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Abstract: The paper compares the emissions from vehicles including ICEVs (internal combustion
engine vehicles) with equivalent emissions from BEVs (battery electric vehicles). Additionally, it
analyzes the available source research and the specific energy mix for Poland based on carbon. Math-
ematical calculations estimate air pollutant emissions. To carry out the analysis and calculations, data
were provided by the manufacturers of electricity consumption in the case of vehicles equipped with
electric motors and the COPERT model for internal combustion engines. Air pollutants are considered:
CO;,, NOy, SOy, CO, and Total Suspended Particles (TSP). In addition to exhaust emissions, all solids
emissions from road abrasion and tire and brake wear are also considered. The emission of pollutants
is estimated based on the emission factors using the average mileage in Polish conditions. The paper
compares emissions for three scenarios considering electric vehicles, combustion engine cars, and
hybrid cars. Analyses show that introducing cars with electric engines into traffic at the expense of
withdrawing vehicles with internal combustion engines is not favorable in Polish conditions. The
analysis indicates that CO, CO,, and TSP emissions have decreased, while NOx and SOy emissions
have increased.

Keywords: air pollutant; vehicle; electric vehicle; ICEV; BEV; Poland; emission

1. Introduction

Air pollution is one of the major environmental risk factors for health globally, includ-
ing in Poland. The transport sector, in particular, road transport, is the main source of this
health burden [1,2]. The European Union and its member states are taking several measures
to reduce the negative impact of transport on the environment and health. The transport
sector in Europe has achieved major reductions in some air pollutants emissions, mainly
due to emission standards, financial measures, alternative fuels, and transport avoidance
measures [3]. However, emissions from the EU (European Union) transport sector are not
declining enough to reduce its environmental and climate impacts in Europe. Greenhouse
gas (GHGs) emissions from the transport sector have grown over the last three years; it is
also the main source of dust, nitrogen dioxide, and noise emissions [4].

Recent efforts to reduce air pollutant emissions from ICEVs (internal combustion
engine vehicles) are essential to the attention that needs to be given to reducing carbon
dioxide emissions from road transport. Improvements in exhaust emission control tech-
nologies introduced by each new Euro standard in Europe, including Poland, significantly
reduced NOy (nitrogen oxides) and PM (particulate matter) emissions from the rise in the
1990s [5,6]. Despite these reductions, emissions from Euro 5 and 6 diesel PCs (passenger
cars) and ICELDVs (light commercial vehicles) remained well above the regulated NOx
limit under real conditions [5-8]. However, the latest Euro standards are based on an RDE
(Real Driving Test), resulting in manufacturers introducing previously available and effec-
tive NOy control technologies to new diesel vehicles. The latest Euro standard could finally
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deliver “the desired real performance required to improve urban air quality in Europe” [9].
This current improvement in real NOy emissions was used in this study to predict how
future ICE vehicle improvements in the fleet may perform compared to the fleet with
the introduction of electric vehicles. It is worth noting that the use of alternative fuels
also contributes to the reduction of NOx and PM (particulate matter—treated as TSP-Total
Suspended Particles) emissions [9,10].

This urgent need to tackle air pollution is also evident in efforts to mitigate climate
change, with attention recently focused on achieving net ‘zero” greenhouse gas emissions
by 2050 [5] through the implementation of fit55. The assumptions of the European Green
Deal and the pursuit of climate neutrality influence the development of BEVs. [11,12].
Reducing road transport emissions is a major factor in meeting air pollution and climate
goals. The promise of new technologies such as electric vehicles (EVs) can help meet these
goals. However, this decarbonization pathway with electric vehicles needs to consider the
resulting impacts on air quality.

The number of BEVs, primarily electric passenger cars, has increased significantly in
recent years as the policies of many governments continue to encourage the electrification
of the vehicle fleet [12,13]. Vehicle electrification has been recognized as an air pollution
solution that offers zero emissions and promises cleaner urban air [13]. In Poland in
2020, 18,875 electric vehicles were registered from a total of 23,880,164 of all registered
vehicles [14,15]. Will the pursuit of electromobility improve air quality and reduce CO,
(carbon dioxide) and pollution emissions? Electric vehicles do not emit from the exhaust
pipe but can you say that they provide locally zero emissions? Additionally, they need a
source powered in Poland for BEVs to drive.

It should be noted that apart from poor local air quality, in Poland, almost 80% of
electricity comes from hard coal and lignite [16]. The production of electricity from natural
gas accounts for 8%. The share of energy from renewable sources (RES) in the final energy
consumption in Poland in 2020 was 16.13% [17].

It should also be remembered that the source of emissions from vehicles is not just
the exhaust pipe. However, supporters of electro-climate often neglect particulate matter
(PM) emissions from non-exhaust emissions, including brake wear, tire wear, road wear,
and re-suspension of road dust. Non-exhaust emissions have been identified as a key
factor for PM in the environment as the tailpipe emissions standards for ICEVs become
more stringent [13,18,19]. Emissions without exhaust gases, particulate matter emissions
resulting from abrasion of brakes, tires, and road surfaces currently exceed exhaust emis-
sions for PMj 5 and PM;g in Europe [5,20]. This is due to improvements in the exhaust
system of control technology in ICEVs which has coincided with the growing interest in
zero-emissions vehicles, i.e., BEVs. The increased importance of clean emissions and the
increasing number of BEVs have led to a discussion in the literature comparing the exhaust
and zero emissions rates of individual BEVs and ICEVs. The difference in exhaust emissions
for electric vehicles is based on the relationship between the vehicle’s curb weight and
the exhaust emission values [5,19-21]. Such a relationship would increase tire and road
emissions for electric vehicles as they have a higher curb weight than ICEVs, mainly due to
the electric vehicle battery. However, regenerative braking can reduce the wear emissions of
electric vehicles’ brakes. Numerous studies have shown how a fleet of electrified passenger
cars can significantly improve air quality [5,7,22].

Analyzing the existing literature [13,22] on non-exhaust emissions from different
vehicle categories, this review concluded a positive relationship between mass and non-
exhaust PM emission factors. In addition, BEVs were found to be 24% heavier than
equivalent ICEVs. As a result, the total PM( emissions from electric vehicles were found
to be equal to those from modern ICEVs. PM; 5 emissions were only 1-3% lower for BEVs
compared to modern ICEVs. It can therefore be concluded that the increased popularity
of electric vehicles is not likely to have a large impact on the levels of PM. Non-exhaust
emissions already account for over 90% of PMj( emissions and 85% of PM, 5 emissions from
road traffic. These proportions will continue to increase as emission standards improve and
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the average vehicle weight increases. Future policy should consequently focus on setting
emission standards and encouraging the reduction of the weight of all vehicles in order to
significantly reduce particulate emissions from road traffic.

2. Materials and Methods

The article compares the emission of harmful substances caused by ICEVs and BEVs.
Based on the sets of parameters that affect fuel consumption and, consequently, the emission
of harmful substances (described in three criteria, as below), pairs of vehicles (fuel-powered
vs. electric) are compiled together. To compare emissions with ICEV PCs and LDVs
with BEVs, we selected the vehicles in pairs corresponding to the vehicle category: Mini,
Small, Medium, and Large-SUV-Executive. The classification criteria were chosen based on:
maximum power output, geometrical dimensions, and similar rolling resistance and hence
a similar energy consumption and emissions [23]. The methodology of selecting vehicle
pairs is presented in the article [23].

Based on the various traffic situations in Polish cities, the authors want to check the
impact of the type and Euro standards on emissions. The simulations were performed in
three scenarios for CO, CO (carbon monoxide), NOy, TSP, and SOy (Sulfur oxide):

—  Scenario I—presenting the current emissions for Poland in 2020.

—  Scenario II—all PCs and LDVs meeting the PreEruro-Euro 5 numbers have been
replaced with Euro 6 passenger cars, including hybrids and plug-ins. The assumption
was that the vehicle structure remains the same, i.e., old cars will be assigned to the
same subcategory only to meet the newer Euro standard. The principle of fuel balance
will also be preserved here to balance the mileage of vehicles.

— Scenario III—Passenger cars with electric motors will replace all PCs and LDVs
with the PreEuro up to Euro 5 standard. The mileage will be maintained as for the
already existing Euro 6 cars. The figures for electric vehicles will be taken to match
the corresponding electric vehicles as a criterion. It was assumed that all vehicles
are charged from the electric network, the indicators for electricity are used for the
emission calculations [24].

The equivalent emission from BEVs is calculated from Formula (1):
E,=E.XEF,xM @D

where:

E;—emission of pollutant i [g],
E.—consumption of the electric energy [Wh] based on average data from the ev-database],
EF,—emission factor of pollutant i for electricity produced by installations for combustion
of fuels [g/Wh] based on [25],

For simulation emission for ICEVs, the authors used the COPERT software for the
emission calculation. The applied methodology followed the IPPC guidelines [26] and the
EMEP Guidebook 2019 [27], which are the basic sets of guidance for GHGs’ (greenhouse
gases) and air pollutants” emission inventories.

Calculations using the COPERT software were based on the actual input data used to
compile the Polish national emission inventory for 2020 [27]. The estimations for the basic
assumptions were based on the following:

— Total number of vehicles was 23,880,164. (Number of PCs-18,587,297 and LDVs-
2,184,094), and the fleet structure,

— Polish fuels mix consumed by vehicles in 2020,

— Share per road class (urban, rural, and highways),

— Vehicles” average velocities [22],

— Minimum and maximum temperatures occurring in Poland in 2020 based on [7].

The subject of analysis is associated with the assessment of air emissions generated by
the transport sector on the regional (country) level.
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For the purposes of the Polish national emission inventories of pollutant and GHG
emissions, the share of PCs and LDVs in urban traffic is over 35%, in rural traffic, it is
about 50%, and driving in urban areas is at an average speed of about 30 km/h, and in
rural areas, it is 70 and 65 km/h. Most of the HDTs (heavy-duty trucks) and coaches travel
at an average speed of 55 km/h in rural areas. L-category (includes: motorcycles and
mopeds) operates mainly in urban and rural areas. The share of all categories of vehicles
on highways is relatively small, amounting to about 15%, and on highways, these vehicles
travel at the highest average speed. In line with the methodology for determining emissions
from motor vehicles included in the COPERT model, the emissions also depend on the
ambient temperature.

3. Results
The result of the simulations for CO, CO,, NOy, TSP, and SOy depending on scenarios
are shown in Figures 1-5.
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Figure 1. Comparison of CO emissions for three scenarios.
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Figure 2. Emissions for three scenarios.
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Figure 3. Comparison of Total Suspended Particles (TSP) emissions for three scenarios.
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Figure 4. Comparison of SOy emissions for three scenarios.

The analysis shows that CO, CO,, and TSP emissions have decreased, while NOy and

SO, emissions have increased.
The analyses also show that replacing PCs and LDVs to meet the PreEuro-Euro

5 standards with Euro 6 will reduce emissions compared to scenario L.I.
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Figure 5. Comparison of NOy emissions for three scenarios.

4. Discussion and Conclusions

The calculations and information collected in this article show that the emissions of
carbon dioxide and harmful substances from BEVs and ICEVs mainly depend on such
factors as:

— the type of internal combustion engine and its displacement,
— consumption of the electric energy by the BEV,
—  energy mix.

After conducting a comparative analysis, it can be concluded that introducing BEVs
into circulation at the expense of withdrawing ICEVs is not unequivocally positive in Polish
conditions. In the article [28], the impact of the electrification of the fleet of a single com-
pany located in Poland was presented on reducing carbon dioxide emissions. It showed
that, depending on the energy mix, the impact of BEVs on CO, emissions will be different.
Although the Polish electricity system is based on fossil fuels, the electrification of the fleet
may contribute to the reduction of carbon dioxide emissions by 24%. However, in consider-
ing the Polish fuel mix in 2019, the use of data published by vehicles manufacturers shows
that electrification of the fleet would increase emissions of carbon dioxide in this company
by 14%. This means that from the perspective of the initial assumptions, policymakers,
regulators, scientists, or other interest groups may draw different conclusions.

The analysis shows that CO, CO,, and TSP emissions have decreased, while NOy
and SOy emissions have increased. It is also worth noting that the local emission of
pollutants from vehicles will be 0, except for the emissions from brake wear which were
also considered [13]. As noted by [5] in their work, the introduction of electric cars will
result in a local reduction in the emission of pollutants and COs,.

It is also worth noting that the increasing share of BEVs will not contribute to the
reduction of PM emissions, a comprehensive case report can be found in [22], where it
determined that future policy should consequently focus on setting emission standards
and encouraging the reduction of the weight of all vehicles to reduce particulate emissions
from road traffic significantly.

Additionally, [1] in their research drew the same conclusion. The application of
BEVs brings about the effects of a local improvement in air quality. However, it is worth
remembering that the emissions caused by the BEVs, in the case of electricity based on
carbon, will not be reduced to zero.
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