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Abstract: Determination the annual quantities of pollutant emissions in road transport emitted into the atmosphere, with the timely 

delivery of reliable information to all interested parties, conditions are created for raising the level of public awareness of environmental 

protection. Determining the amount of pollutants emitted facilitates monitoring of trends in order to lower the level of risk from their 

negative effect. This paper presents the results of calculating the amount of emitted pollutant emissions from road motor vehicles and 

determining emissions of pollutants on state roads I and II in the Republic of Serbia for the period 2013 to 2015 using the current version of 

COPERT 5 software. On the basis of the calculated emission of pollutants by shares and the belonging of the sections to the corresponding 

squares, the spatial distribution according to the squares of the European Monitoring and Evaluation Program (EMEP) network is shown. 
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1. Introduction 

Determining emissions of pollutants in road transport is very 

complex and requires the modeling of input parameters. In addition 

to the pollution forecast, models and their results are used to make 

decisions when creating strategies in order to reduce the negative 

impact on the environment. With the help of the model, the effects 

of the applied measures are evaluated. In order to apply the concept 

of sustainable development to the road transport sector, it is 

necessary to know the participation of road transport in air 

pollution, which is provided by models for estimating emissions 

from road transport. By determining the annual quantities of 

pollutants from road transport in the atmosphere, with the timely 

delivery of reliable information to all interested parties, conditions 

for raising the level of public awareness of environmental 

protection are created. Determining the amount of pollutants 

emitted also facilitates the monitoring of trends in order to lower the 

level of risk from their negative effect. All variables that affect the 

amount of pollutant emissions in road transport is necessary to 

accurately determine or evaluate in order to enable analysis of the 

effects of stimulating and restrictive measures (cost-benefit 

analysis, intangible effects, etc.) in order to achieve sustainability of 

road transport. The assessment method presented in this paper 

provides a good basis for assessing the feasibility of fiscal measures 

to reduce emissions from road transport, or to increase its 

sustainability, as well as to estimate pollutant emission generated by 

vehicles on state roads I and II category. The subject of this paper is 

to calculate the emissions of pollutants from road vehicles and to 

determine emissions of pollutants on state roads I and II category 

using the current version of COPERT 5 software for the period 

from 2013 to 2015. The subject of research is also determining the 

influence of the dominant exploitation conditions on the emission of 

pollutants. On the basis of the estimated distance traveled, the 

prevailing conditions of exploitation and the level of pollutant 

emission standards of vehicles, it is determined the technical 

condition of vehicles and the final value of vehicle emissions on 

roads. For all sections of state roads I and II category based on data 

from automatic counters or weighted data on average annual daily 

traffic (AADT), structure of vehicle fleet, section length and 

average speed on a section (measured or expertly assessed), the 

emissions of a set of pollutants for individual sections by category 

of vehicle are calculated. Based on the calculated emissions of 

pollutants per road section and the affiliation of the section with the 

corresponding squares, the spatial distribution is made according to 

the squares of the European Monitoring and Evaluation Programme 

(EMEP) network. 

2. Model for assessment of pollutants emissions 

In order to quantify the emission of gaseous pollutants derived 

from road transport in this paper, the results obtained using the 

COPERT 5 software tool (April, 2017) are presented. COPERT 

(COmputer Program to calculate Emissions from Road Transport) is 

one of the European tools for calculating emissions according to the 

Convention on Long-Range Transboundary Air Pollution 

(CLRTAP), in accordance with the requirements set by the 

Cooperation Program for monitoring and evaluation of the EMEP 

and the European Environment Agency (EEA), which financed the 

development of COPERT within the activities of the European 

Topic Center for Environmental Protection air and climate change 

[1, 2]. 

In order to carry out the assessment of emissions from road  

transport by using the COPERT 5 software tool, it is necessary to 

collect extensive input data. Prior to any evaluation or use of the 

software, it was necessary to collect data on: 

 weather (climatic) conditions during the year, 

 specific characteristics of all types of fuel in sales, 

 total (annual) consumption of all types of fuel, 

 a vehicle fleet classified according to the required 

categories, subcategories and vehicle emission 

technologies (number of vehicles) 

 the average distance traveled for each category of vehicle 

(based on a special survey), 

 average speeds of vehicles by categories of vehicles and 

roads, 

 participation of the mileage by categories of vehicles and 

roads (urban, rural and highway) in percentages. 

Input data for the Republic of Serbia, which were available in 

official records or statistics of state institutions and bodies, were 

collected from the Statistical Office of the Republic of Serbia (data 

on sold / spent fuel in traffic and transport, data on border traffic of 

passenger and freight vehicles, etc. .) and the Republic 

Hydrometeorological Institute of Serbia (data on dominant weather 

- hydrometeorological conditions). After analyzing the data, the 

method of their correction, ie bringing in the form required by the 

COPERT 5 model, has been determined. 

Determination of the structure of the vehicle fleet on the first 

and second road categories was done by adopting the relevant 

national vehicle fleet structure, and according to the average annual 

daily traffic (AADT) by category of vehicle. 
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The only relevant source of data on hydrometeorological 

(weather) conditions in the Republic of Serbia is the Meteorological 

Yearbook issued by the Republic Hydrometeorological Service of 

Serbia (RHSS). RHSS disposes of so-called "Climatological" data 

from 1949 to 2015 with the exception of the period from 1980 to  

1989. These reports contain data on average monthly minimum and 

maximum temperatures, average monthly air pressure and relative 

humidity. 

Climatological data required for the calculation are: 

 mean maximum monthly temperature (°C), 

 mean minimum monthly temperature (°C), 

 air pressure (kPa) and 

 relative humidity (%). 

These input data are necessary to obtain the average monthly 

conditions in which vehicles are used. They are used to assess the 

impact of a cold start on vehicle emissions, as well as air 

conditioners, both for the purpose of cooling during the summer 

(warmer months), as well as heating during winter, as well as 

reducing air humidity (over the whole year). 

Consumption or amount of spent fuel is one of the indicators of 

transport activities. It is used as a control indicator for determining 

and possibly correcting the average annual traveled route of certain 

vehicle categories. Average fuel consumption is a measure of the 

efficiency of fuel utilization as the ratio between the distance 

traveled and the amount of fuel consumed. Given that spent fuel is 

an important factor in air pollution, a large number of countries 

have introduced strict fuel consumption related restrictions. 

The COPERT 5 software tool calculates energy consumption 

rather than the fuel consumption to facilitate the calculation of 

energy consumption for new types of vehicles (hybrid vehicles - 

plug-in vehicles with gasoline and hybrid vehicles powered by 

diesel; electric vehicles drive - batteries and electricity, fuel cells 

(N2) and electric drive). 

Access to the COPERT 5 model implies that the following 

information are entered for the vehicle: vehicle type, vehicle speed 

(km / h), primary fuel consumption (TJ), primary fuel content (MJ / 

kg), fuel mixture used, in a mixture of fuel (%). The COPERT 5 

model compares the statistical and calculated energy consumption, 

modifies the input data (for example, the traveled vehicle distance) 

and repeats the procedure for calculating the amount of emitted 

pollutants. 

The source of data for determining size of the national vehicle 

fleet is data on all national vehicles (excluding fleet of military and 

police) located in the base, ie, records of registered vehicles. In 

order to be able to use the data from registered vehicle records for 

the calculation according to the COPERT 5 model, it is necessary to 

adapt the existing vehicle classification to the categorization of the 

vehicle defined in this model. 

Sources that have been processed for the purpose of collecting 

data on vehicle activities in the survey are as follows: 

a) passenger car user survey conducted in 2017; 

b) egular survey conducted in 2013 and 2016 in transport 

companies for the transport of passengers (urban and 

intercity buses) and for the transport of goods (delivery 

and cargo vehicles); 

c) average annual daily traffic on the roads of the first and 

second category of the Republic of Serbia in the period 

2013-2015. 

All of the aforementioned and available data were used in terms 

of obtaining the most reliable estimation, in the first place, the 

number of vehicles on the road network of the Republic of Serbia, 

and then the realized route of those vehicles. Values of certain input 

data, for which there is no record, or not obtained through research, 

were adopted according to the project recommendations [1]. 

According to this project the value of the average length of travel 

should be in the range of 8 to 15 km, but in the absence of data, the 

value is 12.4 km, which represents the average length of travel in 

the EU Member States. 

3. Emission of the national vehicle fleet 

The total emissions of pollutants of the national vehicle fleet are 

shown in Fig. 1and Fig. 2. Passenger vehicles mostly affect CO, 

CO2, SO2 and Pb emissions, while commercial vehicles have the 

largest share in NOX, PM2.5 and PM10 emissions (Fig. 3 - Fig. 5). 

 

Fig. 1 The total emissions of carbon monoxide (CO), nitrogen oxides (NOx) 

and carbon dioxide (CO2), 2013-2015 year [t] 

 

Fig. 2 The total emission of suspended particles (PM2.5, PM10), sulphur 

dioxide (SO2) and lead (Pb), 2013-2015 year [t] 
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a) CO 

 
b) NOX 

Fig. 3 Cumulative emissions by category of vehicles 2013-2015 year: a) 

carbon - monoxide (CO) [103 t] and b) nitrogen oxides (NOx) [103 t] 

 

 

a) CO2 

 
b) SO2 

Fig.4 Cumulative emissions by category of vehicles 2013-2015 year: a) 

carbon-dioxide (CO2) [106 t] andb) sulfur-dioxide (SO2) [kg] 

 

 

a) PM2.5 

 
b) PM10 

Fig. 5 Cumulative emissions by category of vehicles 2013-2015 year: 

a) particulate matters up to 2,5 m (PM2.5) [t] and b) particulate matters up 

to 10 m (PM10) [t] 

4. Emissions of pollutants on road sections of the I 

and II category of the national roads  

This paper presents the results of the Study on estimation of 

emissions of pollutants in the atmosphere from transport on state 

roads I and II category for the period from 2013 to 2015 [3]. 

The data on the vehicle fleet of the Republic of Serbia and the 

emission factors from the COPERT 5 software tool have been used 

for the calculation of the emissions of exhaust gases. 

For all state roads (over 100 roads) and sections (over 1,000), 

for each year of the observed period, 2013, 2014 and 2015, the 

amount of pollutants emitted is calculated. 

The following data were used for the calculation: 

 average annual daily traffic per vehicle category by road 

section, 

 lenght of road section, 

 average speed of vehicles on road section and  

 emission of pollutants by vehicle category (g/km). 

Based on the available data on the lengths of the road sections 

and the average annual daily traffic, the total millage traveled by 

road categories (in autocilometers) and road sections was 

determined. The average speed of the vehicle on the sections are 

calculated based on the available time travel speeds of the vehicles 

read on the traffic counters. The unit emission of pollutants is 

expressed in grams per autocilometer by category of vehicle 

(passenger car, bus, light duty vehicle, medium freight vehicle, 

heavy duty vehicle, articulated vehicle). In order to determine the 

unit's emissions, the software tool COPERT 5 and the structure of 

the fleet of the Republic of Serbia were used in 2013, 2014 and 

2015.  
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The total emission of pollutants on the road section during the 

year is the product of the unit emission in the calculated 

autokilometer and the total number of autokilometers per vehicle 

category. 

Total emissions of pollutants on state roads I and II category, by 

category of vehicles, in the period from 2013 to 2015 is shown in 

Table 1. 

Table 1: Total emission of pollutants on state roads I and II category in the 

period 2013-2015 
2013 % 2014 % 2015 %

CAR 15,494.05 87.43 13,257.21 86.50 14,932.66 86.16

BUS 303.86 1.71 261.43 1.71 364.89 2.11

LDV 150.74 0.85 124.93 0.82 160.44 0.93

MHV 286.49 1.62 248.09 1.62 296.92 1.71

HDV 251.88 1.42 210.10 1.37 299.76 1.73

AV 1,234.05 6.96 1,224.39 7.99 1,276.54 7.37

Total 17,721.07 100 15,326.15 100 17,331.20 100

CAR 7,992.67 46.19 7,090.09 45.11 8,282.76 45.42

BUS 1,441.15 8.33 1,177.36 7.49 1,646.63 9.03

LDV 167.90 0.97 173.42 1.10 242.82 1.33

MHV 1,143.68 6.61 997.13 6.34 1,204.59 6.61

HDV 1,102.39 6.37 915.20 5.82 1,309.50 7.18

AV 5,454.68 31.53 5,365.39 34.13 5,548.09 30.43

Total 17,302.48 100 15,718.59 100 18,234.38 100

CAR 276.09 48.56 256.49 49.30 310.85 50.71

BUS 40.11 7.05 31.46 6.05 44.15 7.20

LDV 18.65 3.28 18.17 3.49 23.44 3.82

MHV 42.59 7.49 36.10 6.94 43.01 7.02

HDV 33.58 5.91 27.22 5.23 37.98 6.20

AV 157.56 27.71 150.80 28.99 153.56 25.05

Total 568.58 100 520.24 100 612.98 100

CAR 336.66 50.94 310.98 51.40 342.11 52.22

BUS 44.31 6.70 35.13 5.81 40.17 6.13

LDV 20.38 3.08 19.79 3.27 22.48 3.43

MHV 47.59 7.20 40.53 6.70 43.38 6.62

HDV 37.03 5.60 30.18 4.99 33.52 5.12

AV 174.98 26.47 168.39 27.83 173.47 26.48

Total 660.94 100 605.01 100 655.13 100

CAR 1,536,634.20 61.13 1,449,798.53 60.29 1,769,202.49 60.77

BUS 152,594.27 6.07 137,812.73 5.73 194,754.07 6.69

LDV 41,559.61 1.65 40,582.44 1.69 57,112.42 1.96

MHV 99,082.13 3.94 90,113.47 3.75 111,522.66 3.83

HDV 100,869.11 4.01 87,841.10 3.65 131,738.71 4.52

AV 583,000.46 23.19 598,699.95 24.90 647,201.86 22.23

Total 2,513,739.78 100 2,404,848.22 100 2,911,532.21 100

CAR 0.009 56.80 0.009 56.18 0.011 56.65

BUS 0.001 6.67 0.001 6.24 0.001 7.75

LDV 0.000 1.86 0.000 1.87 0.000 2.15

MHV 0.001 4.39 0.001 4.14 0.001 4.19

HDV 0.001 4.47 0.001 4.04 0.001 4.95

AV 0.004 25.82 0.004 27.52 0.005 24.30

Total 0.016 100 0.016 100 0.019 100

CAR 163.22 65.64 144.59 64.47 175.58 64.18

BUS 12.97 5.22 11.21 5.00 15.85 5.79

LDV 4.61 1.86 4.27 1.90 6.04 2.21

MHV 16.05 6.45 14.14 6.30 17.50 6.40

HDV 10.75 4.32 9.16 4.09 13.98 5.11

AV 41.05 16.51 40.89 18.23 44.63 16.31

Total 248.65 100 224.27 100 273.57 100

CO (t)

NOX (t)

SO2 (t)

PM2.5

(t)

PM10

(t)

CO2 (t)

Pb (kg)

 

5. Spatial distribution by squares of the EMEP 

network  

On the basis of the calculated emission of pollutants by road 

sections and the belonging of the sections to the corresponding 

squares, the spatial distribution according to the squares of the 

Program of European Monitoring and Evaluation (EMEP) is made. 

The emission level of the three selected pollutants according to 

the EMEP network squares in 2015 are shown in the following 

figures (Fig. 6 - Fig. 8). The highest emission of pollutants is in the 

squares where the length of the road network is large and the high 

value of the PGDS (squares 12.2, 12.1, 12.7, 12.8, etc.) 

 

Fig. 6 Emission of CO per network squares, year 2015 

 

 

 

Fig. 7 Emission of NOx per network square, 2015 year 
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Fig. 8 Emission of CO2 per network square, 2015 year 

6. Conclusion  

In order to calculate the amount of pollutants emitted in this 

study, the model and software tool of the European Environment 

Agency - COPERT 5 was used.  

For the purpose of the calculation of emissions, systematized 

data on the fleet, mileage of the vehicle, climatological data and 

other elements necessary for the calculation were collected. For the 

observed period, the structure of the vehicle fleet was presented and 

the average annual mileage by category of vehicles was presented. 

Finally, as a result of using the COPERT 5 model, the quantities of 

emitted pollutants from road transport at the national level for the 

period from 2013 to 2015, as well as the quantities of emitted 

pollutants on the first and second roads in 2013, 2014 and 2015, as 

shown in the EMEP squares. 

Depending on the quality and precision of the input data, 

depends the level of quality of the results of the calculation. The 

results of the calculation can serve as a basis for modeling different 

scenarios of changing the structure of the vehicle fleet, transport 

policy, ways of using roads and vehicles and the effects of these 

changes on the environment and the impact of these changes on the 

policy of taxation of the possession and use of roads and vehicles, 

both at national and at the local level. 

The basic effect of applying the results of this study should be 

the creation of conditions for reducing the amount of pollutants 

emitted for the realization of a certain amount of transport work in 

order to reduce the adverse impact of vehicles on the environment. 
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