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ARTICLE INFO  The current policy of the European Union aims to reduce the negative impact of the transport sector on the 

emission of pollutants generated by combustion engines into the atmosphere. One of the key trends in this 
expansion is to increase the share of public transport. The article presents a scenario of passenger travel in an 

urban agglomeration, using a passenger car and a bus. The input data were obtained from tests carried out 
under real operating conditions using PEMS (Portable Emissions Measurement Systems) equipment. Both 

objects tested met the same emission standard – Euro 5/V. The obtained pollutant emission values were convert-

ed into emissions generated by passengers. The results show that travelling by bus has a much lower impact on 
the environment, but the journey time is longer and requires the bus schedule to be adjusted to the travel plan. 
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1. Introduction 
The European Union's sustainable development policy 

is important in the context of protecting the environment, 

which must be safeguarded for future generations [3]. This 

issue is significant in the context of civilisational develop-

ment, which is often associated with the use of natural 

resources or the degradation of the planet. One of the most 

serious consequences is the creation of pollution, which 

intensifies smog, acid rain, and the greenhouse effect, and 

has a destructive impact on human health [15]. Transport 

plays an important role here, as it is primarily based on the 

combustion of fossil fuels – combustion engines and the 

production of electricity for electric vehicles. The latter 

source is characterised by different indicators for different 

regions of Europe and the world [12]. 

The introduction of emission standards for powertrains, 

clean transport zones, and other restrictions in the field of 

transport has a positive impact on environmental protection 

[1]. Vehicle manufacturers and scientists are constantly 

working to introduce innovative solutions to improve the 

ecological parameters of means of transport, including 

those related to weight, powertrain systems, and travel 

planning [4, 8, 17]. Current European Union policy and 

industry activities focus on the use of hydrogen in fuel 

cells, which is the most promising direction for the automo-

tive industry [5, 9]. However, work is ongoing to assess 

pollutant emissions as one of the main problems of engine 

drives [2, 10]. However, it is necessary to continuously 

educate people about caring for natural resources. In order 

to ensure good education, it is necessary to provide scien-

tific evidence that will convince people to make efforts to 

care for the environment, as in the publication [13]. This is 

the origin of this article, which presents research conducted 

in real operating conditions on a passenger car equipped 

with a compression ignition engine and a city bus in order 

to quantify which means of transport is more environmen-

tally friendly. The results are supplemented by a reference 

to the pollutant emissions per passenger.  

2. Selection of research objects 
Based on data from the Central Register of Vehicles and 

Drivers, at the end of 2023, there were approximately 27 

million vehicles in the register, with approximately 7 mil-

lion being unused vehicles with various histories of termi-

nation or long-term interruption of operation [7, 11]. When 

analysing the average age of passenger cars in Poland,  

a significant problem can be observed. According to data 

from the 2022/2023 automotive report, the average age of  

a passenger car in Poland exceeds 15 years [19]. The exact 

result is influenced by the determination of the share of the 

aforementioned unused vehicles. However, the average age 

indicates that the solutions used in many passenger cars in 

Poland are outdated, which may also mean increased pollu-

tant emissions. Referring to Central Statistical Office re-

ports, it can be concluded that newer vehicles are used in 

larger agglomerations. This is particularly evident in the 

capital, where significant rates of new registrations are 

achieved. However, it should be remembered that this ap-

plies to company vehicles associated with businesses oper-

ating or registered in Warsaw. 

According to a report by the European Automobile 

Manufacturers' Association (ACEA) [21], the average age 

of buses operating in our country is 16 years. For city bus-

es, the rates are highly varied depending on the area of use. 

In large agglomerations, younger fleets are used. This is 

due to ongoing investments, a high level of subsidies, and 

European Union requirements in this regard. On the other 

hand, older fleets are used on suburban lines and in small 

towns, often several decades old, with millions of kilome-

tres on the clock. 

Based on the data presented on vehicle age and the ob-

jective of the article, two research objects were selected. 

The first was a passenger car with a conventional drive 

system using a compression ignition engine, referred to in 

the article as a passenger car (Fig. 1). The manufacturer's 

declaration ensures compliance with the Euro 5 standard. In 

terms of internal and external exhaust gas treatment sys-
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tems, the following were used: EGR (Exhaust Gas Recircu-

lation), DOC (Diesel Oxidation Catalyst), and DPF (Diesel 

Particulate Filter). Table 1 presents the basic data on the 

research object. The maximum torque of 250 Nm is 

achieved in the range from 1500 to 2500 rpm, thanks to the 

use of turbocharging. The maximum engine power is 81 

kW at 4200 rpm. 

 

 Fig. 1. View of the tested passenger car with measuring equipment 

 
Table 1. Characteristics of the research object – passenger car 

Parameter Unit Value 

Year of manufacture – 2011 

Vehicle weight kg 1266 

Layout, number of cylinders, valves – In-line, 4, 16 

Displacement  dm3 1.968 

Power at rotational speed  kW at rpm 81 at 4200 

Torque at rotational speed  Nm at rpm 
250 at  

1500–2500 

Compression ratio – 16.5:1 

Turbocharging – turbocharger 

Exhaust gas treatment systems – 
EGR, DOC, 

DPF 

Exhaust emission standard – Euro 5 

 

The second research object was an 18-metre-long city 

bus, also with a conventional internal compression ignition 

engine, referred to in the article as a city bus (Fig. 2). It 

complied with the EURO V – EEV standard. Table 2 pre-

sents the characteristic data of the research object. The 

maximum torque produced by the engine occurs at a crank-

shaft speed of 1100 rpm, which indicates its adaptation to 

urban traffic conditions, where frequent stops and starts are 

common – particularly important in the case of city buses. 

 

 Fig. 2. View of the tested city bus 

Table 2. Characteristics of the research object – city bus 

Parameter Unit Value 

Year of manufacture – 2009 

Vehicle weight kg 16 000 

Layout, number of cylinders, valves – In-line, 6, 24 

Displacement  dm3 9.186 

Power at rotational speed  kW at rpm 228 at 2200 

Torque at rotational speed  Nm at rpm 
1275 at  

1100–1700 

Compression ratio – 17.4:1 

Turbocharging – turbocharger 

Exhaust gas treatment systems – 
EGR, DOC, 

DPF 

Exhaust emission standard – EURO V 

3. Research methodology 

3.1. Measurement equipment 

Portable Emissions Measurement Systems (PEMS) 

were used to test the vehicles, measuring toxic compound 

concentrations under real operating conditions [6, 16]. The 

environmental assessment of the passenger car was carried 

out using the Axion R/S+ device. This analyser enables the 

measurement of both gaseous compounds and particulate 

matter concentrations. Non-dispersive infrared analysers 

were used to measure the concentrations of carbon monox-

ide, carbon dioxide, and hydrocarbons, which determine the 

absorbed radiation in a narrow wavelength band character-

istic of a given substance. The result obtained is compared 

with the radiation absorbed by the reference gas [14]. For 

nitrogen oxides and oxygen concentrations, an electrochem-

ical method is used, based on the conversion of an electrical 

signal. The exhaust gas flow is calculated using parameters 

read by the OBD system or information from sensors (rota-

tional speed, temperature, and pressure in the intake sys-

tem) [20]. 

The city bus was tested using a Semtech DS device. The 

device measures hydrocarbon concentrations using a FID 

(Flame Ionisation Detector) analyser, while carbon monox-

ide and carbon dioxide concentrations are determined using 

a non-dispersive infrared analyser, as in the Axion R/S+. 

The concentration of nitrogen oxides is determined in  

a non-dispersive analyser using ultraviolet light. A mass 

exhaust gas flow meter is required to determine the concen-

trations of harmful compounds [20]. 

Both instruments were calibrated and prepared for opera-

tion in accordance with their instructions before measure-

ments were taken [20, 21]. GPS positioning systems were 

also used in the study to obtain data on vehicle movement 

parameters. All calibrated measuring elements acquired 

data at a frequency of 1 Hz. 

Due to the specific nature of real-world operating condi-

tions, especially in urban areas, it is impossible to obtain 

identical journeys on a given route. The paper presents the 

results of individual journeys in which uninterrupted, con-

tinuous measurements of pollutant emissions and vehicle 

operating parameters were performed. This is an advantage 

of road tests over tests in repeatable conditions (e.g. chassis 

dynamometer, engine dynamometer), as it allows the im-

pact of various factors on the results obtained during road 

tests to be assessed. In accordance with the accepted and 

applied standards, the measuring instruments used can be 

successfully used in tests during actual operation, as they 
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have the appropriate certificates (including EU 2016/427 

compliance). Their data are presented in Table 3. 

 
Table 3. Technical specifications of the portable exhaust emission analyz-

ers: Axion R/S+ and Semtech DS [18, 20] 

Axion R/S+ 

Parameter Measurement method Accuracy 

Component con-

centration: 

CO 
HC 

NO 

CO2 
O2 

 

 

NDIR, 0–10% 
NDIR, 0–4 000 ppm 

electrochemical, 0–5000 ppm 

NDIR, 0–20% 
electrochemical, 0–25% 

 

 

±3% 
±3% 

±3% 

±3% 
±1% 

Semtech DS 

Parameter Measurement method Accuracy 

Component con-

centration: 
CO 

HC 

NOx 
CO2 

O2 

 

 
NDIR, 0–10% 

FID, 0–10 000 ppm 

NDUV, 0–3000 ppm 
NDIR, 0–21% 

electrochemical, 0–21% 

 

 
±3% 

±2.5% 

±3% 
±3% 

±1% 

Exhaust gas flow 
mass flow rate 
Tmax to 700°C 

±2.5% 
±1% 

3.2. Research route 

Research on pollutant emissions from research objects 

was conducted under real operating conditions in the Poz-

nań agglomeration. The research route covered a transport 

line operated by a local transport company. It ran through 

the city centre, with the end points being the Dębina and 

Sobieskiego housing estates in Poznań (Fig. 3). This choice 

of test route made it possible to compare the results ob-

tained for a passenger car with the emission tests for a city 

bus. The measurements were carried out on a weekday, 

around midday. The total length of the test route was 17.2 

km. It consisted of sections with varying speed limits (from 

30 km/h to 50 km/h). 

 

 Fig. 3. Research route [19] 

4. Analysis of operating conditions of research  

objects 
The bus under test was operating according to the 

scheduled service on a route operated by the local transport 

company. To achieve the objective of the study, the passen-

ger car was operated on the same route, but without stop-

ping at bus stops. The characteristics of the speeds achieved 

by the research objects are presented in Fig. 4. In both 

measurement cycles, the vehicles achieved similar maxi-

mum instantaneous speeds (approximately 50 km/h), which 

was due to the characteristics of the traffic arteries and the 

restrictions applied in the agglomeration. The average 

speeds were 22.6 km/h for passenger car and 15.7 km/h for 

bus. The city bus achieved a lower average result, which 

was due to the need to serve passenger stops. 

 

 Fig. 4. Velocity characteristics of the research objects 

 

The data collected during measurements in urban traffic 

conditions concerning vehicle speeds throughout the test 

and corresponding accelerations are presented as a function 

of time density. Figure 5 shows the characteristics of vehi-

cle operation during test runs.  

 

 

Fig. 5. Shares of vehicles operating time in speed and acceleration com-

 partments during road tests 
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In both tests, the largest share of operating time was 

recorded for stops, respectively: 24% for passenger cars and 

36% for city buses. The data presented shows that neither 

vehicle moved for almost a quarter of the test journey, 

which was due to the traffic conditions in the city centre. 

The greater share of operating time spent by city buses at 

stops was due to serving bus stops. The values for the ex-

treme intervals are the lowest, which indicates that sudden 

braking or acceleration occurred very rarely. For both vehi-

cles, accelerations above 0.8 m/s
2
 accounted for up to 7% 

of the test time, and decelerations below –0.8 m/s
2
 account-

ed for up to 6% of the test time. In total, therefore, accelera-

tion values exceeded the ±0.8 m/s
2
 range for approximately 

13% of the test time. Referring to the traffic results at  

a constant speed, where a = 0 m/s
2
, 10% and 8% of the test 

time were obtained for the objects, respectively. Apart from 

the aforementioned ranges at zero acceleration, the passag-

es were dominated by conditions in the range of accelera-

tions from –0.8 m/s
2
 to 0.8 m/s

2
.  

5. Comparison of environmental indicators  

for vehicles 
Based on the data recorded by the analysers and auxilia-

ry devices, the road emissions of the research objects dur-

ing the tests were determined (Fig.6). Based on the results 

obtained, it can be concluded that the city bus achieved 

approximately three times higher CO2 road emissions (1230 

g/km). This harmful compound is directly dependent on 

fuel consumption, which was undoubtedly influenced by 

the weight of the tested objects. 

Road emissions of CO and HC were several times high-

er for the passenger car, which achieved 9.84 g/km (approx-

imately 4 times more than the bus) and 1.88 g/km (approx-

imately 3 times more than the bus), respectively. The de-

sign of the drive systems had a significant impact on these 

differences in results. The combustion engine of a city bus, 

together with the gearbox, is designed for the characteristic 

operating conditions on city routes – frequent stops and 

accelerations. The crankshaft speed range is limited, and 

the rated torque parameters are already present from 1100 

rpm. A passenger car's drive system must be more versatile, 

i.e. it is designed for use not only in urban conditions, but 

also in non-urban conditions and on motorways. The com-

bustion engine used operates in a much wider range of 

crankshaft speeds. During the tests, the passenger car did 

not simulate stop operations. Frequent stops related to ur-

ban infrastructure had a direct impact on the occurrence of 

unstable operating conditions of the combustion engine. 

This confirms that the road emission results obtained indi-

cate a significant contribution of incomplete and partial 

combustion to the processes occurring inside the combus-

tion engine. 

NOx emissions in internal combustion processes are di-

rectly related to engine load and thus to the temperatures 

occurring at the flame front. For a passenger car, the speci-

fied value of the aforementioned relationship reached 1.08 

g/km. This was approximately 10 times lower than for a bus 

(9.87 g/km). It should be noted that in a passenger car, the 

EGR system was primarily responsible for limiting NOx 

emissions. In contrast, in the city bus, in addition to EGR, 

an SCR (Selective Catalytic Reduction) system was used. 

However, it should be noted that its operation is not contin-

uous and depends on the parameters of the exhaust gas flow 

(temperature, mass flow). 

 

 Fig. 6. Road emission of toxic compounds for research objects 

 

The relationship between road emissions and the num-

ber of passengers is shown in Fig. 7. For a passenger car, 

the maximum number of passengers could be 5. However, 

during testing under real operating conditions, there were 2 

people in the vehicle: the driver and the equipment opera-

tor. The entire set of apparatus, including electrical energy 

storage devices, weighs approximately 60 kg. The pollutant 

emission results obtained were divided by 3, thus taking 

into account the weight of the measuring equipment. In the 

case of a city bus, the vehicle configuration allowed for 40 

seats and 135 standing places. The bus load was assumed to 

be 50% of capacity due to the high passenger traffic on this 

route, so the road emission value obtained was divided by 

88. This value was adopted based on passenger exchange 

on the bus during testing, and the guidelines contained in 

EU Regulation 582/2011 were also taken into account. 

Based on the determined relationships, it was concluded 

that public transport is significantly more environmentally 

friendly than individual transport, such as the passenger car 

analysed. The CO2 emissions balance would be equal be-

tween the two vehicles if 10 people travelled on the bus. 

For NOx, similar values would be achieved when transport-

ing 25 people in a city bus. City buses are public transport 

vehicles used for the mass transport of people over short 

distances in urban traffic conditions. Passenger cars have 

far fewer seats and are not designed exclusively for use in 

urban traffic. 

 

 Fig. 7. Summary of road emissions per passenger during tests 
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6. Emissions from vehicles in urban areas 
Passenger cars remain an important element of the 

transport system in urban areas, accounting for a significant 

proportion of daily passenger transport. Considering the 

key role of passenger cars in cities and their average age in 

Poland, it can be assumed that a significant percentage of 

vehicles in use are less technically efficient, which may 

result in higher levels of pollutant emissions. In addition, 

the long-term use of conventionally powered passenger cars 

exclusively for short journeys (e.g. commuting to work, 

service premises, etc.) is disadvantageous both in terms of 

pollutant emissions and vehicle operation. Such use hinders 

the effective operation of exhaust gas treatment systems 

and may also result in increased fuel and engine oil con-

sumption, as well as accelerated mechanical wear of engine 

components. 

The emission results for passenger cars and city buses 

per passenger clearly show that public transport is more 

advantageous. This is due to the significantly greater capac-

ity of such vehicles. Another important aspect is that, re-

gardless of the traveller's choice of transport, public 

transport vehicles will continue to run their routes because 

they operate according to a pre-determined timetable. In 

this respect, when analysing pollutant emissions, it was 

found that pollutant emissions from city buses will occur 

anyway (in amounts depending on the number of passen-

gers), while pollutant emissions from passenger cars are an 

additional burden on the environment. For this reason, 

public transport should be used, as increasing the number of 

passengers also reduces the rate of harmful emissions per 

passenger. 

However, it is not always possible to use public 

transport exclusively. In this case, it is environmentally 

beneficial to travel by car with a larger number of passen-

gers. Therefore, in order to reduce harmful emissions into 

the atmosphere, solutions such as carpooling should be 

promoted. This is a form of travel that involves sharing  

a car journey with several people (at least two) travelling on 

the same or a similar route. This is not a form of commer-

cial activity – the driver does not make a profit from the 

journey, but only receives compensation for the costs in-

curred. Thanks to this solution, it is possible to use the 

space in vehicles more efficiently, reduce the number of 

vehicles on the road, and limit the amount of pollution per 

passenger. 

 

7. Summary 
The research conducted revealed differences in the op-

erational characteristics of passenger cars and city buses. 

Despite similar maximum speeds achieved in urban traffic, 

the average speed of a passenger car was higher 

(22.6 km/h) than that of a bus (15.7 km/h), which was due 

to the need for public transport vehicles to serve stops. An 

analysis of the distribution of accelerations and decelera-

tions showed that both vehicles were stationary for a signif-

icant part of the time (24% for cars and 36% for buses), 

which is characteristic of congested urban infrastructure. 

The research revealed significant differences between 

the vehicles analysed. Due to its greater weight and fuel 

consumption, the city bus generated approximately three 

times more CO2 emissions (1230 g/km) than the passenger 

car (320 g/km), but had significantly lower CO and HC 

emissions thanks to the adaptation of the drive system to 

urban conditions. On the other hand, NOx emissions were 

significantly higher for buses (9.87 g/km) than for passen-

ger cars (1.08 g/km), which was due to different exhaust 

gas reduction systems and drive unit loads. However, when 

emissions were related to the number of passengers, public 

transport clearly had the advantage – even when the public 

transport vehicle was only partially full, the unit emissions 

per passenger were significantly lower. This means that, 

from an environmental perspective, the development and 

promotion of public transport is a key element in reducing 

emissions in urban areas. 

Passenger cars, despite their important role in everyday 

urban transport, generate a significant environmental bur-

den, especially due to their high average age and unfavour-

able operating conditions on short journeys. Inefficient 

exhaust gas treatment systems and intensive mechanical 

wear increase pollutant emissions, which, when calculated 

per passenger, make individual transport less efficient than 

public transport. City buses, which operate on fixed routes 

regardless of the number of passengers, have a more fa-

vourable emissions balance per person. Therefore, in order 

to reduce the negative impact of transport, it is necessary to 

promote alternative solutions, such as public transport or 

carpooling, which, through more efficient use of vehicles, 

can reduce the number of cars on the roads and the level of 

emissions in cities. 
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Nomenclature 

a acceleration 

CI compression ignition 

DOC diesel oxidation catalyst 

DPF diesel particulate filter 

EGR exhaust gas recirculation 

PEMS portable emissions measurement systems 

SCR selective catalytic reduction 

t time 

ui share of working time 

v velocity 
 

Bibliography 

[1] Glazener A, Khreis H. Transforming our cities: best practic-

es towards clean air and active transportation. Current Envi-

ronmental Health Reports. 2019;6(1):22-37.  

 https://doi.org/10.1007/s40572-019-0228-1 

[2] Kadyrov A, Warguła Ł, Kukesheva A, Dyssenbaev Y, Ka-

czmarzyk P, Klapsa W et al. Optimization of vertical ultra-

sonic attenuator parameters for reducing exhaust gas smoke 

of compression-ignition engines: efficient selection of emit-

https://doi.org/10.1007/s40572-019-0228-1


 

Comparison of pollutant emissions per passenger for public and individual transport 

8 COMBUSTION ENGINES, 0000;XXX(X) 

ter power, number, and spacing. Appl Sci. 2025;15(14): 

7870. https://doi.org/10.3390/app15147870 

[3] Kenig-Witkowska MM. The concept of sustainable devel-

opment in the European Union policy and law. JCULP. 

2017;1:64. 

[4] Kowalczyk J, Matysiak W, Sawczuk W, Wieczorek D, 

Sędłak K, Nowak M. Quality tests of hybrid joint – clinch-

ing and adhesive – case study. Appl Sci. 2022;12(22):11782.  

 https://doi.org/10.3390/app122211782 

[5] Kurc B, Gross X, Szymlet N, Rymaniak Ł, Woźniak K, 

Pigłowska M. Hydrogen-powered vehicles: a paradigm shift 

in sustainable transportation. Energies. 2024;17(19):4768.  

 https://doi.org/10.3390/en17194768 

[6] Merkisz J, Gallas D, Siedlecki M, Szymlet N, Sokolnicka B. 

Exhaust emissions of an LPG powered vehicle in real oper-

ating conditions. EDP Sciences. 2019:00053.  

 https://doi.org/10.1051/e3sconf/201910000053 

[7] Piątek P. Ile jest w Polsce samochodów? Mamy nowe dane 

o liczbie i wieku pojazdów (in Polish). motofakty.pl. 2024.  

 https://motofakty.pl/ile-jest-w-polsce-samochodow-mamy-

nowe-dane-o-liczbie-i-wieku-pojazdow/ar/c4-18400955 (ac-

cessed on 06.2025). 

[8] Pielecha I, Sidorowicz M. Effects of mixture formation 

strategies on combustion in dual-fuel engines – a review. 

Combustion Engines. 2021;60(1):30-40.  

 https://doi.org/10.19206/CE-134237 

[9] Pielecha I, Szwajca F. Experimental study and modeling of 

an air-cooled proton exchange membrane fuel cell stack in 

the static and dynamic performance. Eksploat Niezawodn. 

2024;26(2). https://doi.org/10.17531/ein/184232 

[10] Pielecha J, Kurtyka K. Exhaust emissions from Euro 6 

vehicles in WLTC and RDE – part 1: methodology and 

similarity conditions studies. Energies. 2023;16(22):7465.  

 https://doi.org/10.3390/en16227465 

[11] Pryciński P, Pielecha J, Korzeb J, Jachimowski R, Pielecha 

P. Impact of vehicle aging and mileage on air pollution 

emissions. Energies. 2025;18(4):939.  

 https://doi.org/10.3390/en18040939 

[12] Scarlat N, Prussi M, Padella M. Quantification of the carbon 

intensity of electricity produced and used in Europe. Appl 

Energy. 2022;305:117901.  

 https://doi.org/10.1016/j.apenergy.2021.117901 

[13] Siedlecki M, Ziółkowski A, Ratajczak K, Bednarek M, 

Jagielski A, Igielska-Kalwat J. Analysis of the impact of the 

comfort systems in sport utility vehicles on the exhaust 

emissions measured under worldwide harmonized light ve-

hicles test cycles conditions. Journal of Ecological Engineer-

ing. 2024;25(12).  

 https://doi.org/10.12911/22998993/193754 

[14] Szymlet N. Emisja związków toksycznych z miejskich 

pojazdów jednośladowych w rzeczywistych warunkach eks-

ploatacji (in Polish). Doctoral Thesis. Poznana Univeristy of 

Technology. Poznan 2022. 

[15] Wojtal R. Zanieczyszczenie powietrza w miastach w aspek-

cie ruchu samochodowego (in Polish). Transport miejski i 

regionalny. 2018. 

[16] Woźniak K, Szymlet N, Sobczak J, Rymaniak Ł, Pielecha P. 

The method for ecological assessment of a diesel-electric 

multiple unit. Journal of Ecological Engineering. 2025; 

26(9):229-238. https://doi.org/10.12911/22998993/204172 

[17] Wróbel R, Sroka Z, Sierzputowski G, Dimitrov R, Mihaylov 

V, Ivanov D. Driving protocols: the possibility of using 

routing protocols in autonomous transport. Combustion En-

gines. 2024;63(1):3-9. https://doi.org/10.19206/CE-170418 

[18] Axion R/S+ PEMS. https://www.globalmrv.com/axion-rs-2/ 

(accessed on 06.2025). 

[19] GPS Visualizer. https://www.gpsvisualizer.com (accessed 

on 06.2025). 

[20] SEMTECH-DS. On board, In-use emissions analyzer.  

 https://d3pcsg2wjq9izr.cloudfront.net/files/28865/download/

302428/1.SEMTECH-DS-

GaseousPortableEmissionsMeasurementSystem–

Brochure.pdf (accessed on 06.2025). 

[21] Vehicles on European Roads.  

 https://www.acea.auto/files/ACEA-Report-Vehicles-on-

European-roads-.pdf (accessed on 06.2025). 

 

Prof. Łukasz Rymaniak, DSc., DEng. – Faculty of 
Civil and Transport Engineering, Poznan University 

of Technology, Poland. 

e-mail: lukasz.rymaniak@put.poznan.pl 

 

  

Prof. Jacek Pielecha, DSc., DEng. – Faculty of Civil 

and Transport Engineering, Poznan University of 
Technology, Poland. 

e-mail: jacek.pielecha@put.poznan.pl 

 

  

Maciej Ziółkowski, Eng. – Faculty of Civil and 
Transport Engineering, Poznan University of Tech-

nology, Poland. 

e-mail: maciej.ziolkowski.2001@gmail.com 

 

  

Jakub Sobczak, MEng. – Faculty of Civil and 
Transport Engineering, Poznan University of Tech-

nology, Poland. 

e-mail: jakub.sobczak@doctorate.put.poznan.pl 

 

  

Natalia Szymlet, DEng. – Faculty of Civil and 

Transport Engineering, Poznan University of Tech-
nology, Poland. 

e-mail: Natalia.szymlet@put.poznan.pl 

 

  

 

 

 

 

https://doi.org/10.3390/app15147870
https://doi.org/10.3390/app122211782
https://doi.org/10.3390/en17194768
http://dx.doi.org/10.17531/ein/184232
https://doi.org/10.3390/en16227465
https://doi.org/10.3390/en18040939
https://doi.org/10.1016/j.apenergy.2021.117901
https://doi.org/10.12911/22998993/204172
https://doi.org/10.19206/CE-170418

