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Περίληψη 
 
Η παρούσα εργασία παρουσιάζει και αναλύει τις διαφορετικές προσεγγίσεις της εκτίμησης των εκπομπών από 
την οδική κυκλοφορία και διερεύνα τις δυνατότητές που οι προσεγγίσεις αυτές έχουν, ώστε να χρησιμοποιηθούν 
για την αξιολόγηση της περιβαλλοντικής αποτελεσματικότητας των ευφυών συστημάτων μεταφορών και των 
μέτρων που αυτά εισάγουν. Για τον σκοπό αυτό χρησιμοποιούνται δύο προσεγγίσεις, μία μακροσκοπική και μία 
μικροσκοπική, στοχεύοντας στην αξιολόγηση της εφαρμογής ενός συνεργατικού συστήματος μεταφορών καθώς 
και ενός μέτρου αλλαγής των πλάνων σηματοδότησής, το οποίο μπορεί να υλοποιηθεί από τα ευφυή συστήματα. 
Τα αποτελέσματα δείχνουν ότι το μακροσκοπικό μοντέλο μπορεί μερικώς να ποσοτικοποιήσει την επίδραση που 
επιφέρει το μέτρο αλλαγής των πλάνων σηματοδότησης στις εκπομπές CO2, ενώ δεν μπορεί να εκτιμήσει ορθά 
την περιβαλλοντική αποτελεσματικότητα του συνεργατικού συστήματος.  
 
Λέξεις κλειδιά: Ευφυή Συστήματα Μεταφορών, Μοντέλα εκπομπών, Περιβαλλοντική αξιολόγηση 

 
 

Abstract 
 
The present paper presents and analyzes different emission estimation approaches that can be used in the 
estimation of traffic-induced emissions and explores the potential of these approaches to be used for assessing 
the environmental effectiveness of Intelligent Transport Systems (ITS) and the measures they introduce. For this 
purpose, two emission estimation approaches are used, a macroscopic and microscopic one, aiming at evaluating 
the effect of a Cooperative ITS (C-ITS), as well as a signal timing adjustment measure. The results show that the 
macroscopic model can partially quantify the effect in traffic-induced CO2 emissions brought about by the signal 
timing adjustment, while it cannot properly assess the environmental effectiveness of the cooperative system. 
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1. Introduction 

Intelligent Transport Systems (ITS) are promoted because they can play an important role in 
the effort for the reduction of energy consumption, CO2 emissions and other various 
pollutants of the transport sector (Giannopoulos et al., 2012). ITS can have a serious 
contribution to the restriction of the energy problem, to the achievement of the goal that has 
been set by the White Paper of transport for a 60% decrease of CO2 transportation emissions 
for the 1990-2050 period and in the improvement of local air quality, since they can be used 
as a tool for the enhancement of transport policies and strategies that have an orientation 
towards sustainability (EU, 2011). The effective deployment of ITS demands the a-priory 
quantification of their expected environmental impacts. Therefore, the adoption of modelling 
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processes, through the combination of traffic with emissions models, consist a generic need in 
the effort for the evaluation of the ITS environmental effect. The fact that various categories 
of ITS influence different parameters, such as the traffic flow’s performance, driving behavior 
and vehicle’s operation, makes necessary the use of various and different computational 
approaches (traffic and emissions), while this selection and combination varies according to 
the thematic framework of the ITS examined (Klunder et al., 2009). 

The present paper discusses, through a literature review, the suitability of emissions models to 
be used for ITS evaluation, as well as it compares and assesses the results of two different 
computational approaches in the evaluation of two specific ITS case-studies, in order to 
identify the suitability of different emission estimation approaches (macro and micro) in the 
evaluation of ITS.  
 
2. ΙΤS Overview 

ITS act both on the individual driving patterns, as well as on the traffic in general, improving 
the efficiency of the transportation system (EC-METI. 2009). ITS according to their reference 
level (micro level in terms of the individual user-vehicle and macro level in terms the traffic) 
can affect the behavior of individual users, the operation of the discrete vehicles within the 
traffic framework, as well as traffic condition and composition. “In-vehicle systems” (Gear 
Shift Indicator, engine Start Stop, Tyre Pressure Monitoring, Intelligent Speed Adaptation, 
Adaptive Cruise Control, etc.) are those that predominantly contribute to changes in driving 
behavior by adopting an eco-driving mode that promotes optimal energy management of the 
vehicle and its parameters and enhances safety (Panis et al., 2006; Kompfner & Reinhardt 
2008). Systems of the category “Information and Navigation" (Variable Message Signs, real-
time route finding and navigation systems, before and after trip information systems) 
contribute both to changing the traffic behavior of drivers and to the broader effort of traffic 
management, promoting eco-driving, contributing to trip planning, bringing positive results in 
the road safety field, supporting the use of public transport, helping to avoid congestion and 
playing an important role in the success of traffic measures (Ericsson et al., 2006).“Traffic 
Management systems” (Adaptive Urban Traffic Control, Access and Demand Management 
systems, Dynamic Speed Limits) target to smooth and efficient traffic flow by synchronizing 
traffic lights, by introducing low emission zones or areas of congestion charging and by 
dynamically adjusting speed limits in motorways (Madireddy et al., 2011). ITS oriented in 
traffic management and travel information provision have greatly been developed and 
implemented in many European cities bringing particularly positive results, while vehicles 
recently have started to be equipped with in-vehicle systems. 

The new challenge for the scientific society is the development of systems, referred to as 
Cooperative ITS (C-ITS), that connect vehicles with the road infrastructure and with other 
vehicles. This connection seems to be of great importance, since it can enhance the 
development of more advanced applications that are based on data of high quality and 
resolution (spatial & temporal), contributing in the successful implementation of transport 
strategies and measures (Toulminet et al., 2008). The bilateral data exchange is essential for 
the development and application of systems that are dedicated to the reduction of fuel 
consumption and emissions. Therefore, operators can manage traffic in a dynamic and 
adaptive way (e.g. improve of UTC) and develop, through the examination of the driving 



 

- 3 - 

patterns, applications for vehicles, which are optimized in terms of fuel consumption and 
emissions reduction (Vreeswijk et al., 2010; Katwijk, R. T. v., 2012).  

3. ITS and Evaluation of their Environmental Impact  

3.1 Evaluation Processes  

The effectiveness of various systems, concerning their impact on fuel consumption and 
emissions is determined by the way these systems influence a number of variables, which 
characterize traffic flow (e.g. average speed), or associated with the individual vehicles’ 
pattern and operation (speed, accelerations, gear shift etc.). Several ITS systems have a 
different reference scale level (macroscopic or microscopic) and affect the abovementioned 
variables. ITS evaluation methods that can provide qualitative indicators regarding the 
impacts of ITS are the modelling processes and the real demonstration activities like Filed 
Operational Tests (FOTs).  

In the simulation process, a traffic model is combined with an emission model (Fontes et al., 
2015). The appropriate combination is essential for the successful simulation of the tested 
ITS. At a microscopic level, the simulation of ITS is performed with the development of 
external modelling test-beds, since the majority of traffic models do not contain by default a 
direct simulation option for ITS, while at the macro level the ITS traffic simulation is 
performed through the development of adjusted cost functions and new traffic assignments 
(Barceló et al., 2005, Toffolo et al., 2014). As a result, exported trajectories describing 
discrete vehicle’s speed profiles or other more aggregated or analytic traffic variables (e.g. 
average speed) are fed into emission models.  

The appropriate modelling demands the complete understanding of the variables that the 
system, or the measure that is introduced by the system, affects. Several emission models 
have been developed and estimate traffic induced estimating emissions using different 
approaches. They can be used in a variety of applications such as the development of national 
emission inventories, the monitoring of traffic pollution, and projections regarding the impact 
of new vehicle technologies, fuel uses and transport demand. In the next sections, the way 
these models are developed and the functions they incorporate are presented briefly, always 
with reference to their ability assessing ITS. 

3.2 Emission models  

Emission models use mainly Emission Factors (EF) and Emission functions to estimate traffic 
and vehicle emissions. Models have different level of detail (macroscale, microscale), take 
different vehicle related-parameters account in order to estimate emissions (vehicle 
technology, fuel type, classes, engine capacity, mileage), requiring various input data (average 
speed, instantaneous speed, gear shift pattern) and activity data (VKM). They calculate 
emissions using different methodological backgrounds (EFs as a relation of average speed, 
EFs as a relation of speed and acceleration, EFs as a relation of engine power), they 
incorporate emission calculations of different nature (discrete EFs, continuous emission 
functions) and they provide various types of emission estimations (cold start-hot exhaust 
emissions, exhaust regulated pollutants, exhaust non-regulated pollutants and gases, non-
exhaust emissions, evaporative emissions).  
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Regarding the evaluation of ITS environmental impact, the suitability of an emission model to 
be used for specific applications is strongly related to the way it estimates the appropriate EFs 
and to the way the EFs it contains have been developed. 

At the macroscopic level, emission models that calculate emissions estimating average speed-
dependent EFs (Ntziachristos & Samaras, 2000), are gathering many advantages and are 
convenient for road transport emission inventorying, since with only one traffic variable as an 
input (average speed) and with the relevant activity data (VKM), they can provide emission 
estimations in a high level of accuracy, at city, regional or national level. Emissions and fuel 
consumption are generally decreased with the increase of average speed. Average speed 
reflects the travel time spent at a route. Increased travel times (hence lower average speeds) 
are mainly caused by congestion. Congestion affects the driving pattern and this is depicted in 
the frequency and the intensity of accelerations and decelerations, the number and the durance 
of stops and the limitation of constant speeds. All these variables are determining the increase 
of fuel consumption and emissions. The main representative of this category is the COPERT 
emission model which methodology also is included in the official EU's air pollutant emission 
inventory guidebook (EMEP/EEA), as well as other models like MOBILE 6. Nevertheless, it 
seems that the average speed approach cannot be used directly for the evaluation of an ITS 
that strongly affect vehicle dynamics (such as ADAS and eco-driving solutions) because of its 
weakness to capture and precisely take account dynamics, considering that different driving 
patterns with intense or not dynamics could present the same average speed (Panis et al., 
2006; Carslaw et al. 2010). On the other hand, as regards systems that may affect the overall 
performance of traffic flow (such as UTC) or systems that have a direct impact on total 
amount of VKM traveled in an area (such as the Demand and Access Management), then the 
increase of the network’s average speed could be used as an indicator of the positive 
environmental impact of the system applied. The importance of the average speed approach in 
the evaluation of measures at the macro level has been identified and therefore speed-
dependent EFs that incorporate the effect of ITS systems can be produced (Samaras et al., 
2012). It is also of great importance the spatial distribution in which the average speed is 
applied, since the application of the average speed at a distance similar to the one of the 
driving cycles used in the development of EFs is able to increase the reliability of the 
approach. Other macro-scale modelling approaches such as the traffic situation models like 
HBEFA (Haan & Keller, 2004) and Artemis (Andre & Rapone, 2009), in which emission 
factors (kg/VKM) are defined for different traffic situations, including the area type (rural, 
urban) the road type (primary city type, motorway etc.) the speed limit and the level of service 
(free flow, heavy, saturated, stop and go). Their emission factors have been developed 
through driving cycles that represent specific traffic situations (Andre et al, 1994). These 
approaches are able to take account traffic dynamics, in a higher level of accuracy compared 
to the average speed approach, but enable the difficulty from the perspective of the user to 
define the appropriate traffic situation qualitatively (EC-METI, 2009). Similarly to the 
average speed approach, systems that influence the overall performance of traffic flow (e.g. 
traffic management measures) could be assessed through the use of these models but the 
predefined traffic conditions may be an obstacle of a correct evaluation, when a transition 
from one level of service to another is required (Klunder et al., 2009; North & Hu, 2012).  

Therefore, since the majority of the ITS affect the individual vehicle, fuel consumption and 
emission’s variance is strongly related with the influence of the ITS on traffic variables such 
as speed, positive acceleration and idling time. The identification of fuel consumption and of 
emissions in the cases where a measure or a system affects the individual vehicle, demands 
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the imprint of the vehicle’s speed profile since positive accelerations have the most important 
impact. The fact that ITS impair the efficiency during traffic modes, initially lead us to the 
effect of these systems on energy consumption and CO2 emissions. Emissions like NOX, PM, 
HC and CO occur and vary in  different operations (idling, hard acceleration, higher speeds) 
(Andre & Rapone, 2009) and the pattern that exhibit strongly related to the transient and 
warm up vehicle’s operation, the kind of the fuel used, the after-treatment technology and the 
level of maintenance. Thus, the environmental assessment of a system that affects the speed 
profile of a vehicle within the traffic framework, should be based on approaches that are able 
to produce EFs for every second (g/s) and correlate them with the instantaneous operation of a 
vehicle.  

This is done directly or indirectly by the following types of models, ensuring greater or lesser 
level of accuracy. Cycle variable models try to correlate bag-driving cycle’s measurements to 
the instantaneous speed and acceleration pattern of vehicles. This is accomplished by an 
analytical kinematic parameters analysis and a complex statistical process. Versit+ (Smit et 
al., 2007) is the major representative of this category. Instantaneous models correlate 
instantaneous emission measurements with the combination of speed and acceleration that 
produced them (Joumard et al., 1994; Cernuschi et al., 1995). The development of emission 
functions is based on regression techniques that are applied over a number of modal emission 
measurements (Rakha et al., 2004; Ligterink & Lange, 2009). These approaches seem to be 
convenient for ITS modeling because they enable driving dynamics and idling phases into 
their calculations. The effect of systems and measures that influence traffic flow at a link level 
(e.g. UTC systems), or of those that affect vehicles’ driving pattern (e.g. ADAS) can be 
simulated sufficiently by these approaches. In addition these approaches can be combined 
with traffic microscopic models ensuring the ease of processing for a huge amount of second 
by second speed data. On the other hand systems that affect parameters of the vehicle’s 
operation like the gear shift pattern (e.g. gear shift indicator), the operation of the engine (e.g. 
engine start-stop) or tires’ operation cannot be simulated with the use of these approaches 
because models are traffic oriented and the operational parameters cannot be modified. These 
systems demand more vehicle-oriented approaches. Moreover the fact that EFs are provided 
in g/km and not in g/s does not allow a detailed comprehension of the modeling results and 
their further analysis. 

Another category of instantaneous models estimate emissions of a vehicle with a more 
accurate way, by translating vehicle’s speed profile in longitudinal dynamics and calculating 
the instantaneous power demand of the engine. This power demand can be binned in classes 
and assigned to emission rates (such as the MOVES model which introduces the variable of 
Vehicle Specific Power) (Koupal et al., 2002) or in combination with the engine speed is 
assigned to instantaneous energy consumption and emission through the use of fuel 
consumption and emission maps like the PHEM model (Zallinger et al., 2008) and the 
Advisor. More analytic approaches divide in components the parameters that influence the 
emissions’ production (e.g. the CMEM and Cruise) Models contained in this category (except 
from MOVES) are taking account the gear shift pattern, which is an important factor 
concerning fuel consumption and emissions estimation.  
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3. Case Study  

The previous analysis showed that different emission approaches, either macroscopic or 
microscopic, can be used for the evaluation of different ITS measures, while the suitability of 
each approach depends on the nature of the measure assessed, as well as the variables and 
parameters of traffic and driving behavior that are affected by the measure.  

The present work tries to identify the suitability of emission estimation approaches, as well as 
their limits, in the environmental evaluation of transportation-oriented measures that can be 
supported by the application of ITS. In order to fulfill this target, two emission-estimation 
approaches are used in the evaluation of two transportation-related measures, while their 
emission estimations’ results are compared and analyzed. The first emission approach used is 
a microscopic instantaneous, in which emissions are calculated through a second-by-second 
analysis of speed profiles. The second is the macroscopic average-speed approach, in which 
the average travel speed is used as an input variable, so as to estimate emissions either for an 
individual driving pattern or for a traffic flow stream.  

Thus, two cases-measures are considered for the evaluation purposes of the present paper: the 
first is related to a simple adjustment in traffic signal timing parameters (a measure that could 
be supported by infrastructure ITS systems) and the second is the Energy Efficient 
Intersection System (EEI), which is an in-vehicle C-ITS able to reduce emissions of 
individual vehicles, as well as traffic flow’s emissions because of vehicle’s interactions. The 
emission’s estimation results of both models for each one of the measures examined are 
compared and analyzed.  

3.1 Description of the two simulated traffic measures the scenarios formed 

The first measure examined is related to a “simple” adjustment in traffic signal timing. 
Adjustments is traffic signal timings are able to improve traffic flow by contributing in the 
reduction of delays and in flow’s homogenization, resulting in a reduction of traffic-induced 
emissions. Therefore,  four different signal timing plans, with adjusted the green split (46%, 
54%, 62,5% and 72%) on a cycle length of 120 sec are applied for an isolated intersection. 
Measures that enable signal timing act on the traffic flow as a whole because they alter the 
operational parameters of road infrastructure. 

The second measure examined is consisted on the application of the EEI, a Cooperative ITS 
system developed within the framework of Compss4D project (Mitsakis et al., 2014). The 
system is able to reduce energy consumption and emissions of a vehicle at a signalized 
intersection through the provision of speed advices to drivers, in order to reduce stop and go 
traffic. The system detects a vehicle that approaches a signalized intersection and taking into 
account the current phase and duration of the signal phase, as well as the current vehicle’s 
position and speed, provides speed information to the driver, which is optimized in terms of 
reducing energy consumption and emissions. The driver, following the speed advice provided, 
is able to pass the intersection without stopping. The efficiency of the system for a discrete 
vehicle is mainly related to the reduction of accelerations (less inertia force), as well as to the 
reduction of stopped time (idling). The logic that has been adopted aims at providing the most 
energy efficient speed advice and this depends on the traffic signal phase. More specifically, 
if the signal is green and the vehicle can pass through the intersection without stopping, then 
an advice for a constant speed is given. If the signal is green, but with the current speed it 
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cannot pass the intersection, then it has to accelerate sharply to a specific speed that is able to 
ensure passing without stopping. If the signal is red then vehicles sharply decelerate and keep 
a constant speed (high as possible), so as to pass when the signal turns green again. The speed 
profiles that are formed for these cases seem to be the most optimum, in energy efficiency 
terms, as it is described in the relevant literature (Barth et al., 2011; Rakha & 
Kamalanathsharma, 2011). The green split for this case is 72% and the cycle length is 120 
sec. 

3.2 Materials and methods 

Both measures (the signal setting adjustment and the C-ITS) have been represented in the 
microscopic traffic simulator Aimsun, at an isolated intersection, in which the length of the 
main path is 1,4km and is consisted by two lanes. The signal is placed at the middle of the 
main path, setting the circulation for the main traffic flow stream and the cross section. Only 
through traffic is examined. The traffic demand was set at 900 vehicles/hour and the 
simulation time at one hour (a warm-up of 15 minutes was also applied). Therefore: 

Concerning the measure that introduces signal-timing adjustments (extension of green time), 
four manual adjustments of green split has been performed at the simulation runs.  

Concerning the C-ITS measure, EEI has been modelled in Aimsun traffic microscopic 
simulator, with the use of an external ITS test-bed. The ITS test-bed intervenes in the logic of 
the traffic model and implies the EEI algorithms, so as the speed advice to be simulated. 

The identification of both measures’ impact on emissions has been assessed with the use of 
two emission estimation approaches.  

The first approach is the instantaneous emission model Enviver (version of Versit+micro) 
(Ligterink & Lange 2009), in which analytic speed profiles for all the simulated vehicles of 
the network are fed and emissions for each one are estimated on the basis of the instantaneous 
speed and acceleration.  

The second is the emission estimation approach that is based on average speed dependent 
emission factors. Using the same microscopic traffic model, the average speed of the path was 
extracted and this average speed was fed into the speed-dependent emission functions of 
EMEP/EEA derived from COPERT (Ntziachristos et al., 2009).  

The integrated modelling process that was adopted, combining a microscopic traffic simulator 
with an instantaneous emission model, is able to capture the system’s effect, since the 
instantaneous emission model takes account driving dynamics through the statistical second 
by second analysis of the driving pattern. Analytic trajectories derived by the microscopic 
model were fed into the instantaneous emission model Moreover, the ability to estimate 
emissions for all vehicles within the simulation timestamp allows to evaluate the network’s 
performance. Therefore, the combination of the microscopic traffic simulator with the 
instantaneous approach is able to provide reliable results and consists the basis for the 
identification of the limits of the average speed emission estimation approach.  

Therefore, when the average speed approach was used, the average speed of the path was also 
calculated by Aimsun for both measures and it was fed, as input variable, in the average-
speed emission functions of COPERT. 
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The fact that the system, with its energy-efficient logic, alternates the normal “behavior” of 
vehicles within the network, makes interesting the examination of the possibility of the 
average speed emission approach to capture the systems’ effect. 

4. Results 

In the first step of the analysis, the ability and the limits of both emission approaches 
(instantaneous vs average speed) to quantify correctly the effect of measures that do not target 
to specific vehicles but affect traffic flow’s performance is investigated, through the 
adjustment of road infrastructure’s functional parameters (i.e. operational parameters of traffic 
signals) 

4.1 Signal timing adjustment scenario 

Regarding the signal timing adjustment measure, four different signal plans are applied at a 
path with a single intersection. Consequently four scenarios are formed, each one 
characterized by a different green split (from 46% to 72%), while the cycle length remains 
constant. Figure 1 (left side) depicts CO2 emissions’ estimations derived by the instantaneous 
approach and shows that as the green split is increased, lower emissions occur, while in 
parallel the road network’s average speed is also increased. This is covenant with the general 
trend that an increase in the average speed leads to a reduction of traffic-induced emissions. 
This is also depicted in Figure 1 (right), where the emission results obtained by the average-
speed emission function (EMEP/EEA), in terms of CO2 reduction (%), are compared to the 
CO2 emissions reduction (%) that have been estimated by the instantaneous model. For both 
model the base case (100% on the y-axis) is the scenario with the 46% green split.   
 

  

Figure 1: CO2 Emission factors (EF), calculated by the instantaneous approach, and average 
speed, for all the signal timing plans (left), comparison of the estimations of the average 
speed approach vs the ones provided by the instantaneous for all the signal adjustment 

scenarios (right) 

As it is shown, an improvement in the performance of the traffic flow, through the 
implementation of a measure that acts on the traffic flow, is able to lead to an increase in the 
road section’s average speed and therefore to a reduction in emissions. This can be estimated 
by both emission estimation approaches (even at a short path level), while it seems that the 
average speed approach underestimates the effect of the measure applied. 
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4.2 C-ITS scenario 
 
The overall picture changes in cases where vehicle-dedicated systems, such as the EEI C-ITS, 
are applied. Therefore, the implementation of the speed advice system alters vehicle’s speed 
profiles in a more eco-efficient way. In order to investigate the latter, a scenario with the 
implementation of EEI system at a single intersection for various penetration levels is 
considered. The traffic signal settings remain the same for all cases. The scenarios are 
compared with a base case, where a normal traffic flow of non-equipped vehicles is 
considered. 

Table 1 presents the results of the scenarios for two penetration levels (100% and 40%), 
regarding the effect on CO2 emissions calculated by the instantaneous approach, as well as the 
effect on the average speed of the traffic network. 

Table 1: Impact of EEI on CO2 emissions and average speed  

 
Penetration Scenario 

% Difference in CO2 

emissions, compared to  
normal flow 

% Difference in flow’s 
average speed, compared 

to normal flow 

100% -3,4 % 0 % 

40% -1,3 % 0 % 

 
In table 1 it is shown that despite the fact that for both penetration scenarios CO2 emissions 
reduction benefits are observed, the path’s average speed remains the same. This is an 
indicator of the weakness of the “conventional” average speed approach, which is based on 
EFs produced by normal driving cycles, to capture the effect that arises from the 
implementation of a system that affects specific characteristics of the driving pattern (e.g. 
intensity of accelerations, decelerations, steady speeds). A further investigation of this is 
performed through the analysis of all the simulated driving patterns. The average speed of 
each vehicle is plotted over the respective emissions for each one estimated by the 
instantaneous model. The output of this process, for both the penetration rate scenarios (100% 
and 40%) is depicted on Figures 2 and 3.  
 
A polynomial trend-line is shaped. This process is being followed extensively for the 
production of conventional macroscopic EFs, as well as for adjusted macroscopic EFs 
oriented to ITS (Ntziachristos & Samaras, 2000; Tofollo et al., 2014). Figure 2 shows the 
emission curves for the scenario where all vehicles are equipped with the system versus the 
normal traffic scenario for the same path, in which none vehicle is equipped. 
 



 

- 10 - 

 
Figure 2. CO2 Emissions and average speed for each simulated vehicle and the respective 

trend-lines (In green there are represented a scenario with all vehicles equipped and in bleu 
the normal traffic flow) 

The graph in Figure 2 shows the spread of CO2 for the same average speed. Moreover, the 
“well-known” trend that emissions generally decrease with the increase in the average speed 
is revealed, as well as the variance of the speed-dependent emission function for the case 
where the system is implemented compared to a case of normal traffic performance. This is 
mainly explained by the fact that for the majority of vehicles, either when the system is 
applied a drop in the average speed leads also in an emissions decrease, or an increase in the 
average speed leads in an emissions decrease. As the penetration level is reduced, then the 
curve of ΕΕΙ EF approaches the one of the normal traffic. Therefore it is observed that the 
average speed curve is shifting down when at a path-level it is applied a system, such as the 
EEI that causes changes in the driving pattern. Here it has to be mentioned that it is presented 
the overall trend and not the mathematical background of the regression for the production of 
the curve, since the data for the curve production have obtained by an isolated intersection 
with a specific speed limit and congestion level. The curve completion could be made with 
additional data representing more congested paths, as well as traffic environments with higher 
average speeds.  

 

Figure 3. CO2 Emissions and average speed for each simulated vehicle and the respective 
trend-lines (In green there are represented a scenario with 40% of vehicles equipped and in 

bleu the normal traffic flow) 

 

Figure 4 shows the comparison of EF curves for two penetration levels (40% and 100%). 
Filling with emission data the gaps in higher and lower average speeds, there could be 
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produced EFs dedicated to the EEI system, aiming at the quantification of the effect at the 
macroscopic level  

 

Figure 4. CO2 Emissions and average speed for each simulated vehicle and the respective 
trend-lines (In green there are represented a scenario with 40% of vehicles equipped and in 

bleu a scenario with 100% equipped vehicles) 

 

5. Conclusions 

Several emission models can be used in the evaluation of traffic measures, which can be 
implemented through the application of ITS. The appropriate combination of traffic with 
emission models for the evaluation of ITS demands the full understanding of the variables 
that are affected by the system. The suitability of an emission model to be used for specific 
applications is strongly related to the way it estimates the appropriate EF and to the way the 
EFs it contains have been developed. For systems that influence macroscopic characteristics 
of traffic flow, more aggregated emission models could be used, but their weakness to capture 
precisely traffic and driving dynamics creates barriers regarding the appropriate 
environmental evaluation of ITS. Thus, the environmental assessment of a system that affects 
the speed profile of a vehicle within the traffic framework should be based on approaches that 
are able to produce EFs for every second (g/s) and correlate them with the instantaneous 
operation of a vehicle. In the framework of the present paper, the macroscopic average speed 
approach was compared with the instantaneous approach so as to be identified the rate of 
which the macroscopic approach can be used for the impact identification of measures that 
affect either the traffic stream or individual driving patterns. The results showed that the 
average speed approach is able to partially quantify measures that result in a more smooth 
flow, as it has been showed in the evaluation of a signal timing adjustment measure, while it 
cannot be used “directly” for measures that affect the driving pattern. A further investigation 
of this showed that the application of a C-ITS which helps vehicles to pass through 
intersections without stopping reduces emissions, but in parallel an average speed reduction is 
observed. Therefore, in order to use a macroscopic emission approach in ITS evaluation and 
the extrapolation of the evaluation possibilities at a macro level, average speed EFs that 
correct the existing ones could be developed.  
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