is the ideal alternative in subsystems used for dialysis in contagious patients with hepatitis B 
and C. 
 
Keywords: Maintenance; Healthcare Organization; MACBETH; Markov Chains. 
 
 

 
 
1 Introduction 
 
In healthcare organizations technologically complex equipment and facilities are found alongside 
conventional machines and apparatus; furthermore, the direct interaction between healthcare equipment 
and patients means that the technical services of healthcare organizations work with the goals of 
availability, safety and quality of the service provided, much more than other organizations.  
   The influence of medical technologies on diagnostic capacity and the treatment of patients is well 
known, as are the significant consequences for patient safety; nonetheless, the great importance of the 
maintenance of these technologies and apparatus is not generally recognised (Guelbenzu and Dueñas, 
1990), as they are considered a support service rather than an integral part of medical treatments.  
   The choice of maintenance policy is a complex decision which should take into account strategic 
questions that tie in with strategic maintenance and so, through the business strategy, with technical 
matter related to, for example, the failure modes of machines. It is, therefore a decision that requires deep 
reflexion as it is necessary to consider a variety of quantitative and qualitative criteria, which justifies the 
use of multicriteria techniques. 
   This paper sets out an innovative multicriteria model built by integrating Markov chains for reparable 
systems and the technique Measuring Attractiveness by a Categorical Based Evaluation Technique 
(MACBETH) to perform optimal decision-making in the management of critical assets in the subsystem 
of dialysis for infectious patients with hepatitis B and C. The fact that the model provides the best 
combination of maintenance policies to apply, rather than a single option, and it also assesses the 
possibility of taking further action such as including redundancies in equipment and facilities, is 
especially relevant. 
   Section 2 gives an introduction to Markov chains for repairable systems as applied to the subsystems 
analysed. Section 3 describes the multicriteria model. Section 4 gives the results obtained. Section 5 sets 
out the conclusions, section 6 the acknowledgements and section 7 the references. 
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2 Markov Chains for Repairable Systems 
 
Reliability )(tR , unreliability )(tF  and maintainability )(tM  are defined based on equation (2.1) 
(Creus, 2005), where λ is the failure rate and µ is the repair rate. 
 
 

tttt
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The equivalent of the unreliability or probability of change of state in Δt is defined as 

)....1()( nijtPij +=∀Δ . Each element of the matrix shows the repair starting from state k, determined 

by the equation (2.2) (Hillier et al., 2002). 
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   Substituting equations (2.1) in (2.2) and rearranging is obtained the final non-homogeneous system of 
equations is shown in matrix form in equation (2.3) (Hillier et al., 2002). 
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   The subsystem for dialysis of infectious hepatitis B and C patients consists of a dialysis machine for 
each patient treatment area, with a total of three areas.  
   λ1, λ2, µ1 and µ2 are defined as the failure and repair rates of each monitor with the presence of a 
maintenance technician or by notification to the official repair service, respectively. 
   Two alternatives are considered for improving availability; adding one or two reserve dialysis machines 
to the set, with the workload proportionally distributed, and with the same operating conditions as the 
others. D0m, D1m and D2m are defined as the availabilities in the case of there being no, one or two reserve 
machines, respectively. It is considered that, once repaired, they are in perfect working order with a useful 
working life that is the same for each of them. The resulting Markov graph is shown in Figure 1, where 
the 0 state is associated with the normal working of the system, with all the machines operating; state 1 
with failure of the first machine; state 2 with failure of a second machine and state 3 with the failure of 
the third machine. The resulting transition matrix is shown in equation (2.4). 
 
 
 
 
 
Fig.1  
Markov graph for the subsystem of dialysis  
for infectious hepatitis B patients. 
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   Mean availabilities are calculated from the Weibull distribution associated with the behaviour of the 
failures in mechanical and electromechanical components.  
   Mean availabilities for the original subsystem and for each of the proposed alternatives for 
improvement are: D0m=C0; D1m=C0+C1 and D2m=C0+C1+C2; where Ci are the coefficients obtained by 
resolving this series of equations, for each alternative. 
   The subsystem for dialysis of infectious hepatitis C patients comprises five treatment areas, with one 
machine per area. λ1, λ2, µ1 and µ2 are defined as the failure and repair rates of each monitor where a 
technician is present, or by notification to the official repair service, respectively. Two possibilities for the 
improvement of availability are considered, which involve adding one or two reserve machines to those 
available, with the same working conditions as the others. D0m, D1m and D2m are defined as the 
availabilities in the case of there being no, one or two reserve machines, respectively. It is assumed that, 
once repaired, they are in perfect working order with the same useful working life as the rest of the 
machines. The resulting Markov graph is shown in Figure 2, where the 0 state is associated with the 
normal working of the system, with all the machines operating; state 1 with failure of the first machine; 
state 2 with failure of a second machine and state 3 with the failure of the third machine and so on up to 
state 5. Now the transmission matrix corresponding to the Markov graph is obtained (see equation (2.5)). 
 
 
 
 
 
 
Fig.2  
Markov graph for the subsystem of dialysis 
for infectious hepatitis C patients. 
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   Mean availabilities for the original subsystem and for each of the proposed alternatives for 
improvement are: D0m=C0; D1m=C0+C1 and D2m=C0+C1+C2; where Ci is the coefficient obtained by 
solving the above system of equations, for each action. 
 
 
3 Multicriteria Model for Optimum Decision Making in Critical Asset 
Management 
 
MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique) (Bana e Costa and 
Vasnick, 1999) builds a cardinal scale of the alternatives, based on the information provided by the 
decision centre, for each pair of criteria submitted for judgement, so that this information is a group of 
attractiveness differences between the two stimuli. MACBETH has been applied in a number of real 
cases: Bana e Costa et al. (2008), Mateus et al. (2008), Bana e Costa et al. (2012) and Méndez (2014). 
 
 
 
 

 

!
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3.1 Criteria, Indicators and Weighting Process 
 
The hierarchical structure of the decision model is shown in Figure 3. Each criterion uses an indicator 
with an associated scale, wherein the normal and good reference standards necessary for applying the 
model MACBETH have been identified (Bana e 
Costa et al., 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Hierarchical structure. 
 
 
   The following criteria were used: 
 

•!Costs (CO). This criterion considers the annual repayment costs of equipment 
purchase, infrastructure, introduction and setting up, including labour and materials, 
as well as maintenance. In this case, the annual costs of maintenance, including labour 
and materials, are considered. Corrective maintenance has a maximum response time 
of 24 hours from the official repair service, and is immediate if there is an in-house 
repair team. For the hepatitis B subsystem, €12,000 is considered a good level and 
€14,000 is the neutral value. For the hepatitis C subsystem, €18,000 is the good level 
while €20,000 is the neutral level. 

 
•!Acceptance rate among professionals (AP). This criterion considers the degree of 

satisfaction among those professionals responsible for maintenance. The scale levels 
of the associated indicator range from very good, where the professional feels 
confident of the diagnoses of the breakdowns analysed, and can programme the 
appropriate maintenance response jointly with the other subsystems involved, to very 
poor, where the professional does not feel any confidence in the diagnoses of the 
breakdowns analysed, and the corrective action in the subsystem must be carried out 
immediately. 

 
•!Quality of care (QC). This criterion takes into account the impact on the patient, 

bearing in mind the time that the subsystem is down, by considering mean 
availability. Impact levels range from good, where the mean availability of the 
subsystem is greater than 0.9990, to poor, which is held to be a mean availability for 
the subsystem of less than 0.9960, where a stoppage of the subsystem might occur. 

 
•!Impact on care coverage (IC). This indicator assesses the capacity of the subsystem to 

cover the various dialysis needs that patients may have. The scale levels used go from 
the highest level, in which the subsystem can carry out dialysis sessions on patients 
from other health areas, up to an increase of one hundred percent over the normal 
capacity during normal working hours, to the lowest level, where the subsystem has 
no capacity to carry out dialysis sessions on patients not included in the normal 
programme. 

 
   To obtain the weightings of the criteria in each area the following procedure is applied. Firstly, the 
possibility of an alternative that is at the neutral level in all the criteria and indicators is considered. The 
extent to which a change from the neutral level to the good level in each indicator would increase the       
preference for this alternative is assessed, using the semantic categories of MACBETH. This gives an 
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ordering of the indicators as a decision matrix. Next a comparison is made between how preferable a 
change from the neutral level to the good level is in the first indicator with respect to the change from the  
neutral level to the good level in the second indicator. The comparison is repeated between the first   
indicator and the third, and so on. The process continues by rows, completing the decision matrix (Bana e 
Costa et al., 2012). Equation (3.1) shows the decision matrix using the pairwise comparison scales of the 
MACBETH method. The weightings !" of the criteria obtained are: !#$ = 44.44;!)$ = 33.33;!$+ =
16.67;!/0 = 5.56. A similar process has been used to obtain the matrix for the scale levels of each 
indicator. 
 

QC444444IC44444444444444444444444CO44444444444444444444444444444444444AP444444444
QC
IC
CO
9:

0 4444weak
44440

4444moderate − strong
4444moderate − strong

4440

44strong
44moderate − strong

44weak
440

 (3.1) 

 
 
3.2 Alternatives  
 
The following alternatives for both dialysis subsystems are considered: 
 

•!Corrective and preventive maintenance with a technician present in every shift (Alt 1). 
 
•!Corrective and preventive maintenance plus a reserve machine (Alt 2). This 

alternative includes the first, but also gives the opportunity to substitute a monitor for 
the one which is not working, with a changeover time estimated as nil.  

 
•!Corrective and preventive maintenance with two backup machines (Alt 3). In this 

case, the maintenance is carried out by contract with the Authorized Repair Service, 
not present at the hospital, with full cover.  

 
Mean availability obtained by each alternative under consideration is shown in Table 1. Similarly, it was 
necessary to assess the impact of each alternative on each criterion. 
 
 
Table 1  
Mean availability of each subsystem for each alternative. 
 

Alternatives Alt 1 Alt 2 Alt 3 

Dialysis of infectious hepatitis C patients 0.9832 0.9998 1 

Dialysis of infectious hepatitis B patients 0.9899 0.9999 1 

 
 
4 Results 
 
The results obtained are that having corrective and preventive maintenance policies with two backup 
machines is ideal (see Table 2) (Gómez, 2013).  
   In the case of the subsystem dialysis of infectious hepatitis B patients, currently corrective maintenance 
and preventive maintenance are being applied, with a technician present during each shift. This 
alternative gives an availability of 0.9899, while the multicriteria model selects an alternative which 
would allow an availability of 1 (Alt 3), although it would involve an increase in total annual cost of 
€3,000. 
In the case of the subsystem dialysis of infectious hepatitis C patients, currently corrective maintenance 
and preventive maintenance are being applied, with a technician present during each shift. This 
alternative gives an availability of 0.9832, while the multicriteria model gives an alternative with an 
availability of 1 (Alt 3), at the same time reducing the costs by €1,950 a year. 
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   In both subsystems, it should be borne in mind that the selected alternative (Alt 3) allows a number of 
patients to be attended who need urgent treatment at any time; this would mean that the care service could 
be offered entirely on the premises. If alternative Alt 3 is not chosen, part of the care service would have 
to be carried out off-site, with the consequent increase in costs. 

 
Table 2  
Preference level for each action in each subsystem. 
 

Alternatives Alt 1 Alt 2 Alt 3 

Dialysis of infectious hepatitis B patients 57.86 84.97 96.19 

Dialysis of infectious hepatitis C patients 26.42 49.73 80.00 

 
 
 
5 Conclusions 
 
The innovative multicriteria model described allows optimal decision-making in the management of 
critical assets by health care organizations. The model uses Markov chains for repairable systems, 
together with the MACBETH multicriteria technique, giving the best combination of maintenance 
policies. This model facilitates objective decision-making, based on mathematical methodologies in an 
environment where decisions have traditionally been based on experience. The results obtained in this 
case study, applied to subsystems of dialysis for infectious patients with hepatitis B and C, show how new 
alternatives in the management of critical assets have a decisive influence not only on maintenance costs, 
but also on availability, and so on the quality of healthcare. 
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Inovation Management in a  
Public Service Company 
 
Mena G1, Gonzalez G2, Olmo M3, Maeso E4 
 
 
Abstract: This paper focuses on the analysis of organizational factors and management practices that 
favor an efficient technological innovation in public sector companies of services. The aim is to show 
whether the factors determining of successful innovation identified in the literature are fulfilled in these 
businesses. We analyze how these factors are attended in a company chosen object of study justified by 
its excellence in its sector. This analysis allows us to advance in the design of management patterns of 
innovation applicable to this type of companies. 
 
Keywords: Technological Innovation, Innovation Management, Transport, Case Study. 
 
 

 
 
1 Introduction 
 
The economic environment has changed drastically in the last years due mainly to the revolution brought 
about by information technology and communication and, in general, by the rise of knowledge-based 
economy or one that depends on knowledge, information and the high-level training. 
   The development in advanced economies has led to significant progress in the study of innovation; 
however it has focused primarily in the industrial sector. The growth of services in global economies 
cannot be ignored and simply assume that follows the same patterns and processes in the industrial sector 
(Miles, 2005). Moreover, innovation, itself, has been led by the private sector; in fact, most of the 
research on innovation refers to it. There is a significant knowledge gap regarding the public sector, 
where quality research is quite limited. A key question would be how transferable are the interpretations, 
perspectives and approaches (Mulgan and Albury, 2003). The innovation management includes 
management of R&D but also managing the launch of new products and the study of the success or 
failure (Escorsa and Valls, 2003). Since the mid-twentieth century, many authors have attempted to 
empirically identify key factors associated with successful management of innovation (Freeman 1982; 
Cooper, 1979; Quinn, 1986; Fernandez and Fernandez, 1988; Compain, 1990; Rothwell, 1992 Tidd et al., 
1997; Benavides, 1998; Gurteen, 1998; McAdam and McClelland, 2002; Barañano, 2005; Suarez et al., 
2007). All these authors agree that the success or failure is not determined by a single factor, since no tool 
or form of business management alone achieves the ideal environment to encourage and support 
innovation. Although the different factors that promote innovation in business, organizational type are the 
most influential (Naranjo et al., 2012).  
   In this context, given the importance of innovation and management for companies and public sector 
services is considered interesting to deeply deal with the key factors for successful management of 
innovation in these businesses in particular. The case of a public service company with high innovative 
activity in which we study how attended factors are and management practices identified in the literature 
are analyzed. 
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2 Literature Review 
 
Innovation processes differ greatly by sector of activity concerned. In the services sector in which it 
innovates by introducing progressive continuum changes in products and processes, the distinction 
between the two types of innovation is not clear, since the production and consumption occur 
simultaneously. According Howells and Tether (2004) services can be classified in four groups: those 
relating primarily to property (such as transport and logistics), linked to information (such as customer 
service centers), based on knowledge and on persons (eg healthcare). Although it is necessary to consider 
this diversity you can, however, identify general characteristics applicable to majority of services. This is 
a sector that has traditionally been considered delayed in the the field of innovation, and a good example 
of this is that the first analysis of its role in innovation does not appear until the 80s (Camacho and 
Rodriguez, 2005). So Gershuny and Miles (1983) were pioneer in note the potential of ICTs to improve 
the cost and quality of services, to be based largely on the information. Although traditionally this sector 
has been dominated by technology suppliers. The growing recognition of the importance of innovation in 
the service sector and the contribution of this sector to economic growth has led to different studies have 
been made on this subject (Jong et al., 2003; Hauknes, 1998; Howells and Tether, 2004; Miles, 2005; 
Lopez et al., 2011). Although it was not until 1990 when the first attempts to establish some kind of 
pattern, giving as taxonomies result of innovation in the tertiary sector (Soete and Miozzo, 1990 arose; 
Evangelista and Savona, 1998; Evangelista, 2000; Gallouj and Weinstein, 1997; Gallouj and Gallouj, 
2000; Gallouj, 2002 a, b). Also, the third edition of the Oslo Manual (2005) includes specific aspects of 
innovation in the services sector. 
   The benefits of innovation in the public services are many. Their successful innovation depends on 
developing better ways to meet needs, solve problems, increase responsiveness to local and individual 
needs, keep up with the needs and public expectations and efficiently use resources and technologies 
(Mulgan and Albury, 2003). Although innovation is often seen as a luxury option or an additional burden, 
it should be seen as an essential activity. However, there is a shortage of high quality research on 
innovation processes in non-market sectors. As shown in the Oslo Manual (2005), there is much work to 
be done in the study of innovation and the development of a framework for data collection innovation in 
the public sector. Therefore, as mentioned Salazar and Holbrook (2004), improvements in the public 
sector are expected to be greater in the near future. 
 
 
3 Methodology 
 
In methodology technique called “content analysis” is used, a systematic and reproducible literature 
review on a particular issue, to find out where and how research efforts are focused and to discover 
research gaps or opportunities. The words used for the search are: key factors in innovation, management 
innovation, innovation in business services and innovation in the public sector. Journals that represent the 
state of art of the selected topic, as well as books and other documents of interest were selected. Then the 
key factors of innovation management are identified. We choose to follow the taxonomy given by 
Hidalgo et al. (2008), to be one of the most accepted, which classifies the factors that characterize the 
innovation process into external and internal. External factors are associated with the sector to which the 
company belongs, the institutional context that surrounds it and the characteristics of the economic policy 
that affects it. While internal factors are the result of actions of the company and depend on the ability of 
management to consolidate the dimensions of quality and productivity (short term) and the ability to 
create, at lower cost and faster than competitors, technologies, skills and essential skills to generate 
innovative products or services (long term). These key factors identified will be examined in the company 
under study (Table 1). 
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Table 1  
Internal Key Factors in innovation management. 
Source: Author's own, from Hidalgo et al., 2008 
 
 

Human Factor 

1. Develop creativity and curiosity about the unknown 
2. Enhance teamwork 
3. Develop a specific style of management based on leadership, motivation and 
commitment to the development of human capital of the company 

Organizational 
Factor 

4. Implement procedures to identify opportunities 
5. Being open to cooperation with other organizations/participation in networks 
6. Implement processes of planning and control and indicators to measure 
technological innovation 
7. Apply techniques of innovation management 
8. Integrate technological innovation at the functional level 

Business – 
Market Factors 

9. Accept risk 
10. Pay special emphasis on meeting customer needs and involve in the process 
of developing the product or service (market orientation) 

 
 
   For our study we have chosen Malaga Transport Company (EMT) for being a leading company in its 
sector for its innovation nationally and internationally. Data collection company has been conducted 
through interviews with the managers and analysis of internal company documentation. This allows to 
understand the manner and degree of implementation of the key factors identified allowing us to compare 
their level of kindness and efficiency. 
 
 
4 Case of the Malaga Transport Company (EMT) 
 
The Malaga Transport Company is a public company founded in 1984. Since 1991 major technological 
innovations are made with a clear commitment to customer orientation, as improved schedules and 
frequencies, modernization of the fleet and the incorporation of cleaner fuels, which has been granted a 
national and international recognition in its sector. In addition, EMT has been honored with numerous 
awards, highlighting the Gold Seal for Excellence in Public Administration, awarded by the State Agency 
for the Evaluation of Public Policies and Quality of Services AEVAL (2010). 
 
 
5 Results 
 
Now, we study whether the innovation management key factors are present in the company case study 
and in what form. 
 

1.! Develop creativity and curiosity about the unknown. To reach a creative idea 
generation atmosphere, the EMT process begins from above, ie from the direction that 
promotes the involvement and participation of staff in improvement activities of the 
company. 

 
2.! Enhance teamwork. The EMT consider that the main capital of the organization is the 

people who are as stated in its Strategic Plan. Its strategy is to improve the capacity 
for teamwork. So, working and improvement groups are created to operate with 
established objectives and are dissolved when they reach their achievement. 

 
3.! Develop a specific style of management based on leadership, motivation and com-

mitment to the development of human capital of the company. The direction of EMT 
care specifically that there is an effective communication system. Communication 
needs are identified in the EMT through a policy of “open doors” which ensures that 
managers are accessible and facilitates communication “everybody”, maintaining a 
suggestion box, and by analyzing nonconformities cause of miscommunication. 
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Regard to internal communication, EMT has several means which serve as an 
information portal. Internal network or “Intranet” and the external network or 
“Employee Portal”. The continuing increase of the number of hits on both networks 
demonstrate that it is an element of consultation and disclosure of important 
knowledge. To strengthen external communication, has established an ongoing 
dialogue with shareholders of the company, primarily those with more influence as 
the city of Malaga (weekly meetings), users (regular satisfaction surveys and through 
web) and partners (according to the needs of the projects). 

  
4.! Implement procedures to identify opportunities. This is to give the company a techno-

logical surveillance system to pay attention to market trends and competitor behavior 
in order to identify opportunities. Currently, the monitoring process of EMT based on 
attendance at conferences and fairs, participation in technical seminars, reading 
technical magazines, etc. It is sufficient, however, the implementation of a 
technological surveillance system according to the UNE 166006 would be 
recommended in the event that a substantial increase in the information to be treated 
should occur. 

 
5.! Being open to cooperation with other organizations through participation in networks. 

The EMT develops and manages innovative projects establishing external 
partnerships through temporary agreements. Stand into partnerships with technology 
providers, with financial institutions and other agencies and administrations 
(University of Málaga, Malaga City Council and the Junta de Andalucía). Of all the 
associations of the transport sector which is linked to the EMT, it can highlight its 
relationship with ATUC and UITP. His performance is not limited to belong to them 
as members, but to be in the main organs of management and administration. Today, 
in addition to finding a strategic ally in these organisms have in mind the growing 
need to establish relationships between universities and companies. Since, universities 
serve society for the creation, development and transmission of science, technology 
and culture. And the companies realize the need to innovate and due to the lack of 
funds seeking new sources of research in universities. The EMT aware of this reality 
is linked to the University of Malaga in 2004 constituting the Department of Transport 
Management aimed analysis, research and teaching of reality, the problems and 
prospects of transport. In this respect, communication between the department and 
EMT contribute to the generation of ideas and proposals, and is flexible and informal, 
according to the needs of different projects. 

 
6.! Implement processes of planning and control and indicators to measure technological 

innovation. Regarding the existence of planning and project management innovation, 
although the EMT has not implemented a management system R&D&i constitution 
according to the UNE 166002 would be feasible because it meets most the 
requirements of the standard, failing to specify the control that the company has to 
perform the R&D&i that runs every foreign company with which signed cooperation 
agreements for most of the innovative activity. 

  
7.! Apply techniques of innovation management. The EMT adopts these techniques 

through a strategy of improvement based on continuous training and adapted to all 
levels of technical knowledge management, human resources, process improvement, 
etc. 

  
8.! Integrate technological innovation at the functional level. Although the EMT has a 

functionally departmentalized organizational model boasts a flexibility in its 
operations, a climate and coordination mechanisms that approaches a flattering 
administrative adhocracy innovation. The direction of the company encourages 
innovations arising from any department and according to the project is decided on 
which it falls leadership. 
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9.! Accept risk. The assumption of risk and management support projects seen as they 
are driven from the address itself, with interdisciplinary teams, where risks are 
analyzed, evaluated and corresponding contingency plans are designed. 

 
10.!Pay special emphasis on meeting customer needs and involve in the process of 

developing the product or service (market orientation). The external orientation of the 
EMT is observed in their approach towards the user and citizen, explicit in their 
strategic values, and promoting the interaction of leaders EMT with customers, 
partners and other stakeholders in the innovation process (Table 2). 

 
 
Table 2 
Leader Relationship Matrix.  
Fuente: EMTSAM, 2011 
 
 

INTEREST 
GROUP 

PERSONS / 
ORGANIZATIONS 
INVOLVED 

LEADERS INVOLVED ASSOCIATED ACTIVITIES 

Customers Citizens 
Users 

Management 
Management Committee 

Surveys, interviews and client 
Committee 

Community Neighborhood and 
disabled associations 
Consumer organizations 

Management 
Management Committee 

Focus Group 
Interviews 
Delphi 

Society 

Schools Management 
Management Committee 
Department heads  

views 
Open Days 
EDUCATIONAL BUS 

University of  Malaga Department heads University practices 
Business Schools Managers and executives Lectures and presentations 
Media Management Community Information, news,articles 

 
 
 
6 Conclusions 
 
The study of influential innovation in enterprises has been discussed by many authors and from different 
points of view but particularly has focused on the analysis of industrial companies variables. However, as 
has been verified during the review of the literature, is reaching more and more booming research on 
innovation given the growth of these and their contribution to the global economy services sector. The 
current economic situation is making special attention to the effectiveness of innovation in general in all 
sectors and particularly in the public sector as to increase its efficiency is provided. 
   The analysis of the degree of development of the key internal factors for the success in innovation 
management in the case of the Malaga Transport Company shows that most of them are clearly present. It 
would be advisable to sample a greater number of public companies engaged in the provision of different 
services, highlighted in each sector, on the degree of innovation and continue accumulating knowledge 
which would allow us to advance in the study of patterns of innovation to follow in public service 
companies. 
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Multi-Objective Optimization  
for Mixed Model Automotive  
Production Lines 
 
Currie K1, Motlow E2 
 
 
Abstract: This paper focuses on a multi-objective optimization methodology for mixed model production 
lines such as automotive assembly facilities. In General Assembly production lines the time taken to 
rebalance assembly tasks when models and production volumes change may take two weeks or longer. 
The proposed methodology optimizes cost, quality and safety of a mixed model automotive production 
line to meet changing customer demands.  This is accomplished by using a Genetic Algorithm (GA) to 
manipulate assignment of tasks to specific work-stations to optimize resulting job loading, the probability 
of missed operations, minimizing ergonomic stresses of task assignments.  Data indicates that a GA 
integrating assembly precedents and key indicators of quality and ergonomic stresses has the potential to 
be a powerful tool to identify optimum task to workstation assignments. 
 
Keywords: Mixed Model Production; Multi-Objective Optimization; Genetic Algorithms. 
 
 

 
 
1 Introduction 
 
When designing an automotive production line, manufacturing engineers are challenged to maximize 
output, minimize quality issues and minimize ergonomic concerns for employees.  Because of the 
criticality of optimum design to overall profitability, there is significant research and literature available 
on how to perform this optimization.  These optimizations are generally based on forecasted overall 
demand and product mix.  However, changes in consumer demand can dramatically alter actual demand 
and product mix.  Production Managers indicate it can take up to two weeks to identify the need for and 
re-adjust task/workstation assignments to maintain optimum production environment with changes to 
product mix.  The ability to quickly identify opportunities to adjust task/workstation assignments to 
maintain production efficiency, quality and safety is invaluable to an Operations Management Team.  
 
 
2 Literature Review 
 
Thomopoulos presented the first procedure to adapt single-model line balancing techniques to mixed-
model schedule.  In this paper, he also introduced a sequencing procedure for determining the order in 
which the models should be assembled on the line (Thomopoulos N. T., 1967). This procedure could not 
be used for solving large-scale problems.  Thomopolous then extended his work by modifying the mixed 
model line balancing procedure to incorporate smoother workstation assignments on a model-by-model 
basis (Thomopoulos N. T., 1970). Thomopolous defined three main objectives of the smoothed station 
assignments.  The three objectives included adherence to precedence restrictions, seeking station times 
that were approximately equal to the cycle time, and equalizing the total workload for each model over all 
the workstations. 
   Matanachai and Yano (Matanachai & Yano, 2001) developed a heuristic solution, considering the effect 
of within-station diversity as a component of its objective function.  Their objective function considered 
total job balancing between workstations, job balancing between models within workstations, and job 

                                 
1 Kenneth Currie (krcurrie@mail.wvu.edu)  
   Department of Industrial & Manufacturing Systems Engineering,  
   West Virginia University Morgantown, WV 26508, USA. 
2 Erika Motlow  
   Canon County High School, Woodbury, TN 37190, USA. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 684 

balancing between models from workstation to workstation.  In their study, they assumed both number of 
workstations and cycle time were provided. 
 
   Simaria and Vilarinho (Simaria & Vilarinho, 2004) presented a mathematical programming model and 
iterative genetic algorithm-based procedure for the mixed-model assembly line balancing problem with 
parallel workstations.  Their goal was to minimize cycle time of the line and balance the workload 
between workstations for a pre-determined number of workstations. 
 
   Merengo, Nava, and Pozzettis (Merengo, Nava, & Pozzettis, 1999) developed a balancing algorithm to 
minimize workstations and minimize rate of incomplete jobs.  Their approach was to minimize the rate of 
incomplete jobs by balancing the total workload across workstations and the workload of each model 
between workstations.  They considered job sequencing separately from their balancing algorithm. 
 
   Bradley and Blossom (Bradley & Blossom, 2001) investigated increasing product mix flexibility in 
mixed model assembly lines. They recommended aggressively buffering a workstation for an assembly 
line to be flexible with regard to a fluctuating product mix.  This minimized an adverse impact to 
overhead costs such as rework. The authors used a simulation experiment to investigate the effect of 
adding buffer capacity at strategic locations. 
 
   Because of the variety of research with mixed-model assembly line balancing, several researchers have 
focused on analyzing and classifying the available research. One document (Emde, Boysen, & Scholl, 
2010) reviewed the different approaches to balance workstations. They took these different approaches 
and ran them through a simulation to see which approaches better reduced short-term work overloads.  
Another (Boysen, Fliedner, & Scholl, 2006) created a classification scheme for assembly line balancing 
and classified many works with this scheme.  The scheme on three elements included the precedence 
graph characteristics, station and line characteristics, and objectives. 
 
   In going beyond cycle time optimization, (Choi, 2009) created a mathematical model to minimize 
processing time as well as physical workload.  This recognized the need for optimization to consider 
factors beyond production efficiency. Choi utilized a goal programming approach, solving a problem to 
identify the minimum cycle time and physical workload, and then solving a third problem minimizing the 
deviation from the previous solutions. 
 
   The existing research lays the foundation and acceptance for mixed model production lines as a design 
to optimize production output and computer modeling as an effective tool in determining optimum 
workstation assignments. In considering overall profitability of a given production line, product quality is 
a significant driver.  The opportunity to include quality indicators in the optimization of task assignment 
appears to be overlooked in existing research.  This research further differs from those mentioned by 
driving changes in the workstation configuration from customer demand changes (whether that is a 
change in total demand or product mix). 
 
 
3 Methodology 
 
The goal for this research is to determine if a Mathematical Model can be developed to identify changes 
to a mixed model production line to improve efficiency and reduce missed operations and ergonomic 
concerns. 
 
An ideal program allows the user to input changes to:  
 

•!Model Mix  
•!Product Cycle Time 

 
And outputs recommended assignment of tasks to specific workstations to: 
 

•!Minimize Ergonomic Stressors 
•!Minimize the probability of Missed Operations 
•!Reduce Number of Workstations 
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As a foundation for these calculations a working knowledge of the following for the specific production 
line to be modeled is needed: 
 

•!Required Tasks 
•!Cycle Time per Task, per Model 
•!Task Precedents 
•!Ergonomic Indicators by Task 
•!Quality Indicators by Task 

 
Underlying the entire model are the following assumptions: 
 

•!No limitations to workstation assignment due to tools  
•!No limitations to workstation assignments due to training 
•!Cycle time of no individual task would exceed overall cycle time 

 
   In a separate research partnership, The Center for Manufacturing Research at Tennessee Technological 
University collaborated with a major automotive manufacturer. As part of this previous research, task 
data was collected for a mixed model production line.  Fortunately the data included all of the critical data 
points required to model the existing product line. For this research analysis, assembly operations of three 
production teams incorporating 11 workstations were selected. All workstations are included in single 
production line, supporting three production models including a two-door sedan, four-door sedan and 
wagon.  The workstations included 53 specific tasks for assignment. 
 
   A Genetic Algorithm (GA) forms the basis for the programming logic.  As would be expected, a GA 
utilizes the process of natural selection and survival of the fittest considered key processes in the 
continuation of the species. The goal of the GA is to assign tasks to work stations and optimize overall 
performance to target cycle time while minimizing ergonomic and missed operation index. 
 
   Initially, the GA creates 40 feasible strings then evaluates the fitness function for each solution.  This 
function is the summation of three objective functions including: 
 

•!Job Loading   
•!Ergonomic Job Loading 
•!Missed Operations Index 

 
 
3.1 Job Loading 
 
The objective function in regards to job loading is to minimize workstation idle time by minimizing 1 - 
the maximum deviation of the sum of workstation task times as a percentage of cycle time. 
 

% Job Loading = 
("#$### %&'(

')* +'#)
-  (3.1) 

 
By minimizing the amount of idle time, the function will effectively minimize the number of 
workstations. 
 
3.2 Ergonomic Job Balancing 
 
The existing data includes several ergonomic indicators.  Each task is evaluated for key product and 
process factors on a scale of 0 – 3. Product factors include weight, size, torque, clearance among others.  
Process factors include access, back posture, neck posture, and wrist posture as examples.  Since the goal 
is to minimize potential ergonomic stress, for each task the worse case (highest ranking) product and 
process score is selected. Summing the worse case product and process factors provides a 0 – 6 scale of 
the potential ergonomic impact of the tasks. Combining the scale factors and the percent static load per 
task, an ergonomic index Ergo Indexj was created for each task: 
 
   Ergo Indexj = (Worse Case Product Factor + Worse Case Process Factor) x Static Load Percentage 
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   This Ergonomic Task Index is multiplied by the weighted processing time and divided by 60 to 
generate a Weighted Ergonomic Index per Task.  The weighted indices are summed for each workstation 
to determine a Weighted Ergonomic Index per Workstation. 

 
Wtd Ergo Task Indexj = 

./01#234567#×#97
:;  (3.2) 

 
   The objective function identifies the workstation with the maximum Ergo Index and minimizes the 
normalized value when divided by the Total Wtd Ergo Index. 

 
Min Max – 

<=%# >?@#ABCD#EF@G%'
>DBHI?=?JDF#>?@#ABCD#EF@G%&K

&)*
 (3.3) 

 
 

3.3 Missed Operations Index 
 
The previous research, (Williamson, et. al., 1999) identifies factors with significant impact on missed 
operations including: 
 

•!Frequency of Use (Options or not) 
•!Continuity of Task System 
•!Continuity of Task Location 

 
   With tasks assigned to workstations, the program calculates the missed operations index by using the 
available data and the following scoring 
 

•!Option Content; 1 - No Options; 4 - Options Available 
•!System Continuity; 1 - all tasks same system; 4 - change in system within workstation 
•!Location Continuity; Location Front to Rear; Location Right to Left; Front to Rear Index + 

Right to Left Index + 1 
 
The overall workstation Missed Operations Index is the result of from multiplying the three factors 
together divided by the maximum potential score (64). 
 
The objective function for missed operations works to minimize this index. 
 

Min Max - Normalized Indicator of Missed Operations 
 
 

3.4 Overall Fitness Function 
 
As part of the initial data entry process, the user is provided the opportunity to weight the three objective 
functions.  Over fitness function with weighting is as follows 
   Weighted Fitness Function = 
 

w1*Max {1-% Job Loading}      + 
 
 

LM = w2*Max {Missed Operations Index}      +       3.4 
         w3*Max {Workstation Ergo Indicator}             

 
 
 
4 Results 
 
Figure 1 below demonstrates how the fitness function is optimized over time.  Note that with this model 
the idealized solution is achieved in the 153rd generation.  Table 4 demonstrates the outcome from the 
program with a recommendation of tasks to specific workstations. 
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Fig.1  
Generational Fitness Function. 
 
 
 
Table 1 
GA Results with Minimal Fitness Function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Conclusions 
 
The research presents a model for using GA to optimize an existing automotive production line to: 
Minimize Ergonomic Stressors, Minimize Missed Operations, and Reduce the Number of Workstations 
   The results indicate the ability of a program to quickly evaluate multiple alternative workstation 
assignments and return improved overall results driven by a dynamic market with changing demand and 
model mix requirements. The research also demonstrates the ability the analysis to weight value of the 
optimization functions to best meet the needs of the operations manager. 
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Proposal of a Management  
System for Preventing Intentional  
Food Contamination and the  
Improvement of the Supply Chain  
Security in the Food Sector  
of Guanajuato, Mexico 
 
Navarrete R1, Lario FC2 
 
 
Abstract: In general terms, the research focuses on a proposal formulation that allows establishing a 
management system for preventing intentional food contamination and the improvement of the security of 
the supply chain. The aim is to manage the intentional contamination risks by means of a methodology 
that encompasses a risk analysis. The proposal establishes a system that is able to promote the security of 
each link, causing the whole supply chain to benefit from it, from the farm to the final consumers. The 
initial study covers only the theoretical methodological proposal and focusses only on the companies of 
the alimentary sector of Guanajuato State in Mexico. However, it may extend into a research plan security 
of food supply chain. 
 
Keywords: risk management; food defense; supply chain management; supply chain security. 
 
 

 
 
1 Introduction 
 
Intentional food contamination represents a real and potentially catastrophic threat for the society, given 
that it can produce long reach disastrous effects, including direct morbidity and/or mortality, interruption 
of food distribution, loss of confidence from the consumers in the Government and the alimentary 
supply’s responsible parties, company bankruptcies, trade restrictions and serious economic effects 
(Busta & Kennedy, 2011). 
   Alimentary terrorism has been defined by the World Health Organization as “an act or deliberately try 
of food contamination for human consumption with chemical, physical or microbiological agents, with 
the purpose of causing damage or death to civil populations or to interrupt the social, politic or economic 
stability” (WHO, 2008; Veiga, 2011).  
   Terrorism directed towards the alimentary sector could have extreme consequences in civil populations, 
affecting their physical and psychological health, causing distrust concerning the safety of the affected 
food group (Onyango et al., 2005). Deliberate contamination of alimentary supply could have a 
devastating impact in public health and the global economy (DHSS, 2005). 
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   Brummer (2003) considers the following consequences: (i) physical consequences: an insufficient or 
non-edible alimentary supply. The direct results could be diseases and mortality, and indirectly hunger 
and malnutrition of the affected populations; (ii) psychological consequences: there may be problems in 
the consumers’ behavior, which could include the perception of an unsafe and vulnerable alimentary 
supply; (iii) political consequences that could end up in civilian discord due to the alimentary shortage, 
decline in confidence in governments, outbreaks of destabilization and anarchy (iv) economic 
consequences of variable length with loss of consumer trust and deterioration of the image in the market 
of the companies involved. 
   The Food Defense refers to the analysis, control and improvement of prevention mechanisms of those 
attacks; that is, the Food Defense involves a Risks Management. This management is based on the 
premise that absolute safety does not exist and that the reliability in each of the components, even the 
highest, does not imply reliability equivalent to the whole system. Risk management consists of 
recognizing the risks, evaluating them and regulating some in relation to others, leaving aside the attempt 
to restore situations in which the risk would be completely excluded (Dourlens et al. 1991). 
   The oversight in this matter can lead to an increase in the failure probability in the security of the 
alimentary supply chain (Food Supply Chain: FSC); and therefore, generate potentially high costs for its 
constituents. The Security in the Supply Chain is defined as the enforcement of policies, procedures and 
technologies to protect goods of the supply chains from robbery, damage or terrorism and to prevent the 
introduction of smuggled goods, people or weapons of mass destruction along the supply chain (Closs et 
al. 2004). As a way to make reference to the multiplicity of players and spheres of action, the term Supply 
Chain Security Management (SCSM) (Bowersox et al. 2007) has been coined. Hintsa et al. (2009) later 
incorporated to this definition the dimension of the systemic solution pointing out that each SCSM 
measure should be oriented towards prevention, detection or recovery from a criminal act as quickly as 
possible. 
   Finally, this paper includes results of research in the doctoral thesis of Navarrete et al. (2012), and 
previous results published in Navarrete et al. (2009); Navarrete et al. (2010) and Navarrete et al. (2011), 
given the general importance of the topic within the trade relations between US-Mexico. 
 
 
2 Objectives 
 
To make a proposal of a management system for preventing intentional food contamination and the 
improvement of the security of the supply chain in the alimentary sector of Guanajuato. 
 
 
3 Methods 
 
The development of this proposal has been carried out under an approach that results from adaptation 
(and/or combination) of different management systems that cover a risk analysis, such as the 
Management System of Information Security (MSIS), based on the standard ISO/IEC 27001. The 
proposed procedure has been prepared in compliance with the Good Manufacturing Practices (GMPs) and 
the recommendations of the Food Defense proposed by experts in the government, academic and private 
fields of the alimentary sector. A risk analysis approach was taken into account during the evaluations of 
the intentional contamination dangers of the supply chain links. 
   To establish and manage the Management System for the Prevention of Intentional Contamination 
(MSPIC), and the security improvement to the Supply Chain, the continuous PDCA cycle is used (Plan, 
Do, Check, Act), which is traditional in quality management systems (see fig. 1). 
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Fig.1  
Continuous PDCA cycle. 
Source: ISO/IEC 27001 (2005). 
 

•!Plan: establishes the MSPIC 
•!Do: implements and uses the MSPIC 
•!Check: monitors and reviews the MSPIC 
•!Act: maintains and improves the MSPIC 

 
 
3.1 Plan 
 
In this phase the MSPIC creation takes place, with the scope definition and the Security Policy. The 
range refers to the limits the MSPIC will have in terms of the characteristics of the FSC chain, its 
organizational structure, its location, its activities, its technology and the details of and justification for 
anything excluded from its range. The MSPIC policy as defined and approved by the management will 
in-clude: i) a key framework for objectives setting out a general sense of direction and principals for 
action relating to the prevention of intentional contamination; ii) the legal and commercial requirements; 
and iii) the definition of a criterion for evaluating risk that is in line with the organization’s strategic risk 
management framework. 
   The fundamental core of this phase as well as of the MSPIC is the risk analysis performance that 
reflects the current situation of the entity. For the risks analysis it is necessary to define an adequate risk 
evaluation methodology, besides establishing the risk acceptance criteria and specifying the acceptable 
risk levels. It is of utmost importance to identify the dangers within the business processes and 
infrastructure of the analyzed supply chain link. Afterwards, the risks related to the identified dangers are 
being evaluated. Some of the methodologies, which could be adapted for this purpose, although currently 
used in the field of information security, are Magerit (Methodology of analysis and risk management 
information systems); the methodology detailed in the ISO/IEC 27005 standard, OCTAVE (Operationally 
Critical Threat, Asset and Vulnerability Evaluation), etc. In the field of food safety, methodologies that 
could be adapted are ORM (Operational Risk Management), CARVER + Shock , or the methodology 
suggested for business processes in Navarrete et al. (2011). 
   Finally, the different risk treatment options are identified and evaluated. In this methodology, control 
objectives and controls are selected to improve food defense performance. 
 
 
3.2 Do 
 
In this phase the MSPIC’ policy and controls are implemented and operate with the risks treatment 
plan implantation and execution. The plan should identify the actions, resources, responsibilities and 
priorities in the risks management; with the purpose to achieve the identified control objectives. The 
possible actions for dealing with risk include: i) applying the controls; ii) consciously accepting the risk 
(doing nothing), as long as the criteria for risk acceptance are met; iii) avoiding risk (not carrying out the 
activity which entails risk); or iv) transferring the risk (for example by insuring or subcontracting). The 
controls have been prepared in compliance with the Good Manufacturing Practices (GMPs) and the Food 
Defense recommendations proposed by experts in the government, academic and private fields of the 
alimentary sector. The definition of metrics and indicators is important to evaluate the efficiency of the 
implanted controls.  



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 692 

   Training programs must also be established to ensure that the personnel who have responsibilities 
defined in the MSPIC are competent to perform the relevant tasks. 
 
 
3.3 Check 
 
During this phase different types of revisions are performed to check the correct system implantation. 
Among those, an independent and objective internal audit takes place; as well as a global review of the 
MSPIC by the Board.  
   Internal audits should be carried out at planned intervals to determine whether the controls, control 
objectives and system procedures: i) comply with legislation or international standards; ii) comply with 
good manufacturing practices (GMPs) and Food Defense recommendations; iii) are implemented and 
maintained effectively; and iv) are performed as anticipated. 
   The management must check the MSPIC at planned intervals to ensure continuity, effectivity and 
suitability. The results of both checks must be clearly recorded and the records must be maintained. 
   Some of the general objectives of these checks are: to identify the security gaps, to guarantee the 
effectiveness of the controls, to update the risks analysis or review the compliance with the MSPIC’s 
policy and objectives. 
 
 
3.4 Act 
 
The result of the reviews should be reflected in the definition and implantation of corrective, preventive 
and improved actions to advance in the achievement of an effective and efficient MSPIC. At this stage, 
the FSC chain must do the following: i) implement the identified improvements; ii) establish preventative 
and corrective actions; iii) communicate results and actions to those effected at an appropriate level of 
detail; and iv) en-sure that improvements achieve their stated objectives. 
 
 
4 Results 
 
The results from this research can be listed as follows: 
 

1.! A methodological option is provided: the improvement of the prevention of the intentional 
contamination based on a risks analysis. 

 
2.! The proposal establishes the use of metrics for the prevention of intentional food contamination 

and its possible impact on other metrics (cost and time) as a link of the supply chain. 
 

3.! According to the research reference frame, the proposal has the potential to improve the security 
of the supply chain in the alimentary sector of Guanajuato State, Mexico. 

 
4.! In accordance to the research scope, the proposal has the potential to improve the alimentary 

security (food safety and food defense) in the alimentary sector links in Guanajuato.  
 
 
5 Conclusion 
 
The PDCA is a continuous life cycle, which leads the ‘Act’ phase back to the ‘Plan’ phase to initiate a 
new cycle of the four phases. Therefore, the system allows continuous improvement in the prevention of 
intentional contamination risks and an increase in security of the alimentary supply chain, not only the 
food sector in the state of Guanajuato, but can be extended into a research plan security of food supply 
chain. It is important to note that in a second phase of the research is scheduled for implementation in any 
company in the food sector. 
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Incursion of Knowledge  
Management in Management  
Excellence Models: An analysis  
in the Latin-American context 
 
Resende Jr P C1, Reis A L N2 
 
 
Abstract: The aim of this article is to describe the relationship between theoretical knowledge 
management assumptions and knowledge management process involving Excellence Management 
Models in Latin America. Relevant literature was reviewed by carrying out a research based on document 
analysis involving requirement of excellence management models in the following countries: Argentina, 
Brazil, Chile, Colombia and Mexico. This research study used qualitative data-collecting methods by 
means of a content analysis technique, carried out between February 2013 and December 2014. The 
corpus was treated by using a content analysis technique, where categories of analysis were codified 
based on criteria, items and management process requirements of the models investigated. The findings 
show that the mains theoretical knowledge management assumptions are present, in some degree, in 
excellence management models in Latin America. 
 
Keywords: knowledge management, management models, Latin America. 
 
 

 
 
1 Introduction 
 
This article aims to describe the presence of knowledge management theoretical assumptions and the 
process of knowledge management in Excellence Management Models in Latin America.  This research 
makes it possible to produce consistent analyses based on pre-existing models that consider knowledge 
management as the basis of organization. 
   Six excellence management models where selected for this research study.  The countries and their 
respective models are as follows: a) Argentina - Model for Management Excellence in Companies; b) 
Brazil - Management Excellence Model - FNQ; c) Brazil - Model for Management Excellence in Public 
Services - Gespública; d) Chile –Management Excellence Model; e) Colombia - Model for the Colombian 
Quality Management Award; and, f) México - Model for National Competitiveness, Medium-size and 
Large Companies. These models adhere to current New Public Management, and their keywords are:  
active professional management; performance standards and indicators; greater emphasis on results 
controls; the trend towards greater internal productivity and outside competition; imitating styles of 
management used in the private sector; greater emphasis on discipline and parsimony in resource use.  
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2 Theoretical References  
 
According to Barclay and Murray (1997), information and knowledge are recognized as corporative 
assets and, as such, their management requires policies, strategies and tools. Furthermore, according to 
those authors, since those assets produce competitive advantages, they require systemized search and 
transfer mechanisms for the stakeholders. As stated by Nonaka (2008), those organizations that are able 
to continually create and spread knowledge are those that have the greatest strategic success. Sveiby 
(2001) also views knowledge management as the art of creating value based on intangible assets, where 
knowledge is like a human feature. In the same vein, Dalkir (2005) also shares this interdisciplinary 
viewpoint that knowledge management involves strategies, tools and skills. 
   On the other hand, Davenport (1998) establishes a direct relationship between information and 
knowledge when he defines knowledge as information combined with context, experience, interpretation 
and reflections. In the same vein, most of the models selected for the purpose of this research, adopt 
criteria of excellence aimed at knowledge management involving integrated, though distinct information 
management and knowledge management practices. 
   Contradictory to the previous definitions, Earl and Scott (1999) state that there is no widely accepted 
definition about the construct of knowledge management.  Even so, these authors mention three points of 
convergence:  a) that knowledge is a sustainable source of competitive advantage; b) that, in general, 
organizations acknowledge that they do not administer knowledge well; e) that organizations recognize 
the potential of knowledge value creation, but that this is something they do not adequately explore.  
Even though they do not acknowledge that there is a widely accepted definition of knowledge 
management, the points hereby illustrated refer to common elements highlighted by the afore-mentioned 
authors. In a study involving 160 models of knowledge management frameworks from around the world, 
Heisig (2009) noted that, in general, these models show that the following activities are an inherent part 
of knowledge management: to identify, create, store, share and apply. For the purpose of this research, 
knowledge management is considered as a structured process to manage intangible assets that involve 
such activities as sharing, creating, applying, storing and identification, so as to generate new assets and 
wealth for organizations.  
 
 
3 Methodology 
 
The present research study was undertaken using a qualitative approach for data collection and analysis. 
The document analysis and content analysis were undertaken between February 2013 and December 
2014, which consisted of a survey based on data that involved excellence management models in the 
following countries:  Argentina, Brazil, Chile, Colombia and Mexico.  The corpus was treated by means 
of a content analysis method, according to Bardin (2002), where two analysis categories were codified: a) 
Category 1, called Information, deals with management process requirements, management practices and 
standards of work and measurement mechanisms related to the need for information, information systems 
management and the integration of information between organizations and stakeholders, with their 
respective information security management; and b) Category 2, called Knowledge, presents extracts 
related to the development, retention, protection, dissemination and use of knowledge that an organization 
needs to carry out its operations and strategies. 
 
 
4. Data Analysis 
 
 
4.1 Model for Management Excellence in Companies - Argentina 
 
According to MECA (2013), the knowledge management model from Argentina can be summarized by 
the following practices:  obtain collective experience from internal sources; acquire information and 
knowledge from external sources; apply these to procedures; develop future learning innovations; and 
protect the organization's knowledge assets. The Table 1 shows the requirements related to this item. 
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Table 1 
Management process requirements related to knowledge  
management based on the model from Argentina. 
 
 

a) Identify present and future information and knowledge needs in order to develop a business strategy. 
b) Guarantee access to information based on external as well as internal sources. 
c) Management of the organization, retention, protection and confidentially of information and knowledge.  
d) Ensure that information and knowledge are promptly available for those who are responsible for their use.  
e) Promote organizational knowledge, independently of those who are responsible for their production        
and administration.  
f) Management of networks relationships with external interested parties (such as suppliers, universities) 
who provide access to knowledge.    
g) Evaluate and improve information and knowledge management.  

 
 
4.2 Management Excellence Model – Chile 
 
According to MEMC (2012), the Chilean model is similar to the model from Argentina, in that it provides 
no specific or fundamental principle related to knowledge management. The Chilean model describes the 
requirements which enable a company to administer information, guaranteeing authenticity and 
availability, as well as how to manage organizational knowledge. Table 2 shows the requirements related 
to information management. 
 
 
Table 2 
Management process requirements related to information  
management outlined in the model from Chile.  
Adapted by the authors. 
 
 

a) Identify information needs to structure daily operations and decision-making. 
b) Ensure that the demands of employees, suppliers / partners and clients in identifying information  
needs are respected.  
c) Ensure that information is available to users.  
d) Ensure that the technology methods used are secure and easy to use by those who use them. 
e) Up-date mechanisms to make available information in accordance with the needs of the business  
and changes in technology.  
f) Guarantee the precision, integrity, reliability, promptness, safety and confidentiality of information. 

 
 
 
Table 3 
Management process requirements outlined in the Chilean model. 
 
 

a) Identification, evaluation and management of organizational knowledge to increase the aggregate  
value of products and services. 
b) Maintain organizational knowledge. 
c) Collect and transfer knowledge between employees, different areas and teams, clients, suppliers  
and partners.  
d) Manage the exchange and implementation of good practices.   

 
 
 
4.3 Model for the Colombian Quality Management Award – Colombia. 
 
In the case of this model, the management processes relating to knowledge management appears to be 
linked to an innovation construct, meaning that the organization structures a system of management based 
on knowledge and organizational learning that directs efforts towards developing new products, services, 
skills and processes that generate a differential value. The following issues are included in the criteria for 
the Colombian model: Knowledge Management and Innovation and Methodologies and Innovation 
Practices, shown in Tables 4 and 5, respectively. 
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Table 4 
Requirements outlined in the model from Colombia  
for management processes related to knowledge  
management and innovation. 
 
 

a) Establish knowledge management as a learning and development factor.  
b) Identify, protect and use knowledge as an innovative element for organizational development and to attain 
a better performance and to create value for the different interested parties. 
c) Create knowledge to develop new products, services, processes and skills.   
d) Provide incentives to share knowledge, as well as to encourage creative and innovative thinking within the 
organization.  
e) Incorporate experiences and lessons that have been learned as elements that will generate knowledge 
within the organization 
f) Develop areas involving intellectual property rights and copyright. 
g) Evaluate and improve knowledge management procedures. 

 
 
Table 5 
Requirements outlined in the model from Colombia  
referring to methodologies and innovation practices.  
Requirements outlined in the model from Colombia. 
 
 

a) Present organizational approach for innovation by means of objectives, goals and actions to develop 
innovation skills.  
b) Destination of resources allocated for innovation within an organization. 
c) Development of capacities required to create a culture of innovation within an organization. 
d) Develop innovative procedures, products and services. 
e) Sharing innovative achievements. 
f) Evaluate and improve innovation procedures. 

 
 
   By adopting an integrated view of knowledge management and innovation, the Colombian model 
understands that the flow of innovation goes through three stages: a) knowledge administration; b) 
creating and transferring knowledge; and c) organizational learning. 
 
 
4.4 Model for Management Excellence in Public Services – Gespúplica - Brazil 
 
In the case of the Mexican model, the management processes are focused on analyzing how an 
organization collects, selects, manages and uses data in decision making and to promote innovation at all 
levels of the organization, with the following elements: Strategy Alignment, Information Management 
and Knowledge Management, as shown in Tables 6, 7 and 8, respectively. 
 
 
Table 6 
Management process requirements related to strategy  
alignment included in the Mexican model. 
 
 

a) Management of information and knowledge systems to support the implementation of an organization’s 
strategic objectives.  
b) Identify information and knowledge required to support the implementation of an organization’s strategic 
plan. 
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Table 7 
Management process requirements related to information  
management included in the Mexican model. 
 
 

a) Obtain the necessary information to develop an organization’s strategic planning. 
b) Manage information to support the implementation of strategic objectives.  
c) Manage information to provide guidance for the continual improvement of organizational and process 
innovation.  
d) Information integration for decision making processes at different levels within an organization.  
e) Evaluation and improvement of information management processes.  

 
 
Table 8 
Management process requirements related to knowledge  
management in the Mexican model. 
 

a) Identify an organization’s knowledge assets.  
b) Structure knowledge to create improvement and innovation projects value.  
c) Identify knowledge management improvement projects.  
d) Protect organizational knowledge.  
e) Evaluate and improve information and knowledge systems. 

 
 
4.5 Model for Management Excellence in Public Services- Gespública - Brazil  
 
Gespública (2014) is the only model included in the selected sampling that specializes in public sector 
organizations. The elements of Information Management and Knowledge Management may be found 
under this criterion, as shown in Tables 9 and 10, respectively, 
 
 
Table 9 
Management process requirements related to information  
management contained in the Brazilian model and applied  
in the public sector. 
 
 

a) Identify information needs to support day-to-day operations, accompany progress in the strategic plan and 
support decision making at all levels.  
b) Identify principle information systems and their aims, including the systems of administrative information 
in public administration.  
c) Produce management information, providing the degree of interoperationability between the different 
information systems and indicators used in information management.   
d) Develop and implement improvements in the main information systems.  
e) Guarantee the interoperationability between the internal systems of information and public administration 
administrative systems.  
f) Update technology in already developed systems, providing principle technological skills used and policies 
related to this area.  
g) Make available all necessary information to its internal and external public, including users, suppliers and 
partners.  
h) Use information technology to support an organization to fulfill its goals and promote integration between 
other government organs and with society. 
i) Use information management to comply with the Law on Access to Information. 
j) Information security management. 
k) Guarantee the updating, confidentiality, integrity and availability of information.  

 
 
Table 10 
Management process requirements related to knowledge  
management in the Brazilian model applied to the public sector. 
 
 

a) Develop and share knowledge within the organization 
b) Guarantee that knowledge effectively contributes towards improving procedures, products and services.  
c) Protect knowledge and historical information and institutional archives. 
d) Identify, develop and measure the organization’s intangible assets. 
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4.6 Model of Excellence in Management - FNQ - Brazil  
 
According to FNQ (2014), the criterion Information and Knowledge aims to identify information needs 
and relative treatment so as to define, develop, establish and improve information systems, to integrate 
organization information with external interested parties and to make this information available while 
keeping it secure. Thus, the criterion is structured in Organization Information and Organization 
Knowledge, as shown in Tables 11 and 12, respectively. 
 
 
Table 11 
Management process requirements related to the FNQ model. 
 
 

a) Identify information needs and their respective treatment, so as to operate and manage an organization. 
b) Identify new demands for strategic and operational information.   
c) Develop, establish and improve main information systems, taking into consideration the needs that have 
been identified. 
d) Guarantee that up-to-date technology is used in information systems. 
e) Ensure there is integration between the organization and its clients, suppliers and other external interested 
parties, by means of information systems.   
f) Create an infrastructure that is compatible with the growth of the business so as to make information 
available to users. 
g) Guarantee users rapid and easy access to information.  
h) Guarantee infrastructure continuity, so as to make information available in emergency situations. 
i) Evaluate user satisfaction with regards to information and communications systems.  
j) Guarantee information security. 
k) Ensure that information is updated, and that its confidentiality and integrity is maintained.  

 
 
Table 12 
Management process requirements related to the FNQ model. 
 
 

a) Identify the most important knowledge needed to fulfill an organization’s mission and to implement its 
strategies.  
b) Classify types of knowledge and criteria to define those of greater importance.   
c) Provide principal internal and external sources of knowledge that have been used. 
d) Develop the most important knowledge. 
e) Establish a favorable environment for the search and creation of knowledge.  
f) Use personal and organizational networks to help to search for and develop knowledge. 
g) Storage knowledge. 
h) Adopt methods to attract and retain those persons and partners who hold an organization’s most important 
knowledge. 
i) Disseminate and use an organization’s knowledge.   
j) Provide access to and use knowledge that is held.   
k) Share knowledge, both internally and externally.  
l) Use personal or organizational networks to help spread knowledge.   

 
 
 
4.7 Comparative analysis  
 
The comparative analysis of models (Table 13) shows that there is a majority group presenting a balanced 
relationship between categories 1 e 2. That group is compounded by Argentina, Chile, Mexico and Brazil 
(Gespública). The balanced relationship suggests that organization efforts must be distributed in an equal 
way, according these models. 
   In the other hand, the models from Colombia e Brazil (FNQ) presents completely contrary positions. 
While the Colombia’s model is focused in category 2, Brazil’s model is focused in category 1. 
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Table 13 
Classification of requirements in each Model. 
 
 

Country 
Requeriments 

Category 1 
Information 

Category 2 
Knowledge Total 

Argentina 50% 50% 100% 
Chile 44% 56% 100% 

Colombia 0% 100% 100% 
Mexico 48% 52% 100% 

Brazil (Gespública) 73% 27% 100% 
Brazil (FNQ) 51% 49% 100% 

 
 
   In a second analysis was identified the presence of the activities of knowledge management as such the 
definition used on this paper. Each process requirement was classified according the activity most closely 
with. The result is presented on Table 14. The models from Argentina, Chile e Brazil are focused on 
sharing activity while the models from Colombia and Mexico are focused on creating and applying 
activities respectively. 
 
 
Table 14 
Presence of elements of Knowledge Management in each Model. 
 
 

Country Activities 
Sharing Creating Applying Storing Identification Total 

Argentina 43% 14% 14% 14% 14% 100% 
Chile 30% 0% 20% 30% 20% 100% 

Colombia 12% 35% 29% 18% 6% 100% 
Mexico 0% 0% 58% 8% 33% 100% 

Brazil (Gespública) 31% 6% 25% 19% 19% 100% 

Brazil (FNQ) 35% 13% 13% 22% 17% 100% 

 
 
 
5 Conclusions 
 
The Latin American models present different levels of structure and maturity. According to specialists 
interviewed in this research, the colombian model shows the highest maturity level because treats the 
knowledge management construct as being part of strategic perspectives, information management and 
innovation management. A gap found in some of the Latin American models of excellence, was the 
absence of knowledge management as a fundamental organizational structure. Despite the models from 
Argentina, Chile, Mexico and Brazil (Gespública) presented a balanced relationship between categories 1 
e 2. It is suggested that a future research agenda should consider the need to extend this study to include 
other Latin American countries. 
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A Proposal of a Model for  
Decision Making and Process  
Improvement: An Knowledge  
Based Analysis 
 
Machado C1, Scavarda A2, Kipper L3, Frozza R4 
 
 
Abstract: The main objective of this research is to develop a model that explores the relationships 
between lean practices, knowledge management and information management as supports management 
decision making. The research reviews the relevant literature to build the computational tool, lean 
methodology, knowledge management and knowledge-based systems. The methodology used is 
exploratory and descriptive approach. The proposed tool is able to inform improvements in the 
production process through the value stream map and knowledge management which is the basis of the 
tool. The information extracted from the stream map value identifying and suggests improvements over 
the process of managerial decision, in order to reduce the intermediate stocks through the manipulation of 
knowledge. The model helps to management decision making, provided reorganization of the processes 
generating profits by minimizing the waste identified by the value stream map. 
 
Keywords: Lean, Decision Making, Knowledge management, Knowledge Based Systems. 
 
 

 
 
1 Introduction 
 
The tool to support better decision-making is increasingly a priority for managers in terms of competitive 
advantage creation and achieves superior performance. Organizations need to develop skills related to 
learning, allowing the understanding of the process of creation of information and engagement of those 
involved. Create knowledge and apply it to develop better processes of management decision (Demirkan 
et al., 2013). Enrichment processes is by transforming data into information and knowledge, thus adding 
value to it. Therefore, it is necessary to achieve provide quick responses according to the needs, so the 
lean assume the role of leverage and effectively improve the productive capacity of any company. 
   Currently much used in manufacturing processes, lean aims to improve the value stream and therefore 
improves the process as a whole. For the improvement of processes using the knowledge management 
can generate greater fluidity in operations, providing agility and competitive advantage (Dal Forno et al., 
2014; Al-Najem et al., 2012). 
   Manage knowledge in organizations requires conditions so that people can make available their 
knowledge, and develop it, protect it and use it. Thus the viability and competitiveness of organizations 
depend on their capacity to spread and use of knowledge across the organization in order to create 
innovation and sustainable competitive, is arguably central factor for the active involvement in 
development initiatives of knowledge-based systems (Ho et al., 2014). These systems are created in order 
to reach the best possible outcome in a situation, that is, efficient responses in problem solving and 
sustainable decision-making for the organization. 
To this end, this research aims to develop a model that explores the relationships between lean practices, 
knowledge management and information management as supports management decision making, which 

                                 
1 Cátia Milena Lopes Machado (catia.machado7@gmail.com) 
   Dpto. de Administração. Faculdade Dom Alberto, Brasil. 
2 Annibal Scavarda (annibal.scavarda@unirio.br) 
   Departamento de Engenharia de Produção. 
   Universidade Federal do Estado do Rio de Janeiro.Brasil. 
3 Liane M Kipper (liane@unisc.br) 
4 Rejane Frozza (frozza@unisc.br) 
   Programa de Pós-Graduação em Sistemas e Processos Industriais Mestrado, 
   Universidade de Santa Cruz do Sul, Brasil. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 704 

can contribute to the organizational development of a medium-sized industry using the Value Stream Map 
(VSM) to identify the causes and waste, enabling the decision-making assertive thus making the 
production process more suited to the current competitive environment. 
   This research is divided into five sections, including this introduction, literature review, methodology, 
model to support the dissemination of knowledge and decision-making and conclusion. 
 
 
2 Literature Review 
 
 
2.1 Knowledge Based lean Technique 
 
The biggest challenge for organizations today is the involvement and identification of delivering value 
every customer and stakeholders to meet this challenge requires ability to be lean in entrepreneurial level 
(Marodin et al., 2014). 
   It is not today the concern of organizations with the efficiency and effectiveness of its processes, in this 
sense, to Womack and Jones (2000), Lean is a way to do more with less, while offering customers exactly 
they desire. The key to the successful implementation of Lean Thinking system is transparency. This 
system will only bring benefits to the company through a dedicated team to understand this new culture, 
so that everyone can use this philosophy in the most optimized way possible. 
   To achieve the goal proposed by the thin, one needs to apply some tools such as value stream map, 
Total Productive Maintenance (TPM): Takt Time (TT): Just in Time: 5S: Kaizen: Kanban and others, 
which will help in getting the results. In organizations management methodologies by more modern they 
are, always need real knowledge so that it becomes in value. Therefore companies should take care that 
the knowledge generated in the organization is not dispersed. These tools are instruments used for the 
implementation of lean philosophy, which dictate "how to" follow their principles (Badurdeen et al., 
2011). 
   As the authors Womack and Jones (2000), since for a given product value has been specified precisely, 
the mapped value stream, the steps that do not add value are eliminated, it is essential that the value in the 
process flow, smooth and continuously, within the three critical management tasks: problem solving, 
information management and physical transformation, making the lean process (Al-Najem et al., 2012). 
   The value stream mapping (VSM) is one of the essential tools of lean, which is the process of 
identifying all activities that occur in the processing of the product. Value stream is understood as a set of 
all activities that occur from the request from order to delivery of the product to the consumer. It is a 
model of observation and understanding of the current state and the design of a map of the processes is 
the visual representation of every process in the material flow and information revising a set of key points 
and draw a future state map of how production should flow. Another benefit that provides the VSM is the 
mapping of knowledge within organizations. 
 
 
2.2 Information and Knowledge Management  
 
Information management comprises up in organizational environments as a set of activities aimed at: 
getting a diagnosis of information needs; map the formal information flows in the various sectors of the 
organization; prospect, collect, filter, monitor, disseminate information of different nature; and develop 
services and information products, aiming to support the development of activities / daily tasks and 
decision making in these environments (Isik et al., 2012). 
   Knowledge management  (KM) is a set of activities aimed at working the organizational / informational 
culture and organizational / informational communication in organizational environments, in order to 
encourage a positive environment in relation to the creation / generation, acquisition / seizure, sharing / 
socialization and use / use of organizational knowledge (Smith et al., 2004). 
   The KM has established itself as a valuable alternative management for organizations looking for a way 
to effectively leverage the knowledge available in environment. The intention of maximizing knowledge 
within the group of employees can promote both individual training as well as enhance the community 
(Wu et al., 2014; Isik et al., 2012). 
   The KM term implies the use of mechanisms that help organizations manage knowledge as an asset that 
promotes organizational development. Knowledge Management seeks to approximate the man of 
information technology, enhancing human cognitive ability within an organizational context. 
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   As Massingham (2014) the integration of KM to business processes covers not only protect the 
intangible assets of an organization, as also develop them and lever-age them, stimulating the creation of 
more adapted products and services customer needs and increasing the competitiveness of the 
organization. Thus, business processes are seen as the main liaison between the work and skills of 
members of an organization and the wishes of their customers (Smith et al., 2004). Become also 
instruments for the implementation and formalization of the GC in the company and for the realization of 
their potential benefits. According to Lin et al., (2014), KM is increasingly recognized as a key success 
factor for organizations 
 
 
2.3 Systems Based on Knowledge Support for Decision Making 
 
The decision-making process is the main function of managers, because there is no perfect decision, 
always have to think about the advantages and disadvantages of each alternative to choose the best, 
always seeking the best economic performance, noting that there are also non-economic results such as 
the satisfaction of members of the business and employees (Demirkan et al.,  2013). Decision making is a 
process that consists in identifying the problem, criteria, how to pre-pare, analyze and choose alternatives, 
checking the effectiveness of the decision. The decision-making act can be an act of suffering, the great 
difficulty to make decisions often happens when have not the knowledge of a particular subject or 
process. 
   Within the KM, decision Support Systems (DSS's) are compounds for knowledge based systems (KBS) 
and knowledge support systems. The KBS can be best de-scribed as software developed to meet the needs 
of specific user, usually as an application specialist in a particular area, to assist in decision making 
(Demirkan et al., 2013). It should represent all the descriptions of the system, necessary for the process to 
be performed properly and if necessary, solving problems encountered efficiently. To initiate studies on 
knowledge-based systems is to differentiate what is data, in-formation and knowledge. Information and 
knowledge explicitly depend on a factor called, data or data to be built structure. In this case, the capture 
process is necessary, and therefore, analysis of these data so can be the process of transforming data into 
information, following the implementation of the knowledge to finally to take the appropriate decision 
problem. 
   As a result, important decisions are made without the necessary information, that is, without a correct 
analysis of the data (Oliva 2014; Massingham et al., 2014). In this sense, the need for adequate storage of 
knowledge, that is, the need for processing of all data that travels the organization in information capable 
of forming a knowledge base to support decision-making. 
 
 
3 Methodology 
 
   Compared to the main goal, this research is exploratory and descriptive. It is exploratory why aims to 
provide greater familiarity with the subject performing data collection, reporting its true importance, the 
stage where are and reveal new sources of information, involving literature. It is descriptive, because 
from the exploratory research will be conducted the survey of the features that are part of the problem. 
   This research will use as a data collection procedure case study methodology, as select an object. In this 
case, seeks to discover the connection of lean, knowledge and information management, so that can 
develop in knowledge-based tool and practices of lean for achieving a proper management decision 
making to minimize waste.The diagnosis of the main sources of waste was identified through the VSM 
Map helps identify the sources of waste in the value stream. After identified and prioritized the sources 
and types of waste, by analyzing the VSM, proposals were developed for improvement using lean 
manufacturing to the knowledge-based tools, such as tool example kaizen. 
 
 
4 The Case Study 
 
The present study was conducted in a medium-sized  toy company in Brazil.  
   The mapping begins with the expected demand for sales made from client requests, extends to the 
production and logistics. The product manufacturing process consists of 24 activities. The mapping shows 
a high rate of inventory, from raw material to finished stock in shipping product, as well as the stocks of 
intermediate items in all activities. When the VSM is designed / created, problem areas have become 
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apparent. Bottlenecks, the accumulation of stock, with low quality processes and operations that require 
excessive coordination should all be marked as kaizen explosion, indicating areas the focus. 
   It was noted that the company's information system generates a lot of paperwork, has little flexibility 
and efficiency and intermediate stocks are relatively high. 
   Most of the information system areas, online management system, online program and online 
monitoring of production are related to information systems, this is due to poor or lack of information, 
especially of a system that manages the information at the time of occurrence. Check out what's 
happening during production is crucial to minimize the problems and helps in better decision making. The 
intermediate stocks demonstrate a lack of control in intermediate stocks. It identified many products 
waiting to be processed due to lack of organization or absence of a sequential program. 
 
 
5 Model to support the dissemination of knowledge and decision-making 
 
It presents the application of the proposed methodologies (Lean, information through the knowledge 
based systems (KBS), Knowledge Management), as well as suggestions for improvements proposed for 
the case study in building a system that helps to minimize the main waste identified the stock, and 
proposal a model  for a decision making. 
   The main reason for adopting a program of process improvement is to achieve a significant 
improvement in quality, productivity, costs and get control of the process used by the organization. If the 
organization has no control of the process, this is reflected in numerous losses. So, no need to obtain a 
standardized process that allows the tracking and control of the production stages. 
   With this in mind, this system is designed to assist the control of production, identify improvements / 
waste, providing information for the growth of operational knowledge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Structure of the tool. 
 
 
   Figure 1 is the overall structure of the proposed developed according to the following steps: 
  

•!Model of Organization, and the analysis of the main characteristics of the organization, with the 
aim of discovering problems and opportunities for knowledge systems, establish its feasibility 
and measure the impact on the organization of actions required knowledge. 

•!Tasks modeling are relevant parts of a business process. The task model analyzes the global task 
layout, its inputs, outputs, conditions and performance criteria, as well as resources and skills. 

•!Modeling agents are the executors of a task. An agent may be human, an information system or 
any other entity capable of performing a task. In addition, lists the communication links between 
needed to perform a task agent. 

•!Modeling of communication and knowledge, it is important to model the communication 
transactions between them, because many agents may be involved in a task. This is done by the 
communication model, independently of implementation or concept, as the knowledge model, 
with the purpose of the knowledge model is to explain, in detail, the types and structures of 
knowledge used to perform a task. This makes the model of knowledge an important means of 
communication with experts and users on aspects of solving the problem of a system of 
knowledge, in both the development and implementation. 
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•!Knowledge-Based System, gathers, organizes and retrieves information. The main components 
of a KBS include a database of knowledge, knowledge representation, search engines and 
inference engines. Inference refers to the ability of the system to create new knowledge and 
continuously expand the system, assisting in decision making. 

 
 
6 Conclusion 
 
This research proposed the model explores the relationships between lean practices, knowledge 
management and information management supports the management decision making. 
   The value of a strategic decision for the business depends on information available to the manager of an 
organization, the training that has to interpret them and experience to associate them in a convenient way. 
The only sustainable advantage of a company is what known collectively as efficiently it uses the 
knowledge or organizational-and the readiness with which it acquires and manages the plan. 
   In this sense, knowledge management helps the process of collecting and structuring of knowledge 
within a company. The model was developed to provide learning, transfer and application of knowledge. 
The main tools of dissemination of knowledge can be considered the reports, which focus on purpose of 
providing accurate and timely information, there is no help to better decision-making, as the goals and 
strategies of the organization and knowledge bases. 
   Through the tool presented is necessary to highlight the issue of developed knowledge base. Its purpose 
is to manage, collect, store, combine and disseminate data, information and knowledge. Knowledge 
discovery in databases process can support decision making in order to maintain the competitive 
organizations in relation to competition and stay mainly in the market. 
   According to the theoretical model, the main KBS are associated with the existence of a knowledge 
base and reasoning engine able to draw conclusions on this basis to generate conclusions. 
   The Daily Board, and generate, collect, combine and disseminate data, information and knowledge, 
generates a base of various data reports for food, for example, stocks, volume, productivity, and others 
report. The knowledge base contains all the information necessary for the particular problem domain, 
resulting in an intelligent and specialized program for troubleshooting.  
   For validation / assessment tool, queries, allowing experts to ascertain the results were performed. For 
example, all part of registration, planning, production and verification of the results in reports of a given 
product was performed. 
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Business Process Management  
as an Alternative for Promotion  
of Knowledge Management 
 
Matos M1, Sá E2, Silva R3 
 
 
Abstract: This paper presents how Knowledge Management can be supported by Business Process 
Management. As results, this research proposes a KM lifecycle supported by BPM and describe each 
correlation between phases of KM and BPM. 
 
Keywords: Knowledge Management, Business Process Management. 
 
 

 
 
1 Introduction 
 
Companies need to keep yourself updated regarding best management practices to become competitive 
and to survive on globalization and extensive competition. 
   Knowledge Management (KM) is a business strategy that seeks to increase the competitiveness and 
ensure the sustainability of enterprises by encouraging the creation and use of organizational knowledge. 
According Tarapanoff (2006), the focus of knowledge management is the effective application of what is 
known in the organization to ensure their development and survival. 
   Business Process Management (BPM) is another business strategy that uses the management of work 
processes to promote organizational efficiency and increase competitiveness. 
   There is a degree of approximation between BPM and KM in many ways. The benefits offered by 
BPM, for example, are potential actions of knowledge generating and application in organizations. The 
objective of this work is to show that BPM is an enabler of KM. 
   Two important definitions should be considered for the entire context of this work. First, BPMS 
(Business Process Management System) is considered as part of BPM. Second, knowledge is considered 
as an intangible asset that exists only in people's minds, which can’t be stored in the form of physical or 
electronic media. It can’t be distributed or shared. According Tarapanoff (2006), knowledge is not a 
thing, but a complex and dynamic process. 
 
 
2 Problem and Motivation 
 
A major problem in the management of knowledge is the tendency for people to retain their knowledge. 
Even those that don't do this intentionally simply may not be motivated to show what they know (DOS 
SANTOS, 2001). 
   There are major efforts of companies to develop institutional policies that stimulate KM. Propositions 
of organizational structures oriented for KM, learning process focused on the individual, socialization and 
interactions between people and groups, activities oriented by work processes, Information Systems 
implementation and top management commitment are examples of such efforts. 
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  The hypothesis in this study is that BPM is an alternative to obtaining the KM. This suspicion is justified 
by the BPM cover the efforts mentioned above to support KM. BPM: proposes a virtual organizational 
structure focused on business processes; encourages learning of the individual; in its essence is a 
systematization of work routines based processes; has as a critical success factor the top management 
commitment; promotes collaboration among employees; and has the support of specific IT tools, called 
BPMS. 
 
 
3 Justification 
 
In literature there are many works linking BPM and KM, but there are few that explain how this approach 
is. This work aims to cover the theoretical gap between KM and BPM relations. 
   Many studies expose a correlation between the lifecycle of BPM and KM, however, merely indicate a 
positional correspondence between the steps. This paper presents how each BPM step contributes to the 
creation, storage, share and application steps of the KM lifecycle. It presents also a proposal for KM 
lifecycle supported by BPM. 
   Therefore it is understood that this study contributes to researchers and practitioners in the areas of 
Management, Information Systems and Production Engineering by BPM proposition as an enabler of KM 
and the proposition of a new KM lifecycle supported by BPM. 
 
 
4 Methodology Approach 
 
An exploratory research was conducted with the objective of discovering relevant variables on the 
relationship between KM and BPM. For this, bibliographic queries and content analyzes were performed 
in Information Science, Production Engineering, Computer Science and also in Administration. 
 
 
5 Theoretical Referential 
 
Never produced so many data nowadays. The fact is that the data, in most cases, are used only as a means 
of proof of an action rather than as raw material for creating information. 
   Dalkir (2005) defines data as content that is directly observable and verifiable and information as a 
content that represents analyzed data. 
   According Tarapanoff (2006), organization should use the information for create meaning, build 
knowledge and make decisions. This author defines knowledge as it is what we know and it involves the 
mental processes of understanding, comprehension and learning that take place in the mind and only in 
the mind, regardless of interaction with the world outside the mind and the interaction with other. 
   Knowledge Management represents a deliberate and systematic approach to ensure the full utilization of 
the organization’s knowledge base, coupled with the potential of individual skills, competencies, 
thoughts, innovations, and ideas to create a more efficient and effective organization (DALKIR, 2005). 
   Knowledge Management is a discipline that works systematically to information and knowledge in 
order to increase the response capacity of the company to the environment with innovation and expertise, 
developing the effectiveness and corporate knowledge (TREHAN, 2005). 
   BPM implies a permanent and continuous commitment of the organization to manage its processes. 
This includes a number of activities, such as modeling, analysis, design, performance measurement and 
processes transformation (ABPMP, 2013). 
   Weske (2007) says that the objective of BPM, reporting that the most important goal of business 
process management is a better understanding of the operations a company performs and their 
relationships. The explicit representation of business processes is the core concept to achieving this better 
understanding. 
   It is much easier to implement a BPM initiative when this is supported by a computer system of 
business process management, which is the BPMS. Association of Business Process Management 
Professionals (ABPMP, 2013) reports that a BPMS provides a new level of automation by creating and 
implementing applications that combine logic shown in business models with rules and data connected to 
the activities. 
   The phases of BPM lifecycle defined by the Association of Business Process Management 
Professionals (ABPMP, 2013) were adopted in this research. The phases are Planning, Analysis, Design, 
Implementation, Monitoring & Control and Improvement. BPM lifecycle is cyclical and continuous. 
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6 Proposal KM Lifecycle Supported by BPM 
 
There are several definitions about KM lifecycle, some of them are defined by the following authors. 
Becerra-Fernandez, Gonzalez and Sabherwal (2003) define it with four phases: discovery, capture, share 
and application. Nair and Prakash (2009) define it with 5 phases: identification, creating, storage, share 
and application. Alavi and Leidner (2001) define it with 4 phases: creation, storage, transfer and 
application. 
   In this paper it will assumed the proposal of Alavi and Leidner, but it is considered some modification. 
This author considers that knowledge can be storage, which is divergent of the definitions of knowledge 
adopted in this work. Here, it is considered that knowledge can’t be saved in any structured information 
stored in electronic databases. Data and information can be stored and shared. 
   A proposal of lifecycle of KM supported by BPM is described in the figure 1. 
 
 
7 BPM as Enabler of KM 
 
According to Pimentel and Fuks (2011), the collaboration has a decisive impact on the construction of 
knowledge. They also report that the exercise of collaboration requires appropriate systems for the 
registration of individual productions, for socialization of production, for coordination of actions, for 
intelligent retrieval of information produced and its reflection on the final product. 
   Many technological solutions to support KM are summarized in the automation of data generation 
routines and information provision, through developing a database, accessed by software. This type of 
initiative has major contribution in Store and Share steps of KM lifecycle. It is very common to hear that 
organizations do KM when in fact what they do is Information Management. 
   BPM is a business strategy that includes support of top management, employee commitment, 
collaborative activities, election of processes that represent core activities of the company, the planned 
versus realized analysis, incorporating improvements every cycle, governance and IT. For all these 
features, the BPM is elected as an enabler of KM methodology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Proposal KM lifecycle supported by BPM. 
 
 
 
7.1 Creation and Application Phases of the KM Lifecycle 
 
The first phase of a BPM, Planning, consists in a stage of socialization among employees who meet to 
identify organizational priorities, business processes and also the definition of actions for the 
implementation of BPM. To achieve this goal, knowledge workers, top management, managers and 
technical experts meet to share experiences, conduct brainstorm, validate ideas, apply problem-solving 
techniques etc. Finally, it creates an environment conducive to intensive production of knowledge, 
necessary to define the goals and business strategies. 
   The Analysis is the stage complementary to the Planning. While in the first stage the business processes 
were defined, in the Analysis, these processes need to be detailed. There is a stimulus to the creation of 
knowledge to define each component activity of the processes. 
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   The Design is the phase of BPM lifecycle that produces as result the business processes modeling. This 
is an electronic artifact with great potential to become the principal generator source of knowledge for the 
organization. 
   In the Implementation phase, the next one after Design, where instances of processes are executed, a 
large volume of data is generated. It is impossible to direct transformation of data into knowledge, 
however, is relatively simple to transform data into information. Since there is the availability of 
information, it creates the possibility of generating knowledge. 
   Also regarding Implementation, there are situations that activities do not follow the expected procedure 
and exception situations happen. This requires changing the process design and results in a potential 
activity of knowledge creation. As Sordi (2006), the exception indication is not just for the process 
instance does not stand still and someone to give the necessary routing, but also for knowledge 
management of business rules, often providing the inclusion of a new rule or change existing ones. 
   In the Monitoring & Control phase, raw data are transformed in information through management 
reports and become potential generators of knowledge. 
   The Improvement is the last stage of the BPM lifecycle and consists in a moment of reflection of all the 
steps taken previously. In this stage, employees and employers can evaluate the business processes and 
improve the efficiency of the organization with the knowledge produced during the whole lifecycle of 
BPM. For this, the stakeholders can get together to exchange experiences, report the difficulties, describe 
the best practices, share the problem solving, among other actions. 
   Now referring to the Application phase of the KM, apply knowledge means reuse existing knowledge in 
familiar or unfamiliar situations instead of create new knowledge for these situations, however, this is not 
a simple task, it is necessary to identify the types of work performed by employees. 
   Employees known as knowledge workers, responsible for the creation of new products and services, as 
well as the creation of marketing programs and business strategies, have great tendency to create new 
knowledge rather than reuse existing knowledge. According Brocke e Rosemann (2013), knowledge 
workers often have the power to resist being told what to do, and process analysis is usually a 
sophisticated approach to having someone else tell you how to do your job.  
   The adoption of BPM to stimulate reuse of knowledge by knowledge workers is limited to submit them 
to follow support processes, related with routines and internal rules. 
   In the case of the employees whose processes of job are well defined, dependent on formal rules and 
procedures for implementation, BPM is a working methodology that provides all the conditions for the 
knowledge be reused and improve the organization. The cyclical and continuous nature of the stages of 
BPM stimulates the application of prior knowledge. 
   In the Planning phase of the BPM happens the revision of some business processes or inclusion of new 
business processes. These actions will use the experiences obtained in previous cycles. 
   In the Analysis phase of the BPM, the business processes defined in the planning stage, are detailed. In 
this stage are needed the use of tacit and explicit knowledge existing in the organization to identify how 
the activities are carried out and how they can be optimized. 
   The Design phase of the BPM includes the modeling of business processes. When there is no process 
designed, it’s used the detailed business process from Analysis stage for the production of the first model. 
When there are modeled processes, creating new process becomes easier with the use of existing 
processes models. 
   The Implementation phase consists of electronic forms that indicate the ways of running instances of 
processes. In practice, employees have to apply the knowledge created by mentors and modelers 
processes. 
   In the Monitoring & Control step, real and expected results are compared and these information reveal 
errors, successes, deviations, areas with great performance and areas inefficient. So, in the last BPM 
stage, the Improvement, real data are analyzed and become source of information to identify and solve the 
problems and improve the organization. 
 
 
7.2 Storage and Share Phases of the KM Lifecycle 
 
It’s considered that these two phases of the KM are related only with storage and sharing of data and 
information. It’s also considered that knowledge can’t be stored and shared. BPMS is the main actor that 
supports these phases. 
   To support Storage KM phase, the Design and Implementation phases of a BPM lifecycle are the 
protagonists. 
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   As the process is designed in a specific BPMS module, occurs automatically its storage in a database. In 
the Implementation phase of BPM, instances of process are executed through a software interface and a 
large number of data are stored in a structured database. Objectively, BPMS natively support the storage 
and sharing of data and information. 
   Related with Share KM phase, it’s important to say that some organizational data and information, 
stored in libraries, electronic database or other means, should have their controlled access. Strategic 
information, for example, should be preserved and restricted to certain members only. On the other hand, 
many organizational information of great value, without restricted access, are stored and inaccessible to 
employees. The Share stage of KM manages these situations. 
   The functionality of access control through user profile and data security, inherent in a BPMS, allows 
data and information to be easily and securely shared in an organization.  
   BPMS have the exportation functionality of processes models to many standards, highlighting the 
XPDL format that allows exchange of models between BPMS of distinct developers. It’s also possible 
export the modeled processes to HTML format and easily promote the information sharing through the 
intranet. 
 
 
8 Related Works 
 
Sena, Dandolini and Schneider (2013) present a proposal for integration between BPM and KM and 
identify desirable features in a BPMS that support this integration. The authors propose an interesting 
correlation between the lifecycle of BPM and KM, but the features presented only describe common 
features of any BPMS. The authors also consider that knowledge can be stored in electronic media 
through storing business processes models. 
 
 
9 Conclusion 
 
This work presented empirical data indicating the validation of the hypothesis that BPM is an enabler of 
KM by describing correlations between the lifecycles of them. However, it’s necessary more practical 
experimentation and theoretical investigation to clearly validate the hypothesis.  
   Another aspect is that the hypothesis relates the BPM only as an enabler of KM. This implies that a 
successful implementation of BPM produces a breeding and suitable ground for KM, with potential to 
happen a continuous flow of generation of knowledge and spontaneous use of it. But, it is important to 
mention that a successful KM depends of the humans contributions. Terra e Gordon (2002) report that the 
KM does not happen without the active participation of employees and the company itself. Contributing 
with the thought, Dos Santos (2001) describes that there are some challenges to overcome in Knowledge 
Management: worker behavior, considered the greatest of them; and make the organization's leaders buy 
the idea. 
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The overcoming challenges  
of technology for ceramic  
industry with a partnership  
university-company: a brazilian  
experience in innovation search 
 
Tamanine A1, Lourenço G2, Pasini E3 
 
 
Abstract: The partnership between universities and companies allied to intrapreneurship, planning, 
technical field of industrial processes, technological foresight and creativity were factors which led the 
company Casagrande Ceramic Coatings SA develop an efficient solution to a problem detected by the 
client in a the product market leader in tiles. The aim of this paper is to report, broadly, this experience 
occurred in southern Brazil, involving business and universities in the pursuit of innovation was chosen 
competitive strategy. Research and technological forecasting as impact factors in the development of an 
improved product and the importance of industrial management - operations management in 
organizations and their systematic approaches - were treated as reasons for the effective arrival of the new 
product to the market and its characterization as innovation. The main result, occurs highlight the value of 
university-industry partnerships and business to business as essential to the functioning of the national 
innovation system. 
 
Keywords: Ceramic industry;  partnership university-company; product innovation. 
 
 

 
 
1 Introduction 
 
For almost 40 years working expressively in the Brazilian construction market, Casagrande Ceramic 
Coatings SA continually develops new concepts and solutions for your business. Along that time, the 
production of ceramic glazed semi-gres tiles produced in the process via single firing drought earlier 
study also originated the partnership between university and company - provided an opportunity to a 
significant share of total sales in the domestic tiles market. Parts sales until the end of 2014 totaled more 
than two million five hundred thousand monthly items, a result that works with the company's goal to be 
a leader in this segment in the country. 
 
   It was in 2008 that the semi-gres tile, target product of this study, was launched in the domestic market 
and has revolutionized the ceramic production sector. The company Casagrande Ceramic was the second 
brand in Brazil to adopt this new tiles manufacturing method. The new tile was highlighted by having the 
same quality guarantees a tiled piece of semi-gres flooring, ie have high quality in mechanical strength 
properties to freezing, salinity and low water absorption. In addition, it presents minimal dimensional 
variation and high aesthetic beauty, factors that have made it the reference product in tiles. This new type 
of manufacturing caused impact on companies producing conventional tiles as it generated great market 
prospects gain and sparked immediate interest among producers of the floor segment and coatings. In this 
regard, since its launch, there were more than a dozen manufacturers in Brazil, bringing the volume of 
domestic production for close to 16 million pieces month. 
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   Named PClassic Tiles, ceramic tiles Casagrande was the first to bring to market a line of various 
accessories in porcelain for tiling. As the company invests in innovation, it was also the first to bring to 
market the tiles with glaze application on bells. Also between the years 2013 and 2014, the Casagrande 
launched several new products on the market for line tiles and, with continued increased competition in 
the new segment, has launched a brand new tiles, the Pgres exclusively for combat. All these initiatives 
have led to the Casagrande Ceramic to become a reference for new manufacturers. Your monthly billing 
on the 1st. PClassic sales year exceeded 1.2 million pieces sold, the product for which the company 
provides full warranty for 50 years. In less than four years after the product launch, the company had an 
average turnover of more than two million six hundred thousand monthly parts, ie, an increase in line 
with the quality given to processes dedicated to the product and its derivatives. 
 
   But despite the use of simulations, the new product had not yet sufficient history in the market to certify 
the performance under special conditions and eventually present a problem. Initially, the client's account 
of drip under the roof was interpreted as infiltration between the parts, so the negotiations for solution 
adopted by the company, the recommendation of the blanket placed under the roof, had no effect. The 
problem remained and customers continued to complain about the product. 
 
   Thus, from a stronger manifestation of the problem of a distributor and his client, located in the state of 
Espirito Santo, southeastern Brazil, a survey on the ground and the technical team Casagrande company it 
was made after analysis of the environment, the team identified that the problem was not caused by water 
infiltration, but by condensation. From this evidence, a new technological challenge is put before the 
company and the partnership with the university was again the path chosen for their solution. The main 
objective of this report, therefore, is to present part of the research work carried out for reaching a 
solution to the condensation problem presented in the use of PClassic tiles. The work was conducted in 
partnership between university and companies, making real the process of interaction so that innovations 
come to more quickly and efficiently market, as advocated in the current Brazilian innovation policies. 
 
 
2 The university-industry partnership  
 
In the place visited by the technicians of Ceramic Coatings company to check the problem in the state of 
Espirito Santo, a nearby residence to the sea, the high moisture was not absorbed by the tiles, because 
they had a total waterproofing the surface under and over the product. Also, for their dimensional quality 
in the construction of the roof did not occur any space for ventilation, getting the internal and external 
environments fully packed. Thus they were formed droplets in a row tile drip after receiving the warmth 
of the sun. Understood the reason of the problem, it was given the difficulty of solution, mainly because 
the cause is linked to a major product quality characteristics: a low water absorption. 
 
   Given this fact, the need for technological research to resolve the issue in an innovative way, adding 
more value and quality to the product before the customer and surpassing the competition has become 
essential concern of the company. Another very important factor is that Silva (2012) gives much 
emphasis to the act of creation. For the author, the development of new products, and consider the 
functional, technological and economic factors, there must be clear predominance of style over durability 
and image of efficiency. Products under no circumstances may fail to comply with human needs and the 
preservation of natural ecosystems. In addition, innovative organizations depend on their ability to meet 
not only the technical requirements of the product but also meet the needs and desires of its customers, 
key players in innovative processes such as creation and diffusion. It is important to consider that culture 
and innovation "interact and influence each other, and are reflected in the results of innovative 
development" (DAVILA, EPSTEIN, SHELTON, 2008, p. 244). So it is clear to innovate and effectively 
for a competitive front differential to its competitors, it is also necessary for the company to be well 
structured for the management of its human and physical resources, as well as relative to its historical and 
dynamic knowledge, calculate risks and it is pre-disposed to partnerships. Thus, companies must seek 
innovation strategies, active or reactive, and its success will depend on different factors such as "os 
recursos à sua disposição, sua história, a atitude de seus diri-gentes ou a sua boa ou má estrela”4  (REIS, 
2008, p.82 ).  
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   Faced with the technological need mentioned, the partnership between company and university was the 
strategy used for the research and development process was conducted. Then originated the now reported 
academic work, the company's partnership between Casagrande Ceramic Coatings with the University of 
Joinville Region - Univille, located in São Bento do Sul - SC. The formalization was made through the 
Internship Required in the course of Production Engineering and had the guidance of teachers 
researchers, supervision and technical support Professional Development area of Company products 
Casagrande Ceramic and implementation by the academic those who finished. The main strategy initially 
set the group was the maximum use of available resources in the company, conducting prospecting of 
products with similar functionality and application technology research for a new solution. The 
possibility of forming partnerships business to business was still not a considered factor, however has 
become fundamental in the solution, as explained below. 
 
 
2.1 Methodological aspects 
 
In order to guarantee greater assertiveness in all the actions taken, the work was developed based on 
literature review, experimental and descriptive research. Part of the activities was reported here with 
applying the following methodological resources: 
 

a) preliminary analysis of the situation-problem to define its size and its relevance to 
the organization through the control charts and Pareto chart. Knowing yourself is 
essential for the management function can establish the correct setting parameters 
between "fontes selecionadas e o contexto da empresa em termos de seus próprios 
recursos e capacidade de absorção"5 (TIDD, BESSANT, PAVITT, 2008, p.395). 
 
b) application of decision matrix was carried out quantitative analysis to view the 
most appropriate way device manufacturing and restrictions in relation to internal 
manufacturing, which confirmed the unfeasibility. Which also served to confer the 
necessary characteristics to the product without causing bottlenecks to tile 
manufacturing process; 
 
c) defined the project scope, benchmarking was applied because the ability of 
businesses to take ownership of relevant knowledge from external sources becomes a 
competitive advantage (REIS, 2008). They were carried out technical visits to 
companies selected to present the project and survey of the manufacturing costs, and 
the study of adjustments necessary to device characteristics; 
 
d) to obtain knowledge of the products on the market, technological prospecting was 
carried out on banks of patents and other sources of technological information; 
 
e) with all mapped conditions, device models have been developed in CAD 3D 
computer graphics software. The ability to analyze the characteristics of the physical 
performance of a project before creating the prototype and / or product can 
significantly increase productivity through predictive data, because the simulation 
capabilities can solve complex analysis problems; 
 
f) finally, there is that were used project management tools such as EAP, EAR 
financial and physical schedule, and the decision matrix through the PMBOK 
methodology (2004) in order to perform and evaluate effectively design. 

 
 
2.2 The identification of the problem and the solution search 
 
To set the project, a decision matrix having three alternative reference was elaborated: 1) designing a 
device for mounting on tile (pump); 2) design a tile air circulation system; 3) acquire an existing device 
on the market. Among the possibilities, selecting the first alternative option as the work took place from 

                                 
5 [..] "selected sources and the company context in terms of their own resources and absorption capacity" (TIDD, BESSANT, 
PAVITT, 2008, p.395). (Our translation) 
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the identification of the lack of solutions on the market and the financial and structural impossibility of 
making and integration into the manufacturing of a specific die shop process to produce a piece with 
double functionality. Then, the project focus was directed to the development of a complementary device 
to the tile that can be coupled to PClassic, but offer visual identification of a single piece. 
 
   Also to ensure the successful development of the pump design air, the Risk Breakdown Structure, 
which were selected potential risks to the progress of the air circulator design for installation in PClassic 
tile was developed. You might view the potential risks identified in pump design air from the quantitative 
analysis and qualitative analysis of risk by assessing and combining their probability of occurrence and 
impact. 
 
   After he left to technological prospecting similar products for identification and study of applied 
technologies that would boost the generation of new ideas and/or whose adaptation possible and legally 
permissible for solution of the problem under study. So, with no solutions in the domestic market 
researched in foreign markets, with particular attention to Europe, more precisely to the Spanish and 
Italian markets because they are great references and global influences on ceramic concept. With the 
prospect been found that in European output tiles are occurring ever developed for roof ventilation, and 
the manufacturing process of the product quite different from that used in Ceramic Coatings Casagrande, 
some steps of the craft virtually processing. Therefore, no products formed a single piece, differentiating 
the sought solution, a separate piece that can be coupled to PClassic tile. Still, they identified as products 
of two European companies manufacturers of conventional ceramic tiles that inspired the development of 
drafts of air circulator device for installation in semi-stoneware tile. 
 
   Another determining factor in the development of the pump model was technological research 
conducted in parallel to another project developed in Univille by engineering students, this related to a 
vehicle on ethanol for participation in national competition called Energy Efficiency Marathon. The 
vehicle had a ventilation problem for the propulsion system and the pilot's cockpit, therefore a group of 
academics developed the structure of the vehicle an air circulation system that had excellent performance, 
then the solution was adapted and used as a reference in development of the air pump in the model 3D 
modeling.  
 
   After different projects of the devices to the pump not approved because of the high degree of 
complexity of manufacturing, was prepared and submitted a proposal for a device on the tile last, after 
joint analysis among the sectors of production, RD, quality and commercial, was approved by company 
management, as can be seen in Figure 1. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Approved pump image. 
Source: Primary (2014) 
 
 
    In the design shown in Figure 01 fins were developed inside the product in order to avoid possible 
rainwater flow returns, which you can view in the project outline. Also shape has been carefully studied 
so that, beyond aesthetics and functionality, facilitate its production. During project design, it was taken 
into consideration the hole size required in tile to install the pump so that remained discreet, did not affect 
the quality characteristics of the product in question and was in default of diamond glass saws available 
on the market. 
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Fig.2  
Image Air Circulator mounting Classic and Plan Tile 
Source: Primary (2014) 
 
 
 
   With the approval of the project by the company, the presentation of all simulated product testing and 
further development of the prototype, went to benchmarking step, given the aforementioned impossibility 
changes in the production system of own Casagrande. Benchmarking, according Ballestero-Alvarez 
(2010), is presented as a valuable tool to initiate, guide and depersonalize the way for continuous 
improvement. When establishing a new set of measures is achieved unfreeze the mindset to compliance 
standards. Therefore, it is said that benchmarking lays the foundation for overcoming the past, creating a 
new culture with the best of the past, but without the unproductive approach. 
 
   Technical visits were scheduled at three factories of São Bento do Sul (A, B, C), manufacturers in 
porcelain, and in Criciuma - SC (D) in order to meet the manufacturing process and make a conversation 
starter for the manufacture of the air circulator. The company chosen from the technical visits was to the 
ceramics industry in São Bento do Sul. As a partner of choice, factors such as geographical proximity and 
possibilities of new interactions knowledge were considered by Casagrande. To Kupfer (2002, p.431), the 
company is conceived as a living organism constantly changing influences that receives from its 
environment (market), but at the same time is able to transform it or create new markets or industries 
from the introduction of technological innovations. In this sense, the ceramic industry portfolio, which 
only included plates, cups and many utensils in porcelain dishes, now also produce the air flow 
throughout the Casagrande Ceramic gaining a new niche market, establishing a win-win. (FONTENOT et 
alli, 1998). 
 
   The assembly process of the ventilated tile was prepared simply and easy to drive, with a production 
capacity of 600 pieces daily. Today that par would be enough to supply the market demand, which is 
around 0.25% of the total production of tiles Casagrande Ceramic Coatings currently revolves around 
2.400.000.00 monthly parts, which will surely be increased. 
 
 
2.3 Conclusions about the experience 
 
In this study, we wanted to highlight the importance of the partnership between the university and the 
company as a key element for the success of the innovation system, and in particular sought to strongly 
encourage the vision of this partnership as a competitive advantage on the companies involved. Is 
important evidence the role of the university in the formation of intrapreneurs, as the executor academic 
fit the transformation of ideas into results, developing a feasible and appropriate solution for the 
organization and the market. For Reis (2008, p.173), an employee can be an entrepreneur within the 
organization; no need to leave the company where he works to experience emotions, the risks and 
rewards an idea transformed into reality can offer.  
 
   It was also objective of this study report the value of being open to the interventions of the customer as 
fundamental inputs to innovate. And, to highlight the value of traditional management tools as 
indispensable in the management of innovative processes within enterprises. Finally, there is the 
consensus that there is no single model that guarantees success for innovative organizations, but 
partnerships and meet and constantly evaluate their own internal technological capabilities, as well as 
monitor the competitors, is notorious requirement for the technological innovation process occurs and is 
continuously enhanced. 
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Contribution of Design Thinking  
to Jet Engines Manufacturing 
 
Pereira J1, Quelhas O2, Lima G3 
 
 
Abstract: The objective of this paper is to examine the contribution of design thinking to quantitative 
risk analysis in the manufacturing of jet engines focused on software, human and calibration reliability. 
Interview with experienced technicians raised the risk factors in the different processes in the engine 
manufacturing. Affinity diagram classified the risk factors into three categories: human, software and 
calibration reliability. Within each category, Bayesian network represented the risk factors taking into 
account their interdependency. Final prototyping validated the networks. Results indicate that the design 
thinking is an adequate technique for qualitative risk analysis in preparation for quantitative risk analysis. 
The benefits of the technique are evident and have practical implications for specialists dealing with the 
identification of risk factors in the quantitative risk analysis in the manufacturing of jet engines and other 
industries 
 
Keywords: Design Thinking; Quantitative Risk Analysis; Jet engine manufacturing. 
 
 

 
 
1 Introduction 
 
The jet engines manufacturing industry faces a variety of risks, many capable of compromising the 
viability of an organization. In order to ensure decision makers consider the probability and severity of 
adverse consequences on product reliability,  risks need to be addressed through probabilistic risk 
analysis in a systemic way (Leveson, 2011), (Boring et al., 2010), (Beugin et al., 2007), (Droguett et al., 
2014), (Esteves et al., 2005).  Bayesian Networks is very useful (Groth and Swiler, 2013), (Podofillini 
and Dang, 2013) and (Pasman and Wiliam, 2013) for this purpose. Omnipresent in the manufacturing 
industry, poor decision making are usually detrimental to the whole system. The manufacturing of jet 
engines is very complex and depends on the performance of software, equipment and humans (Pereira, 
2012). Knowledge of causal sequences of engine failure in operation situation is crucial (Pereira and 
Lima, 2015a) and (Pereira, Quelhas and Lima, 2015b). The novelty of this paper is the use of design 
thinking approach to aid in the construction of a transparent causal structure in a risk model that explicitly 
relates the overall level of safety to individual processes safety. 
 
  
2 Objective 
 
The main objective of the paper is to examine the contribution of Design Thinking (DT) approach to 
Quantitative Risk Analysis (QRA) in the manufacturing of jet engines. This paper complements a 
previous paper published by the authors and addresses the following hypothesis: H1: Design thinking as 
resource has positive effect on the determination of risk factors for quantitative risk analysis. 
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3 Method 
 
Design Thinking process (Behm et al., 2014), (Brown, 2008), (Brown, 2009), (Dunne and Roger, 2006), 
(Goh et al., 2010), (Hall et al., 2013), (Ilipinar et al. (2011), (Johnston, 2010), (kimbell, 2009) and 
(Martin, 2009) was employed. Technicians recorded the risk factors on several insight cards. By using 
affinity diagram, the insight cards were grouped by similarity. A conceptual map was built for each 
category by representing the risk factors in specific tables to represent their interdependency. Specialists 
reviewed the risk factors to verify their compatibility with the established objectives and criteria. The last 
step was the construction of Bayesian Network prototypes based on the conceptual map and have them 
validated by specialists. 
 
 
4 Results 
 
Figures 01, 02 and 03 show the prototypes of Bayesian Networks built with the aid of design thinking 
process. The networks show the risk factors and their interdependency. As proposed in the objective 
session, the risk factors for quantitative risk analysis were determined effectively with the aid of design 
thinking.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Conclusion 
 
The paper’s contribution and novelty is the proposal of a methodology to perform a qualitative risk 
analysis to identify the main risk factors in preparation for quantitative risk analysis. Based on the results, 
the conclusion is that this methodology is effective to build the Bayesian networks, so the hypothesis is 
validated, confirming that design thinking, as a resource, has positive effect on the determination of risk 
factors for quantitative risk analysis.  
 
 
 

Figure 01 – Bayesian Network 
Calibration reliability 

 

Figure 03 – Bayesian Network 
Technician reliability 

 

Figure 03 – Bayesian Network 
Software reliability 
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Innovation management  
in Brazilian retailer 
 
Catelan VD1, Marques KFS2, Naimer SC3, Siluk JCM4, Werner L5 
 
 
Abstract: Innovation is now recognized as an essential factor for the competitiveness of organizations. In 
this context, the study aimed to identify aspects that contribute to the management of innovation. The 
survey was applied in one of the largest electronics networks in Brazil, in sixteen states dealing with the 
four operating regions. After applying the diagnosis, it was possible to verify the management of 
innovation and the innovator potential of the retailer system; identify the main challenges and benefits 
that contribute to the perception of the factors that actually have an influence in management of 
innovation in nation retailing. 
 
Keywords: Retail Management; Business Competitiveness; Performance Evaluation. 
 
 

 
 
1 Introduction 
 
The last decades show a period of profound changes in the world scenario, both social and economical as 
behavior and consumption of the population. 
   Research says that there is a high level of insecurity on the part of managers in diagnosing the 
management of innovation in their companies. For this are necessary tools, in order to provide means to 
achieve a better understanding of the practice of innovation management. 
   Therefore, it was constituted the research problem, represented by the following question: "The 
Diagnosis of Innovation Management can assist in fostering innovation aimed at improving the 
performance and competitiveness in an organization of the retail sector?" Where it is intended to diagnose 
the management of innovation in retail. 
 
 
2 Objectives 
 
This research aimed to identify aspects that contribute to the management of innovation, by applying the 
diagnosis of innovation management. 
 
 
3 Methods 
 
The research includes the company being study and its branch offices, sixteen states located in four 
Brazilian regions of network performance, where the application of the diagnosis of innovation 
management was made. 
   To verify the diagnosis, it was first necessary the realization of tests and statistical analysis, for safety 
and accuracy of the method. 
   To check the reliability of the scales it was chosen the Alpha de Crombach, by measuring the internal 
consistency between the items that compose each dimension, presenting a variation of 0 to 1, whereas 
values lower than 0,6 indicate an unsatisfactory consistency (Malhotra, 2006; Crespo, 2009). 
   For the eight dimensions it used the correlation test in order to verify that the independent variables are 
significantly correlated with the overall result. 
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   Completed the analysis of the reliability and correlation of the factors in relation to the general, began 
the analysis of eight independent dimensions (Strategy, Culture, Relationships, Financial, Structure, 
Process, People and Leadership) in the network and the results by acting regions. 
 
 
4 Results 
 
At the end of this research, as table 1 shows the results of the eight dimensions analyzed in the branches 
of the four regions that the network operates: 
 
 
Table 1 
The results of the eight dimensions analyzed. 
 
 

Region. CO S SE NE Total p-value* 
Strategy 4,13 4,16 4,14 4,19 4,16 0,9603 
Culture 4,03 4,21 4,17 4,16 4,18 0,6063 

Relationship 3,90 4,03 4,18 4,09 4,11 0,0090 
Financial 3,68 3,89 4,06 3,92 3,97 0,0031 

        Structure 3,70 4,06 4,06 4,12 4,06 0,1936 
Process 3,96 4,09 4,14 4,02 4,10 0,1336 
People 3,92 4,10 4,13 4,07 4,10 0,2401 

Leadership 4,20 4,12 4,20 4,21 4,18 0,2812 
Total 3,92 4,07 4,13 4,08 4,09 0,0108 

* Kruskal-Wallis test - the same letters did not differ statistically (Dunn test) 

 
   It can be observed that the diagnosis in relation to the strategy dimension the highest rate (4.19) was 
obtained in the Northeast region. In relation to the dimension the highest rate obtained Culture (4.21) was 
in the South region. For the other regions it is noted that the Southeast region presented in its total the 
best rate (4.13) compared to the others. The region also had the highest rates of diagnosis on the 
dimension relation-ship (4.18), Financial (4.06), Process (4.14) and People (4.13). It can be said that the 
region is directly related to the network process, whereas out of the eight dimensions evaluated four of 
them showed high rates. 
 
 
5 Conclusion 
 
So as, to answer the research problem it was observed the great importance of the diagnosis of innovation 
management, to promote innovation, improvements in performance and competitiveness in retail 
companies. 
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PMO standardization  
through Hoshin Kanri 

Improving the Management of Projects 
by Process Management 
 
Villalba Díez J1, Ordieres Meré J2, Alba Elías F3, González Marcoa A4 
 
 
Abstract: Project management has become more than just a supporting role for businesses. For many 
organizations, it is a relevant part of getting things done, and the many tasks associated with managing 
projects require more attention than just the scope of work of individual project management 
professionals (PMPs). This paper will contribute by showing how through taking standardization as the 
goal as well as using it internally, the Project management Offices (PMO) will contribute to the maturity 
level of the organization in terms of project management and increase the sustainability of their business. 
The core concept of this contribution is the use of Hoshin Kanri (HK) ideas to standardize communication 
among the process-responsible members at the PMO. Finally, application from a practical point of view is 
presented and its meaning discussed. 
 
Keywords: Project Management; PMO; Communication Standardization; Maturity Models. 
 
 

 
 
1 Introduction 
 
Projects have become important instruments for change and development in organizations. There are 
many approaches to studying project performance but one of the most common is investigation of critical 
success factors (CSFs) as predictors of performance. For example, Pinto (Pinto, Slevin 1988) identified 
10 CSFs, ranging from project mission, top management support, project schedule/plan, client 
consultation, technical tasks and communication, to personnel recruitment/selection and training. These 
CSF are quite project-centric but other proposals (Seddon, Calvert & Yang 2010) have promoted other 
factors that consider not only intra-project aspects but organizational ones. Some authors suggest that the 
broader utilization of projects requires a new orientation in project management (PM) and a new model 
for more effective operations in project-driven organizations as presented in reference (Dai, Wells 2004). 
In spite of the advantages of using the project approach, however, Jessen (Jessen 1993) suggests that 
because of the one-time nature of projects, an organization may often derive little benefit from previous 
successes and failures due to a lack of effective knowledge transfer. Improvements are required in order 
to foster process management to help the project development style; those improvements need to address 
the lack of knowledge transfer. As previously mentioned, this can be done by means of increasing trust as 
well as standardization of activities. 
   Management of project knowledge is a critical factor for project success. In this sense PMO can be seen 
as a unit within organizations to centrally facilitate, manage and control organizational projects to 
improve the rate of success. The role of the PMO varies between organizations: it can play a major 
strategic role while in other organizations it can play a more limited supportive role. Desouza & Evaristo 
(2006) identify different roles for the PMO, ranging between strategic, tactical and operational. In that 

                                 
1 Javier Villalba Díez (jvdiez@gmail.com) 
   CEO of Center for Leadership Mannheim UG, 
   Waldseerstrasse 102, 88400 Biberach, Germany. PMQ research group. 
2 Joaquín Ordieres Meré (j.ordieres@upm.es) 
   PMQ research group. Depto IOAEyE, ETSII. 
   Universidad Politécnica de Madrid. c/ José Gutiérrez Abascal 2, Madrid, Spain. 
3 Fernando Alba Elías (fernando.alba@unirioja.es) 
4 Ana González Marcos (ana.gonzalez@unirioja.es) 
   Mechanical Engieering Department. Universidad de la Rioja. 
   Luis de Ulloa 20, 26004 Logroño. La Rioja. Spain. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 727 

sense the research in this paper is focused on the PMO playing the operational role, and in some cases the 
tactical role, when its focus is on fostering consistent quality of products and services generated by 
projects.  
   The latest research studies illustrate that there was an increment estimated at 39% of organizations 
having PMOs between the years 2000 and 2014 (Research 2015). This jump can be seen as indicating that 
the importance of the PMO is growing over time. Due to increased interest of developing PMOs, the 
Project Management Maturity Model (PMM) has been proposed to help develop PMOs gradually (Spalek 
2012). The PMM contributes to evolvement of PMO from immature to mature levels through addressing 
appropriate PM practices. Despite the importance of project knowledge, it has not been extensively 
investigated in project environments.  
   The potential is recognized for the PMO to introduce order and systematic view in the front end of 
innovation projects, which were understood in the past to be the most troublesome and chaotic phase of 
the innovation process. At the same time, the front end provides the greatest opportunities to improve the 
overall innovative capability of a company (Artto et al. 2011).  
   It is also relevant to highlight that the human resource management practices in the project context are 
still underdeveloped. They have been recognized as a basis for achieving competitive advantage (Yang et 
al. 2014). 
   The following areas for improvement are combined in this paper: 
  

•!Trust based on standardization of procedures. 
•!PMO as leader for process standardization both internally and across projects. 
•!Communication in the project as a key area for improvement. 

 
   A strategy for standardizing the inter-process communication at the PMO will extend the maturity of 
PM across the organization, as well as foster knowledge management in projects. The way of getting this 
standardization is not just a set of rules but it will be based on a kind of continuous improvement 
mechanism (Villalba Díez, Ordieres-Mere 2015). 
 
   In an organizational business context as those where the projects grow, with numerous interdependent 
process owners (POs) acting simultaneously at different levels (tasks, work packages, monitoring, 
configuration, reporting and so on), a model of the system helps to understand the interactions. In this 
paper, the organization will be depicted as an oriented network of nodes (POs) connected through arcs 
which represent structured exchanges of information. This view is compatible with the existing theories 
of organizational design (Cross et al. 2010). As these environments used to be different and dynamic, 
such POs need to be aligned towards a common direction (HOSHIN), adding value to the sequence itself. 
 
   Furthermore, researchers have argued that not only support of empowerment management systems are 
necessary, but also alignment with strategic purposes, understood as “compliance with strategic plans and 
targets” (Cäker, Siverbo 2014). Certain studies (Frow, Marginson & Ogden 2010) show that multiple 
controls are needed to balance both empowerment of PO and the alignment towards strategic goals. 
HOSHIN KANRI (HK) (management by giving direction) (Jolayemi 2008) is a comprehensive 
management system that enables such alignment of complex systems. 
 
   Section 2 of this paper will deal with process standardization, knowledge management impact in PM 
and PMO impact in the PMM in more depth, as well as looking at the relevance of the communication in 
the PM. In section 3, the proposal of the PMO inter-process standardization of communications 
mechanism will be presented and discussed against the common way of looking for maturity through a 
PMO. Section 4 will present a case study, and finally in section 5 a discussion of the main findings as 
well as the conclusions will be presented.  
 
 
2 Literature Review 
 
In the organizational environment, barriers to communication are easily detected and difficult to 
overcome (Sengupta 2011). The complex nature of communication arises from many factors, such as 
semantics, power politics, and organizational and technological issues (Easton, Gilchrist & Lenney 2012). 
   Project communication has been of interest to a number of scholars and practitioners and the bodies of 
knowledge (BoKs) establish guidelines for communication in projects. The use of BoKs, such as those 
from PMI and the capability maturity model from (CMM/CMMI) has increased in different projects. 
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Furthermore, efficient performance requires intense and media-rich communication among project 
stakeholders. 
   From an organizational perspective, the PMO plays a significant role because its primary function is to 
develop and monitor compliance with organizational PM methodology (policies, processes, procedures 
and best practices). The PMO represents a bridge between the organization’s strategy and projects. It also 
coordinates communication across projects and collects data from projects, consolidating them and 
reporting to internal and external stakeholders (Nahod, Radujković 2013). Desouza & Evaristo (2006) 
argue that tacit knowledge obtained through projects is difficult to capture. Therefore, it is important to 
build a bridge between PM and knowledge management, creating collaborative communities for project 
managers that are centralized through the PMOs. 
   The success of the formal communication strategy strongly depends on trust (Maurer 2010). Koskinen 
& Pihlanto (2007) introduce four types of trust for a project setting: deterrence-based trust, role-based 
trust, knowledge-based trust, and identification-based trust. When properly managed, the PMO approach 
will foster at least the role-based and the knowledge-based trust. Standardization of formal 
communication processes will help to increase the identification-based trust and this is one of the more 
significant aspects of using HK approach. HK as described in HOSHIN KANRI TREE (Villalba Díez, 
Ordieres-Mere 2015) can be understood as a KPI-driven, behavioral process management method. HK is 
implemented by standardizing the communication between process owners (POs) through (CPD)nA, thus 
creating an organizational structural network of autonomous agents whose actions are guided by certain 
strategic goals. 
 
  
3 PMO inter-process standardization of communications 
 
Standardization practices are not new in project management. They have been reported as relevant to a 
project’s success (Fernandes, Ward & Araújo 2014). This paper will attempt to exploit an opportunity to 
extend the standardization of processes related to the management of the project (at least those being part 
of the common knowledge that the company should develop) into the project management daily 
activities. The goal is to gain an insight into the performance of the projects and also increase the 
corporate knowledge of the company. 
   In the rest of this paper, when referring to inter-process standardization the authors shall refer to both 
PMO internal processes as well as cross-functional processes such as Yokotenkai ���, (Hino 2007) in 
its PM related version. 
   The authors consider the (CPD)nA as inter-process communication standard between PMO agents. The 
(CPD)nA application in the PMO context follows the phases as defined in Villalba Díez & Ordieres-Mere 
(2015). 
   The implementation phases of HKT as described in Villalba-Diez & Ordieres-Meré & Nuber (2015) 
are: 
 

1.! Awareness. 3G Gemba-Genjitsu-Gembutsu. The purpose of this phase is to raise 
aware-ness regarding HKT in both PMO and PM. 

 
2.! Nemawashi. The purpose of this phase is to prepare the foundations by understanding 

the PMO and PM KPI structure. 
 

3.! Ueru Management. Planting the HKT. The purpose of this phase is to install Shopfloor 
Management in both PMO and PM based upon (CPD)nA. 

 
4.! Ueki-Ya Leadership Phase. Taking care of the HKT. The purpose of this phase is for 

the PMO to acquire the role of Lean Leader as gardener and trust fosterer. 
 

5.! Alignment and Executive Review. The purpose of this phase is aligning and reviewing 
PMO efforts with senior management. 

 
   The (CPD)nA is a cyclical management process of continuous improvement behavioral patterns, which 
acquires in this PMO context a novel dimension as standard communication pattern between PMO 
members within the PMO, and between the PMO and their customers. 
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4 Case Study 
 
The research site for this study is Global Equipment Manufacturer (GEM), which produces a variety of 
machines. In 2013, GEM reported around $3 billion in revenue, with around 10,000 employees and 11 
factories in 4 continents. The data for this study comes from GEM’s headquarters’ PMO regarding its 
structure and perceived changes in PMO performance. In this case study we present the change process 
from the traditional GEM’s headquarters’ PMO structure towards a Hoshin Kanri based PMO, and 
present the perceived changes in PMO performance. 
   We aim to study the effect of the implementation of HKT upon the temporal variation of performance at 
GEM’s PMO in terms of several KPIs. 
   The PMO’s performance is measured on a weekly basis, based upon following KPIs: 
 

•!KPI1. Number of PM Members in HKT/Number of Total PM Members. Measured in [%]. 

•!KPI2. PMO Average Project Schedule Delays. Measured in [%] 

•!KPI3. NHPM/NH Total. Measured in [%]. 

•!KPI4. Project Cost Overrun. Measured in [%]. 

 
   All data was gathered in an ongoing research effort which spanned 12 months from January to 
December 2014. The observations of the implementation degree of HKT technology were measured on a 
weekly basis given by the % of PMO POs and PMO clients involved in the HKT as depicted in Figure 1, 
where the phase durations have been highlighted. 
 
 
5 Discussion & Conclusion 
 
By standardizing the PMO inter-process communication through (CPD)nA, the PMO adopts the shape of 
an organizational structural network in which the nodes are the PMO agents and the edges are the KPIs as 
described in the (CPD)nA. 
 
This approach presents several advantages: 
 

1.! The PMO benefits from this standardization because it can foster a common language between 
all PMO activities. 

 
2.! The PMO is likely to increase its performance because each PMO agent is responsible for a 

certain KPI and reports this KPI within the PMO organization, as well as optimizing its value. 
  

3.! By standardizing inter-process communication through (CPD)nA, organizations will bridge the 
gap between PMO and knowledge management because all PMO related activities will be 
recorded throughout the Phase Act. These jointly developed standards serve as common ground 
by helping identify common platforms for future development. 

 
4.! Identification based trust within the PMO and between PMO and the organization is likely to 

increase because of inter-process communication standardization due to the increased 
transparency upon expectations.  

 
5.! An example of this system is provided by HKT. If HKT technology is implemented, the PMO 

management can run PMO wide shop floor management, thus deploying strategic and 
operational goals throughout PMO organization. 

 
6.! The PMO benefits from the (CPD)nA standard also in the role of PM due to the evolutional 

nature of the (CPD)nA process management approach. In fact, because the standard in the Phase 
Act has evolved in closed relationship with the operational process owner, the project can 
benefits from the standardization. 
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7.! To conclude, we can establish that by creating a structural organizational network within the 
PMO and by linking this network with the rest of the organization through the PM, the PMO will 
be empowered towards new levels of influence in the organization. The PMO becomes an even 
more important player in the strategic task of process standardization because each of its 
activities (internal and PM-related) happen via an inter-process communication standard such as 
(CPD)nA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Time evolution of the four defined KPIs where the impact 
of the implementation of the Communication Standardization 
is clearly identified. 
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Measuring Open Innovation 
Projects 
 
Kissimoto K O1, Mattos C A2, Laurindo FJB1 
 
 
Abstract: Measuring open innovation results configures a big challenge for many companies. Previous 
studies addressing the need to measure the open innovation results mentioned the use of patent data, the 
success of new product development, percentage of sales in products and services from external 
technologies, among others. By applying a multiple case study, this research proposes to measure open 
innovation projects using operational metrics, like the ones that are used to measure a project success. In 
the studied cases, organizations that adopted a typology where the participants were selected and there 
was a specific topic of discussion achieved better results. 
 
Keywords: Open Innovation; Performance; Measurement. 
 
 

 
 
1 Introduction 
 
Measuring the open innovation initiatives configures a big challenge for companies. Open innovation 
might impact different areas within the company – business processes, organizational structure, 
communication, rewarding system and organizational culture (Remneland-Wikhamn and Wikhamn, 
2011), demanding for a more reliable metrics and systems to measure open innovation results 
(Chesbrough et al.,2006, West et al., 2014).  
   Previous works presented some dimensions to measure open innovation. Cheng and Huizingh (2014) 
based their model in three aspects – strategic orientation, innovation performance and control variables. 
Song et al. (2014) analysed the influence of social media in the product innovation results; Gassmann et 
al. (2010) and Laursen, Salter (2006) and Fabrizio (2009) related the search for outside knowledge and 
the absorptive capacity with a better innovation performance. Based in the open innovation typology 
literature, this paper aims to understand how the way organizations choose to implement open innovation 
initiative affects its performance. 
 
  
2 Methods 
 
Through a multiple case study this research investigated how companies are implementing and measuring 
the open innovation projects. The selection criteria was companies that fit to one of the open innovation 
typology cited by Phillips (2011). Six companies were selected, all the interviews were recorded, and a 
transcription were provided. A coding process were applied and the main findings were grouped around 
the research constructs. To measure open innovation results, operational metrics from Shenhar and Dvir 
(2013) were applied to the cases. 
 
  
3 Results 
 
Phillips (2011) presents four different typology for open innovation, but the one that presented the best 
results were those when participants were selected and invited to discuss specific topics.  
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4 Conclusion 
 
The way open innovation is implemented affects its results. Applying operational metrics to the open 
innovation typology is possible to understand if it presents a more immediate results or if its results 
prepare them for the future. 
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Roadmap for the  
Implementation of a Project  
Management Model in a SME  
of Engineering and Turn-key  
Supply of Industrial Equipment 
 
Hermida D1, De la Fuente D2, García F3 
 
 
Abstract: Project management is focused on planning, executing, monitoring and controlling of all 
aspects of a project, defined as a temporary effort to carry out a unique result, in order to achieve the 
targets set under the criteria of time, quality and cost restrictions. In a small or medium-sized organization 
focused on this type of activity, the integration of the various factors involved in the project life cycle is 
needed. A roadmap developed as a set of guidelines for effective project management, tailored to this 
type of organizations but based on the existing sets of best practices and methodological standards 
(traditionally oriented to huge corporations), is pursued in this work. 
 
Keywords: project management, roadmap, SME. 
 
 

 
 
1 Introduction 
 
Within an organization whose activity is focused on providing "turnkey" industrial equipment and 
facilities of a generalist character, which can cover many technical areas and adopt very different 
characteristics, often unique for each type of facility or equipment depending on the different conditions 
or on the needs of each client, the execution of the productive work must necessarily be oriented to 
projects. 
   This research starts with the assumption that the incorporation of management standards in project 
management can provide solutions to the problems of quality, time and cost due to the lack of integration 
of the management system, which can cause numerous problems in projects along its entire value chain. 
The control of information flows and relationships between the various participants (including their 
cooperation grade and the ability to forecast the impact of their decisions) directly affect the level of 
quality, time and cost of the project from the initial time. 
 
 
2 Objectives 
 
The main objective of this work is to establish an optimized set of guidelines which integrates a 
subsequent flowchart (roadmap) as a model adapted to the initiation, planning, execution, monitoring and 
closing of projects in SMEs, optimized by applying the best practices contained in the most-globally used 
methodological standard (PMBOK), and tailored to the particular organization type. 
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3 Methods 
 
After conduct a comprehensive review of the framework for managing projects, an analysis of the 
different approaches and its degrees of tailoring to SMEs, and of the relationship of these approaches with 
the different cultures of the organization, is performed. An analysis of the relationship of that framework 
to the process-based approaches (EFQM), and to the innovation management, is also performed, as well 
as the relevance in that framework of existing tools and IT technologies is also considered under the cross 
objective of obtaining patterns adapted to the objectives of the organization, enabling continuous 
improvement. 
 
  
4 Results 
 
Through this way, an initial approach to the operational definition of the roadmap is developed, 
establishing a flow-structured program for implementation and monitoring processes, analyzing their 
strengths and weaknesses. Currently a second round of feedback is being prepared throughout an 
interview to experts. 
 
  
5 Conclusion 
 
Although there are existing process models and guidelines covering various aspects of project 
management, they are usually focused on large companies, making necessary to adapt them to the 
particular conditions of SMEs. In addition, the particularities of the industrial sector and of the 
organizations dedicated to engineering (regarding management), further accentuate this adaptation needs, 
which can be achieved through easy-to-install roadmaps for management as proposed. 
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Scientific and Technological 
Mapping of Magnesium Batteries 
 
Munhoz I1, Akkari A, Santos N, Santos R, Knupp J, Santos F 
 
 
Abstract: This study performs a scientific and technological mapping of magnesium batteries through the 
number of patents. The indicators have shown that patents granted in electrical equipment is growing, as 
well as the patents related to magnesium batteries. The main holders of this technology are Japanese 
companies, as Toyota, and main applications are in engineering. 
 
Keywords: magnesium batteries; patents; R&D. 
 
 

 
 
1 Introduction 
 
There is a great interest in evaluating the impacts of Research and Development (R&D), motivated by the 
need to understand their effects (Dilling-Hansen et. al, 2003). In the energy sector, global warming and 
rising energy crisis raised concerns and research in energy accumulators to achieve improvements in 
overall environmental and energy scenario.  
   Coupled to these factors, the battery Magnesium – Air has been considered a promising source of 
electricity (Huang et. al, 2013), mainly by not polluting the environment, it is cheap, has high specific 
energy and it is the seventh chemical element abundance on the planet. These characteristics have 
transformed this battery in a potential substitute for other conventional technologies.  
   However, the magnesium battery has disadvantages that need to be overcome through research to 
leverage its massive commercial use. 
 
 
2 Objectives 
 
The objective of this paper is to conduct a scientific and technological mapping of magnesium batteries 
through an output indicator of R&D (number of patents) in Brazil, Japan and in the world, as well as 
identify key features of the technology, its key holders and applications. 
 
  
3 Methods 
 
This is an exploratory study involving a literature survey and the collect and analysis of secondary data 
obtained from two patent databases, the Intellectual Property Statistics, developed by World Intellectual 
Property Organization – WIPO, and the Derwent Innovations Index, a patent search tool produced by 
Thomson Reuters, and a Scientific data bank of companies investing in R&D, the E U Industrial R&D 
Investment Scoreboard.  
   Data analysis involved the application of the method of least squares in MATLAB®, to predict future 
scenarios of the technology and the last step was to draw up a case study, based on the information 
previously collected, to greater understanding of magnesium batteries in Toyota Motor Corporation. 
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4 Results 
 
Indicators of the WIPO have shown that in Brazil, Japan and worldwide, patents granted in electrical 
equipment and energy are growing, but in Brazil the share of this sector in patent applications is in 8th 
place, while in Japan is first. Brazil is a country with a recent innovation process, compared to the leading 
countries, however, Japan has experienced recent crises in growth and economy (1990s onwards) and 
only in recent years is giving signs of recovery. Even with these problems, Japan invests almost 3.4% of 
GDP in R&D, while Brazil is close to 1%. 
   Indicators of Derwent also show that the number of specific patents related to magnesium batteries is 
growing, but the forecast is slowing. The main holders of this technology are Japanese companies, as 
Sanyo Electric Co Ltd. The main applications are in engineering, chemistry and energy and fuels, 
however, is growing in transport, as is the case study with Toyota, to apply in hybrid vehicles. 
 
 
5 Conclusion 
 
In this study it was possible to analyze the differences in R&D in Brazil and Japan, as well as to identify 
the trend in the number of patents related to magnesium batteries, identifying the main holders of 
technology and its uses. 
   Another contribution is the research methodology developed, which can be applied in other cases for 
technological exploration and evaluation of the process of research and development of new products. 
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Public Policy Focus on R+D+i  
for the Demand and Opportunities  
of Industrial Innovation 
 
Piñero A1, Rodríguez Monroy C2, Peláez M A3 
 
 
Abstract: The present work aims to develop a proposal for public policy focus on R+D+i for demand and 
opportunities for Industrial Innovation, specifically in the area of Small and Medium Industries (SMIs) 
since they represent a priority for development in the international context. This study summarizes 
documentary and applied research. The work starts from the discussions and recommendations made by 
different researchers and international cooperation agencies relating to public policy design for R+D+i to 
promote demand for product innovation in the market through purchases by State companies or the 
establishment of partnerships with private business for purchases, in order to encourage and stimulate the 
interest of SMIs in participating in the R+D+i projects. These recommendations become the basic 
guidelines for the design of various models of public policy approach to R+D+i. 
 
Keywords: Public Policy for R+D+i; Demand for Innovation; Innovation System. 
 
 

 
 
1 Introduction 
 
The development of the R+D+i has become a priority for government administration designing public 
policy on R+D+i, to understand that innovation is the alternative to boost economic, social and 
sustainable development of a country. Benavente et al., (2012) consider that government policies have an 
important role in establishing a suitable environment for companies to improve their level and willingness 
to innovate. These initiatives have led to other studies such as Ben (2012), in the evolution of public 
policy, aimed at cooperation in the interactive R+D+i process with a focus on the Innovation System (IS). 
 
 
2 Objectives 
 
This paper aims to develop a proposal for R+D+i Public Policy focus for Demand and Opportunities for 
Industrial Innovation, specifically in the field of SMIs, since this represents a priority area for 
development in the international context. 
 
 
3 Methods 
 
The study presents a documentary and applied research type. The research work starts from the 
discussions and recommendations made by different researchers and international cooperation agencies 
concerning the design of R+D+i public policy to promote demand for innovation in the market. 
Subsequently these recommendations, theories of innovation and process innovation system become the 
basic guidelines for the design of various types of R+D+i public policy approaches for demand and 
opportunities for industrial innovation.  
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4 Results 
 
As results of this study different models are proposed for R+D+i public policy approaches for demand 
and opportunities for industrial innovation, specifically in SMIs. Each model is described and the role of 
the government institution in implementing the R+D+i public policy approach is analyzed. 
 
 
5 Conclusions 
 
The model approach to R+D+i public policy for the demand and opportunities for industrial innovation 
must have internal assessment stages in the innovation processes of SMIs and the external evaluation 
concerning the placement of products on the market, in order to detect possible obstacles in the 
implementation of  SMIs’ plans to achieve a better capacity in their innovation goals. Without the stages 
of internal and external evaluation there is the risk of not being able to correct those actions which ensure 
the compliance with the public policy for R+D+i. 
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University Technology  
Enterprise Network in Portugal:  
A bottom-up approach to Improve  
Regional Innovation Ecosystems 
 
Resende, D.1, Bravo, M.2 
 
 
Abstract: The objective of this article is to present a successful program that built a National Innovation 
Network based in the University Technology Transfer Offices (TTOs), incubators and science parks. The 
University Technology Enterprise Network (UTEN), which was launched in March 2007, includes 15 
Portuguese Universities and select international partners in a 5-Year program funded by the Portuguese 
government. The main objective has been to accelerate the development of a sustainable, globally 
competitive, professional technology transfer and commercialization network within Portugal to increase 
Portugal’s international competitiveness in university–based science, and technology transfer and 
commercialization. We argue that all initiatives taken place in the project have gotten UTEN network 
presently run in the Open Innovation paradigm fostered mostly by the TTOs and their own networks and 
officers.Science and technology based entrepreneurship was increasingly seen as a key element of 
Portugal’s ability to grow and prosper (UTEN, 2012). Research universities had worked to foster a range 
of technology transfer and commercialization activities and offices, together with industrial liaison 
programs, mostly devoted to fostering entrepreneurial environments, launching technology based start-
ups, and bringing ideas from the laboratory to the market. UTEN was created to synergize this growth 
and stimulate new competencies in international technology transfer and commercialization to facilitate 
industry access to leading markets worldwide. In other words, UTEN is the living example of an 
Innovation network - an Open Innovation Network launched to contribute to build the necessary 
relationships between all actors, giving them the necessary knowledge to play their roles. This working 
paper shows the actions taken to construct UTEN and improve the Portuguese Innovation Ecosystem. 
These actions follows the patterns observed in other studies – essentially those ones from Resende et al, 
2013; McAdam et al., 2012; Philpott et al., 2011; Todorovic et al., 2011; Rogers, 2002; Rogers et al., 
2001; Rogers et al., 2000 and Gibson and Rogers, 1994.We have collected data that shows the success of 
the program based on the results of the first five years of the project. 
 
Keywords: Technology Commercialization; University Industry Relationship; Technology Valorisation; 
Open Innovation; Innovation Ecosystems. 
 
 

 
 
1 Environment and Scenario 
 
The Portuguese Science and Technology Foundation (FCT) working with The University of Texas at 
Austin’s IC2 Institute has, launched The University Technology Enterprise Network (UTEN) in March 
2007 with the vision of building, within five years, a globally competitive and sustainable science and 
technology (S&T) transfer and commercialization network, managed by highly trained Portuguese 
professionals, in close international collaboration, achieving a co-creative environment through the 
empowered links of the network. In fulfilling this vision, UTEN is working to accelerate the international 
commercialization of Portuguese science and technology through the development of skills and 
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professional competence at home and the leveraging of UTEN partnerships to foster international 
technology-based entrepreneurship and business development throughout Portugal. 
   We will show, in the next sections, how UTEN have applied a well-planned set of procedures to build, 
within its first five years of implementation, a globally competitive and sustainable science and 
technology (S&T) transfer and commercialization network, ready to the co-creative OI Ecosystem. UTEN 
has focused in the TTOs (a bottom-up approach) to build and spread the Portuguese regional innovation 
ecosystem. Initial clear challenges involved strengthening existing Portuguese regional and national 
technology transfer (TT) academic-science-business cooperative networks and abilities in order to 
achieve needed critical competencies of required expertise to successfully take the best Portuguese S&T 
and entrepreneurial capabilities to commercial applications and international markets. 
   This is a working paper based in collected data and will demonstrate the success of the UTEN program 
(the methodology to collect data consisted of documental analysis, surveys, and interviews). 
   This working paper is organized as follows: 1. Environment and Scenario; 2. Problem characterization; 
3. Research Methodology; 4. Research Data and Discussion; 5. Final Notes and Conclusions; 
Acknowledges and References. 
 
 
2 Problem Characterization 
 
The significant challenges Portugal currently faces center on 1) retaining the country’s educated talent by 
developing high value jobs and careers, by 2) commercializing Portuguese S&T in global markets to 
create these new jobs and regional wealth across Portugal (UTEN 2012). UTEN’s initial goal since 
inception has been the enhanced training and network building, on an international scale, of Portugal’s 
TT managers and staff, and technology entrepreneurs —an effort initiated under the leadership of the 
FCT, INPI – Instituto Nacional da Propriedade Industrial, and the IC² Institute at The University of Texas 
at Austin. 
 
 
2.1 Capacity Building 
 
UTEN’s network includes 14 Portuguese universities and select technology parks and research centres. It 
focuses on capacity building for the accelerated commercialization of Portuguese S&T.  
   Portugal stands unique in conceiving, launching, and continually assessing UTEN as an international 
program for capacity building focused on commercialization of academia S&T to business development 
and venture creation. These challenging tasks are key to wealth and job creation—in emerging, 
developing, and developed economies—especially during the current global financial challenges. If it 
were easy to launch and build globally competitive national and international technology-based 
companies then all nations would be doing it. It is not easy. And while Portugal has select examples of 
such successes, more needs to be done. The following pages demonstrate UTEN’s proposal to address 
these challenges and to produce significant results. 
   UTEN has been continually enhanced from 2007 through 2012, to provide much-needed training in 
technology transfer and commercialization, together with increased access to international networks, in 
order to increase capacity building that would: 
 

•!Strengthen Portuguese academic-industry linkages 

•!Increase technology-based entrepreneurship 

•!Accelerate firm growth nationally and globally. 

 
 
2.2 Taking the Last Mile 
 
In networked systems that support many of today’s critical services – roads, energy grids, 
telecommunication infrastructures, etc. – there is a well-known difficulty referred to as “the last mile 
problem.” The (common) difficulty is bridging the gap from a local high-throughput distribution centre to 
every single consumer home, equipment or individual, so that the service delivery point can actually 
(physically) meet the consumers, satisfying their needs and thereby producing value. The challenge is to 
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feed the network with valuable content while providing it with the required capillarity to bridge the gap 
and avoid connectivity problems. 
 
   UTEN was born as a concept or a vision of a cooperative network aggregating entities and individuals 
in Portugal concerned with technology transfer, with a single major goal: Improving and accelerating the 
transformation of science and knowledge into economically valuable innovative solutions as well as 
addressing societal problems in a global context. Such a network is being built, with UTEN support, on 
increasingly larger and more effective knowledge-producing nodes (laboratories, university research 
groups, tech-based companies) and on the new delivery links created through the technology transfer 
offices and professionals associated with those labs and universities – the boundary-spanners.  
   In the OI environment, a boundary-spanner links the desired actors of an innovative project. The links 
(inbound or outbound links) with partners, brokers or any kind of organization or company participating 
in a project need to be managed. 
   Because these links have been initially created to interconnect the knowledge-producing nodes, they 
have trouble in effectively connecting with the knowledge-consuming nodes (the end-user companies and 
other licensees aiming at transforming and/or selling technology and technology-based products and 
services). This difficulty in effectively connecting to potential clients is the “last mile problem” of the 
technology transfer network. 
   With the application of all the capacity-building programs and activities over five years the “last mile 
problems” of UTEN Portugal have already shown relevant results as can be seen in the next sections. 
   We intend to show that the practices taken place in the UTEN program to improve and accelerate the 
transformation of science and knowledge of a region/country ecosystem into economically valuable 
innovative solutions as well as address their societal problems are adequate. 
   The questions driving this analysis are concerned with UTEN project and are: 
 

•! Granted, there is a huge collection of variables conditioning the TT relationships, can we 
confirm that all processes, procedures and structures in UTEN network improved and 
accelerated, with relevant results, the transformation of science and knowledge of UTEN 
partners into economically valuable innovative solutions? 

  
•! Is it possible to characterize processes, procedures, and structures in the network, and to identify 

their weight in the results? 
 

•! Is it possible to point out processes and critical procedures that are still weakly implemented? 
 

•! If we find and improve weakly implemented processes and mechanisms, what performance 
increases (both efficiency and effectiveness) can we expect to achieve from intervening and 
rectifying existing problems? 

 
 
3 Research Methodology 
 
   The research approach of this study is action research. Action research uses a scientific approach to 
study important social or organizational issues together with those who experience these issues directly. It 
has always two goals: making the action happen and reflecting what happens in order to contribute to the 
theory. This process involves collaboration between researchers and members of the organizational 
system. Action researchers are not just observing change; they are actively working to make it happen 
(Coughlan and Coghlan 2002). 
   Tharenou et al. (2007) argue that action research studies iteratively cycle through diagnosis and 
intervention until there is an understanding of the situation investigated. In this study, the action research 
is used to develop practice-based innovation processes in cooperation with the employees of case 
organizations.  
The empirical research is based on various case studies. In fact, these case studies are all related to each 
other since the intention is to create a powerful network in the Portuguese innovation ecosystem. “Case 
study is a comprehensive inquiry, conduced in the field, into a single instance, event or setting” 
(Tharenou & al. 2007). Case studies allow concentrating on specific instances aiming to provide a 
multidimensional view of the situation (Remenyi & al. 1998). Although the results of a case study are 
difficult to generalize to other cases, the generalizability can be improved by using more than one case 
(Tharenou & al. 2007). 
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   Action research always requires pre-understanding of the organization’s environment, conditions of the 
business as well as structure and dynamics of the operating systems (Coughlan and Coghlan, 2002). 
Therefore, a baseline data collection was gathered in the first research phase. 
4 Research Data and Discussion 
 
According to Coughlan and Coghlan (2002), the general phases of an action research process are: 
planning, taking action, evaluating the action and further planning. This section describes the evaluating 
phase (s) with UTEN Program where twenty offices were contacted, and responses were received from 18 
TTOs as of late October 2012. 
   The next discussion is a transcription of selected parts of our empirical research from UTEN report 
(UTEN 2012), by James Jarret and Aurora Teixeira, Assistant Professor with Habilitation, Faculdade de 
Economia, Universidade do Porto; Associate researcher of CEF.UP, INESC Porto & OBEGEF. 
 
 
4.1 Evaluation - UTEN Surveys of TTOs 
 
In 2012 the third annual UTEN network survey of technology transfer offices was conducted to develop a 
more comprehensive view of technology transfer in Portugal from 2007 to 2011. The summary of key 
findings follows. 
 

•!The primary functions of TTO employees continue to be: grants and fund-raising 
(27%), intellectual property (18%), and entrepreneurship/spin-outs (14%) with smaller 
amounts of time devoted to coordination, licensing, and industrial liaison; 

  
•!On average, approximately half of the revenues received by TTOs are from grants, 

with another 20% from external fees and services; only one fourth of TTO revenues 
are provided by their institution; 

 
•!Compared to last year, there was a substantial increase (42%) in the number of 

invention disclosures reported by the TTOs; 
 

•!There are no clear trends with patent applications, while there has been an upward or 
stable trend over time for the three main types of patents granted. In the last two years, 
the impact of the economic crises in the use of patents seems clear; 

 
•!Licenses, option agreements, and assignments in 2011 matched the strong number in 

2010, and the trend over time continues to be positive; 
 

•!Total license income increased once again in 2011, by about 6% over the prior year; 
 

•!R&D agreements were 38% higher in 2011 than in 2010 and 
 

•!TTOs reported a large number of new companies established: 141 in 2011 compared 
to 95 in 2010. 

 
   EMPLOYEE DUTIES: The number of full-time technical/professional employees ranges from 1 to 14 per 
office. Twelve of the 18 TTOs have five or fewer technical/professional employees. The offices that 
responded have a total of 81 technical/professional employees. Across the different TTOs, on average 
employees allocate their time to several key functions. 
   SOURCES OF REVENUES: Grants and fund-raising are an important task for TTOs. Only one TTO in 
2011 received all of its revenue from its home university. TTOs are in fact quite dependent on grants to 
perform their functions as nearly half of their revenues, on average, come from grants. In 2011, ten of the 
TTOs secured at least half of their revenue from grants, with three TTOs above 70%. Two other TTOs 
were entirely funded from external fees and services. Compared to the prior year, TTOs increasingly 
relied on external fees and services and grants, and received a smaller proportion from their home 
institution. 
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   ROYALTIES: Seventeen TTOs provided information about royalties, and 15 reported that royalties are 
split between their institutions and the inventors in varying proportions. In eight of the institutions, 
royalties are split 50%-50%. In another seven institutions, the inventors receive 55% or more, including 
two institutions that provide 80% to inventors. One university alters the allocation depending on the total 
amount of royalties received—for smaller amounts the inventor receives a higher percentage, while for 
larger amounts the university receives more and the organizational unit receives some proportion. 
Compared to last year, inventors now are receiving a larger share at a number of institutions. 
   INVENTION DISCLOSURES: Compared to last year, there was a substantial increase (42%) in the 
number of invention disclosures reported by the TTOs. As shown in Figure 1, invention disclosures in 
2011 reached 282. 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
   PATENT APPLICATIONS (PRIORITY FILINGS): The trend is less clear on patent applications as shown 
in Table 1. In one category (provisional), the trend is clearly upward, while in the other four categories 
there are no clear trends. In 2011, there was one application in Spain and another in India. 
   PATENT APPLICATIONS BY SUBJECT AREA: More than half of the TTOs applied for some type of a 
biomedical (diagnostic, devices, pharmaceutical etc.) patent in 2011. Six of the TTOs applied for a patent 
related to computers or communication equipment, while four applied in the area of nanotechnology/new 
materials, and two in low or zero carbon energy technologies. Other areas in which TTOs applied for 
patents were agricultural sciences, life sciences, mechanics & electromechanics, and the food industry. 
   PATENTS GRANTED: The trends has been upward or stable over time for the three categories. In 2011, 
two TTOs reported receiving Canadian patents. 
 
 
Table 1 
TTOs patents and applications. 
 

   

TTOs 
Patent Applications (Priority 
Filings) 

Patents Granted: The trends has 
been upward or stable over time 
for the three categories 

2007 2008 2009 2010 2011 2007 2008 2009 2010 2011 

Provisional Filings 4 23 66 80 100      

Portuguese 71 88 76 78 69 24 32 38 56 52 

EPO 12 13 12 4 6 4 5 5 7 8 

USPTO 11 17 5 11 7 5 3 5 4 2 

PCT 29 30 74 43 17      
 
 
 
 
 

   

Invention Disclosures Aggregate License Income R&D Agreements 

 
Figure 1 – Indicators – 2007 to 2011 
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   LICENSES, OPTION AGREEMENTS, AND ASSIGNMENTS: As in prior years, the large majority of the 
licenses, agreements, and assignments have been executed with Portuguese partners as shown in Figure 1. 
The total in 2011 nearly matched the very strong number in 2010, and the trend over the past five years 
continues to be positive. 
   About an equal number of licenses and options were granted to start-up companies and firms with fewer 
than 250 employees. The remaining licenses and options, about 20%, were granted to companies with 
more than 250 employees. 
   LICENSE INCOME: The total amount of license income increased once again in 2011, following the 
dramatic increase in 2010. Seven of the TTOs reported license income, with three TTOs reporting license 
income of at least €100,000 in 2011. Therefore the aggregate amount of nearly €650,000 is not due to a 
single transaction or single TTO. Three TTOs reported international license income. 
   COMMERCIALLY PROFITABLE PRODUCTS: Eleven TTOs indicated that their institution’s licensed 
technology or knowledge had resulted in commercially profitable products or processes in the past three 
years. 
   RESEARCH AND DEVELOPMENT AGREEMENTS: TTOs reported a dramatic increase in the number of 
executed agreements in 2011, up 38% from the prior year. The number in 2011 essentially matches the 
strong performance in 2009 and considerably surpasses the levels in 2007 and 2008 as shown in Figure 1. 
   INSTITUTIONAL RESEARCH RESOURCES: For the first time in this series of surveys, TTOs were 
asked questions about their institution’s research resources. The total number of research personnel 
(researchers, technicians, and administrative support personnel) at 14 institutions in 2011 was 22,377. Six 
TTOs reported more than 1,000 researchers each. The aggregate research budgets at nine institutions were 
€112,908,866, with two institutions accounting for three-quarters of the total. Privately funded research at 
institutions varied considerably. One TTO said 35% of total research expenditures came from private 
companies, a second TTO said that figure was 24% at their institution, and a third TTO reported 19%. 
One TTO each reported 12%, 11%, 10%, and 9%, while three TTOs reported 5%. Other TTOs did not 
provide a response. 
   SPIN-OFF & START-UP COMPANIES: Data from the TTOs show that a large number of new 
companies are being established. In 2011, TTOs reported 141 new companies were established, while 
nine companies from prior years ceased operations. The total number of new companies and the total 
number of active spin off and start-up companies until 2010 is shown in Figure 3. 

 
 
   We argue that UTEN program has improved not only the OI ecosystem but, more deeply, the co-
creation relationships. The indicator is the number of ASOs that started selling earlier in the last years 
(Figure 3). In this case, one could state that the ecosystem boot up the user driven innovation with some 
network actors. 
 
 
4.2 Discussion 
 
It was not until the middle 2000s though that, in Portugal, a definitive academic entrepreneurial wave 
entered effectively and explicitly into the agenda of both politicians and academics. In 2006 three major 
international cooperation programs (Carnegie Mellon | Portugal, MIT | Portugal and UT Austin | 
Portugal) have started with a central aim, among others, to promote the commercialization of scientific 
knowledge (Heitor and Bravo, 2010). 

Figure 3 - Beginning of the activity/sales/exports/ 
subsidiary of ASOs. (Teixeira, A. in UTEN 2012) 

Figure 3 – New Academic Spin Offs 
(ASOs) and total ASOSs at end of 
year. 
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   The TTOs have been established to assure professional commercialization of the knowledge generated 
within the universities. These developments have received extensive attention worldwide with researchers 
focusing initially to a larger extent on the direct implications of licensing and patenting (Rothaermel et 
al., 2007). 
   In the previous discussion, we present summarized data of the main traits and dynamics of TTOs and 
some information about ASOs in Portugal over the last years. We argue that such trends, depicting TTOs 
and ASOs as key university related technology transfer mechanisms, might in large part be connected 
with the institutional changes observed in Portugal in this period, associated with the creation of 
transnational programs, namely UTEN - The University Technology Enterprise Network (Gibson and 
Naquin, 2011). 
   As the TTOs and ASOs are linked to the universities in our study, we can continue our discussion with 
some more indicators of university patent applications. In Portugal, university national patent applications 
have continuously increased between 2006 and 2009, with growth rates above 20% per year, as seen in 
Table 1. In 2010, it is possible to observe a slight decrease, partly recovered in 2011. The effects of the 
financial restrictions, resulting from the economic crisis, are visible in the number of patents applied for, 
in these last years, namely after 2010. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   In general, the main applicant universities increased the number of patent applications over the last six 
years. On an individual level, between 2006 and 2011, University of Beira Interior (UBI) and University 
of Trás-os-Montes and Alto Douro (UTAD) showed the most distinct growth. In 2006, these universities 
had the lowest number of patent applications. However, in 2011, UBI had the lead and the UTAD had the 
third highest number of patent applications. While Instituto Superior Técnico (IST) has significantly 
decreased the number of patent applications in the last two years, it remains the university with the 
highest number of accumulated applications (194) in the period 2006-2011. 
   As shown in Table 2, except for the United States, the national and international (WIPO and EPO) 
patent applications have risen until 2009. In the last two years, the impact of the economic crises in the 
use of patents seems clear. There was a decline in the number of patent applications in all routes of 
protection. It was at national level that this effect was less visible, to a certain extent this can be explained 
by the fact that the protection in Portugal is the one which requires the lowest investment. 
   The number of patents applied for directly in the United States increased in 2007, but in the following 
years the level of applications has been more or less maintained. Moreover, it is interesting to observe 
that in 2010 there was even a rise in the applications in the United States contrary to the behavior in other 
routes/territories. 
   In 2011, EPO published 89 patents applications and WIPO published 185 applications, in several 
technology areas, belonging to Portuguese enterprises, higher education and R&D institutions, and 
independent inventors. The majority of these applications came from enterprises, followed by universities 
and then by individuals. The U.S. Patent and Trademark Office (USPTO), in 2011, published 27 patents 
submitted by Portuguese entities; enterprises filed 23 of those patents, and while universities filed the 
remaining four. 
 
 
 
 

Table 1 - University National Patent Applications 
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   Increasing opportunities for science and technology within increasingly globalized and specialized 
markets of OI have brought new challenges and opportunities to international technology transfer and 
commercialization. UTEN have worked the last five years, with national and international partners to 
leverage existing professional technology transfer and commercialization know-how, to generate new 
knowledge for successful S&T co-creation and commercialization, and to promote Portuguese economic 
development in the global economy. 
 
 
5 Final Notes and Conclusions 
 
The UTEN program was launched in 2007 by the Portuguese Government and the IC2 Institute, The 
University of Texas at Austin (UT Austin) to provide a commercialization outlet for Portuguese S&T 
resulting from in-country investments. Over the years, UTEN’s mission has been gradually evolving to 
build a professional, globally competitive and sustainable technology transfer and commercialization 
network in Portugal which is oriented toward international markets. As noted below, the outcomes from 
the UTEN program have been quite impressive: 
 

•!Networking of all major research institutions throughout the Portuguese mainland and 
associated islands; 

 
•!Development of a technology transfer office (TTO) infrastructure at all major nodes 

within the UTEN network; 
 

•!Delivery of more than 50 workshops hosting over than 1,500 participants providing 
broad training for in-country professionals and scientists; 

 
•!Intensive infrastructure investment in 12 TTO’s from leading universities, providing 

intensive assessment, development and process improvement; 
 

•!Deep training of more than 30 TTO professionals who have interned in the US 
receiving immersion training in best practices in commercialization of technologies; 

 
•!Disclosure of over than 150 new technologies in the form of inventions from 

Portuguese researchers, which is an almost 50% increase in disclosure rate compared 
to the pre-UTEN environment; 

 
•!Catalyzing a 1,900% increase in provisional patent filings and almost 20% increase in 

issued patents to Portuguese researchers; 
 

•!Supporting the launch of more than 100 new technology-based companies and their 
support with regards to international markets and business strategies; 

 
•!Driving a 132% increase in academic start-up rate compared with pre-UTEN, where 

the young companies show more than 125% increase in revenue and 38% growth in 
hiring annually; 

 
•!In-person meetings with more than a dozen Fortune 500 companies and US 

subsidiaries for three companies and 
 

Table 2 – National and international patent applications, 2006 - 2011 
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•!Development of five Portuguese companies in the US market through the UTEN “US 
Connect” pilot program resulting in business, services, and manufacturing deals. 

 
   These metrics demonstrate the success of the UTEN program and argue for its continued and critical 
role connecting the innovation of Portuguese entrepreneurs and the growth in scientific output with real 
economic impact – both in GDP and employment.  The outcomes of the UTEN program and the pilot US 
Connect program in 2012 were highly impactful and indicative of the success that can be expected from a 
continued program in terms of: (1) capturing leading scientific accomplishments as inventions; (2) 
practicing effective technology transfer in support of out-licensing and spin-out activities; (3) developing 
human capital to support entrepreneurial activities; and (4) preparing Portuguese companies for 
international market expansion. This success provides the impetus to propose a more comprehensive 
strategy for the coming five-year period, from January 2013 to December 2017 with further improvement 
“taking the last mile” internationally. 
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Delimiting the linear area  
on the problems of assembly  
line balancing with minimal  
ergonomic risk 
 
Bautista J1, BatallaC1, AlfaroR1 
 
 
Abstract: In this paper we propose to incorporate some working conditions to the assembly lines. For 
this, used a mathematical model to solve the assembly line balancing problem whose objective is 
minimizing the ergonomic risk, imposing the limitation of the cycle time, number of workstations and the 
maximum linear area for each station. A study is presented through a case study that corresponds to an 
assembly line from Nissan’s plant in Barcelona. 
 
Keywords: Ergonomic Risk; Linear Area; Assembly Line Balancing. 
 
 

 
 
1 Introduction 
 
During the last decades academic literature has defined ergonomics as the science that allows to study 
employees’ working conditions and assess the risks they are exposed to so that measures seeking to 
alleviate these risks can be adopted. How-ever, a wide array of factors should be taken into account when 
it comes to design ergonomic studies (e.g., jobs and workloads assessment and the analysis of work-ing 
conditions and environment, among others) and this complicates the use of a single method for assessing 
risks at work. 
The Spain’s regulatory framework provides guidelines on how risks at work should be assessed as well as 
what measures should be adopted to protect workers and individuals who might be affected by work 
risks. This creates the conditions for adapting workplaces and minimizing monotonous and repetitive 
work tasks. 
The primary objective of ergonomic studies is to minimize work risks, and this requires the identification 
of all hazards at the workplace including all factors that could potentially cause workrelated illnesses. The 
poor adaptation of the workplace and the lack of space available to workers to develop their tasks is one 
of the most commonly referred causes of work risk and/or illness. 
   Ergonomics should have the capacity to evaluate working area in order to provide adequate working 
space since workers’ natural movements jointly with their diverse positions at work are essential elements 
to effectively develop work tasks. 
   In this scenario, it is essential to understand that job positions should fit both the workers’ physical 
conditions and the tools and devices so that the latter can be used as independently and naturally as 
possible. 
Nevertheless, as mentioned above, the available space at the workstations should be adapted to both 
workers and products. 
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   This research is based on a case study in which products are of great volume and weight (engines, 
bodyworks, etc.). This means that the analyzed product parts require adequate storage space at the 
workstation. When it comes to define the assembly line, different components should be taken into 
account and clearly delimitated, including: the place and storage space, the raw materials necessary to 
manufacture the product, and the movements and re-allocation of workers within their corresponding 
workstation. 
   Therefore, we should design an assembly line that adapts to all these conditions in each of the 
workstations in order to increase productivity and reduce the potential injuries that workers might be 
exposed to. 
   All the problems mentioned, can trigger multiple musculoskeletal disorders that cause inflammatory or 
degenerative lesions in the musculoskeletal system’s tissues such as muscles, tendons, nerves and body 
joints. 
   Nowadays, and besides the abovementioned ergonomic problems, the automobile industry suffers from 
several aspects that interfere with the effective development and execution of labor activities. 
Different scientific studies have analyzed aspects related to ergonomics (Salveson, ME, 1955 and Battaïa 
and Dolgui, 2013) and established different criteria for assembly lines balancing. 
   Bautista and Pereira (2007) introduced a new variable into the analysis, namely the available space or 
area (A) of working materials and tools for each workstation, and this led to develop a new family of 
problems labeled TSALBP (Time and Space Constrained Assembly Line Balancing Problems). 
Bautista et al., (2013a) incorporate a new constraint into the TSALBP model that limits maximum and 
minimum ergonomic risks. The same authors conducted an analysis of the impact of reduced ergonomic 
risks over the number of workstations (Bautista et al., 2013b). 
   The works of Bautista et al., (2015a) and Bautista et al., (2015b) solve the problem of lines balancing in 
order to minimize the maximum ergonomic risk of stations.  
   Specifically, Bautista et al., (2015a) solve the problem using linear programming and Bautista et al.,  
(2015b) with GRASP algorithms. 
   Note that both studies minimize ergonomic risk without considerer the impact area.  
   Therefore, in this work we extend the studies of Bautista et al., (2015a) and Bautista et al., (2015b) 
considering a linear area available in each station. 
 
 
2 Ergonomic Risk Assessment 
 
Debates on the design of assembly lines must take into account the factors characterizing the interaction 
between multiple elements, such as workers’ body dimensions as well as their physical and mental 
attributes, physical movements at work, working tools, physical force demanded by work positions, the 
duration of tasks, vibration levels, and temperature, among others. The joint interaction of these elements 
might represent a risk factor for workers. 
   Existing literature incorporates ergonomic risks in the analysis of balanced lines in order to develop 
models that contribute to the reduction of these risks (Otto and Scholl, 2011 and Bautista et al., 2013a). 
Additionally, Bautista et al.,  (2013c) examine how an additional constraint dealing with the minimization 
of risks contribute to determine the optimal number of jobs necessary to maximize the lines’ operating 
and produc-tion capacity. 
   By using the case presented by Bautista et al., (2013c) which depicts three types of problems (SALBP-
1, TSALBP-1 and TSALBP-1_erg) we observe that increased constraining factors lead to a greater 
number of workstations. 
   Given a set of eight tasks J = 8( ) , whose operation times, jt ( )Jj ,,1!= , required space, ja

( )Jj ,,1!= , ergonomic risk jR ( )Jj ,,1!=  and which precedence graph are shown in figure 1 (left), 
each task must be assigned to a single stations satisfying the limitations: (1) c = 20 s; (2) A = 20 dm; and 
(3) maxR = 60 e-s (ergo-seconds). 
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Fig.1  
Precedence graph of tasks. At each vertex we can see the tuple jjj Rat //  corresponding to the task (left). Solution obtained by 

SALBP-1 (m = 5) (right). 
 

 

 
 
Fig.2 
Solution by TSALBP-1 (m = 6) (left). Solution by TSALBP-1_erg  (m = 7) (right). 
 
 
   The ergonomic risk presented a big variety of factors to which are exposed the workers, therefore not 
easy to obtain a single value associated the ergonomic risk. 
   In this study we propose unify three ergonomic methods for obtain a only value for the ergonomic risk 
associated with each of the tasks. 
   The methods chosen are: OCRA (Colombini, et. al., 2002) method for analysis the repetitive 
movements, the NIOSH (Waters, et. al., 1994) method for manual handling and the RULA method 
(McAtamney and Corlett, 1993) for the postural load. 
   The determination the risk associated with each task can see in work presented by Bautista et al., 
(2015a). 
   In such conditions, the following model is proposed for the line balancing problems whose parameters 
and variables are: 
 

Parameters 
J  Set of elemental task ( )Jj ,,1!= .  

K  Set of workstations ( )Kk ,,1!= .  

Φ  Set of ergonomic risk factors ( )Φ= ,,1!φ . 

jt  Processing time of the task j ( )Jj ,,1!= at normal activity. 

ja  Linear area required by the elemental task j ( )Jj ,,1!= . 

j,φχ  Category of the task j ( )Jj ,,1!=  associated to the risk factor φ

( )Φ= ,,1!φ .  

jR ,φ  Ergonomic risk of task j ( )Jj ,,1!=  associated to 

the risk factor φ ( )Φ= ,,1!φ . Here, jjj tR ,, φφ χ⋅=

. 
jP  Set of direct precedent tasks of the task j ( )Jj ,,1!=

. 
c  Cycle time. Standard time assigned to each workstation to process its workload ( )kS  
m  Number of workstations. In this case, Km = . 
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A  Available space or linear area assigned to each workstation. 
 

Variables 

kjx ,  Binary variable equal to 1 if the elemental task j ( )Jj ,,1!=  is 

assigned to the workstation k ( )Kk ,,1!= , and to 0 otherwise. 

φR  Maximum ergonomic risk, associated to the risk factor φ ( )Φ= ,,1!φ , allowed to 
each workstations. 

( )ΦR
 

Average ergonomic risk due to the set of factors Φ  related to the production line. 

 
 
 
 
 

TSALBP-R_erg:  

( ) ∑
Φ

=
Φ

=Φ
1

1min
φ

φRR  
(1.1)!  

Subject to:   

∑
∈∀

=
Kk

kjx 1,  ( )Jj ,,1!=  (1.2)!  

∑
∈∀

≤⋅
Jj

kjj cxt ,  ( )Kk ,,1!=  (1.3)!  

∑
∈∀

≤⋅
Jj

kjj Axa ,  ( )Kk ,,1!=  (1.4)!  

∑
∈∀

≥⋅−
Jj

kjj xRR 0,,φφ  ( ) ( )Φ=∧= ,...,1,,1 φKk !  (1.5)!  

( )∑
∈∀

≤−
Kk

kjki xxk 0,,  ( )jPiJji ∈≤≤ :,1  (1.6)!  

∑
∈∀

≤⋅
Kk

kj mxk ,  ( )Jj ,,1!=  (1.7)!  

x j,k ≥1
∀j∈J
∑  ( )Kk ,,1!=  (1.8)!  

{ }1,0, ∈kjx  ( ) ( )KkJj ,,1,,1 !! =∧=  (1.9)!  

 
 
 
   In the model, the objective function (1.1) expresses the minimization of the ergonomic risk of the line. 
This risk is measured as the average ergonomic risk due to a set of factorsΦ . Constraints (1.2) indicate 
that each task can only be assigned to one workstation. Constraints (1.3) and (1.4) impose the maximum 
limitation of the workload time and the maximum linear area allowed by the workload of each 
workstation. Constraints (1.5) determine the ergonomic risk associated to the factor Φ∈φ  at each 
workstation. Constraints (1.6) correspond to the precedence task bindings. Constraints (1.7) and (1.8) 
limit the number of workstations and force that there is no empty workstation, respectively. Finally, 
constraints (1.9) require the assignment variables be binary. 
 
 
3 Computational Experience 
 
By means of the proposed model we analyze the influence of the constraint of maximum available area        
(A = 4m and A = 5m) on the maximum risk to which workers are subjected, given number of workstations 
and a cycle time for each of them. 
   For this was used a production plan corresponding to a Nissan’s engine plant in Barcelona (NMISA: 
Nissan Motor Ibérica - BCN). In this plant are assembled nine different kinds of engines grouped in 3 
families: p1, p2 and p3 are engines for crossovers and SUVs; p4 and p5 are for vans; and p6, p7, p8 and p9 
are intended for medium tonnage trucks; all this engines require 140 operations. 
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   The formulation was solved with the CPLEX (v11.0) software, running on a Mac Pro computer with an 
Intel Xeon, 3.0 GHz CPU and 2 GB RAM memory under the Windows XP operating system. In all the 
executions, the CPU time was limited to 2 hours. 
   Computational experience initiates from a number of workstations that ranges between 19 and 25, 
inclu-sive, a cycle time of 180s and two values of available space for workers at the station (A = 4m and 
A = 5m).  
   The purpose is to observe how it affects the establish areas in relation to minimize ergonomic risks in 
the assembly line. 
   Figure 3 present a Pareto frontier (m versus φR ) for three values of the linear area (4, 5 and ∞) assigned 
to each station. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Pseudo-optimal solutions, m versus φR , without limiting the linear area and limiting it to 4 and 5 meters. 

 
 
   It is worth noting that increases in the number of workstations lead to a reduction in the maximum 
ergonomic risk in all cases. When the line comprises 19 stations only found solution for a infinite area; 
however, when the work area is limited to 4 and 5 meters feasible solutions materialize for 21 
workstations. 
   The maximum risk for an infinite area is 350 e-s (a risk category value of 1.94) with 19 stations, 
whereas the minimum ergonomic risk found is 255 e-s (a risk category value of  1.42) with 25 stations. 
   When to analyze the results to limiting the area to 5 and 4 meters, we find a maximum ergonomic risk 
of 310 e-s (a risk category value of 1.72) and 375 e-s (a risk category value of 2.08) with 21 stations and 
the minimum ergonomic risk found is 275 e-s (a risk category value of 1.53) and 280 e-s (a risk category 
value of 1.55) respectively. 
 
 
4 Conclusions 
 
Given the increased relevance of all movements and postures performed by employees at work, it is 
desirable to establish a workspace that meets a number of requirements regarding occupational health and 
safety conditions. Thus, the adaptation of job position to the operator dimensions is required to enhance 
mobility, to delimit sufficient space for equipment, tools, and work materials. In this way the security and 
accessibility are guaranteed. 
   On the above and drawing upon the family of models TSALBP, we propose a new model to balance 
assembly lines minimizing ergonomic risks and complying the constraints in regard with the linear 
workspace by workstation.  
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   To analyze the space effects on workers’ occupational health conditions, we have used a case study in 
Nissan’s engine plant in Barcelona. The obtained results allow us to conclude, for this experiment, that 
both a greater number of stations on the line and increased available space reduce the ergonomic risk of 
the assembly line without changing its production capacity. 
   In future works it would be interesting to analyze other case studies in order to extend the conclusion of 
this work to different industrial sectors. 
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Grocery Supermarket Business  
Model: finding out Operations  
Management advantages 
 
De Castro R1, Llach J2 
 
 
Abstract: The success on grocery stores depends on the efficiency of the operations to be carried out. 
The incursion of information technology in the supermarkets is not new, but the applications that can be 
developed in order to optimize operation times of employees can facilitate the implementation of Lean 
principles in the store management. From a case study, and through the implementation of the Business 
Model Canvas, preliminary results are presented. These results point out to competitive advantages 
through the programming and prioritization of the operations which are carried out in the store back 
office and customer order of the grocery list by Internet. The innovation is eliminating the delivery of the 
last mile and optimizing the planning and execution of the operations management in the store. 
 
Keywords: Inventory; picking; scheduling; Canvas Model. 
 
 

 
 
1 Introduction and objective 
 
Internet has facilitated the emergence of new strategies and business models in various industries. The 
major changes, in the retail trade of supermarkets, are the introduction of online purchasing, especially in 
terms of channel development and coordination, the redefining business model, the development and 
improvement of basic processes, new ways of creating value for the customer and information use 
advantages (Yousept and Li, 2004).  
   The development of supermarkets online has been occurred in two main phases. The first phase 
occurred during the Internet boom, when the virtual supermarkets were established in the USA and UK. 
Most of them have closed over the boom of Internet. However those who survived have been purchased 
by larger supermarkets (Van Beek, 2009). 
   The main contribution of this paper is to highlight the opportunities of new business models in this 
field, taking advantages of use of appropriate operations strategies, basically focus on scheduling priority 
rules, and in a high defined business processes management environment. 
   The way of going to a supermarket to buy the grocery list is changing (Van Beek, 2009). The business 
model of traditional supermarket has to adapt to new technologies and new customer behavior. There are 
many cases in literature of online groceries which failed in last mile delivery, when the model requires 
this final stage. However, this article presents a part of a Business Model which takes advantages of the 
online supermarket and avoids the last mile distribution by ordering to pick the shopping order in the 
store (Boyer et al, 2003).  
   This contribution is part of a larger project we are developing in collaboration with a firm; nevertheless, 
we are interested in highlighting what are the main operative advantages to use an information system to 
determine scheduling warehouse operations.  
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2 Methods 
 
Case study methodology is used in this contribution. By means of the Business Model Canvas we 
determine the advantages of (only) online configuration in front of the traditional supermarket. The 
determination of the elements which make up the Canvas and emphasizing the differences with a 
traditional store will be the framework we use to present the results. 
   The determination of every element is based on experience and literature revision (Boughen, 2008; 
King and Park, 2004); this problem in an Operations Research framework (Gu et al, 2007; Ernst et al, 
2004) is going to be dealt in the large project we are conducting, however we focus on required 
operations in a supermarket are the key activity assigned by a high definition of main operative processes. 
This is the huge opportunity we want to highlight in this contribution, because by the determination of 
every task, it is possible to schedule and plan following optimization functions. Nevertheless, these tasks 
are classified depending on their processes they belong and they have diverse features to determine the 
priority index.  
   The Business Model Canvas is a strategic management and entrepreneurial tool (Osterwalder, 2012). It 
allows practitioners and researchers to describe, design, challenge, invent, and pivot the business model. 
It could be applied in existing models or in new ones. It was developed by Alex Osterwalder and it has a 
huge impact in new business generation. The Canvas is composed of the 9 following segments, which 
have to be filled out by answering some key questions. Following there is a description of each question: 
   Key partners. Who are your key partners/suppliers? What are the motivations for the partnerships? 
Key activities. What key activities does your value proposition require? Value proposition. What core 
value do you deliver to the customer? Customer relationship. What relationship that the target customer 
expects you to establish? Customer segment. Which classes are you creating values for? Who is your 
most important customer? Key resource. What key resources does your value proposition require? 
Distribution channel. Through which channels that your customers want to be reached? How can they 
be integrated into your and your customers’ routines? Cost structure. What are the largest costs in your 
business? Which key resources/ activities are most expensive? Revenue stream. For what value are your 
customers willing to pay? How much does every revenue stream contribute to the overall revenues? 
   The description of the case we are working on in the canvas Model allows us to give a framework to 
allocate the operational advantages we are expecting by scheduling warehouse operations. The 
description was made by interviews with Operators, computing Engineers, and Head of Operations 
manager. We have used estimated data and real data from the firm we were studying. 
 
   
3 Firm and how it runs 
 
The Process of buy in this online grocery is the same of other virtual stores: the customer can browse in 
the webpage over all the products classified by categories. The information of every product is defined by 
photos, size, weight, etc. When the buyer decides to acquire a list of products (the usual grocery products 
in a weekly shop), he/she has to log in the system and he/she has to add the products in the virtual trolley. 
   When the shopping list is finished the checkout starts. At this point is where there is the main difference 
between the case study analysed and the regular online supermarkets. While the regular online 
supermarket demands where to send the purchase, in the supermarket we have analysed is the costumer 
who must move to the store to pick up its purchase in at last 2 hours later. Therefore, the firm avoids the 
delivery of the order, so it avoids the cost of distribution in last mile (Boyer et al, 2003). The cost of 
shopping list is more or less in the average of the sector and there is no extra charge or a minimum of 
quantity to invoice. 
   The building, as a key resource, is similar to a traditional store, but without cash registers because the 
checkout is done electronically by web-based interaction. Internally, the building is very similar to a 
traditional one, but all the shelves in the corridor are marked and codified in concreted placements. 
 
 
4 Findings 
 
The findings we want to present are the success of the increment of efficiency related to operation 
management. By the clear process definition as Key activities it is possible to assign operations to 
personnel based on efficiency criteria.  
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   The results we can present are the determination of every of 9 elements in the case we have studied. In 
the next sections the elements of Business Model Canvas will be explained. However, it will be in Results 
section where the Key activities are explained to highlight the competitive advantage of this innovative 
system. 
 
4.1 Customer Segment 
 
This virtual store is focus on people who do not want to spend time in grocery supermarkets, because 
their value of time is high or because their main dedication is on other topics: kids, work, etc. They 
usually do the same grocery list and spend more or less the same products. However they have to be 
familiar in e-commerce and to use the car in commuter’s mobility. This is the main segment they are 
focused on. 
 
 
4.2 Value proposition  
 
The Value Proposition is time and commodity. In traditional supermarkets the client is who picks up all 
the products and then is who has to check out the purchase in the cash lines. This is a considerable 
amount of time and worries. Therefore, the emergence of ecommerce is centred on 24 hours/365 days 
with the chance to order the grocery list at time client wants and to pick it at time client plans depending 
on personal matters. 
 
  
4.3 Distribution channel 
 
The way to send the products to customer’s home is different that the traditional store. In the store we are 
studying, customers have to do the grocery list at last 2 hours before picking the order. They have to 
come to store but they save the time to pick the list of products. However, the distribution channel till the 
store is exactly the same as traditional one. 
 
 
4.4 Customer relationship 
 
As the contact with customer is very short, and the buy experience is virtual, it is very important to use 
ICT to establish customer relationships. The use of special discounts, newsletters, is usual but it does not 
differ from traditional ones. However, the personal contact with personnel who delivers the order when 
customer comes to pick the grocery list is a key moment for this firm. 
 
  
4.5 Key partners 
 
As the supplying is the same as traditional stores, the key partners related to supply are exactly the same. 
So if they belong to a wider group of grocery stores, the wholesaler, and distribution channels are the 
same.  
 
 
4.6 Key activities 
 
The main activity to take competitive advantage is to be more efficient and operational level: this means 
activities as shelves’ replenishment operations, picking customers’ orders, customer orders delivery and 
knowledge of customer behaviour are key activities. These clear Operations definitions allow Information 
System to standardise work, stablish pace in personnel in operations assignment and level operations in 
order to achieve application of heijunka tool (Womack and Jones, 2003; Rother and Shook, 2003).These 
particular characteristics will be developed in Results Section. 
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4.7 Key resource 
 
Apart from human resources, the building is the main physical key recourse. The codification of all 
shelves as well as their level control is key as input for computer system. But the most important resource 
is the internet platform and ERP which controls the inventory levels of each product in the shelves and 
monitors all the operations personnel have to do in operative processes. The inventory control has to be 
strict because it allows to customer to select in the web application. One of the biggest problems in 
traditional ones is to use product substitutes when the inventory is broken.  
   The computer criteria to monitor and plan the Shop Floor Operations, is the main resource to take 
advantage from operations management perspective. 
 
 
4.8 Cost structure 
 
The cost structure, compared with a traditional one, is the same, but the cost of operations is changing, 
from cash registers to picking customer orders. Apart from that there will be an increment of maintenance 
of information system, because it has to be sourced with every movement in inventory levels (inbound 
and outbound movements) and allocation of all products.  
   Therefore the maintenance of computer platform is the main difference in cost structure compared to 
traditional stores. 
 
 
4.9 Revenue stream 
 
The revenue stream is exactly the same as traditional ones, because the product price is not incremented 
and neither a minimum quantity to order. Therefore the viability of the project is only attributable to 
reduction of cost structure by increment of operational efficiency. 
 
 
5 Results 
 
The results we present in this contribution are partial because it is a project in process.  We highlight 
which are key activities which increase the operative system efficiency in this particular grocery store. 
The main focus is on the Key activity of programming or scheduling tasks in warehouse personnel, who 
participates in the two main processes. They are 1) to refill the shelves in supermarket lines (we called 
Inbound) and 2) to pick the products to make up the shopping list ordered by customer (we called 
Outbound). The lead time to finish the second process is determinated by the customer when he decides 
to pick the order in the store and it is at last 2 hours. The other traditional task of checking out in cash-line 
is not required in this store because is done by credit card on web page (with no possibilities to pay in 
cash). The determination of Operative tasks from Operative Processes management is the main results 
explained in this contribution 
 
 
5.1 Inbound 
 
It starts when purchasing order is sent to supplier and the delivery hour assigned. This process is 
composed by 4 tasks. The ERP can schedule the task of receive supplier order (1), but it will not be 
available to do until the supplier arrives to the dock. Then we will need to check goods (2), to ensure that 
there is no error and, after that, we will have to split the supplier order (3) in inbound orders, so that this 
will generate as many inbound placement orders (4) of products as required. The criteria for generation of 
these orders will be of two types: (a) the location within the shelves and b) the required time to finish the 
order so that they are orders that can be carried out in a maximum time, keeping the equilibrium between 
various operations, following the heijunka tool. When this operation is completed, it may increase the 
inventory in the ERP so that the inventory is updated in real time.  
   Therefore in the Inbound process there are 4 types of operations that are consecutive between them or 
can be prioritized on the basis of criteria in the efficiency of the system. Among these criteria include: to 
ensure the inventory level of the products, and keep the dock as empty as possible, with a constant flow 
of inbounds. 
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5.2 Outbound 
 
This process is composed by diverse tasks, but only 2 have to be scheduled to do by personnel. This 
process begins with the generation of the customer order in the enterprise web application. After selecting 
all the products that make up the grocery list, customer should choose the day and time that will collect 
the purchase order. This time shall be one of the prioritization criteria and also determines the maximum 
lead time that has the system to complete the customer order. From the customer order converted into 
already confirmed orders, we are be able to generate as Outbound orders (1) as it will be required on the 
basis of the following criteria, similar to the process of the inbound orders (a) the location within the 
shelves (b) the required time to finish the order in a maximum time keeping the equilibrium between 
various operations, following the heijunka tool and (c) taking into account the final location of the 
complete customer order, so that it is waiting for the arrival of the customer to collect the order. 
   With the customer order ready, all the outbound orders already implemented, the order only is waiting 
that the customer comes to collect it. So the operation of delivery to customer (2) is only being enforced 
when the customer arrives in the store. The maximum time that can take this operation is 5 minutes. In 
this way the outbound process is completed that consists of preparing and delivering the grocery list order 
to the customer.!
   Therefore the Outbound process appears 2 types of operations that are consecutive between them or can 
be prioritized on the basis of criteria based on the efficiency of the system. Among these criteria include: 
minimize the movements in the store and keep the final locations of the customer orders with a high level 
of rotation, with a constant flow of outbounds orders. 
 
 
6 Conclusions 
 
The clear and precise determination of all processes operations of Inbound and Outbound processes that 
are carried out in the store, allows us the application of dispatching rules based on the criteria explained 
in the Results section to optimize operations efficiency. Behind the optimization criteria appear concepts 
related to the lean management principles (Womack and Jones, 2003; Rother and Shook, 2003), as would 
be assigned to the staff only the operations which add value to the customer, determination of the value 
stream through clear definition of the processes, maintain constant flow by leveling operations (heijunka). 
   These conclusions are from preliminary results we are carrying out. However we are recollecting more 
information by case Study methodology to develop a more detailed and definitive Case Study to use in 
Student sessions to demonstrate the use of more sophisticated dispatching rules to increase efficiency in 
warehouse management operations. 
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Proposal for a low-cost technique  
for remote monitoring of body  
temperature: An application  
for work safety 
 
Pereira S G M1, Medina F A S2, Andrade S S3, Gonçalves R F4 
 
 
Abstract: This study aims to propose a cost-effective technical solution in monitoring the distance of 
workers operating in hazardous areas or under strong external influences. A prototype was built to measure 
body temperature, relative air humidity and ambient temperature through of an applied research. Body 
temperature data is display in a graph, within a predetermined period, wherein the measurement range can be 
easily set. As a result, the system first tests were stable solution and for using open source tools, it was 
possible to develop a low cost prototype. 
 
Keywords: body temperature, mobile health, occupational health, safety. 
 
 

 
 
1 Introduction 
 
Safety in the workplace is a topic that triggers many studies and raises some discussions on appropriate 
measures to be met by the organizations. 
   Sinelnikov et al (2015) asserts that when organizations increase health and safety at work for an important 
organizational value, it is expected considerable investments in resources for measurement and performance. 
The growth and popularization of systems aimed at occupational safety and health had significant rise in the 
world from the 90's which generates a significant increase in concern and adequacy of performance 
measurement techniques and tools. 
   When dealing with occupational health and safety, you can see two approaches, one which deals with 
security related to handling equipment and the second addressing workers' health (Sinelnikov et al, 
2015).This research addresses the prevention of accidents with a focus on health and well being of the 
person, considering that working environments should provide good conditions for workers, as follows: 
appropriate temperature and humidity, light enough, among others. 
   An important point is the well being of workers who labor in environments with extreme situations, 
external work is an example where they face very high or low temperatures. worker excessive exposure to 
heat can suffer elevation of body temperature and sleepiness can lead to physical collapse (Steen, 2001; 
Alahmer et al, 2011; Medeiros et al, 2013). 
   In this context, the biggest challenge is to detect the oscillation of the worker's body temperature in the 
workplace, performed remotely, and that health professionals can intervene before any type of abnormality 
will occur which can cause more serious accident. When exists the necessity to maintain a continuous patient 
monitoring. 
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    The updating of vital data is essential for obtaining successful treatment of diseases considered critical, 
such as the treatment of diabetic patients in which the aim is to keep the level of insulin at a level considered 
stable and vital to the survival of the same.  Thus, there are systems capable of monitoring the insulin level in 
real time, such as equipment CGMS (continuous glucose monitoring system) of Meditronic - Multinational 
development of medical equipment, which ended up being the most widely used equipment worldwide 
(Minicucci and Franco, 2010). 
   The choice of remote monitoring system topic of body temperature wireless emerged in order to give more 
aid to those involved in risky activities and who need real-time monitoring. A large part of the initiatives 
related to safety and health of workers are still evaluated precariously. Outdated based on metrics such as the 
mortality rate and injury accidents. 
   It is noticed that these measures focused on failure ever conducted, evaluated after the incident, are less 
useful to assist organizations in their decision-making and actions for continuous improvement. (Sinelnikov 
et al, 2015). The system helps the efficiency of diagnosis by providing the data in real time, allowing health 
professionals to greater safety due to the possibility of a historical analysis of data, allowing predict or 
foresee a situation that may expose the worker to a hazardous situation which consequently lead to 
occurrence of an accident. 
   This study it is an applied research that aims to present a low-cost solution for remote and real-time 
monitoring of body temperature. This aimed at workers who put up with in hazardous areas. The device 
performs the measurements and makes access and the faster and more accurate service, acting to prevent 
possible accidents 
   This work is organized as follows: initially it presented the theoretical concepts of health and safety at 
work, telemetry and related work. Section 3 deals with the methodology adopted. Section 4 examines the 
issues relating to the monitoring system. Section 5 is the results. This paper concludes in section 6, where the 
final considerations, limitations and future work are presented. 
 
 
2 Literature Review 
 
 
2.1 Occupational health and safety at work 
 
For Fiedler et al (2010), the work environment consists of a combination of several interrelated factors. They 
act directly or indirectly on the quality of life of workers and of their own work results. Some of these 
negative factors cause malaise, discomfort, thereby increasing the risk of accidents, which can cause 
considerable damage to workers' health. 
   Was identified by Lida (2005), a major source of stress at work are unfavorable environmental conditions 
such as excessive heat, humidity, noise and vibration, that influence directly and negatively on the 
performance of human labor. 
   Sinelnikov et al (2015), discusses the differences in terms used in the measurement of indicators related to 
safety at work, although there is a standardization there are still many close terms, and used interchangeably. 
The main points observed on the indicators are: feasibility, significance, transparency, ease of 
communication, validation, utility, they were identified as part of the utmost importance on the quality of 
metrics. Emphasizes that the most important of the main indicators is the use of the object itself, that is, its 
main purpose is to identify the steps to reduce or eliminate the risk. 
   Al-Shanini et al, (2014) addresses the accidents in process / factory plants in order to keep the economy at 
desired levels,. It also debate the process plants are often equipped with a comprehensive process control 
system to ensure smooth operation and to prevent accidents. The system provides protection through 
different degrees of automation, facilitated by human intervention and protected by additional layers of 
protection as mitigating measures in case the system fails. An effective means of combating accidents is to 
formulate appropriate preventive measures. However, this is difficult to realize unless accidents can be 
predicted and are completely understood, before it's identified the occurrence of an accident. 
   Koskela (2014) discusses about the social responsibility of corporations, which identifies three key factors 
in this process: the economy, the environment and social impacts. In their study the author uses the backdrop 
of this division, but addresses the issue of health and safety at work in the section on social impacts. In this 
context the responsibility of organizations is internal or external. It is understood that the company should 
provide a safe and healthy work environment in both cases. 
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   In their studies Fan et al (2014), discusses the economic factors involved in occupational safety and health. 
He assert that the governments of developed countries have to pay close attention to security issues and 
Occupational Health. These numbers was observed that approximately U$ 583 million are earmarked for this 
sector annually. Despite these investments occupational accidents and diseases are still common factors in 
the removal and termination of employees. It was found that in the US about 4 million are injured in their 
workplace each year and about 13 workers die each day. Related losses amount to U$ 170 billion each year 
according to 2003 data, with a significant increase when compared to the '90s. 
   The study of the development of DIMOR-TC, also dealing with the prevention of accidents but focused on 
the person / employee before the employee has any ailment that can take you to shoot a possible accident the 
device to recognize and avoid the failures and incidents that refer to workers' health and can be 
minimized.According to Lee (1996), the safety is directly involved with the organizational culture and the 
culture he defined as a "product of the individual and the group as: values, attitudes, perceptions, 
competencies and patterns of behaviour that determine the health management commitment and safety of the 
organization.  
   Fan et al (2014), in his literature systematic review report relevant data on the number of studies conducted 
in the area. Through Figure 1, can be seen that the concern for occupational health and safety had 
considerable growth in 2008, with a fall in 2010 and grows back in 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Growth of the number of safety and health  
publications in the workplace. 
 
 
   From these data we note that studies focused area still have much importance, the increasing amount of 
publications shows the interest in the subject matter. 
 
 
2.2 Telemetry 
 
The word Telemetry is from Greek origin, and it means far remote, and metron, meaning measure (Dias, 
1992).  
   The possibility of monitoring remote systems is applied when the systems are classified with a high level of 
importance or dangerous, unhealthy or not favor the existence of human life, and when there is the need for a 
high level of monitoring. Systems capable of performing such activities are called telemetry systems. 
   With the progress of technology, telemetry has become necessary for the development of various systems 
and is applied to the aid of different fields such as medicine, engineering, safety, geography and so on. 
Telemetry is also used in the biological area allowing the collection of biological data from aquatic animals 
(ABECASIS, 2009), the monitoring of agricultural machinery used in planting, cultivating and harvesting 
products (Piovesan, 2008), among others. 
 
 
2.3 Related work 
 
As technological advances occur, there are a variety of electronic devices. A problem observed in 
technological innovations is that for the most part of these artifacts reaches the consumer with a very high 
price. 
 
 

Adapted from Fan et al. (2014) 
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Table 1 
shows the similar research conducted in the field of health informatics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 System Development method 
 
For the first phase of the research, the literature search method through a literature review was used, available 
both in national international databases, for analysis of similar systems conducted in telemedicine, health 
informatics. 
   The second phase of the research involves the development of the prototype, construction and device test, 
hardware, to perform the sensing body temperature signals, environment and relative humidity, with the 
transmission of data collected to the WebService in real time. Finally after analysis of the data, they will be 
displayed graphically on an interface, within a predetermined period of time. 
   The developed system, referred to herein Body Temperature Monitoring Device (DIMOR-TC), consists of 
a device (hardware) with ability to perform body temperature sensing worker.Figure 2 shows a block 
diagram, picturing the system development stages, from the measurement of data generated by the sensors, 
which is captured by the microcontroller and processes the data, eliminating noise and make the necessary 
amplification.  
   The prototype is connected to the worker's phone, so using the device's battery in the low power mode. An 
application shall transmit the data to a device chosen by the health professional who can view the data in 
graph form. The measurement data can be easily set, at predetermined time intervals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Blocks Diagram System. 
 
 
 

General Objective References 
System that connects the patient, located in your home, health 
professionals, integrating the various relevant services to remote 
monitoring of patient health.  

Carvalho and Filho 
(2011). 

System that connects the home of the patient and a web server where 
mobile phones interact with a service Webservice for sending patient 
information. 

Machado et al 
(2011).  

A Pervasive and intelligent approach Low Cost for Patient Monitoring 
with Cardiovascular Diseases.  

Silva and Siebra 
(2012).  

Shimmer  –  a  wireless  sensor platform  for  noninvasive  biomedical  
research 

Burns et al (2010).   

Information  about  the NeXus-10 Mind Media  (2011).   
AMON:  a  wearable  multiparameter  medical monitoring  and  alert  
system 

Anliker et al (2004). 

Mobile wearable device for long term monitoring of vital signs. 
Computer methods and program in Biomedicine. 

Klingeberg and 
Schiling (2012).  



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 766 

Table 2 lists the current consumption in active mode and Low Power Mode. 
 
 
Table 2 
Current requirements in active mode and low power mode. 
 
 

Component Required current at 
Active Mode Required current at  

Low Power Mode 
DHT11 – Humidity and Temperature 2.5mA 150uA 
DS18B20 - Temperature 9mA 7.8nA 
Atmega328P 9mA 1nA 

 
 
 
5 Results 
 
The remote device signals, specifically in this paper deal with the body temperature, relative humidity and 
ambient temperature (DIMOR-TC). Hardware and software have been developed with free platforms and 
open-source tools, allowing a reduction in costs and also in the final price. 
   By monitoring, the recorded data allow you to create a history of the user, which allows the initiation of an 
abnormal event, sending alert signals to the health team and then to users themselves, which may stop or 
decrease your pace, or activity being performed. The device (DIMOR-TC) intends to act before there is a 
negative event, working to prevent these events. 
   Development of a system with an architecture that integrates sensors, mobile devices and WebService to: i) 
continually monitor the health of workers by sending alerts in case of emergency and ii) the development of 
technical solution, considering a complete system (hardware and software) aimed at targeting telemetry 
wireless data transmission and real-time, with low cost limitations considered from the perspective of 
Systems Engineering. 
 
 
6 Conclusion 
 
The choice of remote monitoring of vital signs via wireless system theme emerged in order to give more aid 
to those involved in risky activities and who need real-time monitoring. 
   Because it is a mobile device, it has numerous applications, for instance: monitoring workers at risky areas 
or of difficult access, or in execution of tasks that can be considered dangerous to the worker. Thus, a skilled 
team can monitor workers without displacement and provide greater safety to the worker. 
   The system may assist in the diagnosis efficiency by providing the data in real time, allowing a 
professional of health greater safety due the possibility of a historical analysis of data. 
   In the market there are several products that measure body temperature, but the differential of DIMOR-TC 
is that it keeps a history of measurements performed on an electronic medical record but also measures the 
temperature and humidity of the environment where the measurement is being performed. This can be 
visualized in a graphic body temperature within a predetermined period. The measurement range can be 
easily configured. 
   In this paper, only one type of monitoring was addressed a, the body temperature. As future work, it is 
planned to implement new aspects to the project, such as monitoring of heart rate, blood pressure, and 
galvanometer resistance (for measurement of stress), which would allow the system to perform more accurate 
diagnoses. 
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Gestalt and its influence on  
graphical touchscreen interface  
for elderly people 
 
Medina FAS1, Pereira SGM2, Silva VR3, Gonçalves RF4 
 
 
Abstract: This study aims at pointing out the needs in touchscreen interfaces for smartphones by elderly 
people. For this, we use the Gestalt theory and visual perception as theoretical basis. The sample chosen 
for the pretest of the questionnaire were 5 people. The Likert scale was used. For the theoretical 
framework, we present a review of the literature in national and international databases. One can 
conclude that despite the popularity of these devices, there is still a gap in relation to the elderly users. 
There is still difficulty in assimilating new features. Users who already have smartphones use it as a 
common cellphone. 
 
Keywords: Human Computer Interaction, Gestalt, Intuitive Interaction, Elderly people, Mobile Devices. 
 
 

 
 
1 Introduction 
 
The growing use of smartphones causes a change in the context of use of interfaces, which had been 
firstly established for personal computers and laptops. Such changes require a new way of Graphical User 
interface (GUI) development, graphical interfaces touchscreen. 
   The construction focused on user interfaces has been neglected in the Information and Communication 
Technology (ICT) throughout its development. When an interface is not friendly, it requires the user to 
have a better understanding of the system (Boubeta et al., 2014). Users only will waste their time learning 
a system if it is fundamental to their routine. Otherwise, they will migrate to a simpler and user-friendly 
system. 
   With the expansion of the Internet and social networks, the number of people who use technology also 
increases, since they want to stay connected with their loved ones through a new form of communication 
that was not available in previous generations (Silva & Correia, 2014). 
   When considering the population over 60 years, one can see that the decline in cognitive abilities occurs 
gradually and is inherent in the physiological process of normal aging and, therefore, arises as a natural 
consequence of advancing chronological age, and is not automatically an obstacle to normal operation 
(Moreira & Oliveira, 2005). 
   The popularization of the use of computer systems, along with mobile devices, tablets and smartphones, 
included new forms of interaction in daily life. Mobile computing has become a rapidly growing field. 
The rapidly evolving ecosystem of mobile devices, based on the touch screen (smartphones and tablets), 
along with advances in cellular and wireless network did as well. Mobile devices also revolutionized the 
way users interact with computers (Hedrick and PU, 2012). 
   The new mobile phones go beyond communication. With touch screens, smartphones are more 
affordable and technically more powerful. With the growing number of features built in these devices, the 
need for the designers to have to consider the intuitive interaction in the creation of new design devices 
(interfaces) increases. (Britton et al., 2013). 
   Zhou et. al. (2012) analyzed that with the development of mobile computing devices and sensors 
reduced in size, the innovative capacity regarding technical and interfaces has greatly increased. These 

                                 
1 Franciele Alves dos Santos Medina (cieli_fran@yahoo.com.br) 
2 Sergio Gustavo Medina Pereira (medinasergio@yahoo.com) 
3 Vanessa Rodrigues da Silva (van117@live.com) 
4 Rodrigo Franco Gonçalves (rofranco@osite.com.br) 
   Dpto. de Pós Graduaçao em Engenharia de Produçao. 
   Universidade Paulista. Dr. Bacelar, 1212, 04026-002 São Paulo. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 769 

new methods of interaction are changing our lifestyles, facilitating the implementation of activities, 
whether in day-to-day or in their functioning. 
   The change in the context of use also causes a change in user behavior. Nowadays, the tasks that were 
performed in a restricted environment are performed in different locations, it is common to see people 
using their mobile devices on the street, on public transport, in airports - in fact, the smartphone has 
become an extension of the individual, either for business purposes or entertainment only. 
   This article aims at supporting the construction of accessible mobile interfaces for elderly people, 
through visual aids, particularly regarding visual perception. Gestalt as a tool for the creation of a pattern 
that can help designers and developers in design aesthetically pleasing and with high power of usability 
interfaces. 
   This paper discusses an applied research through a questionnaire and is organized as follows. Initially, 
the literature review examines the relevant theoretical concepts on graphical interfaces. Section 3 deals 
with the aesthetics of issues that can be applied as an aid in interface design. Section 4 discusses the 
methodology used in the article. In Section 5 the results are presented. This study is concluded in section 
6, where the final considerations, limitations and future work are presented. 
 
 
2 About graphical interfaces  
 
The interaction models change as the features are inserted in these devices, and their already standardized 
use of personal computers and laptops is reformulated to a size / lower screen resolution, incorporating 
the keyboard (touchscreen), decreasing the size of the interface, which directly affects the human-
computer interaction (HCI) (Choin and Lee, 2012).  
   Park (2010) points out that few studies aimed at the users of mobile devices were held until the present 
date, and that this gap allows more detailed studies on the user's efforts in the use of mobile devices to be 
developed. Whereas in comparison to other information communication technologies (ICTs), mobile 
technologies are still under development. 
 
 
2.1 Touchscreen interfaces 
 
The touchscreen interfaces promote changes in the way of interaction. The standard ISO 9241- 
Ergonomics of Human Interaction Systems, 2010, defined principles and guidelines for studies aimed at 
Human Computer Interaction (HCI), which includes definitions of the design process for user centered 
interactive systems. 
   Intuitive interaction can be understood as a user experience in which the user feels at ease to  and is able 
to successfully use it immediately, providing satisfaction in use when the interface allows the user to 
achieve their ultimate goal (Spool, 2005). The user experience (UX) is defined as: an easy perception of 
use in user interfaces and inflicts emotional aspect. 
   Mohs et al. (2006) defines a set of principles for creating intuitive interfaces, which highlight the 
suitability for the task, compatibility, consistency, laws of Gestalt, feedback and affordances. Some of 
these principles are related to the use of the interface metaphors inserted. 
   Besides the interaction through the interface, buttons, icons, etc., there are gestures involved in the 
touchscreen, as shown in Figure 1. 
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Fig.1  
Six basic types of actions on a touchscreen interface (Choi, 2008). 
 
 
   According to Britton et al., 2013, some studies address the importance of the user experience of return 
with the touchscreen. The interaction must be effective and intuitive. Feedback is of fundamental interest 
because those touchscreen devices are supported in visual forms due the absence of physical buttons. 
 
 
3 The aesthetic and its influence on the design of the interfaces 
 
 
3.1 Gestalt and its definitions 
 
This is an original German term. It can refer to the form, or pattern. It has been applied to a number of 
scientific principles extracted from experiments that address the sensory and visual perception (Arnheim, 
1974; Lin, 2013). 
   The Gestalt psychology, from its origins, was related to art. Art has always permeated the studies of 
Max Wertheimer, Wolfgang Köhler and Kurt Koffka (Arnheim, 1974). Some theorists of Gestalt 
emphasize that the whole is not merely a sum of its parts. They proposed principles such as similarity, 
proximity, good continuity and symmetry (Lin, 2013). 
   The Gestalt approach generally refers to a minimalist way. This dimension refers to the perceptions of 
the minimum of ornamentation in design features and maximum resistance to perceptual separation 
(Chou, 2011). The author adopts in their paper 5 laws of Gestalt, as follows: 
   Proximity: is based on perception as a collection of objects is grouped with nearby objects mentally 
each other as forming a whole. 
   Similarity: based on the idea that the elements are grouped by the perceived if they are similar to each 
other. 
   Continuity: refers to the tendency to see patterns. When the perception of nearby elements to mental 
creation of some kind of continuous pattern. 
   Symmetry: captures the idea that the priority in the cluster of perception is facing more natural, 
balanced and symmetrical shapes on asymmetric. 
   Closing: posits that we perceive closed elements themselves. It makes the brain produce contours and / 
or locks that do not exist. 
   This concept is extremely used in the development of touchscreen interfaces, the gesture involved and 
the dimensions of the devices. It also requires displays to be as simple as possible, making browsing more 
enjoyable. 
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3.2 Visual Perception  
 
As Gestalt psychology, minimalist principles provide an important perspective on visual perception. It is 
appropriate to apply these principles in the evaluation of product design quality. The perception of 
Minimalist Gestalt deals with perceptual dimensions for the minimum ornamentation of the 
characteristics of design and maximum resistance to perceptual separation (Chou, 2011). 
 

"The observer views the attractions and repulsions in the visual patterns as genuine properties of the 

perceived objects themselves. If, however, it is reasonable to conjecture that every aspect of a visual 

experience has its physiologic counterpart in the nervous system, one can anticipate, generally, the nature of 

brain processes. It can be stated, for example, that there should be field processes. This means that 

everything that happens anywhere is determined by interaction between the parts and the whole." (Arnheim, 

1974) 
 
 
4 Methodology 
 
Technological changes that occur very quickly impact each individual category differently, and, although 
it is part of the old life, such resources can not be completely and instantly absorbed by them and 
instantly, the way as with as young people do (Tuch et. al., 2012). 
   As informed by the demographic studies presented by IBGE (2010), Brazil has a growing elderly 
population in the country, which represented more than 20 million people in 2010. The survey carried out 
shows that this number is expected to increase in the coming years and may exceed 30 million people 
older than 60 by 2022, which should represent almost 13% of the population in our country. 
   This paper aims at exploring and identifying gaps in the creation of graphical user interfaces for mobile 
devices using the touchscreen interface focused on the elder public. 
   The theme is justified by the data of two increasing numbers, 1) the growth in new users with Internet 
access and, 2) the increase in the elderly population. These two factors imply the need for studies that 
provide guidelines for building graphical interfaces accessible to the entire population, especially the age 
group above 60 years. 
   In this research, the aesthetic aspects needed for a good interface were identified through literature 
review, focusing on themes: Gestalt and Visual Perception. Scientific articles were researched as from 
2010. And the book Arnheim, R., 1974. Art and Visual Perception: A Psychology of the Creative Eye 
was used as base for visual perception. 
   From the frame formed by the intersection of the common themes among articles, it was possible to 
extract information for the design of visually pleasing interfaces. 
   The second stage consisted of test questionnaires applied on people over 60 years old. At first, the 
questionnaire test was applied on 5 users. The purpose of the tasks was to measure the satisfaction and the 
appropriateness of users with the use of mobile devices. 
   Was asked them to fill out two questionnaires, the first to identify the characteristics of users, such as 
age, education, familiarity with devices, among others. The second questionnaire aimed at deepening the 
research on the experience of users through questions about their opinion about the typing process and 
some gestures used in touchscreen interfaces.  
   The questionnaire used a Likert scale ranging from very satisfactory to unsatisfactory, as shown in 
Figure2. 
 
 
 
 
 
 
 
Fig.2  
Scale used in the questionnaire. Developed by the authors. 
 
 
   This study included 5 users. The average age of participants was 64.2 years. From the sample, 3 
participants were female and 2 males. The sampling procedure was done for convenience. 
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5 Results 
 
Among the five respondents, three of them already use mobile Smartphone type. The biggest complaints 
refer to the screen size, including font sizes and buttons. 
   The two respondents not yet using mobile Smartphones showed interest in their use, but they believe 
they need help to start the basic tasks. 
   There is resistance on part of respondents to operate many existing applications. The Smartphone is 
widely used as a common cell phone for making calls and sending text messages. Among the sample, 
only one user uses it to access the Internet, including social networks. 
   From the study of the Laws of Gestalt, you can use the law of similarity to assist the elderly to realize 
that the keys are equivalent. For example: the numbers must have a distinct form of letters, and each 
symbol should have a key with different colors. From this, creating a pattern of typing that is purely 
intuitive. 
   By itself, the form is a better means of identification than the color, not only because it provides more 
types of qualitative difference, but also because its distinctive features are much more resistant to 
environmental variation (Arnheim, 1974). 
   The limitations of this study are: the sample size being small, which is still in the stage of adaptation of 
the questionnaire. 
 
 
6 Conclusion 
 
Despite the wide diffusion of technology that has occurred recently, there is still a gap in studies aimed at 
the type of touchscreen interfaces, particularly when addressing accessibility for the elderly user, in which 
the number is further reduced. 
   According to the questionnaire, it can be observed that users older than 60 want to be included, but they 
hesitate when finding barriers, giving up their use often due the lack of incentive or direct support. 
   In this study, it was possible to understand that some aesthetic factors such as Gestalt and visual 
perception, especially the shapes and colors, can be used in such a way to minimize the difficulties in 
accessing the graphical touchscreen interfaces. 
   For future research, new tasks will be included for users to perform on a Smartphone. Thus, with the 
pre-defined tasks and through the SAM methodology (Self-Assessment Manikin) it will be possible to 
measure user satisfaction. In the next steps of the research, it will be possible to draw up a screen 
prototype that reaches the goals of elder users. 
 
 
 
References  
Arnheim R (1974).  Art and Visual Perception: A Psychology of the Creative Eye. University of California Press, 
Berkeley. 

Bradley M M, Lang P J (1994). Measuring Emotion: the self-assessment manikin and the semantic differential. J. 
Behavior Ther & Exp. Psichiat  25: 49-59 

Boubeta J P, Ortiz G, Bulo I M (2014). A model-driven approach for facilitating user-friendly design of complex 
event patterns. Expert Systems with Applications 41: 445-456 . 

Britton A, Setchi R, Marsh A (2013). Intuitive interaction with multifunctional mobile interfaces. Journal of King 
Saud University – Computer and information sciences 25:187-196  

Choi W (2008). A Study on the User Interface Design of Touch Screen Mobile Phone. M.S. Thesis, Kookmin 
University, Korea. 

Choin J H, Lee H (2012). Facets of simplicity for the smartphone interface: a structural model. International  Journal 
of Human-Computer Studies 70: 129–142 

Chou J-R (2011). A Gestalte Minimalism-based decision-making model for evaluating product form design. 
International Journal of Industrial Ergonomics  41 : 607-616 

Hedrick A, PU K Q (2012). Authoring relational queries on the mobile devices. Procedia Computer Science                 
10: 752-757 

International Organizations For Standartization (2010). ISO 9241-1. Ergonomics of Human-System Interaction. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 773 

Lin J (2013). Development of scales for the measurement of principles of design. International Journal of Human-
Computer Studies 71:1112–1123  

Mohs C, Huetienne J, Israel J H, Naumann A, Kindsmüeller M C, Meyer H A, Pohlmeyer A (2006). Intuitive use of 
user interfaces. In: BOSENICK, T.; HASSENZAHL, M.; MÜLLER-PROVE, M.; PEISSNER, M. (Eds). Usability 
professionals. German chapter of usability professionals´association. Stuttgart 130-133 

Moreira P, Oliveira C (2005). A fisiopatologia da doença de alzheimer e de outras demências. In: Caldas A, 
Mendonça A (Eds). A doença de alzheimer e outras demências em Portugal. Lisboa: Lidel 

Park J, Han S H (2013). Defining user value: A case study of a smartphone. International Journal of Industrial 
Ergonomics 43 : 274 -282) 

Silva M, Correia S (2014). ActiveBrain: Online social platform for active and healthy ageing. Procedia computer 
science 27: 38-45 

Spool J (2005). What makes a design seen intuitive? User interface engineering. 
http://uie.com/articles/design_intuitive/. Cited 25/April/2014 

Tuch A N, Roth S P, Hornbæk K, Opwis K, Bargas-avila J A (2012). Is beautiful really usable? Toward 
understanding the relation between usability, aesthetics, and affect in HCI. Computers in Human Behavior  28- 
1596:1607 

Zhou Y, David B, Chalon R (2012). Mobile Paper Access: Ubiquitous Paper-based Interfaces for Mobile 
Interactions. The 3rd International Conference on Ambient Systems, Networks and Technologies - Procedia 
Computer Science 10: 282 – 291 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 774 

Towards a Cost Management  
Methodology for Industrial  
Product-Service System  
Environment 
 
Americo Azevedo1, Mar’atus Sholihah2 
 
 
Abstract: Increasing global competition has forced manufacturing companies to involve more services in 
their offering. Industries are very eager to add services not only as “add-on” of their products but rather as 
a bundle of product-service offering. This shifting of companies’ mind-set leads them to implement 
Industrial Product-Service System (IPS2) as an innovative strategy. Besides giving wide range of benefits, 
implementation of IPS2 will also bring challenges for their internal organization particularly in terms of 
cost management. Literature has shown that number of IPS2 implementation among manufacturing 
companies is continuously increasing but at the same time there is very limited studies discuss about their 
cost management and estimation. Cost estimation for IPS2 environment remains a new concept and have 
not further developed. In line with that literature finding, this research project intent to investigate how 
IPS2 companies calculate their costs and to verify the fit between the existing costing system and the IPS2 
environment needs. The main focus of this study is functional-oriented IPS2 environment where 
machinery industry in Portugal will be the case study to further explore the desire research. 
 
Keywords: Costing System, Industrial Product-Service System (IPS2) 
 
 

 
 
1 Introduction to the Problem 
 
As continuous increasing of global competition which force industries to provide more values to their 
customers, nowadays western economics have shifted their orientation from only selling manufacturing-
based products becoming more product-service oriented systems. Industries are keen to add services not 
only as “add-on” of their products but more as a bundle of total offering. This strategy is called Product-
Service System (PSS) where companies are offering an integrated products and services which 
emphasizes on value in use rather than ownership (Baines, Lightfoot et al., 2007). The organizational 
transformation experienced by companies is called servitization (Martinez, Bastl et al., 2010). 
Servitization commonly happens due to financial aspect, strategic aspect and marketing aspect (Baines, 
Lightfoot et al., 2009). 
   In area of PSS, there is a particular case called Industrial Product-Service System (IPS2). It is 
characterized by an integration and mutual planning, development, usage of product and service share in 
Business-to-Business (B2B) applications while original PSS is Business-to-Customer (B2C) application 
(Meier, Roy et al., 2010). The main distinguish character between PSS and IPS2 companies is their 
customers. PSS company is dealing with the end user (B2C context) whilst the customer of IPS2 company 
is other companies who are using the IPS2 products and services to doing their businesses (B2B context). 
   IPS2 is believed as an innovative strategy to face global competition but at the same time gives some 
challenges in their internal organization particularly in terms of cost dimension assessment. In fact, cost 
as one of the core competitiveness dimensions (the other ones are quality, responsiveness and flexibility) 
needs to be effectively estimated and calculated in order to stay competitive in the market. In practice, 
companies use traditional costing which gives emphasize only on their physical products and implicitly 
disregard costing of services (Hansen, Mowen et al., 2007). It seems relevant to study the challenges of 
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cost assessment for integrated product-service offering since literature has showed that manufacturing 
companies are in consistent track to become more service provider but at the same time there is very 
limited information about their costing methodologies (Datta and Roy, 2010).  
   The purpose of our research is to analyze how to calculate cost in a servitization environment. In 
particular, we are interested in define and specify a suitable methodology for machine-builders 
manufacturing company as practical case of IPS2. The main research proposition is: How could a cost 
management system be applied to meet the IPS2 environment of a machine-builder manufacturing 
company? In order to contribute to research progress in this field and to address the research proposition, 
the present paper aimed to answer to the following research questions: 
 

1.!What is the current situation of cost assessment in IPS2 environments? 
 
2.!How to assess and calculate cost of IPS2 machine-builder manufacturing company using given 

existing costing system? 
 
   As an initial step of the research and considering our focus on machine-builder manufacturing 
company, the research scope will be particularly focus on function-oriented IPS2, related to the first type 
of IPS2 business model proposed by (Tukker and Tischner, 2006). The first research approach to answer 
the research questions is an intensive review of the literature. The same approach has been adopted by 
many authors to classify or develop a framework or a research agenda on different topics regarding 
accounting (Resta, Powell et al., 2015). Furthermore, a case study methodology has been adopted. In fact, 
the research questions we have posed are of an exploratory nature and aim at dealing with operational 
links and a case study are a recommended research methodology (Yin, 2013). 
   The following work will present the first stage of the research completion that consists of literature 
review related to IPS2 environment and existing costing systems, which help to construct the theoretical 
understanding. At the end, conclusion and future work as the next step to accomplish the research design 
would be presented. 
 
 
2 Literature Review 
 
 
2.1 Evolving Industrial Product-Service System (IPS2) 
 
As increasing global competition, particularly due to numerous threats from emerging industries in 
developing countries, selling product no longer can be a sufficient valuable economic basis for company 
success. Markets have learned to change their focus from products to customer-based requirements which 
emphasize the importance of services (Rese, Karger et al., 2009). This reality has been a trigger for 
manufacturing companies to be the IPS2 practices. 
   IPS2 is defined as an integrated offering of product and services which gives values in use that apply 
only in B2B application (Baines, Lightfoot et al., 2007). There are four main stakeholders in IPS2 
environment are identified as the Original Equipment Manufacturer (OEM) who is the IPS2 provider; the 
customers; the suppliers and the society which include government and competitors (Meier, Roy et al., 
2010). 
   IPS2 business model can be altered from function-, availability-, and result-oriented use models (Tukker 
and Tischner, 2006). A function-oriented use model is the initial stage of IPS2. Product remain the focus 
center but accompanied by a maintenance contract. OEM provides the necessary services to guarantee the 
functionality of the products during agreed period of time. In an availability-oriented use model, OEM 
provides wider range of services. OEM will guarantee the usability of the means of production because 
the main performance criteria of services delivery is based on the availability for use by the customer. 
Meanwhile, in a result-oriented business model, OEM will completely responsible for the customer 
production processes. The customer will only pay the final result which specifications are agreed in the 
contract (Meier, Roy et al., 2010). Each business model will gives different degree of risks and 
uncertainties that create unique characteristic of each type of IPS2. 
   The most typical practice of IPS2 comes from the machine builder manufacturing companies, which 
provide high value machines/tools for industrial companies. They start the servitization journey by 
providing standard after sell services or maintenance services contract around their products. One 
example mentioned in literature, which is doing this functional-oriented IPS2, is Mori Seiki the machine 
tool manufacturer company in Japan (Meier, Roy et al., 2010). The journey toward a full IPS2 application 
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is obviously long and tough. Company has to deal with risks and uncertainties involving many 
stakeholders to provide combination of products and services. Implementing functional-oriented IPS2 is a 
good starting point for a company who wants to take a part in this new business environment. Certain 
fields around IPS2 remain as interesting topic to be further explored including area of its costing system. 
 
 
2.2 Cost of IPS2 
 
One of the most promising benefits to be IPS2 provider is the possibility to generate higher profits due to 
services provision. In contrast, some cases of servitized companies are able to generate more revenues but 
tend to achieve lower profits especially for large industries (Neely, 2008). It leads to a conclusion that 
estimating costing is very challenging particularly when it is associated with uncertainties during time 
period of contract. Defining the whole costs throughout life cycle of contract plays important role in 
company success. Some previous researches have tried to identify relevant cost elements occurred in IPS2 
providers which is summarized at Table 1. 
   Based on this findings, it can be concluded that pertinent cost elements of IPS2 are costs that incurred 
throughout the whole life cycle of products and services, started from design development stage until 
disposal stage with additional cost element which are hidden costs and risk/uncertainty costs. This 
additional costs happened due to long-term partnership agreement between IPS2 provider to provide an 
integrated solution through combination of products and services. Cost management methodology needed 
in IPS2 environment should be concerned with all those cost elements. 
 
 
2.3 Existing Costing System   
 
Costing system is considered as an important aspect in any companies due to its sensitive influences for 
companies to design and execute their strategies as well as to make any related policies and decisions for 
their businesses. Misleading information issued by inappropriate costing system will lead to misleading 
decision. An appropriate costing system, including cost estimation, plays very important rule to determine 
the successful to compete in competitive market (Niazi, Dai et al., 2006). 
 
 
Table 1 
Cost element in IPS2 environment. 
 
 

Cost Elements in IPS2 Provider Sources 
Relevant cost of IPS2 is related with total cost of ownership which includes 
cost of capital investment, manufacturing activities, logistics activities and 
customer life cycle support 

(De Coster, 
2008) 

Key cost elements of IPS2 can be identified and categorized as recurring cost 
(RC) which includes labour cost, materials cost, machining costs, and logistics 
and sub-contract costs; non-recurring cost (NRC) which includes investment 
on company’s equipment, facilities, capital goods, design development efforts 
are examples of non-recurring cost; Overheads (OH) for instance personnel, 
development of personnel, infrastructure, administration cost and hidden costs 
and risk/uncertainty (R&U). This cost relates with relationship management, 
communication costs, cost of lack of detailed level data, cost of reverse 
logistics and flexibility of response, cost of cultural changes or change 
management 

(Datta and 
Roy, 2010) 

Another cost element is cost due to product obsolescence and disposal. Under 
IPS2 contract, IPS2 providers are required to manage the obsolescence of 
products. Hence, it is important to include all the related costs which are used 
to deal with obsolescence into the agreed fixed cost paid by customer 

(Meier, 
Roy et al., 

2010) 

 
 
   Activity-Based Costing (ABC) is initially used as product costing technique but recently has been 
adopted in service organizations. ABC is considered as the most widely applicable method both in 
practice and literature. ABC gives high degree of accuracy to estimate cost since it provides very details 
cost information which incurred in company. ABC helps manager to see that not all revenues is good 
revenue and not all customers is potential customer (Drury, 2008). But, due to the excessive requirements 
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(people, time and money) to implement and maintain, a lot of companies have given up to use this system 
(Huntzinger, 2007). 
   Time-Driven Activity-Based Costing (TD-ABC) then proposed to overcome the ABC weaknesses by 
simplify the steps to allocate the overhead costs. The usage of time as main cost driver helps company to 
allocate their indirect cost easier yet more relevant to the cost objects. TD-ABC is claimed has succeeded 
to overcome the drawbacks of traditional ABC but keeps giving as good as ABC’s result (Kaplan and 
Anderson, 2003). 
   Meanwhile, literature shows there is very limited research conducted so far to discuss particular costing 
system in IPS2 environment. The most recent and comprehensive research in this area is done by Datta 
and Roy (2010) which create cost modeling techniques for IPS2 availability-oriented use model. They 
argue that cost estimation for availability contract follows the service costing methodology but having 
particular parameters i.e. availability target and customer budget. The model is using different 
combination of product cost estimation techniques and service cost estimation techniques, including 
ABC, which is varied based on two dimensions i.e. life-cycle stages of the integrated offering and the 
information availability. Fig. 1 shows the detailed proposed model by Datta and Roy. 
   Then some interesting questions arise. Can those systems encourage company to doing continuous 
improvement towards the long journey of IPS2? Can those systems give high value to company? It is 
clear that market environments are rapidly changing and in order to stay competitive company should be 
doing continuous improvement whilst traditional costing system or even ABC cannot provide the 
sufficient information to support it (Gunasekaran, Williams et al., 2005). The ability to adapt is no doubt 
vital key to keep survives in today’s market. 
   Continuous improvement is highly related with lean principle. This principle has been adopted in 
costing system to maintain company’s financial aspect to be in line with continuous improvement 
program, called lean accounting. Lean accounting is defined as a business management system, created 
based on lean thinking principles, and consists of several related tools in financial and operational 
measure that support company's continuous program as well as control at level of cell, value stream and 
company (Ruiz-de-Arbulo-Lopez, Fortuny-Santos et al., 2013). Specific technique under the lean 
accounting to calculate cost is called value stream costing (VSC). VSC is created based on value stream 
concept. It aims to capture all costs directly within company value stream and encourages continuous 
improvement through combination of financial and non-financial performance measures. The major aim 
of lean accounting is not only to know “how much does the product/service cost?” but “how can company 
improve the process to cut those costs?” (Ruiz-de-Arbulo-Lopez, Fortuny-Santos et al., 2013). 
   After literature review, we conclude that costing system for IPS2 environment is remain limited 
available in literature. The most recent research in this field is done by Datta and Roy (2010) but their 
focus is availability-based IPS2. The proposed framework seems comprehensive enough to consider life 
cycle of product and service, available information input, risks and uncertainties. But in contrast, it seems 
clear that the proposed framework remain complex and require a lot of resources to be executed and 
doesn’t motivate to continuous improvement in very tight markets. 
 
 
3 Conclusions and Future Research  
 
Costing system and cost estimation is certainly important consideration for companies to set and direct 
their businesses. It remains as powerful sources for decision-makers to evaluate, control as well as to 
innovate their businesses. In contrast, literature have shown that IPS2 companies do not discover yet what 
costing system is appropriate for their IPS2 strategy. In practice, many IPS2 companies are continuing to 
use the traditional costing system which does not give balance emphasize for both physical product and 
service aspect. Moreover, these costing systems tend to provide misleading information since naturally it 
only focuses on physical products of companies’ offerings. 
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Fig.1  
Cost assessment framework of availability service contracts.  
(source:(Datta and Roy, 2010) 
 
 
   Through this stage of our research progress, we realize that current costing system have to be 
customized to address the IPS2 environment’s characteristics and needs. IPS2 companies need a costing 
system which answer some critical requirements. It has to be straightforward in terms of time, cost and 
effort needed to build, implement and maintain without ignoring the complexity of company’s activities. 
It has to consider product and service aspect in whole its life cycle in balance way since company is 
providing a bundle and integrated solution of products and services in period of contract time. 
Furthermore, IPS2 companies require a cost management methodology, which is easily updated and 
adjusted to meet continuous changes due to the customer’s variety demands to get more customized and 
overall solution. It has to be consider risks and uncertainties as well as encourage to do continuous 
improvement. 
   Based on those criteria, it is clear that lean accounting with its value cost streaming is good candidate to 
be implemented and adjusted for IPS2 environment, particularly for functional-oriented use model. This 
method considers all the cost within value stream (life cycle) in how companies provide its products and 
services. It gives good emphasis in how to calculate cost in acceptable degree of accuracy with affordable 
resources (time, people and cost). Furthermore, the adoption of lean thinking in cost management can 
lead company to increase their effectiveness and efficiency of their IPS2 design, development, 
management and delivery toward the full servitized company (Resta, Powell et al., 2015).    
   All those findings would be basic insight to further proceed our research. As sequential stages to carry 
out the desire research, at the next stage we intend to identify and construct sequential steps as cost 
management methodology for IPS2 environment. Appropriate costing system would be important finding 
for IPS2 companies to further specify their price and strategies in facing more competitive and global 
market. 
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Creating a continuous  
improvement structure to  
implement lean healthcare 
 
Garcia-Sabater, Julio J1, Vidal-Carreras, Pilar I2, Marin-Garcia JA3 
 
 
Abstract: Kaizen, or continuous improvement, forms part of the foundations for continuous 
improvement as seen in the classic representations of the Toyota Production System. This article presents 
the way in which the structure of a hospital must adapt to be able to improve processes in a structured, 
sustainable fashion. Not only the way that the new “to-be-created” work teams must present is proposed, 
but also the new roles of the workers who will appear, and the tasks that they all must perform as work 
team members. This proposal is developed based on data from public reference hospitals in their field of 
activity. 
 
Keywords: lean healthcare, continuous improvement, kaizen. 
 
 

 
 
1 Introduction 
 
Implementing the lean manufacturing philosophy in industrial settings is well-documented in both tools 
and culture terms, which must have the suitable organisation available for this implantation to be 
considered successful. The objective of lean manufacturing in industrial settings is to obtain a product of 
maximum quality at the lowest cost and in the shortest time possible (Marchwinski, Shook 2003). 
Implementing lean manufacturing into a healthcare setting implies obtaining a healthy patient in the 
shortest time at the lowest cost possible. There is a considerable body of literature on this theme, which 
centres on creating a flow of patients and material, and shows how this flow can help minimise not only 
the time the patient needs to be in hospital, but also the costs deriving from traditional management 
(Jackson 2013). Despite there being literature on the need to create working structures that focuses on 
continuous improvement in industrial settings, no works are available on the structure that must support 
continuous improvement in the healthcare setting.  
   The present work addresses the problem of creating a structure, and also that of creating new job posts 
that do not exist in most hospitals, to be able to create, in turn, a hospital that focuses on continuous 
improvement. 
   For this purpose, an example of a public hospital in a national health system is used. Based on its 
current structure, a new structure and the new roles that should be present in its organisation are 
proposed. 
Initial situation prior to continuous improvement 
   Spanish hospitals normally present organisation charts of classic functional departments. The organi-
sation charts of two important Spanish hospitals are analysed: the La Paz Hospital in Madrid or the La Fe 
Hospital in Valencia. These are reference hospitals in their fields of activity and both were included in the 
TOP 10 public hospitals in the last year (http://www.rincondelasalud.com/) 
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Fig.1  
Organisation chart of the La Paz Hospital in Madrid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 
The organisation chart of the La Fe Hospital in Valencia. 
 
 
 
   In these organisation charts only those classic functional departments in any organisation (human 
resources, finances, etc.) and the typical departments of the sector under study (medical management, 
nursing) can be seen. Despite them being leading hospitals of acknowledged national and international 
prestige, they have no departments that centre on healthcare areas (outpatients, hospitalisations), which in 
the lean philosophy can be identified as an organisation chart arranged into value flows, or even 
departments, that work on improving management since improvement in the medical area is carried out in 
each medical management subdepartment (clinical specialities). 
 
   If the lean philosophy centres on identifying value chains and on creating flow to eliminate waste, to do 
this, it is necessary to create a structure prepared for this purpose, or at least some department that works 
on improving and coordinating the flow of patients between various hospital sections, known as an all-
round clinical process in the healthcare setting. Although this may appear to be a new matter in the 
healthcare field, identifying healthcare processes, such as outpatients, accidents and emergency (A&E), 
hospitalisations, or other similar ones, is usual in any hospital, even though they do not appear as such on 
their organisation charts (Garcia-Sabater et al, 2014) 
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3 Creating the structure of value chains 
 
The first change to be made in the organisation is to create “value stream managers” (Rother y Shook, 
1999) and for this chart to show the hierarchical posts. The aim is to place improvements in a similar rank 
to any other department in order to prioritise improvements (Garcia-Sabater et al, 2011). The objective is 
to create leaders capable of understanding the relevance of value chains and of tackling the problems and 
improvement areas that appear cross-sectionally to the organisation, which centre on customer 
satisfaction and on improving process indicators.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 
New organisation chart proposed. 
 
 
   In hospitals, the organisation chart would be similar to that shown in Figure 3.  
   Having created and appointed the hierarchy in the organisation chart, it is necessary to create the 
structures of all the newly created areas. To this end, we based our work on the continuous improvement 
structure considered by Liker&Meier (2005) and on the continuous improvement structure style created 
in “standard factories” with autonomous work groups. 
   Those responsible for each value chain in the hospital will depend on the Area Director. In the case 
presented in Figure 3, the responsible person would be from outpatients, the person in charge of 
hospitalisations, the person in charge of A&E, the person responsible for hospitalisation at home and the 
person in charge of the surgery section. The people responsible for all these areas are in charge of 
coordinating with all the directors of medical specialities so that patients can “flow” through each hospital 
process. 
   The people responsible for all the points at which patients progress through value chains, normally 
known as subprocesses (e.g. in A&E, there will be: selection, consultations, techniques, among others), 
will depend on process managers, or value stream managers. Finally, the last division is left, which will 
correspond to the person in charge of subprocesses or the team leader with all the team members, who are 
doctors, nurses or hospital porters on wards: this in Liker terminology corresponds to “team members”. 
   Evidently this structure may vary according to the complexity and size of the supply chain, but seems to 
be the most usual one given their size. 
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Fig.4 
The continuous improvement structure. 
 
 
   As in many organisations with existing improvement teams, holding 5-minute daily meetings between 
the person in charge of the subprocess (or team leader) and team members is recommended. This will be 
known as the TOP 5 meeting, when the working day beings, or a kaizen meeting (depending on the 
company).  
   The people in charge of the subprocess (group leaders) must meet weekly for 60 minutes with team 
leaders to deal with any matters that may have escaped the notice of the people on wards, and which 
require coordination of the whole process.  
   Finally, there are the continuous improvement meetings, held biweekly, where the people in charge of 
processes meet with the Hospital Operations Manager to go over any problems that require the 
coordination of different value chains.  
   During all these meetings, the main indicators of all the work areas must be analysed, bearing in mind 
that the indicator studied in a 5-minute meeting is not the same as in a continuous improvement meeting 
held with the Operations Manager. 
 
  
4 Roles and tasks of each member of the new organisation. 
 
As the structure in the organisation is new, the roles and tasks assigned to each member of the new 
continuous improvement structure must be defined. 
 
 
4.1 Team members 
 
They are responsible for performing typical hospital tasks. They are doctors, nurses, hospital porters or 
administration staff, and they carry out traditional tasks to which the new continuous improvement 
structure tasks need to be added: 

-!Performing the planned actions that correspond to their tasks (attending to patients,  
dealing with papers, etc.) 

-!Proposing improvement actions based on visible organisational aspects that can 
clearly  
be improved or by means of an analysis along with all the other team members of the  
indicators for which they have competence.  

 
 
4.2 People responsible for subprocesses, or team leaders. 
 
Apart from the usual operations, which sometimes do not differ from those of any team member, at times 
they have tasks that deal more with coordinating work (depending on the magnitude of the process). The 
person in charge of a subprocess is partly freed to carry out the following typical continuous improvement 
tasks: 
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-!Preparing the daily 5-minute meetings with team members (calculating indicators,  
incidences, etc.) 

-!Coordinating, if necessary, shift changes with other team leaders 
-!Analysing area indicators and leading the proposal of improvement actions along with  

team members 
-!Heading and controlling that the actions which correspond to their field of action are  

carried out 
-!Reporting area indicators to the person responsible for the process (or group leader)  

during the weekly 60-minute meetings 
-!Collaborating with members of other subprocesses of the same value chain in  

implementing improvements that require the participation of several subprocesses  
-!Defining the work standards, ensuring that they are properly met by team members 

and training new workers in these standards 
-!Being responsible for subprocesses correctly operating (schedules, order and 

cleanliness, managing incidences, problems of quality) 
 
 
4.3 People responsible for processes, or group leaders 
 
These people normally work to ensure that the process properly operates in terms of both the process and 
continuous improvement. Depending on the nature of the process, a doctor is needed who masters the 
speciality in question (A&E, surgery section) or these people can be personnel without medical training. 
Their tasks are: 

-!Controlling the correct operation of each subprocess 
-!Controlling the correct operation of all the subprocesess while changes in shifts occur 
-!Preparing and heading the weekly process management meetings 
-!Conducting a daily follow-up of the process indicators and proposing overall process  

improvement actions 
-!Managing and controlling contingency plans, if required 
-!Restructuring personnel according to the daily requirements among subprocesses 
-!Analysing incidences or anomalies on a daily basis 
-!Visiting working areas to check anomalies regarding: security, job post order, 

following- 
up standards, job queues, etc. 

-!Attending the usual hospital coordination meetings 
-!Setting up an action plan to ensure that the process operates properly and meets  

objectives 
-!Coordinating with managers of conventional clinical areas and other healthcare 

processes  
(value chains) to ensure their process operates properly 

-!Prioritising and “pursuing” the implementation of the improvement actions that their  
process carries out 

 
 
4.4 Lean Champion 
 
This person does not feature in the organisation chart in Figure 4, but corresponds to a person previously 
identified by other authors (Bateman y Rich, 2003; García-Arca y Prado-Prado, 2008) This person is even 
more important in this sector because the continuous improvement and lean manufacturing philosophy is 
still quite unknown to people. So people who know the methodologies and the new ways of working are 
needed. The tasks performed by this person include: 

-!Supporting the methodology with all those teams that need it to implement new tools 
or to continue the correct problem-solving process 

-!Supporting team leaders and group leaders to define and follow-up the indicators  
(especially in the first stages) 

-!Promoting improvements being implemented at all organisational levels 
-!Documenting all the process and work standards (if time is conferred to the team 

leaders or group leaders) 
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-!Auditing the proper operation of work teams or improvement teams 
-!Monitoring processes and subprocesses, and periodically using analysis tools  

 
 
5 Conclusions 
 
Implementing continuous improvement structures is perfectly feasible in public hospitals and those that 
can be extrapolated almost directly from other sectors are commoner. The only problem is that the lean 
champion and previously creating a culture are essential, which should be considered as a long-term 
change (3 or 4 years) in the organisation, although the authors have participated in implementing these 
teams into other better adapted sectors after only 1 year. As in other sectors, it is necessary to carefully 
select team leaders as present team leaders may not necessarily be apt for improvement because executing 
the process is not the same as improving the process. 
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The experience of public-private  
partnerships hospitals in UK:  
what can we learn in Spain? 
 
Rionegro O1, Rodríguez-Monroy C2 
 
 
Abstract: Most developed countries maintain important relationships with the private sector. The best-
known case is United Kingdom, whose many years of experience developing public-private partnerships 
for the construction projects and management of hospitals has turned UK into a reference for others 
countries. In the case of Spain, with its limited experience, there is still no certainty whether this model 
has been beneficial for society or not. Based on the conclusions of the last official audits by the British 
public authorities, this paper presents the situation of the Spanish model in relation to the two most 
committed aspects of such systems: the cost-profit ratio and risks. 
 
Keywords: Public Private Partnerships; Project Finance Initiative; Hospital Management; British 
National Health System; Spanish Healthcare. 
 
 

 
 
1 Introduction 
 
The delivery of health services in most OECD countries involves some kind of model of public-private 
partnership (PPP). In systems with an investment that is mostly public, they are provided with 
pharmaceutical products and services from the private sector. Meanwhile, in the mostly private, the State 
influences through capital injections and regulations. But in the case of hospital management this kind of 
symbiosis as these functions and level of detail increase becomes more complex: care service, 
maintenance, training, research and development, among others. 
   The privatization of many public services became widespread after 1980, with the development of 
liberal movements to reduce the role of the state. In the health sector, this system was rejected due to the 
existence of market failures. Instead, quasi-market models were developed with two differentiated agents: 
the private sector and the public sector. 
   In this article we are going to analyze the British and Spanish models in projects of public-private 
partnership for the construction and management of hospitals, in order to know how the relation between 
both agents is and the results that it generates. 
 
 
2 Historical Developments in the UK 
 
The United Kingdom was the first country in the world to develop the concept of public-private 
partnerships for public services by allowing the provision of efficient, cost effective and measurable 
services within modern facilities. This fact has become UK in the world leader of the development of 
public-private partnerships in the health sector. 
   The development of this model in public hospitals began in 1992 with the introduction of the 'Private 
Finance Initiative' (PFI) by John Major’s Conservative Party as a way to “make use of the capacities of 
management and business experience in the private sector, leading discipline in the delivery of public 
infrastructure” (HM Treasury, 2012). 
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   In 1996 the first contract for the construction, funding and operation of a hospital of thousand beds in 
Norwich was signed. Five years later this hospital was delivered five months before the planned 
completion date and within the budget.  
   Since then the National Health System (NHS) in the UK has developed a considerable experience in the 
management of this type of public-private partnerships in the healthcare sector, with more efficient 
procurement systems that minimize costs when establishing the contract with diverse agents for the 
construction and the management of the service contracts. 
   The results show that the PFI model has been the dominant formula for the development of large 
projects of the NHS, with more than 10.4 million pounds sterling invested in the last decade to build 
hospitals in the UK (European Commission, 2014). The fact is that 75% of new hospitals built between 
1997 and 2008 were financed privately (House of Commons, 2011). 
 
 
3 The Audit 
 
The first reports were realized in the initial stage of the implementation of hospitals under the PFI model 
and yielded positive data. It was found that this system allowed to increase significantly the advance in 
hospital actions over the possibilities offered by the traditional financing, allowing payments along the 
life cycle of the infrastructure without representing a high initial impact in the public finances. They also 
found, in contrast of the conventional government contracts, a higher guarantee in complying with the 
deadlines (since only 24% of projects suffered delays, in opposition to the 70% that had taking place 
before), a lower deviation costs (22 % of cost overruns, compared to 73% in the conventional system) and 
even in non-clinical services savings in costs between 5 and 10% during the periods of construction and 
operation were even reflected (Mattocks, 2006). 
   However, since 2008 a higher number of criticisms related to the hospitals under the PFI model began 
to appear when it started to collect an “unclear and inexplicit form the justification and evaluation for the 
use of PFI models in terms of profitability” (Parliamentary Treasury Committee, 2011), being able to 
understand that the public authorities did not assess in a correct form the different alternatives for the 
construction of new hospitals. 
 
 
3.1 National Audit Office 2011 
 
The consequences of this option to seize the future budgets appear in this report, with the knowledge of 
the existence of unmanageable pressures of debt to which the UK Ministry of Health had to respond in 
2012 with an additional financial support of more than 1,500 million pounds for only 22 hospitals, and 
maintaining other 16 in the state of specific financial review. 
   They also presented the “existence of risks for the long-term profitability of these contracts” (National 
Audit Office, 2011) due to the complexity of managing them, where the capacity was limited to generate 
savings due to efficiency in some areas and the promotion of continuous improvement. The long-term 
agreements, between 30 and 60 years generally, made the reconfigurations and the adoption of new 
models enormously difficult. 
   Finally it was stated in this report that the maintenance of the lifecycle of the infrastructure, which 
represented the key benefit of this model, was not satisfied in more than 20% of the expectations. 
 
 
3.2 Parliamentary Treasury Committee 2011 
 
In this report it was found that hospitals under the PFI model were turning out to be “always more 
expensive than the public borrowing” (Parliamentary Treasury Committee, 2011), especially from the 
economic crisis when the cost of private equity was 8% while that of the government was 4%, 
representing a significant cost for the taxpayers. 
   Besides the concern not only focused on the financing costs, but also on the “inability to find evidences 
of savings and benefits in other areas of PFI that compensate these costs”. Only in some cases savings in 
the construction and in some of the services were found. 
   In this report the existence of any signs of real innovation was not noted either, although it was 
appreciated that the quality in the infrastructure was worse in general terms in the PFI hospitals. 
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   This report concluded by giving the only benefits of PFI hospitals models were not related to qualitative 
or financial issues, but with the possibility that the authorities could leverage their budgets without using 
the one they had assigned (Moreno, 2013). 
 
 
4 The Spanish Case 
 
In 1991 the first reflection on the sustainability and the future of the NHS was performed in Spain. Four 
years later a new phase began in the development of private management models under the Law on 
Foundations of 1994, with four hospitals in Galicia, one in Mallorca, one in Madrid and another in La 
Rioja. This model was not developed due to its inability to demonstrate its advantages over traditional 
management system. 
   The biggest turning point in public-private partnerships for hospitals in Spain took place in 1999 in 
Alzira. In this year, in this Valencia village, Alzira Hospital was started up, initiating a new stage of 
administrative concessions where a private company built a hospital and then it was in charge of its 
maintenance and, in some cases, the healthcare assistance in an area. Although in the first moment it only 
included specialized care, from 2005 onwards primary and geriatric care was also introduced (López, 
2013). 
   From 2007 Spain began to adopt the British model of PFI hospitals in Madrid, Baleares, Castilla y León 
and Galicia. This model is more advantageous for the public sector because it is not necessary to make a 
large down payment at the start (López and Gonzalo, 2013). 
   The results in Spain of public-private partnerships in the construction and management of hospitals in 
Spain are conclusive: at the end of 2012 there were a total of 22 PFI hospitals and over 3,300 million 
Euros investment (Mendoza, 2013). 
 
 
5 Challenges and Opportunities 
 
In Spain does not exist, nor has existed, an effort by the government to inform the public opinion about 
the reasons for public-private partnerships and their potential benefits, contrary to what the UK has been 
doing. To this day in Spain, we cannot find comparisons within the public sector, the publication of the 
contracts, monitoring reports, etc. It is a fact that, in the words of analysts as Gayle Allard, this generates 
“a significant risk of opacity and information asymmetries that may prevent the public sector from 
obtaining value for money” (Allard and Cheng, 2009). 
 
 
5.1 Cost-benefit ratio 
 
Being a public hospital, the search for efficiency is focused on minimizing the payments recognizing that 
risks transfer to the private sector and the inclusion of incentives for the same one compensates higher 
financial costs. The assessment of the suitability of a financing system over another, it is usually realized 
with the analysis of the future cash flows of the project. 
   Due to the mentioned lack of transparence, especially in something as simple as the financial aspects of 
a hospital project, it is found that a high number of publications in relation to this aspect with 
opposite conclusions. It is also surprising that in Spain the value for money is taken into account in 
contracts for public-private partnerships but not in public concession contracts. 
   In favor of the justification of value for money in public-private partnerships projects for hospitals we 
can highlight the conclusion given by a simulated model for a hospital with an investment of 100 million 
Euros by a regional government and that with “a discount rate the social marginal return on investment, 
has as result that the profits overcome 10%” in respect of direct production by the public sector 
(Contreras, 2008). Especially relevant when the Autonomous Communities are the promoters, which 
currently have the competences in this matter.  
   It is necessary to emphasize in this section the existence of different situations that although in the 
studies they are not included, they exist and have taken place in reality. For example the fact that public 
authorities begin easily the construction of hospitals that, due to the economic difficulties of putting them 
into operation, they have not been opened while the taxpayers have had to realize committed payments 
without receiving any services. 
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   Others question the efficiencies that these models present in the hospital management raising for the 
new Hospital of Vigo an analysis of future cash flows for three types of contracting: conventional 
financing, through a public company and under the PPP model. 
   This analysis concludes with results that reflect the lowest costs for the conventional system where the 
public company has 14% higher amounts and the costs for the public-private partnership model are 
multiplied by 2.4 for the regional healthcare service (Reyes, 2012). 
 
 
5.2 Risks 
 
The risk transfer to the private initiative is one of the fundamental pillars of the public-private partnership 
models. Through this obligation, which is imposed in the context of the European Union, the need to 
avoid taking excessive risk by the public sector during the lifetime of the infrastructure is expressed, 
especially in the appearance of future effects on debt and national deficit. This motivates the public-
private partnerships the search for optimizing risk by transferring it to the most prepared party to bear it 
with the minor cost. 
   There are mainly three risks that must be managed in projects of public-private partnership of hospitals: 
construction, availability and demand (Masso and Horta, 2008). 
   The demand risk, which is supported mainly by the private sector, was the first to be addressed. An 
example is the case of the first seven PFI hospitals in Madrid, where the expected data were lower than 
the real demand, forcing the regional government to increase the annual fee (Sánchez, 2014). 
   A risk also evidenced in the British experience is the replacement of the initial private partner for a 
wider array of actors through the creation of secondary markets. This possibility is not regulated in Spain 
and it is possible that this condition occurs identically. 
   In other risks, the majority supported by the private sector, there still have not taken place situations in 
the context of the construction and management of hospitals by private entities. 
   Furthermore, for a better risk transfer, a series of sanctions are set forth in the contractual relations in 
case of qualitative or quantitative non-compliance. Although the reality indicates that these actions are 
executed with difficulty by the public sector, giving a sense of ‘impunity’ to the system. This aspect 
supports the idea of many authors who consider the hospital concession as ‘too big to fail’ (Minue and 
Martín, 2013). Thus it results in a fictitious risk transfer, where the public sector is always the one which 
should assume them ultimately (Sánchez et al, 2013). 
 
 
6 Conclusions 
 
The lack of transparency is the biggest criticism of public-private partnership models in Spain. Not only 
because the damages that this level of opacity involve of sociopolitical statements, which are many and 
varied, but also the disadvantages that this situation creates for the public sector itself to encourage the 
creation of situations with asymmetric information. This hinders the creation of value for the public sector 
through the comparative study and the mistakes and successes analysis based on their experiences. 
   Therefore it is intended to outline in this article the main self-criticism that the British do on their 
system, with the aim of bringing it to the Spanish reality on the field. 
   On one hand, the main concern is the cost-benefit ratio. In the case of Spain, only simulated studies 
justify this option. These studies have not taken into account the effects of the crisis on the cost of capital, 
which in the British case were fundamental to justify the loss of interest in this type of project. Also it is 
necessary in these studies to include various alternatives which imply the payment of additional amounts 
and which have occurred in reality. 
   The main potential of these models is to minimize the risks in the construction, as it has been verified in 
the United Kingdom. In Spain, although it is not currently available in the official data, the contracts 
collect payment systems to the private sector related to the situation of the construction, so in this case the 
public sector is protected against these risks. 
   Concerning the other risks transfer, the Spanish model has similar characteristics to those in the UK. 
Even existing abundant literature related on the importance of generating contractual relations with clarity 
and high level of detail, we share the idea that this point is the Achilles heel of the public sector when 
these projects are considered ‘too big to fail’. 
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   One of the biggest criticisms of the model is that the implementation of a significant number of 
outsourcing projects generates budgetary obligations hardly manageable in the future, as it has already 
been seen in the UK. In the case of Spain, the absence of a shield on the traditional health system can 
generate in the medium term a transfer of funds from it to face the payment of the acquired obligations. 
   Finally we consider that it is necessary to create in Spain a State office that coordinates public-private 
partnerships projects for Spanish hospitals. This office should serve to inform the public opinion and the 
public sector itself, in order to minimize the shortcomings that asymmetric information has today for 
public administrations. 
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Exploring recent literature  
on Lean Healthcare 
 
Vidal-Carreras PI1, Garcia-Sabater JJ2, Marin-Garcia JA3 
 
 
Abstract: This paper aims to give an overview of recent literature on lean healthcare. In order to achieve 
this purpose a systematic literature review of reviews of lean healthcare was carried out. After reviewing 
the literature is that several sets of works can be distinguished according to the topic. Those which 
analyze the implementation of lean and indicate the area where interventions and outcomes are done. 
Those which go further and seek facilitators or context variables. And those which focus seek 
interaction/relationship between implantation Lean and other areas, the area of IT, safety and quality of 
patients, or effects on the workers. Future lines raised by the review analyzed present potential new 
challenges it faces lean healthcare, where it can be highlighted the need to report those experiences not as 
positive in which a lot can be learned and better document the results of the studies. 
 
Keywords: lean thinking, lean healthcare, healthcare quality, hospital, literature review. 
 
 

 
 
1 Introduction 
 
Nowadays, accreditation requirements, needs and expectations of patients, social and ethical values, all 
coupled with funding pressures, demand continuous improvement in healthcare quality. According to the 
Agency for Healthcare Research and Quality ( 1997), healthcare quality is doing the right thing, at the 
right time, in the right way, for the right person and with the best possible results. 
   In this context, the use of some quality improvement (QI) methodologies or approaches from the 
manufacturing industry has increased in healthcare organizations. One is named Lean Healthcare and is 
being increasingly adopted worldwide. This is based on the approach Lean. The work of Jacobson (2006) 
and clearly describes reasons why lean is applicable to lean health care and to other environments. Apart 
from health care, the lean approach has been adapted to other areas, such as software development 
(Pernstal, Feldt, & Gorschek 2013) and information management (Hicks 2007). 
   The lean approach derives from the Toyota Production System, which was created by Taiichi Ohno in 
1940 (Ohno and Bodek 1988), and was subsequently popularized by James Womack and Daniel Jones in 
1990 (Jones, Roos, & Womack 1990). More recently, the same authors coined the new term lean thinking 
(Womack and Jones 2010). The primary goal of the lean philosophy is to be extraordinarily customer-
oriented and responsive by ridding the entire waste system to thereby deliver to a customer exactly what 
(s)he wants, when (s)he wants it, defect-free and on time. Considering the lean approach or lean 
philosophy is considering an integration of concepts, methods and tools.  
   Health care, like manufacturing, is composed of a series of processes or actions which intend to create 
value for customers, or patients. Although there are many differences between patients and cars, medical 
care, like the manufacturing sector, is delivered in extraordinarily complex organizations with thousands 
of interacting processes. According to (Dahlgaard, Pettersen, & Dahlgaard-Park 2011), lean health care is 
a management philosophy to develop a hospital culture characterized by increased patient, and other 
stakeholder, satisfaction through continuous improvements, in which all employees (managers, doctors, 
nurses, laboratory people, technicians, office people etc.) actively participate in identifying and reducing 
non-value-adding activities (waste). 
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   The first well-publicized lean healthcare application occurred in 2001, in the Virginia Mason Medical 
Center (VMMC), a 336-bed hospital integrated medical system with 5,000 employees, which wanted to 
reform its financial performance. Borrowing from the Toyota Production System and using its 
foundational ‘‘Lean Principles,’’ VMMC created the Virginia Mason Production System (VMPS) and 
claimed it as the business strategy that it would use in an effort to reduce costs and to eliminate defects 
towards improved quality and profit margin (Nelson-Peterson and Leppa 2007). Since then diverse papers 
have been published on lean health care: case studies, reflections, literature reviews, etc. In order to 
achieve a global vision of the latest most important studies published on lean health care, a systemic 
literature review was conducted. This review focused specifically on lean healthcare literature reviews 
because they include previous experiences and offer new suggestions for future research that could be 
useful, considering the scope of this research. 
 
 
2 Methods 
 
The protocol for the systematic literature review (SLR) has been generated including the following steps: 
a) Conceptual discussion of the problem; b) Literature review purpose; c) Search strategy; d) Paper 
selection criteria; e) Single paper analysis; f) Descriptive analysis of the extracted database; g) Synthesis 
and content analysis.  Summary of the phases a) and b) of this SLR is showed in the above section, 
named introduction. According to the search strategy, the academic database searched was Web of 
Science (ISI), concretely Science Citation Index Expanded (SCI-EXPANDED), Social Sciences Citation 
Index, Conference Proceedings Citation Index (CPCI-S) and Conference Proceedings Citation Index 
Social Sciences & Humanities (CPCI-SSH). The key terms researched in the topic of the papers are: 
(LEAN OR "SIX SIGMA" OR KAIZEN OR "PROCESS IMPROVEMENT") AND (HOSPITAL OR 
HEALTHCARE) AND ("LITERATURE REVIEW" OR REVIEW OR SLR).  The topic of the paper 
includes: title, abstract, author keywords and keywords plus. The time span was from 2010 to 2015. Both 
this search as the searches realized in the papers reviewed are restricted to papers in English language. 
According to the paper selection criteria, the retrieval and assessment of articles for inclusion in the 
literature review consisted of stages following. Firstly, 98 references was retrieval from de WOS database 
according research strategy. Secondly, the titles and abstract of this 98 articles were screened, excluding 
not reviews and single-unit case studies. As a result 12 articles were assessed for eligibility. After a full-
text review another 3 articles were excluded by the criteria not really SLR. So, the final review included 9 
articles. 
 
 
3 Analysis  
 
All papers were read and subject to a quality assessment." In the single-paper analysis, the following was 
recorded: title, authors, year, name of the publication, citations, aim of the paper, search strategy 
including data bases, time span and key terms, nº of papers reviewed, findings ,and further research 
proposed. The most significant information of this analysis is shown in Table 1, 2 and 3. As shown in the 
tables, the research questions /aim posed in this works are very diverse. However, they can be grouped 
into the following sets according to the tables: 
 

1.! Compilation of case studies by relating interventions and outcomes (Holden 2011; 
Mazzocato, Savage, Brommels, Aronsson, & Thor 2010;Wright and McSherry 2013). 

 
2.! Identification of contextual or enabling factors that promote successful lean 

implementations in hospitals. They may be specific to Lean (Andersen, Rovik, & 
Inge-brigtsen 2014; Mazzocato et al  2010)  Quality Improvements (QI) including 
among other approaches Lean (Kaplan, Brady, Dritz, Hooper, Linam, Froehle, & 
Margolis 2010). 

 
3.! Analysis of interaction between implantation Lean and other areas:  

 
•!Relations between the implantation of Lean and patient safety from Clinical Risk 

Management (CRM) (Crema and Verbano 2013a; Crema and Verbano 2013b).              
In Holden ( 2011) the effect of lean discussed in patient care in Emergency 
Department. 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 793 

•!Impact of Lean on workers (Holden 2011) 
 

•!Lean interaction with IT, Health Information Systems (HIS) (Kalong and Yusof 
2013) 

 
 
Table 1 
Summary of paper analysis group 1. 
 
 

(Authors, Year) (Mazzocato et al  2010) 
Aim Which components of lean thinking have been put into practice and in which 

settings? 
What outcomes have been attributed to lean applications in healthcare? 
Which components, in which contexts, produce which results? What are the 
mechanisms that make this possible? 

Time Span Jan 1998 -Feb 2008.   NºReferences 33    
Findings The authors articulated interactions between context, lean interventions, 

mechanisms and outcomes. They found common contextual aspects which 
interact with different components of the lean interventions and trigger four 
different change mechanisms: understand processes to generate shared 
understanding; organize and design for effectiveness and efficiency; improve 
error detection to increase awareness and process reliability; and collaborate to 
systematically solve problems to enhance continual improvement. 
While lean theory emphasizes a holistic view, most cases report narrower 
technical applications with limited organizational reach.  

Future 
Research 

Future studies of lean could focus on the role of management to improve 
implementation and sustainability. Moreover, learning could be enhanced by 
employing more rigorous approaches to research and reporting, for example the 
SQUIRE guidelines 

(Author, Year) (Holden 2011)  
Aim How does Lean transform work structures and work processes? 

How does Lean affect patient care (quality, safety, efficiency)? 
How does Lean affect employee working conditions (eg,autonomy, workload) 
and outcomes (eg, motivation, satisfaction) indirectly by transforming work 
structures and processes? 
How does Lean affect employee outcomes directly, independent of changes to 
work structures and processes? 
 How are patient care effects and employee effects of Lean linked? 
How are patient care and employee effects of Lean contingent on the features of 
(a) the organization implementing Lean and (b) the design and implementation 
of Lean? 

Time Span Jan 2005 to Jan 2010   NºReferences 18 
Findings Lean does not simply alter the process of work: numerous work structure 

changes accompanied process change, having indirect and direct effects of Lean 
on employees. 
Lean affected patient care in the studied Emergence Departament.. Unfortunat 
ly, most of the employee effects described above were not systematically 
assessed and were either implied or based on anecdotal evidence. "

Future 
Research 

More work remains in understanding Lean in the ED and in health care more 
generally, including better assessment of Lean’s effects on patient safety and 
quality outcomes and on employees, as well as identifying the factors on which 
Lean’s success depends."

 
 
 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 794 

Table 2 
Summary of paper analysis group 2. 
 
 

(Authors, Year) (Kaplan et al  2010)  
Aim Identify contextual factors that might influence QI success; to categorize, 

summarize, and synthesize these factors; and to understand the current stage of 
development of this research field 

Time Span 01/01/1980- 07/09/ 2008  NºReferences 47 
Findings 66 contextual factors could be related to QI success.  

Although the current body of literature lacks adequate definitions and is 
characterized by considerable variability in how contextual factors are measured 
across studies 

Future 
Research 

Future research should focus on identifying and developing measures of context 
tied to a conceptual model that examines context across all levels of the health 
care system and explores the relationships among various aspects of context. 

(Authors, Year) (Nicolay, Purkayastha, Greenhalgh, Benn, Chaturvedi, Phillips, & Darzi 2012)  
Aim Identify and evaluate the application and effectiveness of these QI 

methodologies to the field of surgery. These methodologies include Lean. 
Time Span Jan 1998 -Feb 2008.   NºReferences 34 
Findings There is also overlap between the methodologies. The literature is dominated by 

simple observations without statistical analysis. It is not possible to make 
evidence-based recommendations for different indications, as different studies 
implemented different aspects of various methodologies to varying extents, and 
in different contexts 

Future 
Research 

Rigorously designed high-quality studies with low risk of bias using these 
frameworks for reporting are clearly needed 

(Authors, Year) (Crema & Verbano 2013b) 
Aim Are there any connections/overlaps between health lean care management and 

clinical risk management in hospital environment? If yes, which are the 
connections and the outcomes? 
Can lean healthcare management help/support CRM in hospital environment? If 
yes, how? 

Time Span All    NºReferences 47 
Findings No specific studies focus on the relationship between HLM and CRM. 

In most of the papers there are objectives, methodologies and results that are 
related to both HLM and CRM approaches. “double-sided” results are usually 
achieved accidentally, without a declared intention, adopting only methods that 
mostly belong to one approach, even if some common methodologies are 
considered 

Future 
Research 

Future research stream that studies how to improve health care management 
combining HLM and CRM approaches. 
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Table 3 
Summary of papers reviewed analysis group 3. 
 
 

(Authors, Year) (Andersen et al  2014)   

Aim 

Are there any connections/overlaps between health lean care management and 
clinical risk management in hospital environment? If yes, which are the 
connections and the outcomes? 
Can lean healthcare management help/support CRM in hospital environment? If 
yes, how? 

Time Span 2000–2012   NºReferences 18 

Findings 
23 factors classified according two-dimensional conceptual framework 
developing by combining Shortell’s Dimensions of capability (Shortell 2005 ) 
with Walshes’ Domains of an intervention (Walshe 2007). 

Future 
Research 

Further specification and practical content to guide future effective quality 
improvements to healthcare organizations to measure and analyze outcomes in 
the context of this framework, with the identified facilitators as explanatory 
variable 

(Authors, Year) (Crema & Verbano 2013a)   
Aim What are the tools, practices, and key critical factors needed to successfully 

implement HLM, stressing safety performance (CRM)? 
Time Span  No   NºReferences 46 
Findings The results demonstrate that a variety of managerial tools are being 

implemented to achieve these aims, HLM and CRM. The proposed guidelines 
concern: 1) culture, organization, and communication; 2) process management; 
3) error management; and 4) customer/patient management and the issues that 
support it, such as ICT, quality, sustainability, and compliance 

Future 
Research 

Future research should further test, formalize, and develop knowledge and 
experience in the field to determine the potential synergy between HLM and 
CRM, developing in depth the reference scheme presented and defining 
operative guidelines. 

(Authors, Year) (Kalong & Yusof  2013)  
Aim Provide an insight into the nature of waste in HIS from the perspective of LM 
Time Span No   NºReferences 8 
Findings 20 waste categories were presented. The proposed additional categories except 

external quality enforcement and environmental waste were actually covered in 
the existing Ohno’s model (8 waste) or an adaptation of that.  

Future 
Research 

More studies related to Lean waste identification in HIS 

 
 
 
4 Conclusions 
 
In this paper a review of reviews of Lean Healthcare is performed. Lean, in the health care research 
domain, is considered included in the package of methodologies for the Quality Improvement (QI) in 
healthcare. This package also includes PDSA, PDCA, Six Sigma, CQM, SPC, Lean Management, TQM 
(Kaplan et al  2010).  Six Sigma and Lean becomes recently the most popular of this package of 
methodologies. However as Nicolay et al. (2012) notes there are overlap between QI methodologies. SPC 
and PDSA cycles, for example, are common elements to CQI, TQM, Six Sigma and some lean programs. 
   Regarding the influence of context or factors in the implementation of Lean while there are authors who 
can get results (Andersen et al  2014;Mazzocato et al  2010) there are others as Nicolay et al. (2012) for 
the surgical area which states  It is not possible to make evidence-based recommendations for different 
indications, as different studies implemented different aspects of various methodologies to varying 
extents, and in different contexts. Other authors state that a better understanding of the "critical success 
factors" for Lean remains necessary (Holden 2011). 
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   In a generalized manner several criticisms of the results presented in the literature appear. First, there 
are a clear publication bias, since all articles report positive (Mazzocato et al  2010;Wright & McSherry 
2013). Surely there are instructive failed lean applications waiting to be studied. (Nicolay et al  2012). On 
the other hand, the literature is dominated by single observations without statistical analysis (Nicolay et al 
2012). Holden (2011) states that most of the employee effects described in their review were not 
systematically assessed and were either implied or based on anecdotal evidence. So, it is demanded in 
research domain lean healthcare rigorously designed high-quality studies with low risk of bias 
(Mazzocato et al  2010; Nicolay et al  2012). 
"""Highlighting also as point Mazzocato (2010) that while lean theory emphasizes a holistic view, most 
cases report narrower technical applications with limited organizational reach. To better realize the 
potential benefits of lean, healthcare organizations need to increase solution retention, involve senior 
management, work across functional divides, pursue value creation for patients and other customers, and 
nurture a long-term view of continual improvement.  
   As stream research fields note Lean Healthcare IT environments, particularly Health Information 
Systems (HIS) (Kalong & Yusof 2013). The interaction of Lean With Clinical Risk Management 
focusing on the safety and quality of patient service (Crema & Verbano 2013b) as well as effects on the 
workers of Lean Healthcare implementations (Holden 2011). 
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Research Methodologies  
in Studies on Concentration  
of American Hospitals 
 
Migowski S1, Migowski E2, Libânio C3 
 
 
Abstract: The objective of this study is to know which methodologies and databases that were used in 
articles treat variables, such as efficiency and costs in the hospital segment and their relationship with the 
concentration of American organizations. The quantitative methodologies used were, by order of 
preference, the multivariate statistical analysis and the econometric analysis. The most used data basis 
was the Annual Report of the American Hospital Association (AHA), followed by data made available by 
insurance companies having long lasting relationships with the hospitals analyzed, besides the specific 
case studies. Finally, it was observed that the concentration in the sector is reflected in the reduction in 
competition and efficiency gains, notably in the first year after the fusion, which does not mean that there 
was reduction in the prices charged by the hospitals. 
 
Keywords: Hospital; Research method; Concentration; Cost. 
 
 

 
 
1 Introduction 
 
The concentration of hospitals worldwide seems to be an irreversible tendency. There are several reasons, 
with the major one being, according to the results found by many studies, related to the search for 
efficiency for maintaining the sustainability of the organizations involved. On one hand, clients 
(individual taxpayers, insurance companies, and health insurance providers) loose due to the expressive 
reduction of service options, causing an impact on the waiting time for these services. On the other, they 
gain because the operational efficiency increases, which means fewer errors in the assistential processes 
and provided services (Kobis & Kennedy, 2006; Bazzoli, 2006; Burns et al., 2008; Delia & Wood, 2008; 
Ferrier, Leleu, & Valdamanis, 2009; Weil, 2010; Rechel et al., 2010; Cutler & Morton, 2013). 
   Specifically in the United States, the tendency of consolidations occurred in two different times. In the 
1990s, there was the first wave of concentration of hospitals in large groups, which ended up by reflecting 
on the rise of the prices set by insurance companies and health insurance providers. They reacted with a 
fusion of several insurance companies as a way to retrieve their dominating position in their capacity of 
negotiation (Moriya, Vogt, & Gaynor, 2010).  
   A new wave of concentrations of hospitals happened again in the following years particularly after the 
creation of The Affordable Care Act (more commonly known as Obama Care). This program financially 
rewards hospitals that exceed quality measures and at the same time punishes the ones with poor 
performance. As most part of the quality improvement is connected to the development and upgrading of 
the diagnostic technology, the increase of investments has led to new fusions, acquisitions, or affiliations, 
as a way to reduce costs and risks (Brown Jr. et al., 2012). 
   Despite this tendency to concentration of hospital organizations, some American studies (Porter & 
Teisberg, 2007; Bohmer, 2012; Porter & Lee, 2013) identify the environment of the American hospitals 
as being competitive. However, there is an uncomfortable situation for the clients of hospital services: 
when they need a service, customers have less bargain power due to the reduction of options. 
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     In this context, this study aims to identify the academic studies that analyze the variables efficiency 
and cost of American hospital organizations, after the processes of fusions and which methodology and 
data basis are used by them to achieve the results found. Finally, it is aimed to check if the rise of the first 
variable and the reduction of the second variable implicate a transfer of the gains to the customer. 
 
 
2 Theoretical Background 
 
From the customer's point of view, the rise in prices of health services has been a reality worldwide 
(Chapman, Kern, & Laguecir, 2014; Porter & Lee, 2013). On the other hand, the search for a solution to 
the increasing costs and unsatisfactory quality has led to the concentration of hospitals, in order to reduce 
the double services, through the scale economy (Groff, Lien, & Su, 2007).  
   This search is marked by partnerships (Fink & Burns, 2014) that can occur through affiliation (without 
changing the management of each hospital); joint venture (shared management); joint operating 
agreement (new governance, but each hospital with their own board); fusion (debts and assets are 
absorbed); and acquisition, where there is the possibility to function semi-independently or being totally 
subordinated to a single governance (Burik & Dixon, 2013).  
   The tendency of increasing the acquisition processes has been responsible for a reduction of 18% in the 
number of American hospitals and 31% in the number of hospital beds since 2006 (Costello, West JR., & 
Ramirez, 2011). The reduction of American hospital beds can be translated into numbers: in 1981, there 
were 4.6 beds/1000 people and, in 2008, 2.7 beds/1000 people (Weil, 2010). 
   While the market does not reach a balance point that is interesting for all those involved (fair price, 
quality, economic sustainability), fewer options are offered (Porter & Lee, 2013; Porter & Teisberg, 
2007). The reasons for the concentration to continue and the consequent reduction in the number of 
hospitals and beds are linked to some factors: technology has advanced to such an extent that several 
procedures can be administered in an outpatient setting (where there is no need of hospitals beds); and the 
concentration rises the negotiation power, including receiving more financial resources, when the 
expansion of facilities is needed (Burik & Dixon, 2013). 
   Other factors explaining this phenomenon can be added: scale economy; qualification and more 
efficient use of the investments in technology; reduction of the bargain power of plaintiffs, caused by 
fewer choice options (Kuramoto, 2014); demographic factors; fees paid by health insurance companies; 
number of doctors available; quality and variety of the services being offered (Bazzoli, 2006); 
deterioration of the cash flow; and search for partnerships (Fink & Burns, 2014). 
  
 
3 Methodology  
 
For the present study, an applicable, exploratory, systematic review was developed. It was carried out a 
survey with international articles dealing with the relationship between the consolidation of American 
hospital organizations and the variables efficiency and costs. 
   According to Sampaio & Mancini (2007), a systematic review is a research medium based on literature 
data sources on a specific topic, enabling a summary of all studies about a given intervention. Systematic 
reviews enable the incorporation of a wider range of relevant results, instead of restricting the conclusions 
of a single study to the reading of few materials. However, they depend on the quality of the primary 
sources being researched. 
   For a coherent development of a research process, in a systematic review, a successful sequence of 
methodological steps must be observed. In this study, the methodology by Sampaio & Mancini (2007) 
was adopted, as it is shown in Table 1. 
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Table 1 
Steps for the systematic review versus steps  
for the development of this study. 
Source: Adapted from Sampaio & Mancini (2007). 
 
 

Steps for the Literature Systematic 
Review  

Steps for the Research of Theses and Dissertations in 
Brazil  

1) Defining the scientific question What is the relationship between the consolidation of 
American hospitals and its influence on the variables 
cost and efficiency?  

2) Identifying the databases to be 
consulted and defining keywords 
and search strategies  

The research was carried out in the EBSCO Information 
Services basis with the following keywords: healthcare 
consolidation cost, healthcare merger cost, hospital 
consolidation cost, hospital merger cost, hospital 
acquisition cost, hospital merger efficiency, hospital 
acquisition efficiency, hospital efficiency gain.  

3) Establishing criteria for the 
selection of articles considering the 
search  

The abstract and the methodology sections of the 
studies were read and two groups were created: studies 
about the relationship between consolidation and 
efficiency and the ones about the relationship between 
consolidation and costs. 

4) Conducting a search on the 
chosen databases following the 
defined strategies  

From September 1st to October 2nd 2014, international 
articles published between January 1st 2007 and 
October 2nd 20104 were searched. 

5) Comparing the search from the 
examiners and defining the initial 
selection of articles  

Once the studies searched were analyzed, 117 papers 
were selected for this research.  

6) Applying the criteria in the 
selection of the articles and 
justifying potential exclusions  

The papers were only selected if addressed a 
relationship between consolidation and efficiency and 
consolidation and cost of American hospitals. Besides, 
they should present a quantitative methodology and the 
databases used. Papers not addressing this topic nor the 
methodology and databases were excluded. Thus, 8 
articles were included in the group related to cost, and 6 
articles were included in the efficiency group. From the 
103 papers that were excluded, 7 made econometric 
analyses based on projection and not on empirical 
databases; 34 are non-academic articles, though this 
filter was used during the search; 37 are analyses of 
European hospitals; and 25 result from qualitative 
analyses of studies by other authors. 

7) Analyzing critically and 
assessing all the studies included in 
the review  

Information of the papers was organized and tabled, in 
order to develop analyzes from this.  

8) Preparing a critical summary, 
with the information made 
available by the articles included in 
the review  

A critical summary was written in a table, where the 
information of each paper considered as relevant for this 
study was listed, such as authors, year of publication, 
periodical, data basis, method, and results found.  

9) Presenting a conclusion with the 
evidence on the intervention effects  

From the analysis of the information in the 15 articles, it 
was possible to understand the relationship between the 
consolidation of American hospitals, costs, and the 
resulted efficiency, as well as the potential relationships 
between consolidation and prices charged.  

 
 
   From the refinement used to meet the requirements of the present study, 14 articles were selected and 
divided into 2 groups. They were published in the following periodicals (Table 2) and were entirely read 
to understand the results found: 
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Table 2 
Periodicals with the selected publications.  
Source: Elaborated by the authors. 
 
 

Cost Group 
Periodical Number of published articles 

International Journal of The Economics of Business 3 
American Journal of Management Care 1 

Journal of American Medical Association 1 
Economic Inquiry 1 
Health Affairs 1 
Biomedical Central Health Services Research 1 

Quantity of articles 8 
Efficiency Group 

The Quarterly Review of Economics and Finance 1 
Atlantic Economic Journal 1 
Journal of Healthcare Management 1 
International Journal of The Economics of Business 1 
Managerial and Decision Economics 1 
Healthcare Financial Management 1 

Quantity of articles 6 
Total 14 

 
 
   It is interesting to note that the International Journal of The Economics of Business presents 4 articles, 
all of them from the same issue of February 2011, as it can be seen in Table 3. In the same journal, 7 
articles were found with the econometric analysis, but as they dealt with projections and not empirical 
data, were excluded, since this study addresses an empirical relationship between the variables cost and 
efficiency and consolidations of American hospitals. 
 
 
4 Description And Data Analysis 
 
As the aim of the present study is to identify the academic studies analyzing the variables efficiency and 
cost of the American hospital organizations, after the processes of fusion and the methodology and data 
basis used, the results will be associated with two tables, with Table 3 presenting the title of the articles, 
authors, title of the periodicals, and other details of the publication: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 802 

Table 3 
Details of the periodicals selected.  
Source: Elaborated by the authors. 
 

Cost Group 

 Article Author(s) Title of the 
periodical 

Year, Vol., 
Pages 

1 The Effect of Hospital Mergers 
on Inpatient Prices: a case 
study of The New Hanover-
Cape Fear Transaction 

Thompson, 
A. 

International Journal 
of The Economics of 
Business 

V. 18, N 1, 
pp. 91-101, 
Feb 2011 

2 The Price Effects of Hospital 
Mergers: a case study of The 
Sutter-Summit Transaction 

Tenn, S International Journal 
of The Economics of 
Business 

V.18, N 1, 
pp. 65-82, 
Feb 2011 

3 Hospital Mergers and 
Competitive Effects: two 
retrospective analyses 

Hass-
Wilson, D; 
Garmon, C. 

International Journal 
of The Economics of 
Business 

V.18, N 1, 
pp. 17-32, 
Feb 2011 

4 Hospital Market Concentration, 
Pricing, And Profitability in 
Orthopedic Surgery and 
International Cardiology 

Robinson, 
J.C. 

American Journal of 
Management Care 

17 (6): 241-
248, 2011 

5 Hospital, Market Share, And 
Consolidation 

Cutler, D.M, 
Morton, F.S. 

Journal of American 
Medical Association 

V 310, N 18, 
November 
13, 2013. 

6 Do Mergers Really Reduce 
Costs? 

Harrison, 
T.D. 

Economic Inquiry V 49, N 4, 
pp. 1054-69, 
October 2011 

7 The Increased Concentration of 
Health Plan Markets can 
Benefit Consumers Through 
Lower Hospital Prices 

Melnick, G. 
A, Shen, Y,  
Wu, V. Y. 

Health Affairs 30, N 9, pp. 
1728-1743, 
2011 

8 Decomposition of the Drivers 
of The U.S. Hospital Spending 
Growth, 2001-2009 

Wu, V. Y, 
Shen, Y, 
Yun, M, 
Melnick, G. 

Biomedical Central 
Health Services 
Research 

2014 

Efficiency Group 
 Article Author(s) Title of the 

periodical 
Year, Vol., 

Pages 
1 Measuring Efficiency Gains 

From Hospital Mergers 
Groff, J.E, 
Lien, D, Su, 
J. 

Healthcare Financial 
Management 

V 11, N 1, pp 
77-90, 2007 

2 The Effects of U.S. Hospital 
Consolidations on Hospital 
Quality 

Mutter, L, 
Romano, 
P.S., Wong, 
H.S. 

International Journal 
of The Economics of 
Business 

V. 18, N 1, 
pp. 109-126, 
Feb 2011 

3 The Effect of Non-rural 
Hospital Mergers and 
Acquisitions: an examination 
of cost and price outcomes 

Spang, H.R, 
Arnould, R. 
J, Bazzoli, 
G.J. 

The Quarterly 
Review of 
Economics and 
Finance 

49, pp. 323-
342, 2009 

4 The Focus Efficiency of U.S. 
Hospitals 

Ferrier, G.D, 
Leleu, H, 
Moises, J, 
Valdmanis, 
V.G. 

Atlantic Economic 
Journal 

41: 241-263, 
2013 

5  
 
 
 
 
 
6 

 

Hospital Cost and Efficiency: 
do hospital size and ownership 
type really matter?  
 
 
 
The Impacts of Hospital 
Alliance Membership, Alliance 
Size, And Repealing 
Certificate of Need, 
Regulation, on The Cost 
Efficiency of Non-Profit 
Hospitals 

Coyne, J.S, 
Richards, 
M.T, 
Short, R, 
Schultz, K. 
Vingh, S.G. 
Granderson, 
G.  

Journal of 
Healthcare 
Management  
 
 
 
Managerial and 
Decision Economics 

54:3, 
May/Jun 
2009  
 
 
 
32: 159-
173,2011 
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   Table 4 presents an abridged description of the results found according to the group being analyzed: 
 
 
Table 4 
Methodology, data basis, and results. 
Source: Elaborated by the authors. 
 

Cost Group 
 Article Methodology Data basis Results 
1 The Effect of Hospital 

Mergers on Inpatient 
Prices: a case study of 
The New Hanover-Cape 
Fear Transaction 

Econometric 
Analysis 

Data from 5 insurance 
companies associated 
with an organization 
resulting from a fusion, 
both before and after 
the fusion 

Reduction of costs 
did not have an 
impact on the 
reduction of prices. 
4 out of 5 
insurance 
companies had 
their prices raised 
oscillating between 
18% and 24% 

2 The Price Effects of 
Hospital Mergers: a 
case study of The 
Sutter-Summit 
Transaction 

Econometric 
Analysis 

Data from 2 hospitals 
that were consolidated 
and 3 insurance 
companies associated 
with an organization 
resulted from a fusion, 
both before and after 
the fusion 

Reduction of costs 
did not have an 
impact on the 
reduction of prices. 
Three insurance 
companies had 
their prices raised 
oscillating between 
23.4% and 50.4% 

3 Hospital Mergers and 
Competitive Effects: 
two retrospective 
analyses 

Econometric 
Analysis 

Data from 2 hospitals 
that were consolidated 
and were object of 
analysis from the 
Federal Trade 
Commission (FTC) and 
3 insurance companies 
associated with the 
organization resulted 
from the fusion both 
before and after the 
fusion 

Reduction of costs 
did not have an 
impact on the 
reduction of prices. 
Four insurance 
companies had 
their prices raised 
in 10% and only 
one maintained the 
prices charged 
before the fusion. 

 
Table 4 (continued) 
 

Cost Group 
 Article Methodology Data basis Results 
6 Do Mergers Really 

Reduce Costs? 
Multivariate 
Statistical 
Analysis 

The 1984 Annual 
Report of the AHA, 
from 1984 to 1998, 
analyzing all the 
6,487 hospitals that 
went into fusion with 
only one other 
organization. All 
fusions with more 
than one partner were 
dismissed  

Cost economy was 
found in the 
following moment 
after the fusion. 
When compared 
with the years after 
the fusion, the first 
year is the one that 
presents more 
substantial 
economy 

7 The Increased 
Concentration of Health 
Plan Markets can 
Benefit Consumers 
Through Lower 
Hospital Prices 

Multivariate 
Statistical 
Analysis and 
the Herfindahl-
Hirschman 
Index (HHI) 

Data from insurance 
companies associated 
with 2,276 hospitals 
from all the 
metropolitan regions 
from 2001 to 2004 

2,111 hospitals 
operate in markets, 
where their 
concentration is 
higher than the 
concentration 
indexes of health 
insurance 
providers.  

 
 
 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 804 

Table 4 (continued) 
 

Cost Group 
 Article Methodology Data basis Results 
    For each point in 

the rise of 
concentration 
indexes (HHI) of 
health insurance 
providers, there are 
2.5 points in the 
reduction of the 
hospital prices. On 
the other hand, for 
each 1 point in the 
hospitals' HHI, 
there is a rise of 8.3 
in the hospital 
prices. 

8 Decomposition of the 
Drivers of The U.S. 
Hospital Spending 
Growth, 2001-2009 

Multivariate 
Statistical 
Analysis 

Annual Report of the 
AHA, from 2001 to 
2009, analyzing only 
hospitals already 
existing in 2001 that  
treated acute heart 
diseases and that 
later went into fusion 

As heart 
procedures need to 
incorporate more 
technology and are 
not available in a 
non-specialist 
hospital, 
consolidations 
enable a better use 
of the facilities in 
9% and a real 
growing of 42% 
and nominal 
growing of 64% in 
prices  

Efficiency Group 
 Article Methodology Data basis Results 
1 Measuring Efficiency 

Gains From Hospital 
Mergers 

Multivariate 
Statistical 
Analysis 

The 1992 Annual 
Report of the 
AHA, with 5,619 
short-stay (max. 30 
days) hospitals 
being randomly 
selected. None of 
the institutions 
could have been 
subject to any kind 
of fusion in 1992 
and 1993  

The years 1994 and 
1995 were 
analyzed, when 
fusions occurred, 
enabling the 
analysis of the 
efficiency in the 
years 1996 and 
1997. Evidence of 
efficiency 
improvement was 
found only in the 
first year of fusion  

 
Table 4 (continued) 
 

Efficiency Group 
 Article Methodology Data basis Results 
2 The Effects of U.S. 

Hospital Consolidations 
on Hospital Quality 

Multivariate 
Statistical 
Analysis 

Annual Report of 
the AHA, from 
1999 to 2000, of 42 
markets, where 
there were 
consolidations 
involving 136, in 
16 American states 

In 1999, the control 
group (no fusion) 
included 425 
hospitals, whilst in 
the following year 
there were 450 
hospitals. Evidence 
indicating the rise 
in the quality of 
services provided 
was not found 

3 The Effect of Non-rural 
Hospital Mergers and 
Acquisitions: an 
examination of cost and 

Multivariate 
Statistical 
Analysis and the 
Herfindahl-

Annual Report of 
the AHA, from 
1988 to 1997, 
regarding 1,165 

Evidence of 
efficiency gains 
was found, but 
they were 
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price outcomes Hirschman Index 
(HHI) 

hospitals that went 
into fusion in the 
period being 
analyzed 

transferred to the 
customer as minor 
readjustments of 
the prices in the 
high competition 
markets. In low 
competition 
market, higher 
readjustments 
were found. 

4 The Focus Efficiency of 
U.S. Hospitals 

Econometric 
Analysis 

Annual Report of 
the AHA, from 
2004 to 2007, 
regarding 1,940 
hospitals from 
metropolitan 
regions in USA 

Location 
influences the 
possibility of 
having efficiency 
gains, both for 
scale economy and 
scope economy, 
since a bigger 
distance to other 
services can 
determine the offer 
of more specialties 
in the same 
structure 

5 Hospital Cost and 
Efficiency: do hospital 
size and ownership type 
really matter? 

Multivariate 
Statistical 
Analysis 

Reports by the 
Washington State 
Department of 
Health, in 2006, 
with 98% of the 
existing hospitals 

Evidence that the 
size interferes with 
the hospital's 
efficiency and cost 
reduction was 
found. Independent 
hospitals were less 
efficient. 

Table 4 (continued) 
 

Efficiency Group 
 Article Methodology Data basis Results 
6 The Impacts of Hospital 

Alliance Membership, 
Alliance Size, And 
Repealing Certificate of 
Need, Regulation, on 
The Cost Efficiency of 
Non-Profit Hospitals 

Multivariate 
Statistical 
Analysis 

Annual Report of 
the AHA and the 
Medical Cost 
Report Data, from 
1996 to 1999, 
regarding 144 
hospitals from the 
American Mid-
West 

Being part of only 
one alliance is 
more efficient than 
being part of more 
than one alliance. 
The higher the 
number of 
members of this 
alliance, the higher 
the efficiency is. 

 
 
   Due to the extensive volume of available data, the use of multivariate statistical analysis by 4 of the 8 
papers related to costs and 5 of the 6 studies related to efficiency is not surprising. The econometric 
analysis was the choice made by 4 studies related to costs and only one related to efficiency. Moreover, 
two studies used the concentration index HHI. This index, when measuring the number of existing 
organizations of one segment of a market, considers that whenever an index indicates a value equals to or 
higher than 1,800, there is a high concentration of services/products in few companies.  
   In general, whenever there is a fusion of hospitals, the efficiency increases, notably in the first year after 
the fusion, as two of the studies show. Consequently, it implies the cost reduction. However, this does not 
guarantee that the gains will be transferred to the plaintiffs (health insurance providers and companies, 
besides the individual clients). Only one study shows that it is possible to have minor readjustments in the 
prices in markets where there is high competition, but not a reduction of the prices. Seven of the 8 studies 
addressing the topic cost show that there was a rising in the prices charged by hospitals after the process 
of fusion. 
   One of the studies (Spang, Arnould, & Bazzoli, 2009) shows that the rise in efficiency did not trigger 
the rise in the quality of the services offered. The other studies did not make an association between 
efficiency gains and quality, probably because they are a subjective criterion, as highlighted by Hass-
Wilson & Garmon (2011), when explaining the reason not to include the variable quality in their study.  
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Other studies present relevant knowledge to other research areas. Ferrier et al. (2013) highlight the 
relevance of the location of the hospital facility. If it set in a location with few hospitals, it is strategically 
interesting that more options of specialities are offered (scope gain), which can cause loss in scale, for not 
focusing on one or few specialties. For the studies on inter-organizational relationships, the paper by 
Granderson (2011) presents an interesting analysis of alliances, showing that being part of only one 
alliance is more efficient than being part of many others simultaneously. The author highlights also that 
the higher the number of members of an alliance, the higher the efficiency is. 
   In relation to the databases used, the Annual Report of the AHA was the biggest source of information 
for 8 of the 14 studies presented. Three studies used the data made available by insurance companies 
associated with hospital organizations before and after the fusion; one used the data from the Washington 
State Department of Health, since the analysis was concentrated only in that region; and the others 
analyzed specific cases of fusion, with direct data from hospitals or from the Federal Trade Commission. 
 
 
5 Final Considerations 
 
The concentration of American hospitals worldwide seems to be an irreversible tendency. There are 
several reasons, with the major one being the search for efficiency for maintaining the sustainability of 
the organizations involved. Clients (individual taxpayers, health insurance companies, and health 
insurance providers), on the other hand, seem to loose due to the expressive reduction of options, causing 
an impact on the rise of the prices charged. Yet, there is no guarantee that the efficiency gains mean a rise 
in quality of the provided services.  
   The access to the information enabled a number of analyzes that can be useful both for the strategic 
decision-making of the hospitals and for the Public Entity since it regulates the market. In the American 
case, the Annual Report of the AHA is an accessible database, with important information about 
American hospitals, besides presenting a historic series, enabling researchers to make ex-ante and ex-post 
comparisons. The use of quantitative methodology, for the analysis of this big volume of data, seems to 
be the most sensible choice, along with the use of multivariate statistical analysis, followed by the 
econometric analysis. It is important to emphasize that the mention of the use of the HHI concentration 
index by only two studies does not reflect what is presented in studies with econometric analysis, since in 
their formula the concentration of the sector being studied was considered. 
   The keywords used for searching in the data basis chosen; the exclusion of papers not using empirical 
data; and the use of the EBSCO base as the only research source can be considered limitations of the 
present study what reflected on the number of articles presented. However, the ones presented brought 
new knowledge, such as the impact of the location as a factor to be weighed in strategic decisions, as well 
as the influence on the number and size of the alliances made. 
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The current state and use of  
Public Private Partnerships  
for health infrastructure  
investment in France 
 
Rosset C1, Rodríguez Monroy C1, Peláez M A1 
 
 
Abstract: The purpose of this paper is to determine the current state and use of Public Private 
Partnerships (PPP) for hospital infrastructure investment in France. The first chapter aims at describing 
the situation in the United Kingdom with the Private Finance Initiative (PFI) and its evolution in the 
health sector. The resource to PPP is justified with the macro-economic objective of investing in health 
infrastructure while fixing the debt-to-GDP ratio.  Its evaluation with the value for money (VFM) method 
has been very controversial. As the main inspiration for the PPP version in France for hospital 
investment, the first section about PFI will then be useful in the second section to understand how the 
PPP market works in France in this sector. The last section relates the way how PPP was promoted and 
then discredited. Particularly, it is shown that, although PPP was constructed on the basis of PFI, its 
popularity fell for different reasons. While PFI in the UK was mainly criticized because it turned out to be 
less profitable in terms of VFM than the Government claimed, France raised the debate about the way 
health has to be managed. 
 
Keywords: Public Private Partnerships; Hospitals; French National Health System; Private Finance 
Initiative; UK National Health System. 
 
 

 
 
1 From Private Finance Initiative in the United Kingdom 
 
This section focuses on Private Finance Initiative (PFI) in the British healthcare system. It relates its 
evolution from its creation by the Government with the purpose to invest in healthcare infrastructure 
while controlling the debt to the controversy of its value for money. 
 
 
1.1 The introduction of PFI in the healthcare sector 
 
PFI is a form of a long-term contract, generally at least 30 years, under which a private company not only 
builds and operates an infrastructure, but also finances the project. It then leases it to the government. We 
first heard about it in Great Britain under the Conservative Government in 1992. As a result of the 
Maastricht criteria, the government wanted to find a way to enable capital spending on the public sector 
while not borrowing (Greenaway et al. 2004, 511). From 1992 to 1997, the Conservative Government set 
a range of institutions and rules to promote PFI. In the meantime, the Labour party were very critical 
towards this new form of contract, particularly in the health sector (Private Eye, March-April 2004, 3). 
   The year 1997 was a turning point in PFI acceptance in the healthcare sector. The party in power 
changed after the 1997 election, but in the end the Labour Party also ended up recognising that PFI was 
the most appropriate structure that enabled new investment in the healthcare sector without increasing 
taxes or debt. In fact, during its mandate the Labour Government encouraged investment in the healthcare 
sector and increased expenditures. In January 2000, after the winter beds crisis, the Government pledged 
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to increase spending on the National Health System (NHS) by 30% over the next four years (Pollock et 
al. 2007, 62). 
   However, those politics were counterbalanced by the public requirement not to increase taxes. Also, the 
European flourishing fiscal policy encouraged European countries to control their debt with the Stability 
and Growth Pact of 1997. The Brown’s Sustainable investment rule of the same year precisely regulated 
the prudent debt-to-GDP ratio, which was not permitted to be over 40% (Treasury 1998).  
   In this context, PFI came to the United Kingdom as the most appropriate alternative to combine high 
investments in the healthcare sector with the necessity to find an alternative financing source, other than 
the public sector. In 2003, 117 investment schemes had been approved by the Department of Health with 
a value of £3.2 billion (Edwards et al. 2004, 8).  More than 100 of these were under the PFI model (Davis 
2004, page 85). The pattern that had emerged was that most of the smaller capital investments in the NHS 
continued to be financed directly by the Exchequer, while most of the larger projects were being financed 
through the PFI. 
 
 
1.2 From a Macroeconomic rule to a Microeconomic objective 
 
Thus, the Labor Government promoted PPP to fix the debt-to-GNP ratio. However, alongside this macro-
economic rule, there have been the micro-economic objectives of providing value for money (VFM) and 
being cheaper than a public-sector comparator (PSC) (Edwards et al., 2004). In this section, we will 
examine the consequences of fixing those objectives, and how it led PPP for hospital infrastructure 
investment in the United Kingdom to be discredited.  
   The method used by the Government was to demonstrate PFI’s VFM in order to promote PFI. It has to 
been said that there are two disputable components in the latter: discounting and the cost of risk transfer. 
   The discounting component is a variable that expresses two economic costs: cost of capital and time 
preference. The Net Present Value (NPV) is obtained by discounting future annual cash flows at this rate. 
Under public procurement, the costs are accounted for during the construction period, generally up to 
three years (Pollock et al., 2007). However, under PFI, costs are spread out over 30 years and the more 
distant payments are, the less they impact on today's results. That is why the value of the discount rate is 
such a controversial issue. 
   Regarding risk transfer, its evaluation requires the identification of the future pattern of risks and costs 
over the life of the private project compared with a publicly financed hospital. The government claims 
that the apparently lower cost of publicly financed investment is due to the failure to take proper account 
of the extra costs incurred when things go wrong (Andersen 2000). Thus a key component of the value 
for money case is to estimate the cost of the risks transferred to the private sector and to add these costs to 
the public sector comparator. 
   Using this model, the consulting firm Arthur Andersen published a study for the UK Treasury in 2000, 
demonstrating the good VFM of PFI. However, it has been demonstrated that they use an unrealistic cost 
of capital.  
   In spite of this, the reports of the National Audit Office (NAO) on PFI projects have generally shown 
PFI to provide value for money compared to a PSC (Andersen, 2000, 6). However these comparisons 
were usually faulty for two reasons. Firstly their estimates for overruns on publicly funded projects were 
overs-tated (Flinders, 2005), justified with the risk transfer cost. Secondly, the comparisons were not 
always done at the same stage (Hellowell and Pollock 2007, table 6).   
   Thus, this is precisely the VFM, used by the Government to promote PFI, which at the same time 
discredited it a few years later. In fact, adjusting the results to obtain VFM for PFI not only led the 
Government to lose credibility with PFI but also showed that PFI for hospital infrastructure were not 
always profitable. The question is, as the French PPP model for hospital infrastructure is highly inspired 
from PFI in UK, will the situation be the same?  
 
 
2 The PPP market in the healthcare sector in France 
 
Now it is necessary to understand how the PPP market works in France, particularly in the healthcare 
sector. Thus, this section aims at showing the characteristics of its mechanisms and actors. First, we will 
see that, mainly inspired from PFI in the UK, the bail emphytéotique hospitalier (BEH) and the contrat de 
partenariat (CP) are the two main mechanisms available for PPP in the healthcare sector (Epec 2012). To 
develop and regulate it, different entities have been created. Inherent to the healthcare sector, the Mission 
nationale d’appui à l’investissement hospitalier (MAINH) and then the Agence nationale d’appui à la 
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performance des établissements de santé et médico-sociaux (ANAP), have played a determining role for 
the development of PPP, although it is not only dedicated to it. On the contrary, the Mission d’appui au 
partenariat public-privé (MAPPP) exclusively focuses on PPP, but in all sectors (Epec 2012). 
 
 
2.1 From PFI in the UK to BEH and CP 
 
French health institutions have two different tools available for PPP: the bail emphytéotique hospitalier 
(BEH), which predated the contrat de partenariat, (CP) already mentioned. The object of the first one, 
BEH, is mostly linked to the civil work. Non-building services are limited. This form of contract, specific 
to hospital infrastructures, was introduced in 2003 to ensure the fast delivery of the “plan hôpital 2007” 
adopted by the government in 2002. The objective of this modernizing programme was to speed up 
infrastructure projects by simplifying the rules of execution and financing, and by broadening the use of 
the bail emphytéotique ordinaire (BEA). In practice, the BEA was the first UK PFI-style form of contract 
for central government projects. Thus, BEH is a tool that permits the transfer of building rights to a 
private partner on a publicly owned land.  
   The second one, the so-called CP, pursues a larger scope. Introduced by an ordonnance in 2004, we can 
consider it as the starting point for modern PPP in France. Today, it is the most used form of a partnership 
contract in France. Under CP, a public authority grants a global mission to design, build, maintain, 
operate and finance public assets and public services to a private partner over the long-term against an 
ongoing payment made by the public sector and spread over a period of years. CP contracts are global. In 
fact, at least three elements need to be brought together to justify its use: the construction, the 
maintenance and operation, and the financing. It can be used by any public entity: the State, local 
authorities but also the établissements publics de santé. The latter are public bodies of private law in the 
healthcare sector. It concerns infrastructure investments but also applies to every kind of immaterial 
investment, like information systems, specific facilities or their maintenance. 
 
 
2.2 Entities Involved 
 
There are two major entities in the health sector that play an important role in the development and 
renovation of health infrastructure: the MAINH and ANAP. There is also an exclusively PPP oriented 
entity, called MAPPP. The latter intervenes in every sector, particularly in the healthcare sector with 
MAINH and ANAP. This section aims at clarifying the role of each entity.  
   MAINH was created in 2003 to meet the objectives of the ambitious health program, “Plan Hôpital 
2007”.  Attached to the Ministry of Health, its initial mission was to support existing infrastructure 
renovation and to develop new innovative ones (Epec 2012). As government-paid PPP models were not 
common in France at the time, MAINH adapted the BEA contract, which had been introduced in 1988, to 
produce the BEH. It was inspired from the UK PFI health experience. 
   MAINH is involved in the development of the legal, technical and financial frameworks for national 
programs in the healthcare sector, and also in its monitoring and evaluation. It then facilitates the 
execution and the use of it. Besides that, it also provides a methodological support system to the 
management of investments and associated costs linked to it.  
   In 2009, the merger of MAINH and two other agencies involved in public healthcare resulted in the 
creation of the ANAP. Its first mission consists in improving management and economic performance of 
healthcare entities by supporting 30 établissements de santé and the regional health agencies, Agences 
Régionales de Santé. The second one consists in promoting the sector’s infrastructures and assets.  
   Finally, there exists an entity entirely dedicated to PPP in France: MAPPP. Its creation resulted from 
the wish of the French Government to create an assessor in the PPP process, independent from the 
procuring authority and the private firm. MAPPP was created in October 2004 and formally set up in 
2005. Attached to the Ministry of Economy and Finance, its initial purpose was to realize a preliminary 
evaluation of PPP projects. MAPPP assumes three main missions. The first one is to validate ex ante 
evaluation realized by procuring authorities. The second one consists in providing support to the latter in 
the preparation, negotiation and monitoring of CPs. Finally, the last one lies in developing CPs. 
   Among the partnership contract, MAPPP mainly focuses on CPs. Now, CPs are one of the two 
mechanism often used in the healthcare sector infrastructure. Hence the important coordination set up 
between MAPPP, MAINH and ANAP.  
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   In this context, how has hospital infrastructure investment under PPP evolved in France? As it was 
mainly inspired by PFI in the United Kingdom, the point is to know if PPP for hospital investment has 
been as criticized as it has been in the UK. 
 
 
3 Evolution of PPP for Hospital Infrastructure in France 
 
Thanks to the two active programs “Plan Hôpital 2007” and “Plan Hôpital 2012”, PPPs for hospital 
investment have been used actively in France in the past few years. However, events like the failure of the 
biggest contract for hospital construction, the Centre Hospitalier Sud Francilien (CHSF) recently 
tarnished its image to the public. 
 
 
3.1 Plan Hôpital 2007 and Plan Hôpital 2012 
 
In 2003, the success of this new long-term contract was not assured. Professionals were very reluctant to 
accept it. In fact, they criticized the incomplete and imprecise nature of the texts and the difficulty to 
delegate the job of the project manager in a sector tied to construction. Hence the aggressive programme 
set up by the Government with the Plan Hôpital 2007. This Plan was created to reform the pricing of 
healthcare services, to change the governance of the sector and to encourage investment. At least 15 per 
cent of this investment had to be carried out through PPPs (Le Taillandier 2007). At the same time, the 
MAINH was created to develop and promote PPP. 
   The result was successful. On 15 January 2007, 37 projects in BEH were engaged, 2 in CP. They 
accounted for investments of 1.5 billion euros, an amount close to the target set at the beginning of the 
plan. Of these, 17 contracts were signed among which was the very important project of the University 
Hospital of Caen on the Mother Child Haematology wing of 100 million euros and the reconstruction of 
the CHSF, 330 million euros (Le Taillandier 2007).  
   It is divided between investments of various types: logistics, accommodation, a wing, or the entire 
hospital, with an average size of 10 to 30 million euros. However, this first generation of PPP hospital 
gave priority to investment property, with the exception of the two CPs relating to power plants and 
power grids. The contracts have mostly been driven by the établissements publics de santé with a private 
company. Decentralizing investment decisions to établissements publics de santé is seen as a factor of 
success, by permitting fast initiatives.  
   After such success, a second wave of projects was launched in 2006 under the “Plan Hôpital 2012”. 
Overall, over 40 BEHs and 10 CPs reached financial close under the two hospital plans. 35 hospitals have 
reached completion and are in operation today. 
 
  
3.2 The Future of PPP for Hospital Investments Infrastructure 
 
However, as it happened in the United Kingdom with PFI for hospital infrastructure, PPP’s popularity fell 
a few years after an initial striking success. There are two main points that have raised important 
questions in France. 
   The first one lies in the fact that the major contractors were awarded all the PPP contracts (Epec 2012, 
5.2.2). By doing so, the PPP market was not competitive and the state was in a way subsiding private 
entities.  The second reason, which has provoked this general disillusion for PPP and raised a wave of 
contestation, is the failure of the CHSF (Epec 2012, 5.2.2). This project reached financial close in 2006. 
The BEH for the 343 million euros project was signed with the Eiffage Company. Throughout the 
construction period, the relationship between the public and the private partners deteriorated significantly 
(Hamel 2010). The project is now completed but opened with a one-year delay due to disputes between 
the parties. As a result, the project has attracted a lot of attention and criticisms. The bad management of 
the project was criticized. The resulting consequences, whose risks had been entrusted to the state, had to 
be accepted by the whole society. However, when the public sector transferred the risks to the private 
entity, did it measure the resulting risks for the whole society? In the end, the French people heavily 
rejected PPPs because they questioned the position of the Welfare State. By creating the former, the 
society charged the State for providing the services necessary for the welfare of the whole society. What 
if the state was not accepting the risks anymore? 
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   Finally, while the analysis of the VFM mainly discredited PFI in United Kingdom for hospital 
infrastructure investment, in France this is the debate about the appropriate way to manage healthcare that 
has caused such a controversy. In fact, the critics rarely claim VFM arguments, cost of capital or discount 
rate. When they mention the amount of losses, it is to deplore the war it provokes between the parties by 
forcing them to renegotiate the terms of the contract. The resignation of the manager of the CHSF 
shocked the public further. They were even more outraged by the austerity politics set up by the Agence 
Régionale de Santé as the consequence of the failure of the project whereas Eiffage was paid an important 
amount (Hamel 2010).  
   As a consequence, PPPs are not likely to be featured significantly in the healthcare sector in the future, 
except for niche applications such as information systems, energy production and logistics. 
 
  
4 Conclusions 
 
This paper describes the current use of PPP for hospital infrastructure investment in France. Mainly 
inspired by the PFI contract, it demonstrates that PPP has experienced the same disillusion as in the other 
side of the English Channel, as a result of the failure of the CHSF project. The reasons turn out to be 
fundamentally different than in the UK. In France, the public criticized the fact that the private sector was 
permitted to make profits on healthcare while imposing private management and services. While the 
economic base of PPP has been contested in the UK, this is the form of privatization of healthcare that 
has been discussed in France. 
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Predicted Thermal Sensation 
Patterns in Industrial Spaces: 
a practical study based on 
ergonomic approaches 
 
Morgado M1, Talaia M4, Tavares I2, Teixeira L3 
 
 
Abstract: Nowadays thermal environment studies are gaining a great importance in workplaces design 
once individuals spend most of their time in these spaces. In this paper, the predicted pattern of workers 
thermal sensation was studied with the aim of identifying industrial spaces with critical thermal 
conditions. On the subject of Ergonomics and Occupational Health this study intends to aware the Safety 
and Health departments for the most uncomfortable areas in the industrial space and, as a consequence, 
avoid thermal environment work-related problems, improve performances and work conditions (safety 
and healthy). Thus, two opposite thermal scenarios were studied, one in an industry affected by hot 
thermal environment and other in an industry which regards cold thermal environment. In both cases, two 
thermal indexes were applied: the EsConTer to predict spaces thermal sensation pattern, and PPD index 
to predict the percentage of individuals dissatisfied in a space. The results suggested EsConTer index as a 
great thermal sensation predictor which easily identifies critical areas to thermal comfort. In this sense 
EsConTer index should be further valorised by industry to control thermal environments in order to 
satisfy most of the workers comfort needs. 
 
Keywords: Occupational ergonomics, Thermal comfort, EsConTer, PPD, Cold thermal environment, hot 
thermal environment. 
 
 

 
 
1 Introduction 
 
Atmospheric conditions changes largely affect industrial thermal environments. In Portugal, with latitude 
nearly 40 degrees north and 8 degrees west, it is possible to experience in the same industrial chamber 
stressful (hot and cold) and comfortable environments. This is partly explained by solar radiation effect, 
which, due to the inclination of Earth’s axis of rotation and solar diurnal cycle intersects a region in 
different ways.  
   Yao et al. ( 2009) and Teixeira et al. (2014) showed that air temperature inside a building is seriously 
influenced by outside environment conditions. As a result, the knowledge of the environment outside a 
building is a requirement while studying its inside environment parameters.  
   In an inner industrial chamber, regarding the solar diurnal cycle phenomena, a kind of greenhouse effect 
is created in the course of the day. Thus, warmer thermal environments are expected in the afternoon. A 
thermal environment is characterized as a set of thermal variables surrounding a person which may 
influence her directly or/and indirectly, such as air temperature, air velocity, air relative humidity, among 
others. Therefore, the entire thermal sources in the space, such as thermal machines (free thermal energy) 
should be taken into consideration when studying an inner thermal environment, once they have a high 
impact in thermal environment changes, increasing/decreasing inside air temperature when switched 
on/off.  
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   Furthermore, according to Cox (2005) a healthy environment can be found when the combination of 
physical, chemical and biological proprieties do not cause or aggravate none of the workers diseases and 
ensure high levels of comfort, contributing for workers best performances while they execute their 
functions/tasks. 
   Regarding workplaces, where individuals spend most of their time, Ergonomics is the science, 
associated to occupational health, that tries to adapt workplaces (machines, environment, displays) to 
workers welfare needs and it is crucial to guarantee workers comfort, safety and as a consequence 
performance (Teixeira et al. 2014; IEA 2014; Wisner 1992; Felix et al. 2010).  
   In this sense, the Safety and Hygiene Department (SHD) should care about the seasons of the year, solar 
diurnal cycle and free thermal sources in order to improve work conditions by using Ergonomics 
measures that increase workers’ satisfaction, comfort, performance, and assure occupational health by 
minimizing work related accidents as well as fatigue symptoms. 
   The study of thermal environment, an Ergonomics research field, became popular since Fanger (1972)’s 
investigations with the purpose to promote a positive relation between individuals and the thermal 
environment surrounding. As a matter of fact, this positive relation is a key to workers’ performance, 
health and comfort because individuals spend most of their time in workplaces (Bluyssen et al. 2011).  
   Individuals’ thermal environment perception is performed by their thermal sensation which uses human 
body thermal sensors, such as skin, commanded by hypothalamus and regulated trough human body 
thermal regulation and behaviour. Thus, thermal sensation does not depend exclusively on thermal 
factors(such as air temperature and air relative humidity)  but also on personal factors which greatly affect 
individuals’ response to thermal environment surrounding, for example, metabolism, age, culture, eating 
habits and gender. Hence, occupants’ thermal sensation arises as the biggest issue in thermal comfort 
study regarding its subjectivity, depending from person to person.  
   A comfortable thermal sensation is considered as the satisfaction state of an individual when exposed to 
a certain thermal environment. Contrarily, a stressful thermal sensation is defined as the dissatisfaction 
state of an individual when exposed to hot or cold thermal stress environments (ASHRAE 55 2004; 
Talaia et al. 2014). At workplaces, stressful thermal sensations triggered by extreme thermal stress which 
cause any health or safety problems are considered work-related accidents/diseases. Hot thermal stress is 
experienced by workers when environmental parameters (e.g: air temperature, radiant temperature, air 
relative humidity and air velocity), clotting insulation and individual’s metabolic rate cause a stepwise 
internal body temperature increase.  Regarding the Associação Empresarial de Portugal (AEP 2004), the 
symptoms caused by hot thermal environments are vasodilatation, perspiration, malaise, dizziness and 
fainting, breakdowns and under extreme conditions death. According to Lida (2005) cold thermal 
environments associated to air temperatures below 15°C cause lack of concentration and reduces the 
ability to think and judge. Additionally, affects muscles control reducing motor capacities such as 
dexterity and strength and causes shivering. 
   Accordingly, this paper intends to analyse industrial spaces by understanding their thermal sensation 
pattern in order to avoid thermal stress scenarios and implement improvement measures (ergonomics) 
which promote higher performances and safer and healthier work conditions. In order to study workers 
thermal sensation two thermal indexes were applied, the EsConTer index (Talaia & Simões 2009) and 
PPD index (Predicted Percentage of Dissatisfied) (ISO 7730 2006). 
 
 
2 Research Methodology 
 
This study was carried out in two different companies affected by opposite thermal environments: a 
company of the glass industry (industry 1) affected by hot thermal environments; and a company of the 
fish processing (industry 2) which regards cold thermal environments and intends to analyse  the thermal 
workplaces conditions following a strict methodology orientated for studying occupants thermal 
sensation.  
   The first step to start developing this work was to interpret the layout of companies' shop floor in order 
to define the spaces’ points of observation. Taking into account the layout of the companies studied, 35 
points of observation in industry 1 and 25 in industry 2, were defined. In each observation point, data 
related to air temperature T (ºC), air relative humidity U (%) and wet bulb temperature (ºC), were 
collected using the measuring instruments ‘Testo 435-4’ and ‘Center 317 – temperature humidity meter’. 
This set of data was collected during two shifts (in the morning shift and in the afternoon shift), inside 
and outside the industrial spaces in study. To authenticate the data collected, the measurements given by 
both instruments were compared to each other as well as to the weather charts and temperature and air 
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relative humidity graphics downloaded from Instituto Português do Mar e da Atmosfera- IPMA 
(https://www.ipma.pt). 
   Then, the EsConTer and PPD indexes were applied in order to analyze collected data. 
   EsConTer (Es- colour scale; Con- comfort; Ter- thermal) is a thermal index created by Talaia and 
Simões (2009), which predicts the thermal sensation of spaces’ occupants, valorising the ASHRAE 
seven-point (ASHRAE 55 2004) in its results. EsConTer index results follows the same scheme as 
ASHRAE seven-point thermal sensation scale, although represented by a colour scale from ‘-3’ (dark 
blue colour - thermal sensation: very cold) to ‘+3’ (dark red colour - thermal sensation: very hot), as 
shown in Figure 1. 
 
 
 
 
 
Fig.1  
EsConTer thermal sensation colour scale. 
 
 
The calculation equation of EsConTer index is:  

 EsConTer=-3.75+0.103(T+Tw)  (2.1) 

where, T corresponds to air temperature T(°C) and Tw to wet bulb temperature (ºC). 
   Concerning the Predicted Percentage Dissatisfied (PPD) index, it was created by Fanger (1972) and 
represents the percentage of individuals dissatisfied exposed to certain thermal conditions. This index 
valorises the human body thermal balance concepts and because of that reason is known as a PMV 
(Predicted Mean Vote) auxiliary, regarding the PMV-PPD model (ASHRAE 2001) and represented by: 
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   Regarding an optimal scenario the PPD index should be equal to 0, which means that 100% of the 
occupants of a thermal environment are satisfied/feeling comfortable. Nevertheless it is impossible to 
experience such scenario due to occupants’ thermal sensation subjectivity (Castilla et al. 2011; ISO 7730 
2006; Liang & Du 2005). 
   Once PMV and EsConTer indexes valorize the same information scale (results)(ASHRAE 55 2004), the 
previous formula was modified, replacing PMV index by EsConTer index and then predict the workers 
dissatisfaction percentage regarding their the thermal environment surrounding. 
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   The EsConTer index and PPD index were processed regarding an algorithm created in Matlab which 
aims to represent spatially both indexes. This algorithm generates colour maps which represent the 
industries layouts with respect to data collected by the measuring instrument.  
 
 
3 Results and Discussion 
 
From the algorithm created in MatLab for EsConTer index the colour maps shown in figure 2 were 
displayed. The axis of the colour maps regard the layout dimensions (meters) and the colour scale on the 
right side of the maps regard the variable in study, which have generated a colour patterns. Figure 2 
represent the workers predicted thermal sensation pattern given by EsConTer index over industry 1 and 
industry 2, respectively. 
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Fig.2 
Thermal sensation pattern given by EsConTer  
in the two companies studied. 
 
 
   Both pictures have very different thermal lines drawn in colour maps once each colour map represent 
each industry layout (space, machines, equipment and so on) and because of that reason each industry in 
study has its own thermal sensation pattern. 
   As shown in Figure 2 and regarding industry 1, the workers predicted thermal sensation varies between 
‘-0.20’ and ‘1.40’, it means among a comfort and slightly warm thermal sensation. The area coloured by 
darker red, as expected, shows to be the most propitiated area to thermal discomfort. This area represents 
the most meaningful thermal source in the industry, the oven. Accordingly, the areas around this source 
seem to be the most critical areas regarding hot thermal stress, with results between ‘0.40’ and ‘1.20’. The 
areas with results between ‘0.2’ and ‘-0.2’are linked to comfort sensations, due to a slight breeze which 
enters in the chamber through windows and other openings. 
   Also in Figure 2 but considering industry 2, as expected, the range of the workers predicted thermal 
sensation is significantly lower, with values between ‘-1.70’ and ‘-2.20’, in other words, slightly cool and 
cool thermal sensations. The fish discharger to the machine that sorts and classifies the fish is considered 
the most uncomfortable area, represented by darker blue colour (-2.20). All industry 2 areas suggest cold 
thermal discomfort, however, taking into consideration that workplaces are positioned in the areas in the 
ranges between ‘-2.10’ and ‘-1.95’, the authors of this paper recommend a particular attention to those 
areas work conditions.  
   In Figure 3 workers thermal sensation patterns given by PPD are shown, in other words, the percentage 
of individuals dissatisfied with the thermal environment around. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 
Dissatisfaction sensation pattern given  
by PPD in the two companies studied. 
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   Both pictures show that PPD index suggests being in agreement with EsConTer values, regarding 
thermal lines similarity and EsConTer-PPD relation, associated to PMV-PPD model (ASHRAE 2001). 
   Regarding Figure 3, in Industry 1, as expected, the highest percentage of dissatisfaction, 50%, is 
focused in the oven area. The area around this thermal source, previously mentioned as the most 
propitiated area to thermal discomfort, presents percentages between 10% and 30%.  
   According to Figure 3 and Industry 2, in agreement with previous results, the workplace which regards 
fish discharger is also classified by this index as the area which comprises a higher percentage of 
individuals dissatisfied, between 80% and 82%. The areas represented in the ranges between ‘-2.10’ and 
‘-1.95’ in Figure 3 Industry 2, are represented by this image by the interval 72%-78%.  
   Thus, Industry 2 shows to be, through PPD index, linked to higher percentages of individuals 
dissatisfied PPD as well as higher (cold) discomfort thermal sensations regarding EsConTer index. Such 
fact suggests that Industry 2, is affected by more uncomfortable thermal environments and because of that 
reason is more critical to work- related accidents in a thermal context. 
 
 
4 Conclusions 
 
The methodology applied in this paper revealed the predicted workers thermal sensation pattern by 
EsConTer and PPD indexes application in industry 1 and industry 2. 
The results showed that both indexes presented, as expected, the critical areas regarding workers thermal 
discomfort for both industrial contexts, it means, under hot thermal environments and cold thermal 
environments.  
   The results graphical representation through colour maps and the very suitable thermal lines drawn in 
the maps seemed to be a great method to facilitate results analysis over layout of companies’ shop floor. 
Through it was easily identified in the layout, the areas which suggest higher discomfort in both 
companies. 
   EsConTer and PPD indexes suggested being in agreement in both industrial contexts taking into 
consideration PMV-PPD model. In this sense, it is suggested the EsConTer index as a great thermal 
sensation predictor. 
   Regarding Industry 1, it is highlighted the area between 10m and 25m on YY axis and between 2m and 
15m on xx axis in order to aware the Health and Safety Department for potential thermal discomfort 
issues, which under extreme scenarios can cause work-related problems. As well and regarding the same 
purpose, for Industry 2 the areas under thermal lines with values between ‘-2.20’ and ‘-1.95’, concerning 
EsConTer scale, were underlined. 
   In a nutshell, EsConTer index and its colour scale were efficient to understand both companies workers 
thermal sensation pattern and because of that reason both industries thermal sensation patterns were 
identified. In this sense, EsConTer index should be further valorised by industry to control thermal 
environments in order to satisfy most of the workers comfort, health safety and performance needs. 
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The Cycle of Competitive  
Intelligence as a tool  
to strengthen the Cooperation  
in the Spanish Pharmaceutical  
Industry 
 
Fernández-Arias M P1, Hidalgo A2, Quevedo P3 
 
 
Abstract: It is common to find Competitive Intelligence activities within the high-tech enterprises in 
particular in the pharmaceutical industry. These companies not only use the process of Competitive 
Intelligence (CI) to act against competitors, traditional aim of the CI. It is increasingly used to enhance 
cooperation. The cycle of CI is used both to extract offensive, defensive and cooperative intelligence. The 
paper presents the results of a sample study of 186 Spanish pharmaceutical companies that were asked 
about the purpose of cooperation in their CI activities. The results confirm that these are used in the 
development of business relationships, search for partners, joint research, etc. and that companies bet on 
these relationships for the future within the CI. 
 
Keywords: Competitive Intelligence; Cycle of Competitive Intelligence; Knowledge Management; 
Pharmaceutical Sector; Cooperation. 
 
 

 
 
1 Introduction 
 
Competitive intelligence (CI) is one of the most useful tools for strategic analysis because it provides, 
analyses and distributes information, the knowledge and intelligence throughout the organization. The 
importance given to CI has been based on offensive and defensive activities implemented in the company. 
However, some authors have opened another research line that creates tools to make decisions in other 
directions. Thus, sometimes the company launches its CI to research the environment and competition in 
particular with the aim to enhance internal improvements or collaborations with companies (e.g. for open 
innovation lines). 
 
   The Medical College Organisation report (OMC) on the pharmaceutical sector (OMC, 2014) some 
actions are recommended to increase the competitiveness of the sector. The OMC says that it would be 
reasonable to expect a process of concentration and restructuring that promotes partnerships, joint 
ventures or mergers to create solvent and innovative pharmaceutical companies. It is noteworthy that the 
research model of the pharmaceutical industry continues to evolve over the last decade, from the classic 
pattern of R&D to prototype called R&D (cooperation and / or collaboration). 
 
   In this sense, the goal of the study is to analyse the behaviour of pharmaceutical companies integrated 
in the Farmaindustria association with the possibility to improve the cooperation amongst them by using 
CI cycle activities. Five phases are suggested in the process of CI generation of to study in each of them 
the importance of cooperation. The aim is to determine whether cooperation is a purpose in using the CI 
in a company and, if so, we can expect CI processes to evolve and enhance the relationship networks 
between companies in the sector. 
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2 Theoretical Considerations 
 
The Strategic and Competitive Intelligence Professionals (SCIP) describes competitive intelligence as 
"the process of gathering ethically, analysis and disseminate reliable, relevant, specific intelligence, 
timely, foresighted and actionable, regarding the implications of the business environment the 
competitors and the organization itself " ( SCIP, 1999). However, there are many CI definitions provided 
by different authors remarking the strategic aspect and the variety of targets with their activities (Cohen, 
1997; McGonagle, 1998; Bernhardt, 1994; Hockman, 1999). The information provided to the 
organization by the CI, properly treated, generates intelligence on which to base strategic planning and 
decision making and with an impact on organizational performance (Prescot, 1999; Herring, 1999 Ortoll 
and others, 2010; Antia and Hesford, 2007, Tena and Comai, 2003). 
   There is currently no data in literature on the number of companies carrying out competitive 
intelligence as a systemic process. Studies in Spain (Postigo, 2001; Infoact, 2001; Cetisme, 2003; Tena 
and Comai, 2003) cannot detail the spread of practice in companies due to the heterogeneity of the 
analysed organizations. 
 
 
2.1. CI Cicle 
 
Despite the virtual unanimity on the scientific method being the precedent of the intelligence cycle 
(Vignettes, 2010), we can say that there has never been agreement on the number, name and specific 
content of the phases comprising it. However, when analysing the mentioned characteristics and phases, 
we find in literature some common trends in different authors and communities as well as important 
differences between them. It is noteworthy that the positions are not contradictory but complementary 
(Bernhardt, 1994; Ortoll et al, 2010; Prescott, 1999; Choo, 2002; Lesca, 2006; Arroyo, 2005; Martinet 
and Marti, 1995; Escorsa and Maspons, 2001; Ashton and Stacey, 1995).  
 
   On this basis, the proposed CI is formed by five phases (Figure 1): Planning of resources and activities; 
Collection and validation of information; Analysis and dissemination of intelligence; Using the results; 
and Evaluation of process performance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Competitive Intelligence Cycle of five phases. 
 
 
2.1.1 Planning of resources and activities 
 
Companies need to plan the CI activities bearing in mind the final aim. Sometimes planning needs legal 
information, tax rate, etc; further information from competitors to know what they are and their activities 
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in the sector. In other occasions the priority is information on market changes, products and processes, 
etc. 
 
 
2.1.2 Collection and validation of information 
 
At this stage of CI companies evaluate where and under what conditions gather the necessary information 
to fulfil their need. Therefore, it is mandatory to know the sources of such information (internal, external, 
private, public, structured, unstructured, etc.) It is also important to know the existence of controls, 
validation and verification of sources and information. 
 
 
2.1.3 Analysis and dissemination of intelligence 
 
At this stage of the process the tools used for data analysis, analysis and control of both the information 
storage and the needed and generated, are of great importance. The different ways to broadcast or 
disseminate the intelligence generated in the organization can be carried out by taking into account 
individuals or specific group departments (marketing, R&D&I, sales network, general management, etc.), 
users subsidiaries or from within the organization. It is also important to know the kind of dissemination 
that is carried out from the media’s point of view (meetings, intranet or other). 
 
 
2.1.4 Using the results 
 
At this stage it is important to remark the activities focused to sort out problems and analyse whether the 
company is aware that the CI has managed to solve risky situations in departments, subsidiaries, projects, 
etc., and if it is expected that the results of the CI serve to sort out different issues. 
 
 
2.1.5 Evaluation of process performance 
 
Companies should evaluate the results of the CI cycle to enable process improvement and the necessary 
adjustments on the planned targets. It is necessary to evaluate activities flexibility, CI user’s satisfaction, 
improvements in the strategic areas of the organization, etc. 
 
 
2.2 Cooperation and CI 
 
Information has a first magnitude strategic dimension, either as active means of defense -knowing to 
prevent- or reactive -knowing to attack (Kahn, 2001). However, authors like Ortoll et al (2010) confirm 
that the impact of social networks on both information sources and the efficiency of the whole process of 
competitive intelligence is significant. Thus, several authors have explored the importance of social 
networks in the process of competitive intelligence (Palop and Vicente, 1999; Escorsa and Maspons 
2001; Trim, 2004; Michaeli, 2006), especially the importance of networks as sources of information for 
their members. Some researchers also relate the involvement of network structure on the efficiency of the 
process of competitive intelligence (Jaworski and Kohli Macinnis, 2002). 
   This job has planned a model that, just as others (Tena and Comai, 2001; Hussey and Jenster, 1999) 
takes into account the purpose of the CI in the company. Two objectives are proposed in the activities of 
the CI cycle. The company may determine that part or the whole of the CI activity pursue the so called 
competitor intelligence (for defensive and offensive actions) and can determine how much of the CI is 
intended for a cooperative intelligence. There is wide reference of competitor intelligence in literature due 
to the CI’s own nature, but is harder to find evidence of the second, competitive intelligence for 
cooperation, partner search, agreements, etc. However, activities taking place in the CI cycle of can be 
used in a broad spectrum of fundamental issues for the development of a partnership (finance, marketing, 
R&D&I, etc.) 
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3 Method 
 
This job applies a descriptive and explanatory method based on a questionnaire addressed to analyse the 
CI phases, the targets pursued by the company and the impact on some business results. A sample of the 
sector to the National Business Association of the Pharmaceutical Industry (Farmaindustria ) established 
in Spain was taken to carry out this study. The group has the vast majority of pharmaceutical laboratories 
(186 members representing 84% of the prescription market and 42% of the holders of marketing 
authorizations for medicines). The final questionnaire was obtained after several meetings with industry 
experts (managers, laboratory owners) area doctors of the company organisation and the sub-department 
of Farmaindustria. After validating the questionnaire it was sent to all partners in Farmaindustria 
guaranteeing the confidentiality of responses 
   It is important to remark the existing difficulty to draw information from these companies. You have to 
go through many different filters in order that pharmaceutical companies consider it innocuous to answer 
questions on the information they use. In most cases legal departments should approve the questionnaires 
and this may take weeks. 
   The five CI phases compiling the theory bases of the different authors were laid out. At each stage of 
the CI cycle, were asked laboratories for different aspects of the interest in cooperation. With the answers 
to the questionnaire a descriptive analysis of the use of competitive intelligence for cooperation activities 
and expectations of pharmaceutical companies was carried out. 
 
  
4 Results 
 
The results are divided according to the five phases of the CI cycle. In the planning phase 65 % of 
companies stated that they commonly use CI consulting when cooperation activities are intended. Given 
the competitive nature of the CI it seems that, as stated by Tena and Comai (2001), the cooperative 
intelligence has significant purposes for the process. 
   During the second stage, information collection phase, over 50 % of companies answer that they 
commonly use sources of information from their partners in research projects which shows the level of 
relationship that come to have companies so protective towards the security of their information when it 
comes to investigate with other companies. There are also a high percentage of companies using 
information from. other subsidiaries of the group at times or on many occasions. Bearing in mind they 
were asked in the context of competitive intelligence, it is noteworthy that the percentages of consultation 
between partners and between subsidiaries of the same group are not far. 
   In the third phase of the CI cycle, companies declared that 40% send relevant information to the project 
partners, while only 6.4 % do so to their own subsidiaries. It is remarkable the importance given to the 
management of information between partners when having a common project. It should be noted that they 
were not asked for a specific project, but for their usual performance in the context of competitive 
intelligence 
   The fourth phase, referring to the use of the results, it is noted that 66 % of cases frequently use the 
reports generated in CI in other companies of the same group, but not a regular system as only 10% do so.  
In both situations described usage decreases when asked for external companies in the same group. Using 
CI reports between project partners is also important (4 % of respondents), whilst almost 39% never or 
almost never used them. 
   The last phase, performance evaluation, reveals that pharmaceutical companies consider that CI 
encourages collaboration with other organisations (over 60 % agree or strongly agree with this). 
Regarding the detection of new financial partners approximately 30% said that the IC was not relevant or 
had minor importance, but 50% said it was somewhat or very important. 
   Finally, as to the intention to increase IC resources, willingness was shown to increase resources in the 
pharmaceutical sector, regardless the current economic situation. 
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5 Conclusions 
 
Farmaindustria’s pharmaceutical companies show that they commonly use other companies’ sources of 
information, they share the knowledge gained in the CI process with project partners and consider that the 
CI encourages collaboration with other entities. It should be noted that they were not asked for a specific 
project but by the usual action for cooperation in the framework of CI.  
 
   The main conclusion is that most pharmaceutical companies are committed to sharing knowledge 
generated during the CI process with other companies, subsidiaries or partners despite such tight controls 
imposed in the sector when it comes to extracting information in their organizations. 
 
   In general, there was a willingness to increase the resources invested in CI in the pharmaceutical sector. 
It seems that if we bet for cooperation, companies will find in the intelligence process a valuable ally to 
advance towards their research objectives and growth. 
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Kalman Filter application  
in the correction of forecasts  
by floods HYMOD model 
 
Pereira Neto AV1 
 
 
Abstract: Floods are the most devastating natural disasters, striking numerous regions in the world each 
year, causing a huge loss in the industry. This is a consequence of the increasing frequency of heavy rain 
and changes in upstream land-use. In general, less developed countries are the most vulnerable to floods, 
causing damages that significantly affect the industry and the national GDP. Rainfall-runoff models play 
a very important role in flood forecasting. However, these models contain large uncertainties caused by 
errors in both the model itself and the input data. The objective of this paper is to present data 
assimilation techniques to reduce these uncertainties and to analyze the deviations between flood 
observations and forecasts from HYMOD model. A preliminary study revealed that there are systematic 
errors in the flood forecasts, which vary with the day, throughout the year and from station to station. The 
methodology consists in applying Kalman Filter to correct the flood forecasts. When compared to other 
statistical methods, the Kalman Filter approach is more efficient since it benefits from updating the 
regression coefficients recursively, allowing the filter to adapt to the frequent changes in the numerical 
weather prediction model, and to different weather conditions. The Kalman Filter has also the advantage 
of not requiring large database for its design and application. As a result, the Kalman Filter model 
presented in this work has proved to be a good alternative for operational implementation, showing 
improvements in the root mean square errors of the order of 30% to 45%. The applicability is self-
evident, since this is an important tool to improve accuracy in forecasting, so reducing vulnerabilities, 
flood risk, and forming an important ingredient of the strategy to reduce loss in the industry, thereby 
contributing to national sustainable development. 
 
Keywords: Rainfall-runoff models, HYMOD model, Kalman Filter. 
 
 

 
 
1 Introduction 
 
A flood forecasting comprises an important element of integrated water resources management. The 
benefits of river forecasts for power generation, navigation, irrigated agriculture and the operation of 
industries make implementation of such a system more cost effective and sustainable. Rigorous analysis 
would call for statistical analysis of flood peaks and the calculation of the present value of costs and 
benefits of flood forecasting and warning. The benefits of flood forecasting, warning and response for the 
industry are virtually self-evident. Hydrological models are defined by parameters and states, parameters 
being the physical description and time-invariant characteristics usually superficial and sub-surface and 
states being the streams and storages of water and energy that are propagated in time for physical models. 
In hydrological modeling, the exact prediction of significant hydrological variables is very complex due 
to various sources of uncertainties like persistent errors in initial states, calibration of the model and the 
structure of the model. The structure of hydrological models creates uncertainty, because a model cannot 
accurately model the physics of the basin. In addition to uncertainties in quantitative prediction of 
hydrological model, the observation of these quantities is also difficult. Problems due to errors in the 
sensors, complex topography, among others, create uncertainties in the hydrological observation. Due to 
the un-certainty of the forecast and observational data, hydrological surveys are focused on statistical 
combination of forecasts and observations in a framework that com-bines the knowledge of both datasets 
to produce a unique dataset, which is more and quantifies the uncertainty of prediction. This process is 
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called data assimilation, forecasting in real time or updating, whose basic objective is to characterize the 
State of the system in the future from the knowledge of the initial state. The success of data assimilation 
depends directly on the prediction of the model, which depends on the estimated parameter. During the 
past two decades, much effort has been placed on estimating correctly the model parameters (calibration) 
and improving hydrologic forecast. The increase in computing power makes valid the computational 
routine of many models that are candidates for such correction. So far, none of the existing methods of 
update is considered better than others for every hydro meteorological situation. 
 
  
2 Objective 
 
The objective of this paper is to present data assimilation techniques to reduce un-certainties, to analyze 
the deviations between flood observations and forecasts from HYMOD model. Hypothesis: The use of 
Kalman filter in daily average flows update using the hydrological model HYMOD can reduce 
uncertainties. 
 
 
3 Method 
 
The methodology consists in applying Kalman Filter to correct the flood forecasts. The nonlinear rain-
flow rate hydrological model used for this study is the HYMOD daily simulation, which is relatively 
simple and correlates the average precipitation and potential evapotranspiration, to a basin, with the flow. 
The Kalman filter consists of a prediction and correction scheme. Initially the prediction is made with the 
dynamic model of State. Afterwards the correction uses an observation model to minimize the covariance 
error.  
 
 
4 Results 
 
Initially the assimilation of data flow has been evaluated. The results of flow simulations using or not 
data assimilation were compared with observations on pluvial stations. On average, the RMSE values 
increase, causing the simulated flow rates get too closer to those observed in the posts used for 
assimilation. 
 
  
5 Conclusion 
 
The development and evaluation of a data assimilation scheme of flows in a hydrological model rain flow 
is presented. In General, a good performance of the Kalman Filter technique for data assimilation is 
observed. In case of assimilation of flows, the model estimates improve in the stations used in the 
assimilation, as well as in validation points, showing possibility of transferring information for non-
monitored sites. 
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Technological and Industrial  
Mapping of Pharmaceutical  
Sector: a Comparison with  
Emerging Countries 
 
Akkari A1, Munhoz I, Santos N, Santos R, Santos F, Knupp J 
 
 
Abstract: The main aim of this work was to perform a technological and industrial mapping of the 
pharmaceutical sector, based on a survey from international patent database (WIPO and Derwent). 
Among the results, while the dominant position in the market belongs to the European and U.S. 
pharmaceutical industries, there is an increasing importance of emerging countries, specially China, but 
also India and, even in a smaller magnitude, of Brazil, bringing hope to the technological and scientific 
dissemination and increased competition against pharmaceutical multinationals. 
 
Keywords: Patents; Pharmaceutical Industry; Emerging Countries. 
 
 

 
 
1 Introduction 
 
The main driver force in pharmaceutical industry growth is innovation and the protection of new products 
/processes is a stimulus factor for high investments in R&D, which involves costly activities, low success 
rate and requiring a long time. Moreover, patent ensures the exclusive right to temporary marketing of              
pharmaceuticals, yielding extraordinary profits and competitive advantages. There is consensus that 
future growth in the pharma industry will mainly come from emerging markets, specially China, India 
and Brazil. From this perspective, the monitoring of patent database becomes an auxiliary process for 
decision-making and allow the analysis of the technological innovation of a region, including emerging 
countries and to compare them with European and U.S. companies. 
 
  
2 Objectives 
 
The aim of this work was to perform a technological and industrial mapping of the pharmaceutical sector, 
based on a survey from international patent database. 
 
 
3 Methods 
 
This study based on the information obtained from the World Intellectual Property Organization (WIPO) 
and the DerwentInnovations Index, from 1996 to 2012. Numerical analysis for scenarios prediction was 
carried out, using least squares method and an algorithm were implemented in MATLAB. 
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4 Results 
 
Almost all patents originated in the world for pharma products/processes is concentrated in Europe 
(40.43%) and U.S. (31.01%), followed by China (8.59%) and Japan (8.05%), according to WIPO. The 
index of Brazil (0.07%) is lower than that observed in India (0.67%) and almost equal to South Africa. 
The prediction until 2016 showed a decreasing (-17%) in U.S. patents. China (22%) and Brazil (16%) 
demonstrate get a higher growth in the number of patents, followed by India (12%) and Europe (10%). 
Furthermore, prediction indicated an increasing trend in the number of granted pharmaceutical patents in 
Brazil (90%), reflecting the large foreign interest in emerging markets. Derwent data showed that 
Novartis, AstraZeneca, Boehringer, and Bayer, in this order, are the companies with more pharma patents 
in the world, followed by the University of California and La Roche. In seventh place, there is a Chinese 
research institute (Beijing Guanwuzhou Bio. Sci. Inst.), indicating the prominent position that China has 
gained in drug industry. 
 
 
5 Conclusion 
 
First, it can be seen that the data of the Derwent corroborated and complemented the survey in this paper 
based on WIPO, showing that the pharmaceutical sector is still dominated by European and U.S. 
industries, which hold a large part of patents, enabling the maintenance of its competitive advantages and 
demonstrating its high innovation capacity. However, until 2016 the forecasts showed a decrease in the 
number of U.S. patents in the pharma industry, while it is expected a stronger growth in the number of 
protections of China and Brazil, suggesting that Chinese pharma patent indices tend to equate with the 
numbers from the U.S. and Europe. This fact indicates the beginning of a possible technological and 
scientific dissemination and an increase in pharmaceutical sector competition due to the advancement of 
emerging countries, mainly China. 
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Understanding the human role 
in Cyber-Physical Systems 
 
Frazzon E1, Hurtado P2 
 
 
Abstract: Recently the concept of Cyber-Physical Systems (CPS) and its applications have become a 
popular research topic. By speeding up the interaction between the flow of material and information, 
those systems are capable of dealing with dynamic environments and perturbations. They are useful in 
many fields, such as: production and transport scheduling and control; aeronautic industry; medical 
training, among others. With the evolution of technologies and related researches, a future with a more 
intense human-machine interaction is imminent. This research attempts to understand the different roles 
that a human decision maker might play in relation to a CPS. Thus, a literature review was developed, 
followed by the proposition of a classification for the human-CPS interaction. 
 
Keywords: Cyber-Physical Systems (CPS); Human-CPS interaction. 
 
 

 
 
1 Introduction 
 
The Cyber-Physical System (CPS) concept refers to a physical system that has embedded technologies for 
data capture; information management, processing, communication, analysis and storage.  In order to deal 
with uncertainty a decision maker agent requires skills as flexible thinking, perception, and intuitive 
control, to use properly the information available. Those skills will be hardly reached by machines. 
Therefore, the human presence is mandatory in CPS (Berglund and Karltun, 2007; Schirner et al., 2013). 
A classification of the roles played by the human might guide to a wider comprehension of the system as 
a whole. 
 
 
2 Objectives 
 
This research aims the understanding of the role of the human in the CPS. In this way, is necessary to 
determinate and characterize the human aspects that are involved in the application of CPS. 
 
 
3 Methods 
 
In order to accomplish the objective, a literature review was implemented as follows: (i) research in 
science direct using key words related to each research axis and the conjunction of them; (ii) filter by 
title; (iii) analysis of abstracts; and (iv) definition of a literature portfolio (50 Papers). 
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4 Results 
 
In the literature review were found: 55.588 papers for CPS; 15.193 papers for decision making levels and 
2.283 papers for human competences. Using a combination of keywords in the three axes, 777 papers 
were selected. It was possible to identify that the social component has an important responsibility in CPS 
performance (Inagaki and Sheridan, 2012; Li et al., 2011). In addition, three important levels regarding 
decision making related to CPS were identified: strategic, tactical and operational level (Schmidt and 
Wilhelm, 2000). 
 
 
5 Conclusion 
 
There are three domains related to the research on human behaviour in CPS: the individual, organisational 
and contextual (Frazzon et al., 2013).  
   In relation to the activities realized by humans in a CPS, two distinguished kinds of relation emerge: (i) 
the human actor as one that only interacts with the system, i.e. a strategic or tactical level relation that 
does not have a direct interaction with the core of the CPS, but a high-level of decision making is 
required; (ii) the human actor as part of system operational level were the human role is influenced and 
bounded by task expertise. 
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Problem-Based Learning 
Method use in the civil  
construction organizational  
environment 
 
Martins V1, Neves R2, Bastos L1, Melo A1, Nunes D1 
 
 
Abstract: The changes in the civil construction context, and consequently the production management of 
constructions, require a different profile engineer, which demands more refined skills from those 
professionals, such as innovation, focus on customer, production planning and control, quality management 
systems knowledge, sustainability and a humanist vision. The main objective of this paper is to show the 
efficiency of using the Problem Based Learning methodology adapted to the organizational context. The 
research strategy adopted was the Research-Action, in which   the research team aimed the improvement of 
the way professionals understand and solve problems. The results involved the development of abilities 
related to the organizational context, as well as the individual, collective and organizational learning skills, 
highlighting problems and possible solutions for the company. Through increasing these skills, it was 
possible to stimulate a humanistic and sustainable vision, customer-focused, and a better quality management 
system. In addition, problems in this system were presented, which stated the necessity of creating an 
environment which enables the exchange of information among its sectors. 
 
Keywords: Problem-Based Learning method; Learning Skills; Organizational management; Construction 
Environment. 
 
 

 
 
1 Introduction 
 
The emphasis in a wider work and academic background and the increase practical experience possibilities 
throughout higher education are evaluated as options to satisfy the demand of a multiprofessional profile and 
provide the personal maturity and the professional identity needed to act in situations of unpredictability, in 
which companies can be presented. In addition, the investment in developing abilities for management 
become indispensable for companies that intend to maintain their competitiveness in the current marketplace. 
Therefore, this paper aims to show the efficiency in using the Problem-Based Learning (PBL) methodology 
in the civil construction organizational environment. The research was proposed and performed in a company 
which went through the process of reallocating the roles of its civil engineers that also managed the 
construction sites. The use of the suggested method was used in order to increment the development of the 
management skills of the workers. 
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2 Literature Research 
 
 
2.1 Problem-Based Learning in the Organizational Context 
 
Mamede et al. (2001) conceptualize PBL as an educational strategy and a philosophy approach to the work 
background, which conceives a learning process in which self-directed students can build their knowledge 
actively. From problems and collaborative working, students learn in a contextual manner, they set their own 
learning objectives and acquire knowledge with a personal meaning following the inner disposal of each one. 
Kalatziz (2008) says PBL, being an instructional model itself, presents definitions, attributes and objectives 
that make it a method. The same author states that PBL uses real-life problems to stimulate the development 
of critical thinking, problem-solving abilities and the learning of concepts presented in syllabus. 
   The PBL is a method that emphasizes the development of essential abilities such as the effective problem 
(BARROWS; TAMBLYN, 1976; WOODS, 1996; ENGEL, 1997) and the self-directed study. The approach 
centered on the student also increases the abilities of listening, summarize information and teach others. 
(BARROWS; TAMBLYN, 1976). Teaching classmates or workmates is an ability required by many 
professionals, jointly to the capacity of working as a part of the team. (BARROWS; TAMBLYN, 1976; 
WOODS, 1996). 
   The adapted model studied in this paper was developed by Neves (2006) in its Doctorate thesis, and states 
that the learning process initiates with the sharing of the individual knowledge. Later, this process becomes 
social, shared to the group, and generates both individual and collective learning. After the group 
comprehends and seeks the solution of the problem, the results are discussed one more time with the 
company staff, which motivates the final solution proposition to present rules and procedures that guarantee 
good conditions for the organizational learning process. 
   The use of the PBL method adapted to the organizational context is justified by the will of the company to 
invest in the qualification of their engineers that manage construction sites in the context of their own 
workplace, sharing experiences among each other, in a way they can discuss the means of performing 
activities. Thus, they are able to identify the concepts studied and relate then to the company’s reality. The 
Fig.1 shows the adapted model’s structure. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Capacitation Model (NEVES, 2006). 
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3 Research Methodology 
 
The strategy of Research-Action was used as it was developed with the interest in changing and participation 
of everyone involved. Thiollent (2007) states that for a research to be marked as Research-Action it is 
essential the implementation of an action by the people involved in the problem. Additionally, it is necessary 
the action to not be trivial, which means an action that needs to be investigated scientifically, in order to be 
elaborated and performed. In the Research-Action, the researchers fill an active role of adjusting the 
problems found, in the accompaniment and in the in the evaluation of the actions generated from the 
problems. 
   The research process was performed in a participative way which involved the researcher and the engineers 
of the site. Facing the context of a problem, the engineers developed an action, which was followed by a 
reflection and the planning of new actions for the next cycle. The research assumed the role of an enabler 
who provided orientations about the didactic resources aiming for the theoretical restructuration and the 
seeking for knowledge by the engineers that participated in this research through their own initiative. 
The researcher was also responsible for organizing the group dynamics and the meeting topics. Besides, 
throughout the meetings, he presented a questioning attitude, asking constantly the engineers about the 
reasons for the problems listed in each cycle. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2  
Research Outline. 
 
 
   The data analysis process began with the reading of the meeting notes. Periods from those notes, interviews 
with members and documents from company such as organogram, procedures and indicators were used in 
order to intersect the evidences. The group meeting story was told in a sequential and chronological way, 
presenting factors that were considered important by the research with the objective of analyzing the 
organizational learning process, the development of the managerial ability and aspects of the company’s 
organizational management. 
   In order to facilitate the data analysis, the following constructs were defined: analysis of the organizational 
context; analysis of the individual learning, analysis of the collective learning, analysis of the organizational 
learning; and analysis of the company’s management system. These definitions were bases in the literature 
review and the source of evidences were the meeting notes, the interviews with directors, employees and the 
engineers (managers of the sites), the in loco observation, the researcher’s personal notes and the analysis of 
company’s internal documents. The evidences were elaborated during the process of transcription the 
meetings and the reading of them, and aimed to identify expressions and words used by the engineers as they 
spoke in the meeting. This was important since it assisted the researcher in the analysis of the interviews. 
 
 
4 Results Analysis 
 
In order to identify the managerial abilities, the personal characteristics and specific work abilities were 
considered, as well as additional information collected in the interviews to engineers and their employees. 
The Fig. 3 presents the mean of the results for the engineers that managed the construction sites. It can be 
seen that the managers (ME) view their own expertise differently from the opinions of their team (OTHERS), 
which was more critical over the abilities of the engineers. 
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   It observes that the great divergences in the results are presented in the abilities Leadership, Teamwork, 
Decision Making, and Critical Analysis, hence they need more attention in their development process. 
Throughout the exploratory study through the researcher’s in loco perception in the meetings, it was 
identified that engineers presented high technical capacity, however the difficulties in managing people were 
evident. 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  
Chart of Evaluation of the Management Abilities – Mean. 
 
 
 
4.1 Cycle #1 – Construction Sites Planning and Control 
 
The engineers spoke about the lack of meeting with the sites’ administration in order to define the execution 
strategies of the services. The researcher observed that only four engineers presented a more active attitude as 
he expressed his understanding and opinion about the topic discussed. According to the answers, the research 
asked for a flowchart of the planning system for the next meeting, aiming to identify who are the people 
involved and the components of this process in the company. Thus, the meeting ended with the 
responsibilities set for each one for the next session and the definitions of data, place, and time of it. It was 
also deciced that a reference term about planning would be sent to the engineers so they could read it and 
assist them as a theoretical basis about this topic. 
   In the second meeting, nine engineers participated and it began by presenting the flowchart of the 
company’s main current planning stages. At this moment, the researcher could identify and analyze all the 
stages and members involved in the planning process and he asked to the engineers: “In your opinion, what 
are the relevant indicators in a planning system?”; “Why do you think the planning is not going well?”  
   In a general way, the engineers alleged they believe the planning should be presented in a more objective 
manner. 
   [...] Some tools that don’t increase value to the process must be eliminated from the planning [...] there is a 
large variety of indicators today that has no use for many services [...]. (Engineer 1). 
   It was identified certain discomfort by the engineers on the tools used in the planning process. Most of 
them did not know how to transform the indicators into relevant information for a better management. 
   Next, the researcher asked for who had read the reference term about planning that was provided in the first 
meeting. 
   [...] I didn’t find the time to do the reading (Engineer 1). 
   [...] I started reading it, but it’s large, it has many pages [...]. (Engineer 3). 
   [...] The term should be more objective, it’s too “academic”. (Engineer 7). 
   The third meeting was attended by only five engineers, i.e. only 50% of all group members, which showed 
certain disinterest/resistance in the PBL program. The conference began with the presentation of the 
reference term by the group’s coordinator, who discussed concepts, definitions and tools for long term 
(strategic level), medium term (tactical level) and short term (operational level) planning.  
   At the end of the presentation, the coordinator asked the group how to introduce the reference term into the 
current flowchart of the company. Then, it was initiated a discussion about the relevant tools and indicators 
for the company’s planning process. Some practices were cited such as service order programming (SO), 
Service Execution Planning (SEP), evaluation indicators of constructors and the introduction of the 
commitment meeting practice.  
   This meeting ended by defining the date, time and place of the next session and the group took the 
responsibility of search and bring schedule models to be used in the commitment meeting practice. 
   The fourth meeting was attended by eight engineers. The group coordinator initiated this session by asking 
why planning is important and if the group was in the percentage categories of engineers that believe or do 
not believe in planning. 
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   [...] It is important to give us a horizon [...] without planning, we would not be able to know if we’re late or 
not site’s course. (Engineer 4). 
   Schedule models were also presented by the group and it was decided the creation of a procedure to attend 
the planning’s needs expressed by each participant, in order to minimize the difficulties in following the 
company’s current planning. The conference ended by defining the data, place and time of the next session as 
well as the member’s deliberation for the next meeting. The researcher and the coordinator were in charge of 
sending a procedure model for planning and the group should search and define the better practices to be 
inserted in the procedure.  
   The fifth meeting was attended by nine engineers and aimed the elaboration of the planning procedure, 
with the participation of all members jointly. The coordinator began by asking if someone read the procedure 
sent and if there was any insertion/modification in it. 
   [...] I did some observations and took notes, but I haven’t modified anything. I brought it here so we can do 
it along our own procedure (Engineer 1). 
   The meeting advanced with the process of elaboration of the procedure, in which the group members 
presented their suggestions and understandings about each item to be included, modified or excluded from 
the procedure. The researcher noticed that some engineers did not opine in the generation of the document. 
The procedure intended to establish the planning stages and the control of the construction site’s physical 
advance. The meeting ended with the procedure written and formatted, however it was necessary to attach 
tools that would follow what was described in the procedure. This was a task to be presented in the next 
session. Each engineer was in charge of bringing tools that attended to the necessity of what was in the 
procedure. 
   Finally, the sixth meeting was attended by eight engineers. The group coordinator was absent, and then the 
meeting was conducted by the researcher. This session aimed to complete the planning procedure by 
attaching tools that would attend the defined guidelines. This meeting began with the group questioning 
about the advance of the program, its real objectives and where it would like to reach through its 
implementation in the company. 
   [...] I confess that I didn’t identify the company in the procedure we wrote in the last meeting (Engineer 6). 
   [...] I think you must agree that we’re already in the sixth meeting and still couldn’t leave one point, the 
planning. [...] We need to see a goal that we still don’t have today. (Engineer 1). 
   It was possible to notice that the group still had not understood the real meaning of the PBL program 
implementation. The company’s high administration, when asked, would have informed that the objective 
would be the raise of the site’s physical advance from 1.5% to 3% per month, which caused certain 
misunderstanding about what was being done related to objectives defined by the company’s administration. 
   [...]  We are waiting for something that isn’t coming. It starts to discourage, and frustrate, as we have no 
expectation of an immediate feedback. (Engineer 3). 
   [...] If this objective was set in the first meeting, which was to increase the productivity, I think that the 
production/execution item would never be sixth in priority. Certainly, it would have to be among the first 
three. [...]. (Engineer 1). 
   The meeting finished with the definition of a new set of topics to be analyzed, which were: Projects, HR & 
Supplies, Production/Execution, Costs and safety. It was defined that planning was a topic related to all the 
others, then, the next meeting would discuss about Projects. The procedure that was being elaborated about 
planning was not completed. 
 
 
5 Conclusion 
 
The group presented issues in acting towards to the problems. Those issues were always in other sectors of 
the company. The managers had obstacles not resist to admit the responsibilities for the problems (afraid of 
showing weaknesses), what strained the decision making and, consequently, compromised the development 
process of the managerial skills and the group learning process. They had difficulties in evolving the self-
knowledge, reflecting on their actions and experience. 
   The company must create an environment that enables the exchange of information among its sectors, 
aiming the engagement of the people involved. It is also necessary to be certified that every member is aware 
about the purpose of their work and how it contributes to the organization to achieve their goals. Recognize 
and appreciate the work performed by the collaborators is also valid. It is highlighted that clear feedbacks 
provide the development of a good work, however to do this, people need clear and in time information. It is 
not necessary only to evaluate the behavior or the results is necessary, but also to make people notice their 
importance to the company’s success. 
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   Regarding to the model, it is important to state that the discussed problem has to be aligned to the 
company’s objectives and to the interests of the group (collective); preferably real and happening at the 
moment (related to the daily routine); and associated to the managerial process; relevant to the professional 
exercise. In addition, the decision about the set of actions to be performed for the solution and 
implementation must be the responsibility of the production manager; and also consider the human, social 
and technical aspects. Then, the problem stimulates the individual, group and organizational learning. It is 
necessary that all group members understand the need of changes and improvements. 
 
 
 
6 References  
BARROWS, H. S.; TAMBLYN, R. An Evaluation of Problem-Based Learning in Small Groups Using a Simulated 
Patient. Journal of Medical Education, v. 51, p. 52-54, 1976Slifka MK, Whitton JL (2000) Clinical implications of 
dysregulated cytokine production. J Mol Med, doi: 10.1007/s001090000086 

ENGEL, C. E. Not Just a Method But a Way of Learning. In: BOUD, D.; FELETTI, G. I. The Challenge of Problem-
Based Learning. London: Kogan Page, 1997 

KALATZIS, A. C. Aprendizagem Baseada em Problemas em Uma Plataforma de Ensino a Distância Com o Apoio dos 
Estilos de Aprendizagem: uma análise do aproveitamento dos estudantes de engenharia. São Carlos, 2008. Dissertação 
(Mestrado em Engenharia de Produção) – Escola de Engenharia, Universidade Federal de São Carlos, São Carlos, 2008. 

MAMEDE, S. et al. Aprendizagem Baseada em Problemas: anatomia de uma nova abordagem organizacional. Fortaleza: 
Hucitec, 2001BOMFIM, R. Competência profissional: uma revisão bibliográfica. Revista Organização Sistêmica, vol. 1, 
nº 1, 2012.South J, Blass B (2001) The future of modern genomics. Blackwell, London 

NEVES, R. M. Desenvolvimento de Competências de Gerentes Intermediários Através da Adaptação da Aprendizagem 
Baseada em Problemas – ABP. Porto Alegre, 2006. Tese (Doutorado em Engenharia Civil) – Programa de Pós-
Graduação em Engenharia Civil, Universidade Federal do Rio Grande do Sul, Porto Alegre, 2006 

SCHMIDT, H. G. Foundations of Problem-Based Learning: some explanatory notes. Medical Education, v. 27, n. 5,          
p. 422-432, 1993 

THIOLLENT, M. Metodologia da Pesquisa-Ação. 15. ed. São Paulo: Cortez, 2007 

WOODS, D. R. Problem-Based Learning: how to gain the most from ABP. Hamilton, Canada: Griffin Printing, 1996 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 840 

Using LEGO® Serious Play®  
in Marketing Classes 
 
Estelles-Miguel S, Palmer Gato ME, Albarracín Guillem JM, Santandreu Mascarell Cristina1 
 
 
Abstract: This paper focuses on exposing the educational innovation process that has been launched in 
the 2013-2014 academic year in Services Business Marketing belonging to the 5th degree course in the 
Faculty of Business Administration  (FBA) of the Universitat Politècnica de València (UPV). On that 
subject, and during classroom practices we have used the “LEGO® Serious Play®” tool known as 
“gamification tools” for developing a SWOT (Weaknesses, Threats, Strenghs and Opportunities), this 
tool helps in the develop-ments of students’ creatitivy and serves as a link in the development of the 
activity as you can see in this paper. 
 
Keywords: Gamification, Educational Innovation, LEGO® Serious Play®, SWOT. 
 
 

 
 
1 Introduction 
 
Adaption to the European Higher Education Area (EHEA) implies subject design based on competencies 
and learning objectives, whic affect teaching-learning methodology. This has forced academics to rethink 
their use of new teaching methods, which must undergo a major renovation. They must be adapted to 
prioritize student work, promote both autonomuous and collaborative learning, and encourage the 
development of a range of skills and competencies, both specific and generic. It is in this line of work 
where the authors of this paper design this experience.  
   This paper explains the use of a gamification tool in Marketing classes in UPV. For this purpose design 
experience will be described, which are considered: what is sought with such practice, problems that may 
occur in performing experience, and how to fiw them as they arise, and other features to consider. Also 
defined objectives to be achieved by means of this tool. Information gathered by teacher while 
performing experience is collected. Finally the results obtained in carrying out the experience, which was 
very interesting when used as a tool to define part of the SWOT of the Faculty of business Administration 
in which the experience took place. 
   Note that this experiment was performed in two distinct groups with a very uneven number of students 
(in the morning were 50 students while in the evening only 12 students participated). It also explains 
problems obtained with one and anothez due to group size.  
   This paper is organized as follows in Section 2 the goal of this experiences are explained, in the Section 
3 experience and its develop is defined, in the Section 4 the results of this experience are included and 
finally Section 5 when the conclusions are presented. 
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2 Experience Goals 
 
This experience was conducted with the following objectives: 
 

•!Proposing an workgroups experience different. 

•!Identity Streghs and Weaknesses of the Faculty of Business Administration  
   from the students point of view. 

•!Encourage students creativity when developing a SWOT. 

•!Increase student participation in a group work. 

•!Identify how team can improve individual performance. 

 
 
3 Learning through Play or Gamification 
 
The term Gamification not appear until 2008 and its use did not begin to generalize until 2010 (Paharia, 
2010). Gamification is an emerging concept in the field of academic disciplines. This term is understood 
as “the integration of game dynamics in no recreational environments” (Deterding et al, 2011). One of the 
goals of gamification is converting non playful environments more fun and appealing (Huotari and 
Hamari, 2012). The intention thereby exploit the essence of games:fun, participation and passion 
(Deloitte, 2012). The gamificis also defined as an attitude, a learning strategy and a movement (Kapp, 
2012). 
   Gamification is attracting increasing interest in different areas. In fact, there are several studies that 
suggest that due to the expansion of mobile technology, gamification will become a significant trend in 
the coming years (BBVA, 2012 and Deloitte, 2012), estimated that in 2015 over 50% of organizations 
that manage innovation processes are going to do with gamification (Gartner, 2011). 
   All games have four common traits: a goal, rules, a feedback and voluntary participation (Mc. Gonigal, 
2011). The game mechanics are different actions, behaviors, techniques and control mechanisms that are 
used to convert into play activity (Kapp, 2012). With them it is possible to create an attractive and easy 
accession to the player. Includes: points, prizes, rankings, challenges, missions and and gifts. 
   Dynamics ot the game are the effect, motivation and desire to pursue users and are based in turn on 
fundamental human needs (Maslow, 1943 and Reiss, 2004). 
   During the game people are allowed to flow, which is a spontaneous pleasure state during which the 
person is fully engaged in a task through a deep motivation (Csikszentmihalyi, 1996). A state where the 
individual is at the perfect level of skills: or not enough challenges (boring) or nor too challenges (anxiete 
and frustation). Linked to this concept are extrinsic and intrinsic motivations. The first is determined by 
the environment and aims to achieve an external goal (recognition or reward) while the second is the one 
that leads the individual to perform an activity for its own pleasure, because it is in itself interesting and 
satisfying (Amabille, 1999). The most importan in the gamification activities is the intrinsic motivation 
because it´s getting the participant hooked. That engagement or commitment refers to the involvement. 
Three types of commitment may appear: cognitive, emotional and physical (May et al., 2004). 
   In terms of marketing, it is considered that the gamification helps companies increase user involvement, 
loyalty and brand recognition, and train employees (Meloni, 2012). There are titles dedicated to 
marketing gamification (Hamari and Lehdonvirta, 2010; Huotari and Hamari, 2012 and Oliver Perez, 
2012). 
 
 
3.1 LEGO® Serious Play® 
 
Term Gamification not appear until 2008 and its use did not begin to generalize until 2010 (Paharia, 
2010). Gamification is an emerging concept in the field of academic disciplines. This term is understood 
as “the integration of game dynamics in no recreational environments” (Deterding et al, 2011).  
   Ten year ago, the Danish toymaker LEGO, famous worldwide for its colorful and versatile pieces, was 
posed the next internal management challenge: How to make the planning corporate strategies processes 
were a more effective team exercise, in which all workers would undertake to implement the outcome. 
Kjeld Kirk Kristiansen conceived the idea of what today is known as LEGO® Serious Play®, a method of 
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problem solving and communication tool based on the use of best-selling games of construction: 
LEGO®. 
   The game brigs togheter some of the most important features to learn: the first thing that appeals to the 
motivation of people; the second is that you learn doing, nobody can play for you but it is a personal and 
non transferrable experience and the third is that the error is inherent part of the game, and knowing how 
to live and learn from it is critical. Additionally, the game is innovative, is playful, promotes creativity, 
facilitates spontaneous communication, is a positive dynamic, is eminently collaborative, generates 
conmitment, everyone participates, delivery areas of freedom, is democratic (nobody has privileges over 
others) and we play can play simulate and anticipate the reality before it happens. 
   A target is marked, and the student mus leap into action to solve the challege posed. Among the 
advantages to organizations LEGO® Serious Play® are: 
  

•!Enables participants to become personally involved building permanent and positive, 
avoiding catharsis and disqualifying review as part of a real team. 

 
•!Promotes discovery itself generating commitment and trust with the team, the problem 

the project or company. 
 

•!Facilitates the treatment of real situations in specific scenarios, learning to priorize, 
make decisions and discover the basic principles that guide us. 

 
•!This methodology allows the simple and fast way integration of diverse and complex 

factors from an environment that is dynamic and complex, what other methodologies 
requires much longer transactions to get a complete picture. 

 
 
 
3.2 Development of Innovation Activity 
 
At the experience beginning, we sill explain to students the objectives of the activity and how they should 
perform it.  
 

•!Objectives: Find the weaknesses and strenghts of their Faculty. 

•!Perform: 

1.! Students were divided into two groups and were put in a large wortable (3x3 
meters) and were given lots of LEGO® bricks in the middle of it. 

 
2.! Each student had to make a model with LEGO® bricks to represent the idea they 

want to convey, depending on the table at which pose weaknesses or stregths are. 
Every can use colors, sizes and shapes as it deems necessary. 

 
3.! Once students have completed their models, they should explain to the rest of their 

group, no one could criticeze the ideas. 
 

4.! When all students have finished explaining their models, the whole group must 
decide how to integrate the different models into one, putting the most important 
or critical ideas in the center and adding all the ideas in concentric circles, 
depending on its relationship or importance. One the model is completed, each 
group explain their model to another group, without criticism. 

 
5.! Once completed students may decide to spend part of their model to another model 

if they feel it is appropriate. 
 
   For the above explained activity students had two hours of class. The teacher cound not advise or 
explain or help, just give the rules and then observes and records. Finally is who make the lists of 
strenghs and weaknesses that indicate the students and takes pictures of the finished models. 
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4 Results  
 
LEGO bricks offer huge opportunities for imaginative play, which is what children normally do with 
them, and can be used to build cool or complex models of things – vehicles, buildings, or whatever – or 
they can form the basis for machines and robots, which is often the adult domain. In this way, externally 
displayed thoughts can be assembled into complex arguments much more easily than they can in 
biological memory. Images displayed in this field are vivid and enduring, unlike the fleeting ghosts of 
imagination. This enables us to see them clearly, play with them, and craft them into finished products, to 
a level of refinement that is impossible for an unaided brain. (Donald, 2001: 309). It was this idea, that 
abstract meanings, feelings or concepts could be physically represented, and then manipulated and 
tinkered with, that was embraced within LEGO Serious Play. Here, though, our focus is on using LEGO 
bricks to support the representation of ideas, and the organisation of thinking. The central idea of LEGO 
Serious Play is not uniquely tied to business consultancy. It can be used to represent all kinds of 
experiences and feelings, and responses to things (Gauntlett, 2014). 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1  
One of the models photograh.  
Source: Own. 
 
 
   In the explained methodology sessions a lot of contributions from students were obtained, with them we 
carry list of strengths and weaknesses. 
 
 
Table 1 
Strengths. 
Source: Authors from students data. 
 
 

Teacher-student ratio Remunerated trainees 

Pretige of teachers Relevant to finding work 

Buildings architecture Relationship with companies 

Good Facilities (library, parks, sports, etc.) Importance of Environment and recycling  

Groundwork for future employment Public University 

Practical application  Internal sport leagues 

Integration of people (races and cultures) FADE takes advantages of UPV technologies  

Parking Foster creativity 

Prestige RED (Riunet, PoliformaT, politube) 

Good WIFI Innovation 

Centralization of Services Own degrees 

Individuals (Teacher, personal, students) Tools that gives you 
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   As you can see many of them we never had imagined, even to people who have long been working 
here, however students got above all using this technique which helps in creating ideas. It is important to 
note that one of the main reasons for using active teaching methods like this, is to provide students with a 
deeper understanding of the subject. Teachers are very satisfaied with student behaviour. Students 
actively participated int the learning process. Importantly, introducing these methods was a complex 
process, and caused some overburdening of lectures. 
 
 
Table 2 
Weaknesses. 
Source: Authors from students data. 
 
 

Loneliness, it is the only non-technical Faculty, 
is rounded by technical schools. 

Lack of organization of the Faculty in terms of 
Erasmus students. 

Little individual attention to students regarding 
his/her learning needs. 

Obligation to attend all classes, no sense in 
many cases . 

Slow computes Classrooms with little natural light. 

High prices in VENDING machinesand are 
almost always empty or lack of replenishment. 

Teachers give students little flexibility (eg. 
When working and have to make it compatible). 

Eternal queue in the nearest lunch. Long time between test and the results thereof. 

FBA parking has few places for students. Little attention to students by beadles 

No photocopying service in FBA. Odor that comes from farms. 

Little foresight in the works (ie. Parking works) Little involvement of some teachers  

High enrollment rates To have to pay sports departament. 

Deanery is very detached from reality. Highly saturated. 
 
 
5 Conclusions  
 
After making the whole experience, the conclusions that can be obtained from it is that all new activities 
are interesting, and arouse the interest of students, provided they are well planned and conducted. 
We have met all the objectives in desingning this activity, i.e.: 
 

•!Students have made a group work experience differently. 

•!We have identified the weaknesses and strengths of the Faculty of Business  
Administration from the subject students point of view. 

 
•!Teachers have fostered students creativity when developing a SWOT, as you can 

check to see the long list of proposed ideas (at other times when we have done 
diferenly way, ideas have been scarce). 

 
•!Increased the participation of student. Students with these dynamics are more 

involved. 
 

•!Students feel as part of a whole. 

•!Students have realized that with the ideas of others could improve his/her ideas  
   and viceversa. 

 
   All students have valued highly this activity, that they had never done before and liked them a lot. For 
teachers, it has been very nice. We have checket that really is more participatory and work grows best. 
Students will better understand the ideas. Also indicate as for teachers require a great deal having to 
design new activities and carry them out. The authors of thiw paper will continue working on these and in 
the following expericence we will pass a questionnaire to students to collect more direcly and orderly 
impressions from them. 
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   The scientific contributions are in their application in the area of marketing. There are many jobs in 
other areas especially in computer science programming. 
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Entrepreneurship in engineering 
students – developing a scale 
 
Silvério JV1, Fonte JT1, Leão BFS1, Soares JCV2, McGowan P3, Carvalho PS1 
 
 
Abstract: The literature affirms that the identification and study of students’ entrepreneurial 
characteristics has a special relevance for the development of adequate educational programmes related 
with entrepreneurship and business creation among other consequences. In this sense, the objective of this 
paper is describe the creation process of an entrepreneurship scale in engineering academic contexts and 
analyse the preliminary results obtained by the scale application in two universities, one from Brazil and 
one from Northern Ireland, and compare the entrepreneurial profile. The results shown that values 
referent to variation coefficients conform each reality are relatively low. And we can conclude also that 
Brazilian students show an entrepreneurial profile a little bit superior than Northern Irish students. 
 
Keywords: entrepreneurship, scale, engineering, students. 
 
 

 
 
1 Introduction 
 
In the last decades of the 20th century, the importance of entrepreneurship has been recognized by 
economists as one of the drivers of social welfare. Around the world, governments are recognizing the 
importance of their role in motivating individuals in the company and other stakeholders in developing 
opportunities, thereby targeting a positive change in society and economic growth (Blenker et al., 2008). 
   Kabongo & Okpara (2010) said that the study of entrepreneurship in higher education institutions is one 
of the more interesting and challenging areas of research for universities, governments, and industrial 
sectors. These kinds of studies and researches about entrepreneurship have increased in the last three 
decades. So, this phenomenon also has happened, being considered an important research area. Recently, 
entrepreneurship is established as an academic class but, it's also study programmers and courses that can 
be found in several educational levels (Kostoglou & Siakas, 2012). 
   To understand the entrepreneurial behaviour, Maciel (2007), supported by a set of their previous 
research, says that in some studies, that personality traits of the humans are seen as variables that predict 
certain behaviour, especially the notion of locus control. The author indicates Boydston, Hopper and 
Wright (2007) to suggest that the locus control is defined as the belief that the individual has in relation to 
portion control your own destiny. Being that this concept can also be extended to the observation of two 
of its main constituent dimensions: internal locus of control and external locus of control. 
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   As a definition, researchers associate the construct: "internal locus of control as the personal belief that 
the subject itself has an influence on their results through their skills or efforts. Locus of external control, 
on the other hand, is the belief that external forces control their results" (Kaufmann; Welsh; Bushmarin, 
1995). However, according to Maciel (2007), external locus of control is associated with greater 
effectiveness of leaders, indicating as an example the individuals who hold the belief that their success is 
more related to external factors rather than internal factors. 
   In this study, the constructs initiative, need for achievement, propensity to risk/assuming, take 
advantage of opportunities, self-assurance, leadership, planning, proactivity, persistence, searching 
information, creativity, self-efficacy and passion, were used with the purpose of enabling the 
characterization of the entrepreneurial profile of engineering students in Northern Ireland and Brazil, to 
make a correlation between the results obtained at both locations. 
   The objective of this paper is describe the creation process of an entrepreneurship scale in engineering 
academic contexts and analyse the preliminary results obtained by the scale application in two 
universities, one from Brazil and another from Northern Ireland, and compare entrepreneurial profile. In 
this way this paper tries answer the questions: How to build a scale to evaluate the entrepreneurial profile 
in engineering students? Have differences between the entrepreneurial profile of engineering students 
from Brazil and Northern Ireland?  
 
 
2 Methodological Procedures 
 
Firstly, it is important to say that happened meetings in order to outline the constructs referent to 
entrepreneurial profile and to structure the scale (research in-strument) inherent this work. In this sense, 
we surveyed documents (minutes) which describe the construction process this scale written in order to 
register these meetings. Additionally we interviewed the researchers who have participated this process. 
So, we got information to relate the process referent the construction of the scale (research instrument) to 
identify the entrepreneurial profile. 
   After that, the research instrument was applied in a non-probabilistic sample of Brazilian and a 
Northern Irish students in order to get possible improves in this one. Then we did such improves and 
obtained de the final version of the scale, according to related in topic 3.1. 
   Finally we collected data (survey) using the final version of the scale. Especially in Brazil we 
interviewed 200 students from Civil Engineering, Mine Engineering and Production Engineering. 
Relative to Northern Ireland, it was interviewed 100 students from Engineering Management, Electronic 
Engineering, Mechanical Engineering, Mechatronic Engineering and Biomedical Engineering. 
   Then, having these data, we did descriptive statistics analyses like mean, standard deviation and 
variation coefficient. Furthermore, it was possible establish some comparisons between Brazilian and 
Northern Irish realities. For that we used one statics software. So it was possible to classify the level of 
entrepreneurship as a result of each construct in the reality of each country. 
 
 
3 Results and Discussions  
 
 
3.1 The Entrepreneurship Scale Development Process 
 
To build the scale (research instrument) used to collect data was necessary follow some steps. At first was 
necessary study about the entrepreneurship profile and now betters what are the personality traits who the 
entrepreneurs have, and how to measure the intensity of these traits. In this sense, was started one 
bibliography review taking the mainly authors about the theme as McClelland (1961).  
   So, based on the bibliographic review it was possible note that the personality traits is joined in groups 
called constructs, which defines a part of the entrepreneur’s behaviour and skills. According to the same 
author cited above the mainly constructs were selected. How the bibliographies were to evaluate the 
general entrepreneurship profile become necessary adapt the constructs to the engineering students 
context and determine one scale to measure the intensity.   
   With each construct was made statements about the skills and abilities applied to situations who the 
students experiences during the university. To each statement is possible agree completely, disagree 
completely or stay on the middle, and for each option is attributed different points.   
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   With the statements one research tool was build, mixing the different constructs, enabling to the first 
application to validate the scale (pre-test). At first it was applied to some production engineering students 
of Federal University of Goiás (UFG) in Brazil (BR)  studying in different years on the college (32 
students answered the scale between 22/4/2013 and 30/04/2013) and it was applied to some students of 
“Entrepreneurship” module referent to “Business Development and Innovation” master course of 
Department of Marketing, Entrepreneurship and Strategy of University of Ulster in Northern Ireland (NI) 
(11 students answered the scale between 11/4/2013 and 19/04/2013). 
   After the first application (pre-test) the scale passed for some modifications based in two points: the 
opinion of the students who answered this test phase, and in the results found. In other words, the 
research instrument was applied in a non-probabilistic sample of Brazilian and a Northern Irish student in 
order to get possible improves. Then we did such improves and obtained de the final version of the scale 
with 47 statements with the follow constructs: initiative, need for achievement, propensity to 
risk/assuming risks/, take advantage of opportunities, self-assurance, leadership, planning, proactivity, 
persistence, searching information, creativity, self-efficacy and passion. A part of the scale is shown on 
the Figure 1, and the full scale can be accessed following the electronic address goo.gl/ot8bEh. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
Part of the scale to evaluate the entrepreneurial 
profile of engineering students. 
 
 
 
3.2 Preliminary Results 
 
The final version of the scale was applied to 300 students divided between the universities and 
engineering courses.  
   In Brazil the scale was applied to 200 students from Federal University of Goiás (UFG) divided in three 
courses: Civil Engineering, Mine Engineering and Production Engineering.  
   In Northern Ireland it was applied to 100 students from University of Ulster divided in follow courses: 
Engineering Management, Electronic Engineering, Mechanical Engineering, Mechatronic Engineering 
and Biomedical Engineering. 
   To show and discuss the preliminary results it was structured the Table 1, in the sequence: 
 
 
Table 1 
Preliminary results referent to entrepreneurship constructs – Brazil (UFG)  
and Northern Ireland (Ulster) lease use the “Table Title” style for figure legends. 
 

 BR´s mean NI´s mean BR´s standard 
deviation 

NI´s standard 
deviation 

BR´s variation 
coefficient (%) 

NI´s variation 
coefficient (%) 

Initiative 1,78 1,74 0,23 0,05 13,00 2,88 
Need for 

achievement 1,69 1,67 0,135 0,1 7,99 5,99 

Propensity to 
risk/assuming risks/ 1,47 1,58 0,045 0,05 3,06 3,17 
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Take advantage of 
opportunities 1,42 1,60 0,14 0,07 9,86 4,38 

Self-assurance 1,65 1,62 0,06 0,28 3,58 17,33 

Leadership 1,56 1,65 0,25 0,12 16,02 7,29 

Planning 1,54 1,69 0,15 0,06 9,74 3,55 

Proactivity 1,58 1,54 0,25 0,11 15,82 7,15 

Persistence 1,42 1,54 0,06 0,15 4,23 9,75 
Searching 

information 1,64 1,60 0,22 0,07 13,41 4,38 

Creativity 1,92 1,71 0,12 0,04 6,25 2,34 

Self-efficacy 1,52 1,55 0,13 0,09 8,55 5,82 

Passion 1,98 1,75 0,19 0,09 9,60 5,13 
Variation 

coefficient (%) 
mean     9,29 6,09 

 
 
 
   According to Table 1 we can observe values referent each entrepreneurship construct in Brazilian and 
Northern Irish contexts. As referred in the Methodological Procedures, to lower values in each construct, 
we have higher levels of entrepreneurial behaviour, and so on. In this sense it is possible compare the 
values referent each reality.  
   So, we can verify that there are some values referents each entrepreneurship construct which show that 
Brazilian students (UFG) have entrepreneurial behaviour higher than Northern Irish students (Ulster). For 
instance, to follow constructs it is possible observe this situation: propensity to risk/assuming risks, take 
advantage of opportunities, leadership, planning and persistence. 
   On the other hand, there are some values referents each entrepreneurship construct which show that 
Ulster students have entrepreneurial behaviour higher than UFG students. To follow constructs it is 
possible to see this circumstance: initiative, creativity, searching information and proactivity. 
   Furthermore, it is possible note similar values between Brazilian and Northern Irish contexts especially 
referent to need for achievement and self-assurance constructs. 
   However if we observe the values referent the difference between Brazilian and Northern Irish 
entrepreneurship constructs it is possible to say that Brazilian students show an entrepreneurial profile a 
little bit superior than Northern Irish students. 
   The Table 1 also shows that values referents to variation coefficient (VC) are relatively low. In relation 
to the VC, it is important to emphasize that this information is a statistic unit that corresponds to the 
standard deviation in average’s percentage, being the statistic parameter mostly used by researches in 
relation to the accuracy quality of experiments (AMARAL; MUNIZ; SOUZA, 2007). Conform Pimentel 
Gomes (2000), in the field experiments, if the coefficient of variation is less than ten percent, the same is 
low, between ten and twenty percent is median, between twenty and thirty is high and above thirty is 
considered too much high. 
   Shimakura (2011) underlines that if we have low levels of VC this means that is more homogeneous 
data set. The VC is low when it is lower or equal twenty-five percent. However, this standard can be 
different according to application. It is hard to classify a variation coefficient as low, median or high, 
according to Shimakura (2011), but this can be good when you compare two variables or two groups 
which are impossible to establish comparisons. 
   Then, considering this references and the Brazilian reality, we can observe that only the constructs 
“Initiative”, “Leadership”, “Proactivity” and “Searching in-formation” have values referent to variation 
coefficient above 10%, but lower than 20%. This mean that these values can be considered moderated. 
However the values referent the other constructs can be considered low, because their variation 
coefficient values are lower than 10%. 
   In relation to Northern Irish reality all values referent to variation coefficient are lower than 10%, 
except the value relative to “Self-assurance” (17.33%). So, the other values can be considered low. Then, 
according to these values referent both realities, the behaviour’s students are relatively homogeneous. In 
other words, these values show low levels of variability. 
   We can analyse the mean considering all values referent to variation coefficients conform each reality. 
So we can compare these values between Brazilian and Northern Irish realities. In this sense we can 
observe that Northern Irish reality shows a value lower than Brazilian reality. It means that the Northern 
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Irish behaviours’ students are less variable (less variability) than Brazilian behaviours’ students, 
considering these preliminary data. 
   Finally referent to the scale reliability analysis were calculated the Cronbach’s Alpha coefficient. The 
value found was equal to 0,851. It means that the reliability of the scale is acceptable. According to 
Malhotra (2001) the value to be considered for this parameter is 0.60, for values lowers than it the 
reliability is considered weak. 
 
 
4 Conclusions 
 
The objectives of this paper is describe the creation process of an entrepreneurship scale in engineering 
academic contexts and analyse the preliminary results obtained by the scale application in two 
universities, one from Brazil and another from Northern Ireland, and compare entrepreneurial profile 
were achieved.  
   So, to achieve the scale (research instrument) proposed for this paper it was necessary follow some 
steps as development a first version, form literatures knowledge, apply a pre-test and to do some 
alterations. Then we did such improves and obtained de the final version of the scale with 47 statements 
and the follow constructs: initiative, need for achievement, propensity to risk/assuming risks/, take 
advantage of opportunities, self-assurance, leadership, planning, proactivity, persistence, searching 
information, creativity, self-efficacy and passion. 
   Then we collected data (survey) using the final version of the scale in students from Brazilian and 
Northern Irish realities. In this sense, can conclude that Brazilian students show an entrepreneurial profile 
a little bit superior than Northern Irish students. 
   Finally, referents to future studies we intend establish correlations between entrepreneurial profile and 
academic performance. In this sense, probably we will use de multiple linear correlation. 
 
 
 
5 References  
Amaral, A. M. do, Muniz, J. A., and Souza, M. de. 2007. Avaliação do coeficiente de variação como medida da 
precisão na experimentação com citros. Available: 
www.webnotes.sct.embrapa.br/pab/pab.nsf/.../$FILE/pAB04796.doc  [Accessed 23 March 2014].  

Blenker, P., Dreisler P., and Kjeldsen J. 2008. A Framework for Developing Entrepreneurship Education in a 
University Context. International Journal of Entrepreneurship and Small Business, 5(1), 45–63. 

Boydston, M., Hopper, L., and Wright, A. 2007. Locus of control and entrepreneurs in a small town. Small Business 
Advancement National Center [Online]. Available: http://www.sbaer.uca.edu/research/asbe.                                
[Acessed 27 March 2014]. 

Kabongo, J. D., and Okpara, J. O. 2010. Entrepreneurship education in sub-Saharan African universities. 
International Journal of Entrepreneurial Behaviour & Research [Online], 16 (4), 296-308. Available: 
http://www.emeraldinsight.com/journals.htm?issn=1355-2554&volume=16&issue=4. [Accessed 25 March 2014]. 

Kaufmann, P., Welsh, D., and Bushmarin, N. V. 1995. Locus of control and entrepreneurship in the Russian 
Republic. Entrepreneurship: Theory and Practice, v .20, n. 1, p. 43-56. 

Kostoglou, V.; Siakas, E. 2012. Investigating higher education graduates entrepreneurship in Greece. Annals of 
Innovation & Entrepreneurship. 

Maciel, C. de O. 2007. Comportamento empreendedor, lócus de controle e desempenho: proposta e teste de um          
modelo de equações estruturais. Anais do XXXI ENANPAD- Encontro da Associação Nacional dos Programas                
de Pós-Graduação em Administração. Brasília/DF, de 17 a 21 de Setembro de 2007. 

MALHOTRA, N. K. 2001. Pesquisa de mercado: uma orientação aplicada. Trad. de Nivaldo Montingelli Jr.                   
e Alfredo Alves de Farias. 3. ed. Porto Alegre: Bookman. 

McClelland, D.C.; Winter, D.C.1961. Motivating: Economic Achievement. New York, Free Press. 

Pimentel Gomes, F. 2000. Curso de Estatística Experimental. 14.ed. Piracicaba, Degaspari, 477p. 

Shimakura, S. 2011, Bioestatística. Available: http://leg.ufpr.br/~shimakur/CE055/ce055.html,                                   
[Accessed 25 March 2014]. 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 851 

Brand Identity Applied Research: 
the case of Brazil’s Educational  
Public Organization (EPO) 
 
Devonish IMS1, Quelhas OLG2, França SLB3, Meiriño MJ4 
 
 
Abstract: Research conducted in order to analyze factors that contribute to the brand identity of Brazil’s 
EPOs individually. Brand identity provides new management paradigm for POs, aimed at updating the 
communication mechanisms and protection of organizational cohesion. The research conducts a case 
study in a Brazilian EPO, being held interviews with the managers of the organization, following a 
structured script. The results indicate the need to adapt concepts of business management for public 
organizations and the lack of evidence of brand management or construction of identity in them. In 
addition, the research showed problems in motivation, identification with the institution and perception of 
self-worth from the public server. 
 
Keywords: brand identity; public management; educational organization. 
 
 

 
 
1 Introduction 
 
Public services have the duty to mediate the relationship between government and citizens, which include 
the main social commitment to EPOs: to promote systematized knowledge exchange. Thus, the society 
claims the assurance that public offices provides accessible, fair and equitable services and has effective 
administration in problem solving and efficient use of public resources (Neves, 2001). In response and in 
order to regain credibility, incentives both to provide transparency, as to modernize public services 
through new practices seek to update organizational values, through the adoption of new management 
tools and processes. What helps to define their identity and the consequent adaptation of their image, both 
external - improving the public interface -, as internal - raising levels of satisfaction and motivation 
among servers. 
 
 
2 Objectives 
 
Identify the relevant factors of branding in EPOs. The research focused mainly to infer the identity of the 
brand - how managers want it to be perceived. 
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3 Methods 
 
The research adopts an exploratory approach to obtain insight into an area where studies are scarce: brand 
identity in EPOs. Based on theory relating branding/public management/the education area, the empirical 
study investigates - through confrontation data and structured interviews - a representative case of EPO - 
one of a network in the same model throughout Brazil - to understand how identity is perceived. 
Considering the objective as in-depth analysis, it was chosen a qualitative treatment. 
 
 
4 Results 
 
There is a clear concern about the bad reputation of public servers, since it was mentioned by all 
interviewed. The need to publicize the institution was most often cited as the means of gain a good image. 
The results also presented unconformity in the discourse of managers, showing no evidence of brand 
management. At last, factors related to servers were ordered last, showing they do not see their 
connection and importance for the brand. 
 
 
5 Conclusion 
 
Despite evident in theory the importance of internal branding, the relation between server/public 
satisfaction is clearly ignored. The survey revealed actions used do not meet the institution needs, as there 
is an urge to recover communication tools. It also showed how EPOs are still conservative in the 
appropriation of business mechanisms, there is no consensus on a brand identity, conscious management 
or even a responsible for it. 
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Preparing Engineers with  
Strong Management and  
Communication Skills 
 
Santi CE1 
 
 
Abstract: The seek for engineers that meet the companies needs for technically qualified professionals 
and well developed interpersonal and communicational competences was the trigger for the development 
of this work. Based on data from alumni of our Computer Engineering program regarding the current 
position and recommendations collected in LinkedIn, one can demonstrate that the new project-based 
pedagogical proposal implemented in 2008 made possible the development of managerial and 
interpersonal relationship competences in the students. The projects are the motivational element for the 
students and are of main importance for achieving these results. 
 
Keywords: new engineer; pedagogical practices; management. 
 
 

 
 
1 Introduction 
 
The set of competences that companies are seeking in the engineers has been significantly changed in the 
last years and the attributes and abilities searched in these professionals are even more focused on “how 
to be” than in the technical “how to do” (NOSE & RABELATTO, 2001). There is a search for 
professionals that can adequately communicate, lead teams, manage conflicts, and additionally to all that, 
find solutions to the technical problems that are presented to them. 
   Preparing engineers that meet these requirements is a very hard task for the 21st century institutions and 
educators that must continuously rethink the professional profile of their alumni (TIBÉRIO & TONINI, 
2013). Brazilian traditional curricula of engineering programs, besides all specifically and strong 
technical courses, present disciplines with goals, such as, “how to be an entrepreneur” or “how to 
adequately express yourself written and orally”. In general, they have no clear context for the students, 
demotivating them and hardly meting these objectives. 
   To develop personal and managerial competencies, one need to put the students in a learning situation 
(PERRENOUD, 2000) bringing to the classroom, problems from the “real work world” and giving 
opportunities to the students to practice the work in teams, to written and orally communicate, to manage 
projects and conflicts. These ingredients help to preparing the engineers that companies need. 
 
 
2 Objectives 
 
This work aims at presenting the results obtained by changing pedagogical practices in a Computer 
Engineer program started in 2008 and point out competences observed in the profile of this program’s 
alumni, especially those regarding the abilities to manage projects and lead teams, as well the capability 
to develop human resources and to prepare reference documents. 
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3 Methods 
 
Data from these alumni were mined in LinkedIn a business-oriented professional network service and 
were considered information about their professional occupation and recommendations from company 
colleagues. Recommendations from classmates and teachers were disregarded to avoid polarization of 
results. 
 
4 Results 
 
From the analysis of the data mined is possible to confirm that alumni from this program are in job 
positions that demand management and leading skills developed during their under graduation. One can 
also find in the recommendations the recurrence of terms like “leadership”, “team”, and “organized”, that 
are close related to the objectives of the methodology used since 2008 to prepare them. 
 
 
5 Conclusion 
 
According to data mined the students are occupying positions that demand strong personal and project 
management skills, communication and team leadership, what can show that we are in the right way to 
form 21th century engineers. The organization of the courses in a project-oriented program is fine tuning 
the alumni from this Engineering program to meet the needs of companies that hire them. 
 
 
 
References  
Nose MM, Rabelatto DAN 2001 O perfil do engenheiro segundo as empresas. IN: Anais do XXIX Congresso 
Brasileiro de Educação em Engenharia, Porto Alegre. 

Perrenoud P. 2000 Dez novas competências para ensinar: convite à viagem. Porto Alegre: Artes Médicas Editora. 

Tibério JR, Tonini AM 2013 Os saberes profissionais do engenheiro gestor. IN: Anais do XLI Congresso Brasileiro 
de Educação em Engenharia, Gramado. 

 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 855 

Development of DL for the 
training of the Business Game 
Bom Burguer's tutors 
 
Marinho MT1, Rodrigues JS2, ZambonKL3 
 
 
Abstract: Previous experience of training teachers of public schools as tutors for the business game Bom 
Burguer showed that entrepreneurship content has limiting factors. As a strategy to overcome this 
limitation, we propose the development of aDistance Learning (DL) Course using the Moodle platform. 
The game creates the conditions for learning with experiences of the process of running a business, 
during which the entrepreneurship content and business management are demanded. The DL course was 
made in a content environment that will support tutors, allowing new forms of interaction between 
students and teachers, as well as introducing new evaluative forms in the process that will provide 
feedback to students and teachers. A preliminary test was performed and after there will be a new test for 
analysis the user’s perception to validate the environment. 
 
Keywords: Entrepreneurship, Business Game, Distance Learning Course. 
 
 

 
 
1 Introduction 
 
This paper is the result of previous research that showed that although the Business Game (BG) Bom 
Burguer (www.bomburguer.net) is an innovation, teachers in the public school system presented 
difficulties in using it due to deficiencies related to entrepreneurship, because this topic is not part of the 
curriculum of undergraduate courses of most ofthem. Thus, we tried to create subsidies for the use of the 
Bom Burguer to support the learning process with DL using the Moodle platform. To achieve this goal, 
the work was structured from the content to be implemented in distance education environment and the 
study and analysis of the Moodle tools. 
 
 
2 Objectives 
 
In this paper, it is proposed to develop a Moodle learning environment to train Bom Burguer’s tutors, 
with the specific objectives: 
 

a) Create the teaching materials with activities in various tools (quiz, crossword, chat, 
forum, briefing, video, reporting, COLLES and ATTLS questionnaire) in Moodle 
environment; 
 
b) Improve the environment with resources byuser’s feedback, using features Juwah  
et al. (2004); 
 
c) The activities must involve the contents of how to use the game, entrepreneurship  
and identity learning, as proposed by Kolb and Kolb (2009). 
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3 Methods 
 
The platform Moodle was used for the development of the course, it is an open source support for 
distance learning, which allows the creation of online courses, disciplines pages, working groups and 
learning communities. Universidade Estadual Paulista (UNESP), through the Núcleo de Ensino à 
Distância (NEaD), is responsible for providing academic Moodle. 
   The course in question is in format of topics aimed to increase the educational flexibility and to achieve 
better balance between individual reflection and the online discussion (ALVES, BARROS and OKADA, 
2009).  
   From a methodological point of view, this research is applied, it involves the development of DL 
course. The evaluation of this environment will be made by means of an activity with volunteer teachers 
from the public school system, analyzing the facilities of its use and the content of the supplied material. 
 
 
4 Results 
 
The course covers the topics learning, entrepreneurship and BG Bom Burguer to achieve the goal of 
training tutors of the game. The first, aims to take the student and/or tutor to reflect on how he/she deals 
with the challenges faced in his/her life in other words, on how he/she deals with his/her own learning. 
With this reflection the intention is to lead the student to think about how his/her posture influences on 
the results he/she gets. The second objective is to generate learning about entrepreneurship, including 
reflection from two points of view, the work world and the creation and business management. The third 
topic, aims to eliminate, as much as possible, the interference of the game on entrepreneurship learning, 
minimizing the effects of the field of technology used (game and its structure). 
 
 
5 Conclusion 
 
The development of a DL course requires the trainer a greater preparedness to take advantage of all the 
features available in Moodle environment, dedication and planning than in developing a presence course.  
   After the construction of the DL course in Moodle, it was possible to notice the enrichment of the 
environment in terms of learning support to the students, helping them in self-assess and learning 
contents useful to perform activities that require mastery of the game and the concepts used in it, learning 
and improving their written and expression, interacting in the Forum and using materials to support 
learning in the web environment.  However, a new experimental test will be performed later with 
computer technicians and teachers for validation and refinement of the environment. 
 
 
 
References 
 
ALVES, L.; BARROS, D.; OKADA, A. Moodle: estratégias pedagógicas e estudos de caso.                                                     
1. ed. Bahia: EDUNEB, 2009. 

KOLB, A.; KOLB, D. A.On becoming a learning: the concept of learning identify. CAEL Forum and News, 2009. 

JUWAH, C et al., Enhancing student learning through effective formative feedback. The Higher Education Academy, 
2004. 
 



XXI International Conference on Industrial Engineering and Operations Management  
9th International Conference on Industrial Engineering and Industrial Management (XIX Congreso de Ingeniería de Organización) 
International IIE Conference 2015 
 
 
 
 

 857 

Creation of a Mentoring 
Program for improving  
the Education of Industrial  
Engineers 
 
Almeida M1, Salgado A2 
 
 
Abstract: This paper aims to present the creation of a mentoring program to be applied in developing 
future junior industrial engineers acting professionally. Its objective is to contribute to a better 
professional performance as engineers. It is a case-study for the RIP region (including the cities of 
Resende, Itatiaia and Porto Real), which is located in an industrial area in Rio de Janeiro State, in Brazil, 
better preparing the new junior engineers for the labor market. As a result, 87% of mentors and mentees 
approved the program as efficient, based on the initial targets. The young engineers are still college 
students and company interns. 
 
Keywords: mentoring program; young engineers education; mentors and mentees. 
 
 

 
 
1 Introduction 
 
The idea of the program started based on the feedback of supervisors of internship programs and interns 
of industrial engineering. These are still students at the University of State of Rio de Janeiro. Industrial 
Engineering is commonly called Production Engineering in Brazil. 
   In Brazil, it is common that the student in the 2 last years of studies at university has the possibility to 
practice the role as intern. The obligation of practice to get his undergraduate degree is 60 working hours, 
but usually they extend this period from 6 months to 2 years of practice, what is called internship. 
   Aiming to support these internships, the university offers in its minimum curriculum the subject of 
supervising internship classes. They are offered for 2 semesters (consecutives or not) and are named 
Supervising internship Classes I and II. First of all, these classes aim to check if the companies are 
providing learning environment for the student as engineers, and no other kind of activities that would 
help the company, but not provide engineering knowledge. Secondly, they support the student with other 
subjects related to the internship. The aim of the period of internship is to train the students as engineers. 
Despite some problems that are found, they have what is expected. A proof of it is that most of the 
students, in the last 20 years, were hired as junior engineers by these industries of the RIP region just after 
concluding their undergraduate studies. 
   Some difficulties while practicing the internship period were detected by feedback from supervisors to 
interns during the supervising internship classes. The main difficulties faced by the young engineers were 
not only technical issues, but also behaviors at the beginning of their professional careers. This condition 
is comprehensible as the focus of the Industrial Engineering Undergraduate Course at UERJ is to provide 
knowledge and skill to future engineers, but little attention is done regarding the attitude of students while 
industrial engineers practitioners. 
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2 Objectives of the case-study 
 
This case-study aims to present the creation of a mentoring program to be applied in order to develop 
future junior industrial engineers acting professionally, whose objective is to contribute in better 
professional performance as engineers. 
   Regarding the objectives, the program aims to: 
 

•!Develop the industrial engineer intern, improving his chances to enter the labor 
market. 

 
•!Support the intern to get better performance results on his job at industry. 

 
•!Make mandatory feedback to be done from a full or senior engineer to an intern while 

his training at industry and also that he can learn how to handle it since the beginning 
of his professsional career. Feedback is one the key “tool” of management for 
developing people. 

 
•!Make the difference for the industrial engineering undergraduate course at UERJ and 

for other universities in this region that may be interested in the program.  
 
   The perimeter of this case-study is focused on the industries and on the industrial engineering 
undergraduate courses of the RIP region (cities of Resende, Itatiaia and Porto Real, which are located in 
Rio de Janeiro state, Brazil). 
 
 
3 Mentoring: definition in some words 
 
Based on CAPES3 data-base, more than 5.000 publications support mentoring definition, studies and 
practices, in which more than 4.000 were published in the last 10 years and 96% in English language. 
   During the research for mentoring definition, no other publication, article or practice was found about 
application of mentoring for industrial engineers undergraduate student education. Publications were 
found for: 
 

•!Guiding the career of young professionals who have already concluded  
undergraduate course. 
 

•!Areas such as Medicine, Nursing, Professor and Teachers training and Athletes 
in early career years. 
 

•!Mentoring from senior students to peer ones at early university years. 
 
One of the definitions for mentoring it is a trial for transferring experience and expertise from more 
experienced professional (mentor) to a less one (mentee) inside an organization. It works as a kind of 
“shortcut” where the mentor supervises the activities and performance of a younger colleague who should 
learn quickly (STEWART, 2003). 
   Some good mentoring programs have some good practices in common. One of them is the commitment, 
confidentiality and transparency from both sides. Another good practice is that the program involves an 
action plan and results evaluation. 
   Mentoring can provide benefits not only for mentees, but also for mentors. Some of the advantages for 
mentees are the support for professional development as engineers (better technical and behavior 
performances), the opportunity to show skills and potential for future advanced activities and 
improvement of self-confidence. On the other hand, mentors can develop their leadership in developing 
people and feedback practice. Stewart (2003) stills complements that the role of mentoring is to allow the 
mentor to review, make a reflexion and even modify future actions as a result of the program. 
 

                                 
3 CAPES - Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Coordination for Undergraduate Education 
Improvement), Brazil 
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4 Methods 
 
The PDCA (Plan – Do – Check – Act) is the base method used to create the program. It was developed 
through 4 semesters, integrated in the supervising internship classes I and II. Every semester the PDCA 
was applied in order to improve the program for the following one, as shown on Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1  
PDCA method applied in 4 semesters  
for the mentoring program improvement 
 
 
 
4.1 1st PDCA Cycle: Focus on Feedback 
 
During this 1st semester, the students at supervising internship classes I and II had: 
 

•!Plan: creation of a feedback exercise / practice between supervisor – intern. 
 

•!Do: discussions among professors and students about general competencies and 
behaviors at work. 

  
•!Do: questionnaire application to get feedback from supervisor to intern, focusing  

               on points to be improved. 
 

•!Do: individual meetings with professors to provide orientation regarding these points. 
 

•!Check: discussion among professors about the practice / exercise and the need of 
support to improve these “weak” points detected on feedback from supervisors. 

 
•!Act: research about methods of mentoring program inside the academy and good 

              practices in companies. This step was repeated in all the cycles. 
 

•!Act: proposal of a first version for the mentoring program applied for interns at 
industries. 

 
 
4.2 2nd PDCA Cycle: Focus on Mentoring 1st Version 
 
During this 2nd semester, a 1st trial of mentoring was implemented, followed by PDCA cycle. The main 
activities were: 
 

•!Plan: creation of a first version of mentoring program applied for interns at industries. 
 
•!Do: orientation and guidance for mentors, mentees and company human  
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Mentor$777>$Mentee
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Plan.$Definition$of$mentoring
program

Do. Application$mentoring$
program$by$mentors$and$mentees
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               resources departments. 
•!Do: application of a self-evaluation of general competencies for the mentees about  

points to be improved. 
 

•!Do: practice of mentoring between mentors and mentees in 4 meetings along 4 
months (2-hour-meeting per month). During these meetings, mentor and mentee 
needed to define 2 points of improvement for the mentee and discuss how to make it 
better. Being the main content of these meetings the improvement of these 2 chosen 
points. The mentor needs to be an engineer with at least 4 years of experience and 
chosen by the mentee. 

 
•!Do: follow up the mentoring program development during the semester in the specific 

subject supervising internship classes I and II at university by the professors. 
 

•!Do: creation of an optional activity for students who were not under internship 
programs due to the fact that just 60 hours are mandatory. 

 
•!Check: application of 2 different questionnaires –mentor and mentee - in order to get 

              feedbacks from the program and “feed” PDCA cycle. 
 

•!Act: proposal of modifications for the mentoring program next cycle. 
 
 
4.3 3rd PDCA Cycle: Focus on Mentoring 2nd Version 
 
During this 3rd semester, a 2nd trial of mentoring was implemented to continuously improve the PDCA 
cycle. The main additional activities from the previous version were: 
 

•!Plan: creation of the 1st standard version for the mentoring program to be applied for 
 industrial engineers students / interns, based on the feedback received from previous 
 cycle mentors and mentees. 

  
•!Do: practice of mentoring between mentors and mentees in 3 meetings during 3 

months 
 (2-hour-meeting per month). These 3 meetings were defined based on the time of the 
 supervising internship classes I and II at university in each semester. This schedule is 
 being repeated from that day on. 
 

•!Do: follow up of the mentoring program development during the semester inside the 
 subject of supervising internship classes at university by the professors. 
 

•!Do: creation of a formal presentation of the activities developed by the mentees for 
the professors at the end of the semester to check the practice of mentoring. 

 
•!Check: application of 2 different questionnaires from the mentors and the mentees to 

get feedback about the program and “feed” PDCA cycle. 
 

•!Check: application of a questionnaire about the relevant competencies and skills of 
industrial engineering considered by ABEPRO4. The research output was a list of the 
most relevant ones for the RIP region industries from the mentor’s point of view. 

 
•!Act: proposal of modifications for the mentoring program. 

 
   Souza (2014) discusses in her dissertation about the competencies more relevant by students and 
professors points of view, based on ABEPRO list, which was an input for this case-study. 
 

                                 
4 ABEPRO – Associação Brasileira de Engenharia de Produção (or Production Engineering Brazilian Association), Brazil. 
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4.4 4th PDCA Cycle: Focus on Mentoring 3rd Version 
 
During this 4th semester, a 3rd version of mentoring was implemented in order to continuously improve 
the program. The main additional activities from the previous version were: 
 

•!Plan: creation of the 2nd standard version for the program to be applied for industrial 
engineers students / interns, based on the feedback received from mentors and 
mentees on the previous cycle. In this standard, the following steps needed to be 
practiced: 

  
– Identification of 2 points of improvement for the mentee based on the list of the 
most relevant competencies and skills for industrial engineers of the RIP region 
industries under this case-study. 
 
– Definition of a short project in which the mentee would have the opportunity to 
 practice these 2 points of improvement. 
 
– Definition by the mentor how to check the results of the program at the end of 
the semester. It means which 2 targets should be reached by the mentee in order to 
prove the program’s results. 
 
– Evaluation of these 2 targets and the results by the mentor at the 3rd mentoring 
 meeting. 
 
– Presentation of the short project at the end of the semester at university at the 
subject supervising internship classes I and II for professors. 

 
 

•!Plan: creation the 2-semesters-scenario for mentoring program. As the students have 2 
semesters for the subjects (I and II), the possibility (not mandatory) of practicing the 
program with the same mentor and points of improvement. 

 
•!Plan: creation of the standard documentation to guide mentors and mentees to 

guarantee standardization for positive results on the program. 
 

•!Check: in the last feedback questionnaire, qualitative performance evaluation was 
included to check the program results. 

 
•!Act: make the last changes on the standard mentoring program applied for interns at 

industries. 
 
   It is important to emphasize that the professors, in this program, have no interference which mentee 
performance aspects should be improved. They should be defined and followed by mentor and mentee. 
The professor supports the method in the program. 
   The commitment between mentor and mentee is the mindset for the mentoring program success. 
 
 
5 Results 
By a questionnaire formalized applied to mentors and mentees, the program is validated with 87% of 
efficiency compared to the initial targets defined by mentors and mentees at the beginning of the 
program. 
  It is important to make it clear that the efficiency is measured in a qualitative way, not a quantitative 
one. 
  Next steps are under development regarding the program to guarantee its academical validity and 
efficiency. 
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6 Conclusion 
 
The feedbacks from mentors, mentees and professors consider that the program is valid for improving 
education of industrial engineers students as future professionals.  
   This program is supported by the Director of the University of the State of Rio de Janeiro (UERJ) and 
its professors and students committee. The subject of supervising internship classes I and II allows the 
development of this case-study due to the value that the mentoring program is expected to add to the 
Industrial Engineering Undergraduate Course at UERJ and its students as future engineers. 
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