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This paper presents selected issues concerning the assessment of the emissivity of electric and hybrid vehicles,
referred to as zero- or low-emission vehicles. This paper proposes an analytical method to determine air
pollutant emissions generated by road electric vehicles and presents the results of air pollutant emissions
measurements of hybrid vehicles obtained during real driving emissions tests (RDE). Air pollutant emissions
measurements for hybrid vehicles were corrected for electricity consumption during operation and the pollutant
emissions arising from electricity generation. The paper discusses the issue of air pollutant emissions of electric
vehicles in relation to the changing sources of electricity generation in Poland over the past decade. It also
presents the dynamics of change of in-use and newly registered electric and hybrid vehicles in Poland between
2022 and 2023. The aim of this paper is to compare the emissivity of electric vehicles, as well as hybrid vehicles,
using the analytical method proposed in the paper to determine air pollutant emissions generated by electric
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1. Introduction

Electricity production in Poland has been based on fos-
sil fuels for many years. Air pollutant emissions accompa-
nying this production change depend on the fuels used for
electricity generation. Modern zero- or low-emission vehi-
cles are equipped with electric motors. These are fully elec-
tric or hybrid vehicles. Their emissions, therefore depend
on the sources used to generate electricity in Poland and
worldwide. The main primary fossil fuels used in Poland
for electricity production are hard coal, brown coal, natural
gas, coalbed methane, and oils of all kinds. By classifying
the above sources into two sets of conventional fuels, in-
cluding hard coal, brown coal, natural gas, and RES fuels,
including biomass, hydro, pumped-storage hydroelectricity,
photovoltaics, and wind turbine plants, it is possible to track
changes in the use of individual primary sources for elec-
tricity production in Poland. Poland has experienced signif-
icant developments in this regard over the last 10 years
[26]. The substitution of primary materials for electricity
production is shown in Fig. 1.
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Fig. 1. Sources of electricity production in Poland 2015-2024 [26]

Noteworthy is the more than 20% decrease in the share
of conventional fuels in electricity production in Poland
[26] and the more than 22% increase in the share of renew-

able energy sources in electricity production. The decline in
electricity produced from fossil fuels over the last decade
has been dictated by the restructuring measures carried out
in Poland in the area of the mining industry and the devel-
opment of the renewable energy sector, particularly in
wind, solar, and water production. The share of fossil fuels
in electricity production in Poland is still high compared to
the EU and to other countries in the EU [25]. When com-
paring Poland's results with those recorded in 2023 for
other EU countries, it is noteworthy that only in Cyprus
(79%) and Malta (87%) the share of electricity produced
from fossil fuels is higher than in Poland. Higher shares of
fossil fuels in electricity production in the EU are present in
countries without deployed nuclear power. An example is
Italy, where the share of electricity production from fossil
sources was close to 55% in 2023. In terms of electricity
production from conventional and renewable sources, Ital-
ian statistics are most similar to the Polish electricity pro-
duction. Publicly available statistics [25] show a significant
share of electricity produced from nuclear sources in the
European Union. The share of nuclear power in the electric-
ity production mix will reach more than 23% in 2023. The
use of primary materials for electricity production in the EU
is shown in Fig. 2.
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Fig. 2. Sources of electricity production in the European Union in 2023 [26]
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The share of energy from renewable sources, on the
other hand, was over 45%. Importantly, the share of elec-
tricity produced from renewables in the EU is close to the
share of RES in Poland in 2024. Poland should achieve EU
averages in the coming years, considering the growth dy-
namics of electricity production from RES.

Comparing the statistics of Poland and the EU, the share
of renewable sources in electricity production in Poland
nearly reached the EU average in 2024. The share of fossil
fuels was unfortunately almost twice as high in Poland as in
the EU. The reason for this may be the lack of nuclear pow-
er production and the ongoing restructuring processes in the
mining industry. The functioning of the power system in
Poland depends on regulatory changes and a number of
legal conditions.

The Green Deal is the most important legal basis shap-
ing the current and future industrial, transport and climate
policy of Poland and Europe. At the European Union level,
the technological trends associated with the electricity sec-
tor's decarbonisation, i.e., moving away from coal and re-
ducing the role of natural gas, as well as the development of
nuclear power, will play a fundamental role in the evolution
of the power system and its surroundings in the near future.
It is noteworthy that the development of renewable energy,
energy storage, and the popularisation of zero-emission on-
site transport means will continue to be supported. Moreo-
ver, a dynamic development of prosumer energy based
mainly on photovoltaics is taking place in Poland. Solar-
based energy, especially from 2020 onwards, has played
a significant role in the national energy mix, as illustrated in
Figure 1. There has been a marked development of large-
scale photovoltaics, i.e., photovoltaic farms being estab-
lished in larger suburban areas. Wind power plants are
being built on land and in the Baltic Sea area [24]. Despite
the high rate of change and new investments being under-
taken, several key barriers to the wider development of
renewable electricity production have been identified in
Poland, which also has implications for electric vehicle
emissions. One of the main barriers to the development of
renewable energy is the issue of storing energy during peri-
ods of overproduction so that it can be used at times when
generation from RES sources is not possible, i.e., during,
for example, wind or sun shortages. The concept of energy
storage is therefore being developed. Technological devel-
opments are favoured by falling component costs and the
growth of commercial energy storage facilities for power
system needs. However, regulatory support for the devel-
opment of storage technologies is much less extensive than
support for production technologies, and the rate of invest-
ment in new storage facilities is lower than for production
technologies, which significantly limits the further integra-
tion of RES technologies into power systems. Another
barrier related to transport is the rather slow pace of electro-
mobility development. The widely heralded announcements
of electromobility development are only partially reflected in
the number of newly registered electric vehicles.

Nevertheless, initiatives are being taken to launch finan-
cial support and subsidies for the purchase of electric vehi-
cles in Poland, e.g., the OurEvehicle programme. An-
nounced in 2025 by the National Fund for Environmental

Protection and Water Management and the Ministry of
Climate and the Environment, the programme envisages
a maximum funding amount of PLN 40,000. Only new M1-
category electric vehicles that have not previously been
registered and whose price does not exceed the net amount
of PLN 225,000 are eligible for support [30]. At the same
time, the development of infrastructure to ensure the effi-
cient use of electric vehicles has been relatively slow, di-
verging significantly from plans to electrify road transport.
In this respect, it is worth pointing out that at the end of
July 2024, there were just over 70,000 passenger and com-
mercial all-electric vehicles registered in Poland [3]. Be-
tween the beginning of the year and July 2024, the number
of vehicles increased by 6% year-on-year. At the end of
July 2024, there were 7,563 publicly accessible electric
vehicle charging points in Poland, including 4,163 stations.
As the number of electric vehicles has grown, so has the
charging infrastructure. But the pace of development was
too slow due to the condition of the power grids, among
others. In July 2024, 308 new electric vehicle charging
points were launched. Despite an inauspicious start in 2024,
the International Energy Agency predicts that electric vehi-
cles worldwide will reach a 20% market share by the end of
2024 [3]. Another barrier to the development of renewable
energy is the price war among RES technologies and the
competition between European players and the Chinese
market. The production of components used in RES tech-
nologies in China, i.e., photovoltaic panels, batteries, ener-
gy storage, and electric vehicles, takes place on a large
scale, making it unprofitable to produce for markets outside
China. Such action results in a significant drop in compo-
nent prices and the unprofitability of their production in
European conditions, for example. This has resulted in the
deepening monopolisation of many sectors, including, more
recently, the EU's increasing dependence on Chinese sup-
plies. The marked growth of Chinese capital in Europe is
also evident in the transport sector. More new models and
brands of Chinese-made vehicles are coming on sale, in-
cluding SANY electric trucks [31] used in Poland for long-
distance freight transport or service provision in the con-
struction industry, for example. The above barriers inhibit
the achievement of the green transition's goals, i.e. the Eu-
ropean Union's energy autonomy and the reduction of air
pollutant emissions also in the transport sector within the
next decade. The commissioning date of the first nuclear
units in Poland is 2035; the middle of the next decade will
be crucial for the decarbonisation of energy and transport in
Poland [24]. The larger-scale deployment of electric and
hybrid vehicles is part of activities aimed at sustainability.
Issues related to the modelling of sustainable transport
systems [5], the search for air pollution emission reduction
solutions [1] and scenarios with the development of elec-
tromobility [6] and risk analyses for the development of
low-carbon transport and supply markets are widely pub-
lished in the literature [8-10, 17]. In addition to the promo-
tion of low- and zero-emission vehicles, strategies are being
formulated to reduce emissions in urban areas, solutions to
improve the cost-effectiveness of electric vehicle operation
[4, 11] and studies in the field of air pollutant emission

28

COMBUSTION ENGINES, 2025;202(3)



Selected emissivity assessment issues for electric and hybrid vehicles

measurements of conventional, hybrid, electric [12-14, 18,
20, 33] and hydrogen vehicles [19].

2. Methodology
The paper proposes an analytical method to determine

the air pollutant emissions generated by electric vehicles
and presents the results of road tests measuring a hybrid
vehicle's air pollutant emissions. Air pollutant emissions
from vehicle operation usually boil down to determining
the amount of air pollutants generated by a mode of
transport during operation and affecting the external envi-
ronment. Depending on the source of the pollution generat-
ed in the vehicles, this could be pollution coming directly
from fuel combustion or from other sources. With regard to
the issue of air pollutant emissions, different methods of
measuring them are often pointed out. Common methods
include the following:

— well to tank (WTT), understood as a method of measur-
ing the amount of air pollutant emissions generated in
the initial activity chain, e.g., involving extraction and
production of the fuel used in a particular type of
transport mode

— tank to wheel (TTW), understood as a method of meas-
uring air pollutant emissions resulting from the direct
consumption of fuel by a mode of transport

— well to wheel (WTW), understood as a method of meas-
uring emissions along the entire chain, starting from the
very source of an energy raw material in question to its
use, i.e. from the extraction of the original propellant,
e.g. oil, to the production and consumption of the fuels
in the vehicle.

Measurements of air pollutant emissions should be se-
lected depending on the mode of transport and the type of
propellant used to power the vehicles. With regard to elec-
tric vehicles, on-site air pollutant emissions resulting from
fuel combustion do not occur, so the TTW emissions meas-
urement method is not applicable in this case. However, it
is possible to use the WTT method to determine air pollu-
tant emissions from electricity generation to power electric
vehicles. In order to measure air pollutant emissions occur-
ring during the vehicle operation phase, the focus should be
on WTT emissions (electric vehicles, hybrid vehicles) and
TTW emissions (conventional and hybrid vehicles).

For electric vehicles, the main air pollutant emission
arising from electricity generation are applicable. These
emissions are monitored and published by the National
Centre for Emissions Management [22].

Table 1. Emission factors in [kg/MWHh] for electricity end-users [22]

Year Air pollutant type

of measurements CO, SO, NOy CcO
2014 823 1.571 1.049 0.233
2015 798 1.516 0.954 0.234
2016 781 0.818 0.824 0.252
2017 778 0.729 0.741 0.265
2018 765 0.681 0.631 0.275
2019 719 0.511 0.576 0.233
2020 698 0.509 0.522 0.203
2021 708 0.505 0.505 0.237
2022 685 0.436 0.436 0.261
2023 597 0.363 0.392 0.222

Over the last decade, there has been a marked change in
the emission factors for the main air pollutants from elec-
tricity production in Poland. The main air pollutants from
electricity production in Poland are carbon dioxide, sulphur
dioxide, nitrogen oxides, particulate matter, and carbon
monoxide. Based on the data presented in Table 1, it can be
concluded that over the last decade, the rate of CO, emis-
sions during electricity generation in Poland has decreased
by nearly 27%. The largest reduction in air pollutant emis-
sions from electricity production in Poland was recorded
for sulphur oxides (nearly 77%). In contrast, nitrogen ox-
ides emissions in electricity production in Poland have
dropped by nearly 63% in the last decade. The smallest
reduction in air pollutant emissions in electricity production
in Poland was recorded for carbon monoxide (5%). The
reductions in air pollutant emissions in electricity produc-
tion in Poland are directly related to Poland's energy mix
and its significant change in the period from 2014 to 2024.
The energy changes introduced in Poland are directly and
positively reflected in air pollutant emissions generated in
electricity production. The milestone for reducing emis-
sions during electricity production in Poland will be the
commissioning of the first nuclear power plant.

The emissions of electric vehicles in terms of propellant
consumption come down to the determination of emissions
during the operation of the mode of transport, in terms of
the electric motor's electricity consumption, usually ex-
pressed as part of a combined cycle in terms of the power
consumed per kilometre (Wh/km). Within the framework of
the analytical method proposed in this paper, air pollutant
emissions of electric vehicles can be determined based on
emissivity factors published periodically by the National
Centre for Emissions Management [22]. Moreover, air
pollutant emissions of electric vehicles can be determined
based on current and historical data, thereby making it
possible to monitor changes in electric vehicle emissions in
terms of changes to Poland's energy mix, as provided his-
torically in Table 1. Using the KOBIZE values, the calcula-
tion of air pollutant emissions based on the proposed ana-
Iytical method for electric vehicles, taking into account the
variability of emissions over time due to changes in Po-
land's energy mix, is based on the following equations in
mass units of each type of air pollutant per kilometre trav-
elled by a specific type of electric vehicle.

Ecoz = B X Wy 1)
Esoz = P X Wy (2)
Enox = Pc X Wsy 3)
Eco =P X Wyy (4)
Ery = Ecoz + Esoz + Enox + Eco ®)

where the individual symbols stand for specific air pollutant
emissions, i.e.. Wy, — CO, emissions taken from Table 1 for
k-th vehicle type and y-th assessment year; W,, — SO,
emissions taken from Table 1 for k-th vehicle type and y-th
assessment year; W3, — NO, emissions taken from Table 1
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for k-th vehicle type and y-th assessment year; W,, — CO
emissions taken from Table 1 for k-th vehicle type and y-th
assessment year; Er, — total emissions of main pollutants
(CO,, SO,, CO, NO,) for the k-th vehicle type in the y-th
assessment year; P, — energy consumption by the k-th elec-
tric vehicle type [kWh/km].

Air pollutant emissions from the operation of hybrid
road vehicles, on the other hand, depend on the type of
hybrid vehicle. As part of the paper, the RDE road test
methodology was used to determine the emissions of hybrid
vehicles. Air pollutant emissions were measured with the
SEMTECH DS analyser, held by the Poznan University of
Technology. The research was carried out under a disci-
pline grant by the author. Warsaw University of Technolo-
gy funded the grant.

The type of hybrid vehicle depends primarily on the
configuration of the vehicle's power unit. Hybrid vehicles
use an internal combustion engine and an electric motor for
propulsion. Typically, the electric motor of a hybrid vehicle
assists the internal combustion engine. There are three main
types of hybrid vehicles, i.e., so-called full hybrids (HEVS),
mild hybrids (mHEVSs), and plug-in hybrids (PHEVS).

Considering the environmental impact issues of hybrid
vehicles, the air pollutant emissions of hybrid vehicles are
determined during real driving emissions tests (RDE). In
addition, in terms of plug-in vehicles and MHEVs, it is
possible to correct roadside measurements of air pollutant
emissions by the value of air pollutant emissions that occur
in the production of electricity consumed by the hybrid
vehicle in the course of carrying out transport tasks. Thus,
the emission results from road testing can be corrected
(augmented) by the results of emissions generated by pow-
ering engines using electricity, based on the analytical
method indicated earlier. The use of hybrid technologies in
road vehicles is very common. As shown in Fig. 3 and Fig.
4, the popularity of electric and hybrid vehicles is signifi-
cant.
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Fig. 3. Change in the number of registered vehicles in Poland,
2022/2023 [%)] [23]

More than 48% more plug-in hybrid vehicles were reg-
istered in 2023 than in 2022. There was a similar increase
in hybrid vehicle registrations in 2023 relative to 2022 for
MHEVs (41%) [23]. The largest percentage increase in the
number of vehicles registered year-on-year was for electric
vehicles. Analysing new vehicle registrations, the highest

increases of over 50% were also recorded for electric vehi-

cles. Significantly, the year-on-year numbers of conven-

tionally powered vehicles show little change, in favour of

low- or zero-emission vehicles. Nevertheless, in absolute

numbers, combustion vehicles are the largest group regis-

tered in Poland, which will not change in the coming years.
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Fig. 4. Percentage change in the number of new registered vehicles in
Poland 2022/2023 [23]

The measurement of air pollutant emissions of hybrid
vehicles can be carried out in accordance with the real driv-
ing emissions (RDE). However, it should be mentioned that
with the introduction of successive air pollutant emission
standards, the methodologies for measuring air pollutant
emissions have changed. Air pollutant emission measure-
ments carried out under NEDC (New European Driving
Cycle) or WLTP (Worldwide Harmonized Light-Duty
Vehicles Test Procedure) laboratory conditions have been
plagued by poor correlation between vehicle dynamic con-
ditions on the dynamometer and in real traffic conditions.
Manufacturers have often adapted combustion engines to
meet all requirements only during laboratory tests. Hence,
the measurement of exhaust gas emissions in real traffic
conditions based on the RDE emission measurement test
has been implemented [21]. Every car approved from 2017
onwards must meet RDE test requirements in addition to
the WLTC test requirements. The compounds that appear in
the exhaust gas when the vehicle is operated in urban, ex-
tra-urban, and motorway conditions are analysed during the
road tests. The test route must be adjusted so that the test's
continuity is not interrupted. Data should also be recorded
without any interruption. The RDE test should be carried
out on paved carriageways during working days. The regu-
lations prohibit the excessive use of the neutral gear in the
initial stage after starting the engine during the test. The
route should run for a minimum of 16 km in urban, non-
urban, and motorway conditions [14]. Hybrid vehicle tests
were carried out in the Poznan agglomeration as part of this
paper. Vehicle speeds in the urban area did not exceed 60
km/h, with average speeds between 15 and 45 km/h. The
proportion of each section was approximately one-third of
the length of the entire test route. Deviations of 10 percent-
age points were allowed, but the urban section should not
represent less than 29% of the total test route. Moreover,
stops, i.e., when the car is not moving faster than 1 km/h,
should not account for more than 30% of the total route in
the test's urban section. In the non-urban section, the vehi-
cle travelled at least 16 km and travelled at speeds between
60 and 90 km/h. In the motorway section, the vehicle trav-
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elled at higher speeds, i.e., from 90 km/h, and the maximum
speed did not exceed 145 km/h [14]. In terms of plug-in
vehicles and MHEVs, the results of on-road air pollutant
emissions tests can be further corrected, plus the value of
air pollutant emissions that arise from the generation of
electricity consumed by the vehicle in the course of its
transport tasks.

3. Results

Given the analytical method described above for deter-
mining the air pollutant emissions generated by electric
vehicles, as well as the air pollutant emissions published by
KOBIZE [22], it is possible to determine TTW emissions
for electric vehicles. The characteristics of the electric vehi-
cles for which air pollutant emissions were determined are
shown in Table 2.

Table 2. Characteristics of selected electric vehicles [28, 29, 32]

Vehicle Energy consump- Maximum

No. brand Model tion [Wh/km] range [km]
1 Tesla S Plaid 187 600
2 BMW i5 eDrive40 159 582
3 Nissan Leaf 166 285
4 VW 1D.3 152 388
5 Hyundai IONIQ 6 139 429

Knowing the energy consumption during the electric
vehicle's mixing cycle, it is possible to determine the air
pollutant emissions generated during the electricity genera-
tion stage. In view of the issues involved in the life cycle
analysis of road vehicles, including electric vehicles, it
should be noted that electric vehicles have lower air pollu-
tant emissions over their whole LCA (Life Cycle Analysis)
compared to petrol and diesel vehicles [2]. The largest
percentage of air pollutant emissions as CO,-equivalent
over a vehicle's life cycle is related to fuel production and
fuel consumption for vehicle propulsion. For conventional
road vehicles, the most relevant emissions component as
part of the LCA assessment is the production of conven-
tional fuels and the emissions from the combustion of pet-
rol, diesel, or gas. With regard to electric vehicles in terms
of air pollutant emissions, a key issue is related to electrici-
ty generation, as well as its sources. Figure 5-8 presents the
results of the air pollutant emissions tests of the electric
vehicles mentioned in Table 2 in 2023, determined using
the analytical method presented earlier.
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The CO, emissions are much higher than emissions of
other compounds generated by vehicles, including NO, and
CO. However, the article presents CO and NO, emissions
due to the harmfulness of air pollutants generated in smaller
quantities, and SO, emissions for electric vehicles.

The increasingly widespread use of electric vehicles in
Poland and Europe represents an opportunity to reduce
greenhouse gas emissions in the area of transport. Require-
ments for electric vehicles as well as charging stations are
formulated to ensure safe use, monitoring of the charging
process, and energy consumption [3]. In order for electric
vehicles to be more widely used, charging stations on the
TEN-T Trans-European Transport Network are required to
be spaced at a maximum of every 60 km. The above can
help reduce air pollutant emissions from road transport. An
essential part of the infrastructure for powering electric
vehicles is the power grids, of which, according to the Su-
preme Audit Office's reports, 90% of high-voltage power
lines are more than 10 years old, with 43% — more than 40
years old. Low-voltage lines were in operation for the
shortest time period, although still 32% of them had been in
operation for more than 40 years [3]. In addition to lower
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air pollutant emissions, incentives for purchasing an electric
vehicle can include lower insurance rates, lower electricity
prices, attractive subsidy offers, concessions, and exemp-
tions when driving in urban areas. In order to think about
the widespread use of electric cars, the charging network
needs to be increased by as much as six times by 2035 [3].
According to the IEA (International Energy Agency), if
battery cars continue to develop at the current rate, their
share of the global market should already reach 50% in the
next decade.

As indicated earlier, due to the change in Poland's ener-
gy mix over recent years, the emissions of the individual
compounds monitored by KOBIZE have changed. With
emissions tables [22], it is possible to determine the rate of
change of vehicle emissions over time for electric vehicles.
To illustrate this phenomenon, two electric vehicles were
used for the purpose of this paper, i.e., the VW ID.3 [32]
and Nissan Leaf [29]. The power of the VW ID.3 vehicle
was 170 kW, with a range of up to 388 km. Energy con-
sumption was 152 Wh/km. The power of the Nissan Leaf
vehicle was 150 kW, with a range of up to 285 km. Energy
consumption was 166 Wh/km. The change in air pollutant
emissions determined using the early analytical method
described applies to carbon dioxide, nitrogen oxides and
carbon monoxides are shown in Fig. 9 and Fig. 10.
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Fig. 10. Change in air pollutant emissions of Nissan Leaf from 2014 to
2023

Analysing the historical KOBIZE emissions data, for
the VW ID.3 and the Nissan Leaf, assuming the current
technical parameters for energy consumption between 2014
and 2024 for the above-mentioned vehicles, it should be
noted that in the past decade there has been a decrease of
27% in CO, emissions, 63% in nitrogen oxides and 5% in
carbon monoxide. A change in Poland's energy mix is
therefore responsible for reducing EV emissions. It can
therefore be assumed that the transfer of electricity produc-

tion in Poland to renewable energy sources or nuclear ener-
gy will allow for even more significant reductions in emis-
sions. This will enable the operation of electric vehicles to
be referred to as zero-emission vehicle operation. Until this
happens, it is possible to refer to electric vehicles as low-
emission vehicles.

As part of the emissions testing of hybrid vehicles, air
pollutant emissions were measured for the Kia Niro, manu-
facturing year 2022, 1.6 petrol engine, plug-in type, with
a total power of nearly 105 HP [28]. In terms of hybrid
vehicles, the analysis of fuel consumption and energy re-
quirements is also an important issue [27]. Cumulative fuel
consumption increases with increasing mileage, but the
increase is not a linear function. Similar observations were
made in terms of air emissions of vehicles with diesel en-
gines [15, 16]. Pollutant emissions increased with operating
age, but this was not an increase that could be described by
a linear function. Detailed results of RDE tests of air pollu-
tants for the Kia Niro vehicle in urban, suburban, motor-
way, and RDE modes are shown in Fig. 11, Fig. 13, and
Fig. 15.
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Fig. 11. NOy emissions of the Kia Niro, RDE test [mg/km]
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sions [mg/km]

The air pollutant emissions of a hybrid vehicle are those
from the combustion of fuel while the vehicle is running,
shown in Fig. 11, Fig. 13, and Fig. 15, as well as emissions
including air pollutants generated from electricity genera-
tion, designated RDE + EN in Fig. 12, Fig. 14, and Fig. 16.
The emissions marked as RDE + EN on Fig. 12, 14, and 16
are the emissions generated by the hybrid vehicle during the
road test from combustion fuel, plus the emissions resulting
from the electricity consumed by the hybrid vehicle during
the road test. The energy marked as EN in the figures indi-
cates emissions from energy drawn from the electric net-
work by the hybrid vehicle.
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Fig. 13. CO, emissions of the Kia Niro, RDE test [mg/km]
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Fig. 14. CO, emissions of the Kia Niro, RDE test and RDE + EN emis-
sions [mg/km]
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Fig. 15. CO emissions of the Kia Niro, RDE test [mg/km]

The air pollutant emissions of the hybrid vehicle, in-
cluding those from electricity generation, contribute slightly
to the higher total emissions found in the road tests. The
above analyses related to determining the impact of emis-
sions from electricity generation on the emissions of the
hybrid vehicle were carried out using the analytical method
indicated above and the air pollutant emissions from 2023
published by KOBIZE and shown in Table 1.

The Kia Niro hybrid vehicle's carbon dioxide emissions
in the RDE road test were 140.80 g/km and, including
emissions from electricity generation, amounted to 152.67
mg/km. This represents an increase in carbon dioxide emis-
sions of around 8%. The nitrogen oxide emissions of the
Kia Niro hybrid vehicle in the RDE road test were 1.27

mg/km and, including emissions from electricity genera-
tion, amounted to 1.28 mg/km. This represents an increase
in nitrogen oxide emissions of around 1%. The carbon
monoxide emissions of the Kia Niro hybrid vehicle in the
RDE road test were 104.36 mg/km, and including emis-
sions from electricity generation, also amounted to 104.36
mg/km.

104.80
104.70
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104.50

104.40 104.36 104.36
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104.20
104.10

104.00

RDE - CO RDE +EN-CO

Fig. 16. CO emissions of the Kia Niro, RDE test, and RDE + EN emis-
sions [mg/km]

4. Conclusions

The increasingly widespread use of electric vehicles in
Poland and Europe represents an opportunity to reduce
greenhouse gas emissions in the area of transport. An ana-
Iytical method can be used to determine the emissions of
electric vehicles, taking into account data from the general
reports prepared by KOBIZE [22]. Knowing the energy
consumption during the electric vehicle's mixing cycle, it is
possible to determine the air pollutant emissions generated
during the electricity generation stage. Analysing the histor-
ical KOBIZE emissions data, for the VW ID.3 and the
Nissan Leaf, assuming the current technical parameters for
energy consumption between 2014 and 2024 for the above-
mentioned vehicles, it should be noted that the past decade
featured a decrease of 27% in CO, emissions, 63% in nitro-
gen oxides and 5% in carbon monoxide. A change in Po-
land's energy mix is therefore responsible for reducing EV
emissions. It can therefore be assumed that the transfer of
electricity production in Poland to renewable energy
sources or nuclear energy will allow for even more signifi-
cant reductions in emissions. This will enable the operation
of electric vehicles to be referred to as zero-emission vehi-
cle operation. Until this happens, it is possible to refer to
electric vehicles as low-emission vehicles. The proposed
analytical method for determining the air pollutant emis-
sions of electric vehicles makes it possible to observe
changes in pollutant emissions over time, taking into ac-
count the changing electricity production mix in Poland and
scenarios for organizing transport systems with electric
vehicles [7].

For hybrid vehicles, RDE measurements of air pollutant
emissions can be corrected using the analytical method to
the extent that they relate to the measurement of emissions
associated with electricity generation. The Kia Niro hybrid
vehicle's carbon dioxide emissions in the RDE road test
were 140.80 g/km and, including emissions from electricity
generation, amounted to 152.67 mg/km. This represents an
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increase in carbon dioxide emissions of around 8%. The
nitrogen oxide emissions of the Kia Niro hybrid vehicle in
the RDE road test were 1.27 mg/km and, including emis-
sions from electricity generation, amounted to 1.28 mg/km.
This represents an increase in nitrogen oxide emissions of
around 1%. The carbon monoxide emissions of the Kia
Niro hybrid vehicle in the RDE road test were 104.36

mg/km, and including emissions from electricity genera-
tion, also amounted to 104.36 mg/km.
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Nomenclature

HEV hybrid electric vehicle RES renewable energy sources

IEA International Energy Agency RDE measurement of real driving emissions
KOBIZE National Centre for Emissions Management TTW tank to wheel

LCA life cycle analysis WLTP  Worldwide Harmonized Light-Duty Vehicles
mHEV  mild hybrid electric vehicle Test Procedure

NEDC  New European Driving Cycle WTT well to tank

PHEV  plug-in hybrid electric vehicle
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