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1. INTRODUCTION 
In Portugal the main contributor for Greenhouse Gases (GHG) is the transport sector (24%), also 
representing a big share of the energy consumed, around 37% (APA, 2018). By 2014, negative externalities 
associated with the transport sector accounted for 2% of the Portuguese Gross Domestic Product (GDP) 
(Tafidis et al., 2018). A large portion of this externalities occur in intercity corridors, in 2017 65% of the 
kilometers travelled by passengers were made in rural roads, motorways and highways (EMISIA, 2019). 
The European Union (EU) promotes a more efficient usage of the existing infrastructures to reduce the 
externalities of road traffic (EC, 2011), and has been encouraging the EU members to adapt their road 
pricing systems in a more fair and efficient way, mainly by promoting the “polluter pays” principle 
(Transport & Environment, 2017). 
Congestion based road pricing systems, usually applied in urban centers have been studied around 
Europe, those systems usually consist in charging a certain monetary value to enter in a specific zone of 
the city, usually the city center (Morton et al., 2017). While some studies show that these systems lowered 
the total of the externalities associated (Croci, 2016), other state that these systems did not improve the 
air quality in some points (Percoco, 2013). Dynamic road pricing schemes have showed that they have an 
impact in terms of traffic congestion, emissions and overall, the negative externalities associated with 
road transport (Zhong et al., 2012). The localization of the toll may change the total externalities 
associated with a traffic system (Rodriguez-Roman and Ritchie, 2015). The price of the toll can also change 
the traffic flows, thus making the externalities of the transport system increase or decrease (Kutsukake et 
al., 2019, Fontes et al., 2015). Taking this into account, the objective of this short paper is to present the 
daily fluctuation of the total emissions, which is an external cost, by changing the number of tolls and their 
price in an intercity corridor, while checking, using a particular case study, if the highway is a better option 
than the national road in terms of CO2 emissions. This work is part of a Doctoral thesis, which has the main 
objective of developing new tools and methodologies to assess dynamic and innovative ways of pricing 
intercity corridors with the goal of reducing the total externalities of the transport system. 
 
2. METHODOLOGY 
The case study proposed to achieve the objective is the intercity corridor between Aveiro and Albergaria-
a-Velha. Aveiro is a municipality with 78.500 inhabitants and Albergaria-a-Velha has around 25.250 
inhabitants. There are around 9.200 trips per day between these two cities, being 91% made by private 
transportation (TiS, 2014). The main roads that connects both cities are one highway (A25) and one 
national road (N109). The highway has three tolls, which values for a passenger vehicle are 0,65€, 0,50€ 
and 0,50€. The travel time by the national road is around 30 minutes and by the highway is around 21 
minutes (Google Maps, 2019). 
The methodology to achieve the objective proposed can be seen in the next figure. 

 
Figure 1 - Methodology used. 

Firstly, data collection is performed, mainly by consulting national and regional reports (Tis, 2014, IMT, 
2019). The information needed is mostly related to traffic flows. This information will be crucial to perform 
the calibration and validation of the model to do the traffic assignment using the software for macroscopic 



modelling, PTV VISUM (PTV Group, 2019). The emission model used is a macroscopic approach that uses 
the average speed of each link to estimate the CO2 emissions of a typical Portuguese diesel vehicle 
(Macedo et al., 2019). In Figure 2, it is possible to see the baseline scenario, with the three tolls 
represented: “T1”, “T2” and “T3”. 

 
Figure 2 - Graphical representation of the baseline scenario Aveiro - Albergaria-a-Velha. 

Five different scenarios are proposed and compared: 1) Baseline scenario; 2) Withdrawal of T3; 3) 
Withdrawal of T1; 4) Withdrawal of all tolls; and 5) Reduction of all tolls price by half. 

 
3. PRELIMINARY RESULTS / DISCUSSION 
The preliminary results are shown on the next table. 
 

Table 1 - Preliminary results and the relative difference when compared to the baseline scenario. 

Scenario Emissions (ton. CO2) Difference to the baseline scenario (%) 

1 21,7 0 

2 22,7 5 

3 24,1 12 

4 26,3 21 

5 24,4 13 

 
All proposed scenarios consisted in reducing the total toll costs of the trip between Aveiro and Albergaria-
a-Velha, and in all of them, emissions increased. By reducing the total cost of the tolls in the highway, the 
traffic flow is diverted to the highway. In this case, the national road presents less total CO2 emissions 
associated, when compared to the highway. When travelling through the national road, a single vehicle 
emits 2,5 kg CO2 while through the highway this value rises to 3,3 kg CO2. 
 
4. CONCLUSIONS 
The objective of this short paper is to demonstrate, for a particular case study, how the emissions may 
vary depending on the total cost of tolls between an Origin-Destination pair. 
The results show that the emissions may increase 21% in the more extreme scenario, where all the tolls 
are removed. By removing or decreasing the toll costs, the traffic flow is diverted to the highway; this 
translates in higher CO2 emissions. Although the results show that it is better in terms of CO2 emissions to 
travel through the national road, this does not necessarily mean that these options are the optimal choice 



in terms of sustainable road use. This study does not consider other pollutants (such as NOx, PM2,5) and 
the population exposed to them. The national road goes through more densely populated areas and that 
means that more people will be exposed to the pollutants. Also, this study does not take into account the 
noise exposure and road safety nor traffic congestion in peak hours. It is then proposed in the next steps 
to: 

• Externalise the costs in a single indicator that represent emissions, safety and noise (External 
Costs); 

• Internalise the costs in a single indicator that considers the perceived (travel time) and actual 
(energy and tolls) costs by the user (Internal Costs). 

Analysing all these factors, it will be possible to have a close representation and future optimization of 
the network with the objective of reduction of the external costs by optimization of the internal costs. It 
will be also important to analyse hourly peak traffic because of capacity constraints which will change the 
external and internal costs. Public transport will also be considered. 
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