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ARTICLE INFO

In the article were compared the vehicles (by pairing) the vehicles on the basis of selected criteria consider-

ing vehicles’: weight, length, wheel width, maximum output and acceleration time. The article was carried out
by analysing the available source materials and specific energy mix based on coal. The emission of air pollu-
tants (exhaustive) was estimated using the mathematical calculation. In order to carry out the analysis, the data
provided by the manufacturers of the considered cars were used, concerning fuel consumption by the cars
equipped with the internal combustion engines or electricity consumption in the case of cars with equipped with
electric motors. The air pollutants that were taken into consideration: carbon monoxide, nitrogen oxides,
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sulphur dioxide, carbon dioxide, and total particulate matter. Apart from the exhaustive emissions, the total
particular matter emissions from the tyre and brake wear and road abrasion is also included. The pollutant
emission was estimated on the basis of emission factors using the average mileage characterizing for driving in
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1. Introduction

The assumptions of the European Green Deal and the
pursuit of climate neutrality influence the development of
BEV [3, 8-10].

However we can describe electric means of transport as
‘ecological’, the actual emissions generated by the electric
vehicles are associated with the fuel structure occurring in
particular country. Then we can say ‘100% ecological’ or
‘climate friendly’ about vehicles that are powered mainly
from renewable energy sources.

According to the last submission of the national air
pollutants’ emission inventory [5, 6, 12], Polish energy mix
(structure of the fuel combusted) in the public power
generation sector consists of 81% solid fuels, mainly hard
coal and lignite. Considering the energy mix, the air
emissions from electric vehicles in Poland can be qualified
as translation of coal emissions to the road transport sector.

That means the ecological properties of electric vehicles
are associated mainly to the national energy mixes in
energy production sectors. There are very limited number
of scientific publications taking into account comparison
between the air pollutants’ emissions associated with the
BEV, and with ICE vehicles in terms of the energy mix
used for electricity production [2, 3]. This fact gives an
opportunity for investigating the ‘ecological side effects’
associated with the BEV, and generated as a result of
applying of the national energy mix based on the fossil
fuels.

2. Methodology

The article compares the emission of harmful
substances caused by cars which are equipped with: internal
combustion engines, and electric motors. Basing on the sets
of parameters that affect fuel consumption and,
consequently, the emission of harmful substances (descry-

bed in three criteria, as below), there are compiled together
a pairs of cars (fuel powered vs. electric).
Classification criteria [12]:

1. The ratio of the maximum power output [KW] to the
car's own weight in kilograms. Its aim is to select cars
with the most similar engine performance. When the
criterion is used for cars with internal combustion
engines, it is also named ‘balance weight ratio’. The
reason for this is the higher (approximately a constant
multiple) curb weight of a car with an electric motor
compared to its internal combustion counterpart,
resulting from the design of the drive. Therefore, in
order to obtain a reliable result, this disproportion had to
be levelled. Criterion No. 1 has been expressed by the
formula (1):

P

Q= 1)

mxq

where: P — maximum power output [KW], m — curb
weight of the car [kg], g — balance weight ratio for cars
with internal combustion engines = 1.215.

2. Using this criterion it is possible to select cars with the
most similar geometrical dimensions, i.e. the length and
height of the car. The mentioned parameters also affect
the ability to overcome air resistance of a similar value
(translating into fuel consumption). The values of which
result from a similar maximum power of the engines of
the compared cars. Criterion No. 2 has been expressed
by the formula (2):

Ixh
Q= 2)
where: P — maximum power output [kW], | — length of

the car [m], h — length and height of the car [m].
3. The purpose of this criterion is to select cars of the
similar rolling resistance and hence of the similar
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energy consumption and emissions. Rolling resistance
depends on the tire width and the maximum engine
power, as well as the acceleration time. Criterion No. 3
has been expressed by the formula (3):

Qs = (3)

where: P — maximum power output [kKW], w, — tire

width [mm], t — acceleration time (0-100) km/h [s].

The assumptions for comparing cars with each other
were:

— matching a car with an internal combustion engine to
a car with an electric engine according to the enume-
rated criteria,

— finding the results of the criteria in the tolerance field of
+0.01 in relation to each other,

— fulfilment of all criteria.

The comparative criteria were selected so that the
compared cars were as similar as possible to each other in
terms of technical parameters following the design purpose
of their use, geometric parameters that affect fuel/electricity
consumption, as well as the work performed by engines
during operation, which translates into the similar
consumption of supplied energy.

In order to obtain meaningful results, both cars (electric
vs. fuel powered) of different brands were compared with
each other, selecting cars with internal combustion engines
from specific ranges of engine displacement i.e. (800-1400)
cm®, (1401-2000) cm® and above 2000 cm?® (Fig. 1) and
cars of the same brand (Fig. 2).
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Fig. 1. Summary of the criteria for the selection of cars for testing in terms

of engine displacement. G — gasoline, D — diesel
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Fig. 2. Summary of criteria for selecting vehicles for testing because of the
brand of vehicle. G — gasoline, D — diesel

In order to calculate the emissions from the selected
ICE vs BEV pairs, the authors calculated the emission of
individual harmful substances from combustion processes
from a source appropriate for the type of engine for the
averaged mileage per year for Polish conditions (including
cold start parameter) [4] in a mixed driving cycle.

The emission of CO, NO, and PM from cars with an
internal combustion engine was determined based on the
formula (4) [7]:

Eij = Mjy X EFjx (4)

where: E; — emission of pollutant i [g], EFi;x — emission
factor of pollutant i for vehicle category j and technology k
(type of fuel and engine displacement) [g/veh-km], My —
distance driven by vehicle of category j and technology k
[km].

The emission of CO, from cars with an internal
combustion engine was determined based on the formula

) [1]:
Ecoz = EFjjm X FCj (%)

where: E; — emission of pollutant i [g], FCj, — fuel
consumption of vehicle category j using fuel m over the
distance driven by vehicle [g], EF;;jx — fuel consumption-
specific emission factor of pollutant i for vehicle category j
and fuel m [g/kg].

The emission of SO, from cars with an internal
combustion engine was determined based on the formula
) [7]:

Eso, = 2 X kg X FCp, (6)

where: Egq, — emissions of SO, per fuel m [g], ks — weight
related sulphur content in fuel of type m [9/0se], FCr — fuel
consumption of fuel m [g]

The emission of harmful substances from BEV was
determined on the basis of the formula (7) [7]:

E;=NXEF;xM (7

where: E; — emission of pollutant i [g], N — consumption of
the electric energy [Wh], EF; — emission factor of pollutant
i for electricity produced by installations for combustion of
fuels [g/Wh], M — distance driven by vehicle [km].
For the calculations the following data were used:
— fuel and electricity consumption over a distance
(catalogue data),
emission factors for harmful substances for cars with
internal combustion engines [1, 7],
TSP emission factors from the tyre and brake wear and
road abrasion [7],
emission factors of harmful
combustion installations [6],
— weight and calorific value of gasoline and diesel oil
(catalogue data).

3. Results

The described methodology allowed for the selection of
cars and carrying out the research using the computational
method. The results concerning the emission of pollutants
are presented in the Figs 3-6.

substances by fuel
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Fig. 3. Comparison of CO, emissions for the selection of cars for testing in
terms of engine displacement. BEV — navy blue, ICE — light blue, G —
gasoline
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Fig. 4. Comparison of emissions of CO, NOy, PM and SO, for the
selection of cars for testing in terms of engine displacement. G - gasoline
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Fig. 5. Comparison of CO, emissions of selecting vehicles for testing
because of the brand of vehicle. BEV — navy blue, ICE — light blue, G —
gasoline, D — diesel

4. Conclusions

The calculations, as well as the information collected in
this article, show that the emissions of carbon dioxide and
harmful substances from cars with electric engines and cars
with internal combustion engines mainly depend on factors
such as:
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Fig. 6. Comparison of emissions of CO, NO, PM and SO, selecting
vehicles for testing because of the brand of vehicle. G — gasoline, D —
diesel

— type of internal combustion engine (spark-ignition or
compression-ignition),

— displacement of the internal combustion engine,

— energy mix.

After conducting a comparative analysis, it can be
concluded that in Polish conditions, introducing cars with
electric engines into circulation at the expense of
withdrawing cars with internal combustion engines is not
unequivocally positive.

This is evidenced by the results obtained which show
that the CO, emission from BEV is higher than for cars
with combustion engines except for the engines of engine
displacement above 2000 cm?® (Figs 3 and 5). In the case of
CO emissions, it is clear that for ICEs powered by gasoline,
the emissions are higher than for BEVs, but for ICEs
powered by diesel, the emissions are lower than for BEVS.
For the remaining pollutants, the emissions from ICE are
lower than for BEV.

Summing up, the results of the research and the
presented analysis of sources show that for the current
energy mix in Poland, increasing the number of cars with
an electric engine while reducing the number of cars with
internal combustion engines will not have a better impact
on the natural environment and human health, because the
content of CO, NO,, SO, will increase in the air. In the case
of CO, emissions, it will slightly decrease.

The comparative analysis conducted in this paper can be
a reference point for further research on electromobility in
the context of the energy mix or electricity and power
supply. The aim of the research may be to determine the
legitimacy or directions of development of electromobility
in terms of its impact on the natural environment and
economic aspect. It is also possible to expand the included
methodology of comparative analysis to include cars
powered by other types of fuels, such as natural gas or
biofuels.

Nomenclature

BEV Dattery electric vehicle

CO  carbon monoxide

CO, carbon dioxide

ICE internal combustion engine

NO, nitrogen oxides
PM  particulate matter
SO, sulphur dioxide
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