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Abstract: 

The use of motor vehicles varies considerably under distinct traffic conditions: in cities, outside cities as well as on motor-

ways and expressways. The impact of road traffic on the natural environment has been studied for many years, including 
in terms of the nature of the operation of motor vehicles. This problem is particularly important in highly urbanized areas, 

where traffic congestion is the source of increased emissions of harmful compounds contained in exhaust gases. For this 

reason, many cities have traffic restrictions, especially for those cars that do not meet the most stringent emission stand-
ards. Environmental protection is the driving force behind the development of modern combustion engine supply systems, 

which allow for proper control of the combustion of petroleum-derived fuels. The exhaust gas cleaning systems in the form 

of catalytic converters or particulate matter filters are also playing a very important role. Considerable differences in 
internal combustion engine operating states, both static and dynamic, result in important differences in pollutant emissions. 

Likewise, the national annual pollutant emission is affected by the share of distances travelled by vehicles under various 
traffic conditions. At the same time, it is very difficult to estimate exhaust emissions from road transport sources. Very 

interesting method of emission estimation is the application of the data included in the emission inventory which are a 

valuable source of information on exhaust emissions under various operating conditions. In the present study, the annual 
pollutant emissions were analyzed: at a national level (total pollutant emission) and in distinct traffic conditions. There 

were found large differences between individual pollutants’ shares in the emissions from vehicles under the tested traffic 

conditions. This is particularly evident for nitrogen oxides with the highest emission share outside cities, as opposed to 
other substances with the highest emission shares in cities, where traffic congestion is taking place. 
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1. Introduction 

Traffic conditions in cities, outside cities, on high-

ways and expressways differ considerably, which 

results in large differences in the operation states of 

internal combustion engines (Arregle et al., 2006; 

BUWAL, 1995; Chłopek, 1999; Chłopek et al., 

2016). Simultaneously, it is very difficult to estimate 

emission from motor cars, including different traffic 

conditions and different automobiles. A relatively 

low engine load and low rotational speed are char-

acteristic of traffic conditions in cities, and then the 

share of vehicle engine dynamic states is the highest 

(Arregle et al., 2006; BUWAL, 1995; Chłopek, 

1999; Chłopek et al., 2016;). In the case of traffic on 

motorways and expressways, vehicle engine load 

and rotational speed are high and the share of dy-

namic states of engine operation is relatively low 

(Arregle et al., 2006; Chłopek, 1999; BUWAL, 

1995; Chłopek et al., 2016). Conceptual and re-

search works on combustion engines have described 

the extent of the influence of the aforementioned dif-

ferences in engine operation states on pollutant 

emission (Arregle et al., 2006; BUWAL, 1995; 

Chłopek, 1999; Merkisz and Pielecha, 2015; Wang 

et al., 2006). A comprehensive description of this is-

sue would exceed the length of the present paper. In 

short, it can be stated that the operation of the en-

gines with high loads leads to a considerable in-

crease in the emission of nitrogen oxides and, under 

very high load, also carbon monoxide and particu-

late matter emissions (Alkafoury et al., 2013; André 

et al., 2009; Arregle et al., 2006; Bermúdez et al., 

2008; BUWAL, 1995; Chłopek, 2016; Wang et al., 

2006). A large share of dynamic states of internal 

combustion engines, observed when obstacles in ve-

hicle traffic occur, results in an increase in the emis-

sion of carbon monoxide and hydrocarbons (Arregle 

et al., 2006; Bermúdez et al., 2008; BUWAL, 1995; 

Merkisz and Pielecha, 2015; Wang et al., 2006), 

whereas a rapid increase in the steering of the com-

pression-ignition engine leads to a strong increase in 

the emission of particulate matter (Arregle et al., 

2006; Bermúdez et al., 2008; BUWAL, 1995; 

Merkisz and Pielecha, 2015; Wang et al., 2006). 

Methodology applied in the paper is based on the ap-

plication of mathematical apparatus, which is in 

depth described in section Methodology, where the 

mathematical approach to modelling the basic pa-

rameters responsible for emissions modelling is pre-

sented. Moreover, such approach to estimation of 

emissions is not very popular in scientific society, 

but it allows for obtaining crucial data regarding 

emission from emissions inventory data, which 

character is global. However, there are available 

some specialist works on pollutant emissions from 

road vehicles under different traffic conditions, with 

the results obtained in empirical studies as well as 

those focused on emission modelling. In results 

there are shown the results of the analyses regarding 

annual pollutant emissions and total distance trav-

elled, annual energy consumption, shares of the dis-

tance travelled by all vehicles and average specific 

distance emission of carbon monoxide from all ve-

hicles under all traffic conditions. In section Discus-

sion there is among others mentioned the significant 

decrease of the average specific distance emission of 

pollutants from motor vehicles in Poland over the 

period 1990–2017. Section Conclusions summarizes 

the achievements of the work presented by the Au-

thors. 

 
2. Literature review 

One of the crucial publications on modeling the 

emission of pollutants from road vehicles under var-

ious traffic conditions is the BUWAL study (BU-

WAL, 1995). Under the framework of works de-

scribed in (BUWAL, 1995) and used in INFRAS 

AG (INFRAS AG, 2014), a number of test proce-

dures have been developed to characterize vehicle 

traffic under a wide range of conditions: starting 

from congestion, and traffic in cities without or with 

light signals, through different levels of traffic ob-

struction, to test procedures for vehicle traffic out-

side cities and on motorways. In these tests, the spe-

cific distance emission of pollutants was determined 

with the use of the chassis dynamometer for differ-

ent categories of vehicles. The results obtained were 

utilized to develop INFRAS AG software. The test 

results were used in COPERT software as well 

(COPERT 5 – Manual, 2021). 

The study (André et al., 2009) presents the scope of 

work carried out under the framework of the pro-

gram ARTEMIS (ARTEMIS, 2003)– the teamwork 

of more than 40 European research centers, with a 

budget of about 9 million euro. There have been de-

veloped test procedures that characterize the use of 

vehicles of manifold categories under different traf-

fic conditions. The tests procedures developed have 
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been utilized to determine characteristics of automo-

tive pollutant emissions tested with the use of the 

chassis dynamometer. 

There have been established many other research 

programs, the results of which have made it possible 

to simulate vehicle traffic under various conditions, 

such as those carried out by ADAC (ADAC, 2021) 

or EMPA (Empa, 2010). In most cases, the tests pro-

cedures have been developed on the basis of similar-

ities in the time domain (Chłopek, 1999; Chłopek, 

2016). 

The article (Chłopek et al., 2016) describes the con-

cepts of tests designed to examine vehicle perfor-

mance under conditions simulating the real vehicle 

use, as the realization of the stochastic processes of 

vehicle speed. There have been developed the tests 

for the stochastic processes of passenger car driving 

speeds: in traffic jams, in cities – without traffic 

jams, outside cities and on motorways and express-

ways. Empirical tests were carried out on the chassis 

dynamometer, and there were determined statistical 

characteristics of the specific distance emission of 

pollutants under pseudorandom conditions of opera-

tion of the internal combustion engine. 

The paper (Chłopek, 2016) proposes a unique 

method for creating the test procedures based on the 

principle of similarity of characteristics in the fre-

quency domain. The implementation of stochastic 

driving test processes was simulated in the fre-

quency domain of the FTP 75 approval test (Conti-

nental, 2019) corresponding to city traffic condi-

tions. The statistical characteristics of the realiza-

tions of selected tests were examined. 

Many more studies on the emission from road 

transport have been carried out under city traffic 

conditions (Alkafoury et al., 2013; Chłopek, 1999; 

Chłopek et al., 2016; Chłopek, 2016, Chee-

waphongphan et al., 2017; Hu et al., 2018; Luo et 

al., 2017; Pallavidino et al., 2014), as compared to 

those conducted under other conditions (Chłopek, 

1999; Chłopek et al., 2016; Pallavidino et al., 2014). 

This is largely due to incomparably higher harmful-

ness of local pollutant emissions to human health in 

large urban agglomerations in contrast with that un-

der other traffic conditions. 

The study (Pallavidino et al., 2014) compares pollu-

tant emissions from road transport in the Province of 

Turin, calculated with the use of pollutant emissions 

modelling, in addition to the assessment of vehicle 

traffic parameters, as well as relevant data on pollu-

tant emissions from the authorized emission inven-

tory carried out in Piedmont. A relatively poor con-

sistency of the results was obtained: the relative dif-

ference of the results was several dozen percent 

(even – over 70%). 

The study (Alkafoury et al., 2013) presents an anal-

ysis of the models used in estimating pollutant emis-

sion from road transport in urban areas. Different 

models of pollutant emissions were compared with 

each other in terms of their limitations and possibil-

ities of application. 

Luo et al., 2017 shows the results of the analyses on 

energy consumption and pollutant emissions from 

taxis, including their time and space distribution in 

Shanghai, with the use of GPS data analysis of taxi 

traffic and vehicle emission modeling. 

Hu et al., 2018 presents the method for determining 

the momentary specific distance emission of pollu-

tants, based on the projected speed of vehicles (pas-

senger cars, light trucks and buses). COPERT 4 soft-

ware was used in the analyses. 

Cheewaphongphan et al., 2017 presents the results 

of modelling pollutant emissions from vehicles cir-

culating in Bangkok, with the use of the GAINS 

model. In the period 2007–2015, there were studied 

the emissions of: tropospheric ozone precursors 

(carbon monoxide, nitrogen oxides and non-me-

thane volatile organic compounds), greenhouse 

gases (carbon dioxide, methane, nitrous oxide), 

acidic substances (nitrogen dioxide and ammonia) as 

well as particulate matter (PM2.5, PM10), black car-

bon – BC and organic carbon – OC. 

 

3. Methodology 

In dynamic conditions, pollutant emission from in-

ternal combustion engines depends on engine oper-

ation states at the level of operator function. The 

value used as a zero-dimensional characteristic of 

pollutant emission is the specific distance emission 

(g/km). The specific distance emission of a given 

pollutant – b is a derivative of the emission of pollu-

tants from a vehicle – m in relation to the distance 

travelled by this vehicle – s (Chłopek, 1999). 
 

dm
b

ds
=  (1) 

 

Therefore, the operator function of the specific dis-

tance emission and the states of engine operation can 

be expressed (Chłopek, 1999): 
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( ) ( ) ( ) ( ), ,eb t n t M t t=   I T  (2) 
 

where:  

n  –  engine speed, 

Me  –  engine torque as a measure of engine load, 

T  –  engine thermal state described as a set of tem-

peratures of engine components and consum-

ables (coolant and engine oil), 

t  –  time. 
 

The arguments of the operator function (2) (general-

ised function) are presented in square brackets, as 

opposed to the arguments of the function with nu-

merical values – presented in round brackets 

(Bermúdez et al., 2008; BUWAL, 1995). 

Engine thermal state is described by slow-changing 

processes as compared to the processes associated 

with engine operation (Chłopek, 1999). Generally, 

this state can be considered as static – for an engine 

heated to a stabilized operation temperature and as a 

state corresponding to engine warm-up. 

Under the conditions of the use of vehicle internal 

combustion engine, the processes of engine rota-

tional speed and load are for the most part deter-

mined by the travel speed process – v(t) (Chłopek, 

1999). 
 

( ) ( ) ( ),b t v t t=   R T  (3) 
 

When examining separately engine operation during 

warm-up and engine operation once it reached a sta-

bilized operation temperature, for each case the 

function (3) can be articulated (Chłopek, 1999): 
 

( ) ( )b t v t=    (4) 
 

Because of a considerable similarity between the 

zero-dimensional characteristics of the realization of 

each speed process, the mean time "τ" of the specific 

distance emission of pollutants – bAV can be pre-

sented as a dependence on zero-dimensional charac-

teristic of the speed process – the mean value – vAV 

(Chłopek, 1999). 
 

( ) ( )
0

1
AV AVb b t dt f v




= =  (5) 

 

where: 
 

( )
0

1
AVv v t dt




=   (6) 

The average speed is an effective zero-dimensional 

characteristic of the vehicle speed process, describ-

ing traffic conditions (André et al., 2009; BUWAL, 

1995; Chłopek, 1999; Chłopek et al., 2016; 

COPERT 5 – Manual, 2021; European Environment 

Agency, 2019; INFRAS AG, 2014). It is used as an 

independent variable associated with pollutant emis-

sion characteristics, used e.g. in INFRAS AG soft-

ware (INFRAS AG, 2014) and COPERT software 

(COPERT 5 – Manual, 2021), as well as in the 

EEA/EMEP Emission Inventory Guidebook 2019 

(European Environment Agency, 2019). 

The relationship between the average specific dis-

tance emission of pollutants with the average vehicle 

speed may be treated as the function of numerical 

values (Chłopek, 1999). 

In the present study, the average operating speed is 

used to assign the vehicle to specified traffic condi-

tions (André et al., 2009; BUWAL, 1995; Chłopek, 

1999; Chłopek et al., 2016; COPERT 5 – Manual 

2021; European Environment Agency, 2019; IN-

FRAS AG, 2014; Merkisz et al., 2016; Pielecha and 

Gis, 2020; Pielecha and Skobiej, 2020; Rudyk et al., 

2019; Rymaniak et al., 2019): 

− in cities, 

− outside cities, 

− on highways and expressways. 

In the study, there were used the authorized results 

of the inventory of pollutant emissions from road 

transport, developed by the National Centre for 

Emissions Management – Institute of Environmen-

tal Protection – National Research Institute 

(KOBiZE) (KOBiZE, 2017; KOBiZE, 2019). The 

data set used included the annual inventory carried 

out in the years 1990–2017. 

The inventory of pollutant emissions from road 

transport has been carried out in accordance with the 

2006 IPCC Guidelines for National Greenhouse Gas 

Inventories (Eggleston et al., 2006) and the 

EEA/EMEP Emission Inventory Guidebook 2019 

(European Environment Agency, 2019). COPERT5 

software is currently used to determine the national 

annual emission (COPERT 5 – Manual, 2021). 

In the emission inventory, motor vehicles are classi-

fied as objects of the category (André et al., 2009; 

BUWAL, 1995; Chłopek, 1999; COPERT 5 – Man-

ual, 2021; Eggleston et al., 2006; European Environ-

ment Agency, 2019; INFRAS AG, 2014). In philos-

ophy, the concept of category refers to the structure, 
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therefore, the category is understood as a set of ob-

jects having specific features and interrelationships. 

In the emission inventory, the basic criteria to desig-

nate motor vehicles to the category are (André et al., 

2009; Chłopek, 1999; BUWAL, 1995, COPERT 5 – 

Manual, 2021; Eggleston et al., 2006; European En-

vironment Agency, 2019; INFRAS AG, 2014): 

− purpose of the vehicle, 

− type of internal combustion engine with regard 

to: thermal circuit, combustion system, fuel sup-

ply system, 

− conventional size of the vehicle or internal com-

bustion engine, 

− characteristics of the vehicle with regard to con-

struction solutions, 

− fuel used, 

− vehicle technology level, primarily in terms of 

pollutant emissions. 

Depending on the study purposes, other characteris-

tics may be added to the above criteria, e.g. vehicle 

production date (BUWAL, 1995; Chłopek, 1999; 

INFRAS AG, 2014). 

The basic category of motor vehicles, in line with 

the adopted criteria, includes the vehicles with all 

the same characteristics under consideration. 

The cumulative category of motor vehicles includes 

vehicles with not all the same characteristics under 

consideration. Therefore, there are many possibili-

ties for adopting the general cumulative category of 

motor vehicles. The most universal cumulated cate-

gory of motor vehicles is a set of all motor vehicles. 

The most basic category of the motor vehicles is 

every vehicle. 

The following substances were selected for the anal-

yses: 

− carbon monoxide – CO, 

− non-methane volatile organic compounds – 

NMVOC, 

− nitrogen oxides – NOx: nitrogen dioxide – NO2, 

− total suspended dust – TSP, 

− carbon dioxide – CO2. 

The analyses for the years 1990–2017 regarded:  

− national annual emissions of pollutants (total) – 

T, 

− annual pollutant emissions in cities and their 

shares in the national annual emission of pollu-

tants – U (urban), 

− annual pollutant emissions outside cities and their 

shares in the national annual emission of pollu-

tants – R (rural), 

− annual emission of pollutants on motorways and 

expressways and their shares in the national an-

nual emission of pollutants – H (highways). 

There were also determined the shares of annual 

emissions of the pollutants under the study: in cities, 

outside cities, as well as on motorways and express-

ways, in the national annual emission of pollutants. 

For the purpose of detailed analyses, the average 

specific distance emission of pollutants from all ve-

hicles in cities, outside cities, on motorways and ex-

pressways under all the studied traffic conditions 

was determined: 
 

a

i ii

E
b

N L
=


 (7) 

 

where: 

Ni  –  the number of vehicles in the elementary cat-

egories, 

Li  –  average annual mileage of vehicles in the ele-

mentary categories. 

 

4. Results 

Figures 1–10 show the results of the analyses regard-

ing annual pollutant emissions. In particular, they 

represent annual emissions and shares of annual 

emissions of carbon monoxide, non-methane vola-

tile organic compounds,, nitrogen oxides, total par-

ticulate matter and carbon dioxide. 

 

 
Fig. 1. Annual emissions of carbon monoxide – 

EaCO: national – T, urban – U, rural – R, 

highways – H 
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Fig. 2. Share of annual emission of carbon monox-

ide – u: urban – U, rural – R, highways – H, 

in the national annual emission 

 

 
Fig. 3. Annual emissions of non-methane volatile 

organic compounds – EaNMVOC: national – T, 

urban – U, rural – R, highways – H 

 

 
Fig. 4. Share of annual emission of non-methane 

volatile organic compounds – u: urban – U, 

rural – R, highways – H , in the national an-

nual emission 

 
Fig. 5. Annual emission of nitrogen oxides – EaNOx: 

national – T, urban – U, rural – R, highways 

– H 

 

 
Fig. 6. Share of annual emission of nitrogen oxides 

– u: urban – U, rural – R, highways – H, in 

the national annual emission 

 

 
Fig. 7. Annual emission of total particulate matter – 

EaTSP: national – T, urban – U, rural – R, 

highways – H, in the national annual emis-

sion 
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Fig. 8. Share of annual emission of total particulate 

matter – u: urban – U, rural – R, highways – 

H, in the national annual emission 

 

 
Fig. 9. Annual emission of carbon dioxide – EaCO2: 

national – T, urban – U, rural – R, highways 

– H 

 

 
Fig. 10. Share of annual emission of carbon dioxide 

– u: urban – U, rural – R, highways – H, in 

national annual emissions 

 

The annual emission of carbon monoxide and non-

methane volatile organic compounds has been de-

creasing since 1999, despite a significant increase in 

the number and intensity of the use of vehicles , 

which is related to dynamic development of motori-

zation in Poland after 1990 (Fig. 11). The decrease 

in the annual emission of carbon monoxide and non-

methane volatile organic compounds is associated 

with a considerable technical progress in the con-

struction of combustion engines and their catalytic 

exhaust gas cleaning systems, mainly in the case of 

spark-ignition engines (Continental, 2019; Delphi, 

2017). No trend as such has been observed in the 

case of the annual emission of nitrogen oxides and 

total particulate matter. The progress in reducing the 

emission of nitrogen oxides and particulate matter, 

especially from compression-ignition engines, is 

much slower than that observed in the case of carbon 

monoxide and non-methane volatile organic com-

pounds (Continental, 2019; Delphi, 2017). The in-

crease in the annual emission of carbon dioxide is 

directly related to the increase in total fuel consump-

tion due to dynamic development of motorization in 

Poland. The reduction of fuel consumption is re-

stricted by the laws of nature, and especially, the 

second law of thermodynamics, resulting in thermo-

dynamic efficiency limits of internal combustion en-

gines. In Poland a trend of emission decrease from 

transport means is observed nearly ten years later 

compared to Canada in which a significant decrease 

of emission from transport means was observed 

starting from 1990 as presented in (Government of 

Canada, 2018).  

The annual emission of pollutants is an extensive 

quantity, depending on the so-called transport activ-

ity, i.e. the number of vehicles on roads and their an-

nual mileage. Figure 11 shows the total distance 

travelled by all vehicles: in cities, outside cities, on 

motorways and expressways, as well as - under all 

traffic conditions. 

The share of the annual emission of pollutants under 

specific traffic conditions in the national annual 

emission of pollutants does not change much over 

the inventory years. There is observed an increasing 

trend in the annual emission of pollutants on motor-

ways and expressways, caused by an increasing 

share of the distance travelled by vehicles under 

these conditions. 

Figures 11 – 14 represent total distance travelled, an-

nual energy consumption, shares of the distance 

travelled by all vehicles and average specific dis-

tance emission of carbon monoxide from all vehicles 

under all traffic conditions.  
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Fig. 11. Total distance travelled by all vehicles – 

N∙L: urban – U, rural – R, highways – H, 
national – T, under all traffic conditions. 

 

The relative increase in the total distance travelled 

by all vehicles between 1990 and 2017 is: over 

230% under all the conditions studied, over 240% in 

cities, almost 190% outside cities, and over 615% – 

on motorways and expressways. 

The considerable increase in road transport activity 

during subsequent years of the inventory of pollutant 

emissions is confirmed by rapidly rising annual en-

ergy consumption by vehicles – Figure 12. 

 

 
Fig. 12. Annual energy consumption – EN by all 

vehicles under all traffic conditions 

 

In the years 1990 and 2017, under all traffic condi-

tions, the relative increase in energy consumption by 

all vehicles amounts to over 240%. 

Figure 13 shows the shares of the distance travelled 

by all vehicles: in cities, outside cities as well as on 

motorways and expressways. 

When compared to 1990, the relative change in the 

share of the distances travelled by all vehicles in 

2017 is: in cities – an increase of more than 2%, out-

side cities – a decrease of more than 15%, and on 

motorways and expressways – an increase of almost 

55%. This is a result of dynamic development of 

road traffic infrastructure in Poland after the year 

1990. 

In order to assess the characteristics of intensive pol-

lutant emissions, the average pollutant emission 

from all vehicles was determined – Figures 14–18. 

 

 
Fig. 13. Shares of the distance travelled by all vehi-

cles – u: urban – U, rural – R, highways – 

H 

 

 
Fig. 14. Average specific distance emission of car-

bon monoxide from all vehicles – bCO: ur-

ban – U, rural – R, highways – H, national 

– T, under all traffic conditions 

 

The average specific distance emission of pollutants 

from motor vehicles in Poland decreased signifi-

cantly over the years 1990–2017. This is the result 

of technological progress in the design and operation 

of cars, in particular internal combustion engines, 

and the change in the structure of used vehicles to 

more and more modern ones. Only in the case of car-

bon dioxide emissions does this trend occur. Carbon 

dioxide emissions directly depend on fuel consump-
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tion, and in line with the development trends of ve-

hicles, their contractual size increases due to the re-

quirements of driving comfort. This sometimes con-

tributes to an increase in fuel consumption, espe-

cially in conditions where the driving speed in-

creases due to the development of road traffic infra-

structure, as is the case with motorways. The effect 

of an increase in driving speed and - as a conse-

quence of the load on the internal combustion engine 

- on the increase in particulate matter emission on 

motorways is similar. 

 

 
Fig. 15. Average specific distance emission of non-

methane volatile organic compounds from 

all vehicles – bNMVOC: urban – U, rural – R, 

highways – H, national – T and under all 

traffic conditions 

 

 
Fig. 16. Average specific distance emission o of ni-

trogen oxides from all vehicles – bNOx: ur-

ban – U, rural – R, highways – H, national 

– T, under all traffic conditions 

 

 
Fig. 17. Average specific distance emission of par-

ticulate matter from all vehicles – bTSP: ur-

ban – U, rural – R, highways – H, national 

– T, under all traffic conditions 

 

 
Fig. 18. Average specific distance emission of car-

bon dioxide from all vehicles – bCO2: urban 

– U, rural – R, highways – H, national – T, 

under all traffic conditions 

 
In general, the relative reduction in specific distance 

emission of carbon monoxide and non-methane vol-

atile organic compounds in all traffic conditions is 

greater than (80 ÷ 85)%, nitrogen oxides - about 

55%, total particulate matter - on average over 20%, 

and specific distance emission of carbon dioxide re-

main at similar level. 

Such a significant reduction in specific distance 

emission of pollutants allows - despite a significant 

intensification of vehicle traffic - a general reduction 

in the annual emission of pollutants from vehicles. 

 

 

 

 

 

0

1

2

3

4

5

1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

b
N

M
V

O
C
 [

g
/k

m
]

U

R

H

T

0

1

2

3

4

1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

b
N

O
x
 [

g
/k

m
]

U

R

H

T

0

0.05

0.1

0.15

0.2

0.25

0.3

1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

b
T

S
P
 [

g
/k

m
]

U

R

H

T

0

100

200

300

400

500

1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

b
C

O
2
 [

g
/k

m
]

U

R

H

T



66 

 

Bebkiewicz, K., Chłopek, Z., Sar, H., Szczepański, K., Zimakowska-Laskowska, M., 

Archives of Transport, 60(4), 57-69, 2021 

 

 

5. Discussion 

The average specific distance emission of pollutants 

from motor vehicles in Poland decreased signifi-

cantly over the period 1990–2017. This is a result of 

technical progress in vehicle construction (in partic-

ular, in the case of combustion engines), as well as 

changes in the vehicle structure towards more and 

more modern vehicle designs. Only in the case of 

carbon dioxide emission a decreasing trend has not 

been observed. Carbon dioxide emission is directly 

dependent on fuel consumption, and with vehicle 

improvements, the vehicle conventional size in-

creases because of driving comfort requirements. 

This sometimes promotes increased fuel consump-

tion, especially when the speed of driving is in-

creased as a result of traffic infrastructure develop-

ment, as is the case with motorways. The impact of 

increased driving speeds and, as a consequence – in-

ternal combustion engine loads, on increased partic-

ulate emission on motorways is analogous. This is 

somehow the justification why in work (USA EPA 

Agency, 2017) there was shown the value of af-

fected roadway width depending on a type of a high-

way. 

In general, under all the traffic conditions examined, 

the relative decrease (80 ÷ 85)% of the specific dis-

tance emissions of carbon monoxide and non-me-

thane volatile organic compounds has been greater 

than that of nitrogen oxides – about 55%, total par-

ticulate matter – more than 20% on average. The 

specific distance emission of carbon dioxide has re-

mained at a steady level. 

Even with considerable intensification of vehicle 

traffic, the observed substantial reduction of the spe-

cific distance emission of pollutants reinforces the 

reduction of total annual pollutant emission from 

road vehicles. 

 

6. Conclusions 

The following conclusions can be drawn from the 

present study: 

1) There is a clear difference in both the annual 

emissions and the average specific distance emis-

sions from all vehicles, depending on the inven-

tory years and traffic conditions. 

2) Regardless of the substantial increase in the road 

transport activity, the annual emissions of carbon 

monoxide and volatile non-methane organic 

compounds have been decreasing. The annual 

emission of nitrogen oxides has remained at a 

steady level, whereas the annual emission of the 

total particulate matter has been slightly increas-

ing. Such outcome – despite a strong increase in 

road transport activity – is a result of important 

improvements in vehicle structure in terms of 

emission reduction. This is clearly visible in the 

presented graphs that show the average specific 

distance emissions of pollutants from all vehicles. 

The increase in annual carbon dioxide emission 

is associated with the considerable increase in 

fuel consumption (see Fig. 12 – energy consump-

tion). The reduction of fuel consumption is prob-

lematic due to the laws of nature: the thermal ef-

ficiency of internal combustion engine cycles has 

its limitations due to the second law of thermody-

namics. 

3) Noteworthy are the considerably higher shares of 

the annual emission of carbon monoxide and vol-

atile non-methane organic compounds from vehi-

cles in cities when compared to those under other 

traffic conditions. This is a result of the high 

emission of these compounds under conditions of 

significant traffic obstructions. Then, combustion 

engines typically run under low load and operate 

in dynamic states. As for nitrogen oxides, the an-

nual emission from vehicle traffic outside cities 

is the highest. In this case, the engine load is a 

decisive factor, which – admittedly – is higher for 

motorways and expressways, but the share of 

these traffic conditions is much smaller. 

4) With regard to environmental performance of the 

vehicles studied, the greatest improvements were 

observed for the emission of carbon monoxide 

and non-methane volatile organic compounds. 

The reduction of emissions of total particulate 

matter and nitrogen oxides showed the least ad-

vancements. Unfortunately, transport means 

were the main source of nitrogen oxides’ emis-

sion in the European Union in 2017 as presented 

in (EEA Report, 2019). The positive result is the 

fact that for the substances particularly hazardous 

to human health, i.e. nitrogen oxides, the emis-

sion share is the highest outside cities, and not in 

agglomeration centers, where many people may 

be exposed to risk. In the case of total particulate 

matter, the share of annual emissions in cities is 

similar to that outside cities. 

The conducted research confirms that the traffic 

conditions of motor vehicles, determining the oper-

ating conditions of internal combustion engines, and 
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in the case of dust emission, also the operating con-

ditions of the tribological systems in the vehicle-en-

vironment system, have a significant impact on the 

risk of environmental pollution in connection with 

road transport (Chłopek, Z., 1999). Despite signifi-

cant technical progress, as evidenced by a very dy-

namic decrease in specific distance emissions (Con-

tinental, 2019; Delphi, 2017), the risk to the environ-

ment is determined by the extensive characteristics 

of pollutant emissions. In this study, such a charac-

teristic is the pollutant emission intensity, called in 

the case of averaging over one year the annual emis-

sion of pollutants. The annual emission of pollutants 

is determined by the activity of road transport, which 

is linearly dependent on the number of vehicles and 

their annual mileage. The quantity that determines 

the harmfulness of pollutants for the environment is 

the immission - concentration of dispersed pollu-

tants, which increases with increasing pollutant 

emission intensity (Chłopek, Z., 1999). 

Increasing road transport activity is inevitable - it is 

one of the basic symptoms of civilization develop-

ment. Practical conclusions can be drawn on the ba-

sis of the evaluation of trends in the last several years 

of the dynamic development of road transport in Po-

land. Apart from the continuous technical develop-

ment of motor vehicles and their consumables, gen-

eral investments in road traffic infrastructure are 

necessary. These should be measures enabling the 

greatest possible limitation of road transport activity 

in urban traffic conditions, mainly due to the con-

struction of bypasses. This will enable motor vehicle 

traffic under conditions enabling a measurable re-

duction in pollutant emissions, which is quantita-

tively clear from the results of the research presented 

in this article. 
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