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Abstract: The study introduces the current situation of electric vehicle technologies, the possibilities
and possible directions of their market, as well as the economic and environmental aspects in the
eastern region of the EU, with special regard to Hungary. Our calculations show that despite the
higher costs of ownership, in the case of 7 years of use (among Hungarian conditions), the total
cost of the Battery Electric Vehicles (BEV) is lower than that of the Internal Combustion Engine
Vehicles (ICEV) in each of the four segments analysed. The purchasing power of the population
in the eastern regions of the EU is clearly lower compared to the western regions, yet people in
this region spend beyond their financial means on motorization. Despite its unfavourable position,
Hungary is in a particularly advantageous position compared to other countries in the region per
vehicle and per capita in terms of the spread of BEVs. In the long run, even taking higher prices
into account, the use of electric cars, in general, has significant advantages from an economic point
of view; lower maintenance costs and fuel prices (especially with increased use) make EVs more
cost-effective overall.
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1. Introduction

Globally, the spread of electric cars is growing exponentially annually, exceeding
16.5 million cars nowadays [1-4]. This dynamically developing industry shows significant
differences between continents and countries. In the United States of America, BEVs are
represented by 1.3 M cars, while there are 0.7 M cars of Plug-in Hybrid Electric Vehicles
(PHEV); in China, there are 6.2 M BEVs and 1.6 M PHEVs, while in Europe, there are
3 M BEVs and 2.5 M PHEVs [5]. The spread of electric cars varies considerably between
EU member states [6-8]. Brdulak et al. (2021) divided EU countries into groups with
different development dynamics using cluster analysis [9]. The paper studied specifically
the countries of Group A, which have a higher rate of development. Group B generally
has fewer electric cars but is open to alternatively powered cars and has a proportionally
large number of Liquefied Petroleum Gas (LPG) vehicles [10-13]. Our studies refer to
the former socialist countries connected to the Central European region, and due to the
different socio-economic environment, the post-Soviet states are not included. Therefore,
this paper presents the experience and trends of the European Union countries in the
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typical Central European region, and the statistical averages of Austria [14-16] and the
European Union were included as controls for all calculations. This is how Hungary and
its neighbouring EU member states (Austria, Croatia, Romania, Slovakia, Slovenia, Poland,
and the Czech Republic as V4 member states) were chosen as test subjects. Brdulak et al.
(2021) determined the innovation index and the resulting ranking of each EU Member
State using BEV and PHEYV, as well as the first registration time of hydrogen-powered
cars and the share of LPG cars. In terms of the studied countries, Austria is the absolute
European number one, with Hungary at 5th, the Czech Republic at 10th, Slovakia at 11th,
Poland and Romania tied for 12th, Slovenia at 14th, and Croatia bringing up the rear at
16th position [9].

The primary objective of this paper is to analyse the current situation of innovative
electric vehicle (EV) technology, the possibilities and directions of its spread on the market,
and its specifics in relation to the selected countries of Group B mentioned above.

Our basic hypothesis is that the spread of EVs for the countries studied differs sig-
nificantly from that in Group A countries [17-20]. In the studied region, electromobility
is spreading mainly via used models. Therefore, in the spread studies, in addition to new
car sales, great emphasis was placed on the relatively long-established BEV and PHEV
types. The main reason for this is that effective demand is significantly lower in most of
the studied countries compared to the EU average, but the rate of spread gives reason to
assume that society is generally open to cleaner power types, but for economic reasons
only used models can spread in greater numbers.

Three main research questions were set as the objectives of this study, as follows:

e Q1. What diffusion differences can be found in the case of electric vehicles in the
studied countries compared to the EU average?

o Q2. Is the market of the region united or diverse regarding the possibilities and speed
of spread?

e Q3. How many electric vehicles may spread in the region and what their expected
share could be? What specifics do the countries in the region show in relation to the
spread of electric cars?

As a result, comprehensive market research was carried out on the used and new
supply of BEVs, PHEVs, and, by comparison, Internal Combustion Engine (ICE) cars
representing a similar category, to create an objective picture of the purchasing power of
potential buyers with the average income in the countries of the region. Purchasing power
was mainly calculated only with the cost prices of individual cars since, according to data
from the European Alternative Fuels Observatory (EAFO) [21], countries in this region have
the most favourable electricity costs, and despite this, the spread of EVs is below the EU
average. In addition, Neves et al. (2019) [22] found that there is no significant relationship
between electricity prices and BEV sales in Europe [21] and, as we move towards low-
income segments, future saving has an increasingly decreasing role as an incentive.

Since one of the most compelling arguments for the spread of electromobility is that
it can make transport more environmentally friendly and sustainable, it is sensible to ask
how much the replacement of ICVs with EVs actually helps to achieve environmental
goals. Reducing emissions of carbon dioxide and other air pollutants, together with noise
pollution, are among the main reasons. A number of investigations in this direction have
been carried out and are ongoing. Here we discuss the most important areas of study
directly related to our topic.

Answers were sought to the following questions:

e  Are indirect CO; emissions over the entire life cycle of EVs lower than ICVs? In
particular, how much GHG is generated by the electricity generation required for EVs
to operate, and how much other GHG is generated during the EV’s life cycle?

e s the amount of other air pollutant emissions over the EV’s life cycle smaller compared
to ICV?

e Is the noise emission by EVs smaller than that of ICVs?
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Studying the spatial structure and development of the charging network is also an
interesting topic, but it is beyond the scope of this study.

The life cycle of accumulators, especially the excavation of raw material, and the End-
of-Life (EoL) phase of accumulators are not included in the study either, as these fields have
major significance on their own; however, these relate to the topic of the study indirectly.

The structure of the article contains three different issues. In the first part, the current
situation of the topic was introduced; in the second, the role of infrastructure and pur-
chasing power was analysed, and in the end, the economic and environmental sides were
detailed. Wages in the CEE region are much lower than in Western Europe, so the market
for used cars was particularly taken into consideration.

2. International Case Studies on the Reasons for the Spread of BEVs

Basically, several studies have already been carried out on the spread of electromo-
bility in certain regions of the world, such as the EU, USA, and Japan. All of them point
out that the spread of electromobility is strongly influenced by, among others, economic
development and purchasing power [23-25]. Therefore, as new prices for high-end cars
in the CEE region are difficult to reconcile with the purchasing power of average income
earners, these are not part of the study [26-31]. The reasons for this include, among others,
high unemployment rates in countries of the CEE region, infrastructural underdevelop-
ment, migration of the population, low salaries, etc. [32]. Nothing illustrates the above
statement better than the fact that, according to ACEA data, the average age of EU cars is
11.5 years, the average age of cars in Poland is 14.1 years, and in Croatia, it is 14.6 years.
By contrast, cars in Slovenia are 11.7 years old on average, which is due to higher average
salaries [21,33].

A study on factors influencing the spread of BEVs, analysing 40 peer-reviewed journal
papers [34], found that influencing factors can be classified into three main types: de-
mographic (e.g., gender, age, income, etc.), situational (e.g., technical conditions, costs,
environmental conditions, politics), and psychological (attitudes, emotions, etc.) factors,
but it can be assumed that consumers’ decisions are determined by a mixture of these
factors. For example, according to research by Dutta (2021), the attitude of Taiwanese
people towards EVs is to a great extent positively influenced by environmental concerns,
and this has a significant impact on consumer attitudes [35].

Studying 14 major cities in the U.S., Breetz et al. (2018) found that in almost every city,
higher prices for BEVs and rapid depreciation outweighed fuel savings. They highlight that
public incentives are needed to make BEVs cost-competitive, which could improve in the
future due to decreasing input costs as a result of technological developments [36]. Several
studies [37—40] have concluded that currently, BEVs are not economically competitive
against ICEVs without government subsidy incentives. According to Adepetu (2017), EV
prices are a more significant barrier to acceptance than the average range of EVs, therefore,
policymakers should focus more on affordability when promoting the spread of EVs [41].
According to Hardman et al. (2017), PEVs’ market share correlates with incentives [42],
and Christidis (2019) argues that it correlates with income—those with higher incomes
are more likely to adopt EVs [43]. G. Cecere (2018) and Ali (2022) found in six European
countries and India, respectively, that richer and more educated people are more inclined
to adopt EVs [44,45]. In addition, people who have a wide social network, are active online
and know EV owners are more likely to buy EVs, as the opinions of their friends about EVs
also have a significant influence on individual decisions [46,47]. Franzo (2022) conducted
research based on market conditions in Italy, which revealed that segments A (minicars)
and C (medium cars) have the lowest total cost of ownership, thanks to purchase incentives,
lower prices, and operational costs [48]. For poorer social classes and poorer countries,
incentives, therefore, play a significant role in the adoption of new EVs.

As described above, the high price of EVs is critical [49], yet there is consumer demand
for high-end BEVs (e.g., Tesla Model S) as well, as consumers in this segment are motivated
by environmental considerations, high performance, and advanced technology, while
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financial incentives have no impact on decisions for 75% of respondents [50]. Interestingly,
the Tesla Model S sold better in the U.S. than Tesla’s sales target. In Norway, PHEV accounts
for more than 80% of new car sales, although there are no supply incentives, with the aim of
reaching a 100% PHEV share by 2030 [51]. It is clear that EVs can spread without incentives,
but this is greatly influenced by the purchasing power of a given country.

According to a summary of the research [52], the biggest problem with incentives is
that, in most cases, they are specifically available to those who would have the financial
opportunity to buy EVs anyway, even without incentives. The author believes that the
lower social classes, who really need incentives, are thus practically excluded from support.
He examined and modelled different types of financial incentives based on eight decision
criteria. Based on this, out of the five scenarios, the so-called "hybrid” scenario proved to be
the most successful: establishment of a charging network, support incentives for private
purchases and government fleet purchases in order to increase public awareness of and
familiarity with EV technology as individuals see more BEVs on the roadways [52].

According to Wu (2015), by 2025, the cost of electric vehicles may be lower than that
of ICEVs. The author stresses that the purchase price plays a much larger role in individual
decisions than the total cost of ownership (TCO) [53]. However, a study analysing the
Chinese market concluded that the phasing out of incentives (2022) will cause small BEV's
to reach parity before 2025 and medium and large BEVs around 2030 in terms of the total
cost of ownership [54]. Zhe (2021) compared battery electric vehicles to internal combustion
engine vehicles in terms of the total cost of ownership and found that shorter-range EVs
can achieve cost parity with an equivalent internal combustion engine vehicle in as little as
five years, despite the higher price [55]. However, according to Dumortier et al. (2015), the
availability of information related to the total cost of ownership increases the likelihood
that consumers preferring small and medium-sized cars will choose to buy Hybrid Electric
Vehicles (HEV), PHEVs, or BEVs, whereas fuel-saving information for only five years of
operation has proven ineffective [56].

3. Data Collection, Calculation Method

During the market research, we examined by country which electric, plug-in, and
internal combustion vehicles we could expect to receive sufficient information regarding
each country. Another aspect of choosing a car model was that passenger cars listed on the
official website of the European Alternative Fuels Observatory (hereinafter: EAFO) should
also be part of our study. We tried to find the largest second-hand advertising surfaces in
each country; the data comes from 2-5 databases [57-80] per country.

In the primary study, data were collected for 16 different types for a start, but a minimal
number of advertisements were found for two types in some countries. Unfortunately,
meaningful data related to the Mitsubishi I-MIEV as one of the most affordable BEVs
and the Toyota Prius released in 1997 as the world’s first mass-produced hybrid car were
collected only from Poland and Hungary despite the worldwide sales of more than 4 million
units [81]; thus, they were removed from the investigation. Fourteen types were analysed in
more detail, including small, lower, middle, and upper-middle categories. Fiat 500e [82-89],
Renault ZOE [90-97], Volkswagen ID.3, VW E-Golf, VW Golf GTE, VW Golf TSI [98-105],
Tesla Model 3 [106], Nissan Leaf [107-114], Mitsubishi Outlander PHEV /Eclipse Cross
PHEV [115-122], BMW I3, BMW 5 Series [123-130], Volvo XC60 [131-138], Toyota Aygo,
and Toyota Yaris [139-146] were selected. In the case of the vehicles studied, the prices
shown on the official website of the manufacturers per country were taken into account, as
the new price of each model varies from country to country (depending on government and
manufacturer subsidies). This is how the official new prices of the given car types in each
country were obtained, and the average price of new cars was also calculated from them.

For electric models, the study was relatively simple, as there are only a few model
variants that will surely become more diverse in terms of engine power and battery capacity
over time. The situation is similar for the studied PHEVs. From the point of view of
the investigation, the plug-in version of the Mitsubishi Outlander was replaced by the



Energies 2023, 16, 5421

50f29

Mitsubishi Eclipse Cross in 2022, which did not cause any significant change in terms of
pricing, but since 2022, the prices of the latter type were used in the calculations. The
aim of the analysis of internal combustion types is to filter out the price changes of recent
years (chip shortage, COVID, war, inflation, etc.); therefore, the used car situation can be
compared in general, and the general price increase characteristic of the entire car market
can also be excluded.

We tried to collect the average price per country for each type at least until 2013 as the
first registration year, but of course, we did not consider the later models that are currently
dominant in Europe. We chose 2013 as the “start” year because, based on Eurostat and
EAFO databases, it was actually when EVs started to appear significantly. That is why
we started to study how the average prices of cars produced in 2013 compare to today’s
cars. In the study of EVs, since sales of the E-Golf lasted until 2021, it was replaced by
ID.3; therefore, ID.3 prices were applied in the statistical calculations and for the 2022 and
recent prices.

When examining the prices of used ICE passenger cars, the prices of each model
were used to ensure an adequate amount of data, but due to the generally wide range of
engines, especially for some older models, the prices of versions with several engines are
also included. In the case of the Toyota Yaris, there was no difference in price between
the 1.0 and 1.5 engine versions. For the Volkswagen Golf, variants with 1.0 TSI, 1.2 TSI,
1.4 TSI, and 1.5 TSI engines were also considered. In addition, where production of the
given model started later (e.g., BMW G30), the prices of the predecessor model (BMW F10
as the previous generation 5 Series) were examined, since the manufacturer has the same
target market for the two models.

The data were collected between 31 January and 13 February 2023 and reflect the
prices of passenger cars offered for sale at that time, extracted from 24 internet databases.
Where no data was found, data combing was used, and the average price for the given
model was indicated. Individual outlier prices were not recorded in the database; they were
sorted there by data combing, which does not reach 25%. Since the study took place at the
beginning of the calendar year, we considered cars from 2022 and 2023 with less than 5 km
of mileage new vehicles; therefore, we did not list the first year of registration as 2023. The
list price of the given model was also compared with that on the official manufacturer’s site.
This means that the official websites of the respective models for each of the eight countries
were examined, and based on these, the prices of the new models for each country and the
differences between countries in this respect were detected.

Regarding PHEVs and ICEVs, vehicles with more and more colourful equipment and
engine power have been added to the database as we go back in time, but the different
types are identical in this category. The prices of sportier vehicles with better extras have
been ignored. We tried to steer the investigation toward realism. When buying a used
vehicle, the condition of the vehicle in the same year is the most decisive factor in selection.
It was clearly detected that equipment and engine range were less and less relevant to the
difference in prices in the case of increasingly older models; these are not relevant regarding
customer value.

There were significant differences between countries in the number of car ads of some
types, which can be explained by the differences in the import activities of the countries.

During the age structure analysis, the methodology of the database [147] on the EAFO
website was applied, which pairs 1-1 BEV and ICEV per segment in 4 segments. In this
database (in addition to comparing local CO, emissions), mainly data on maintenance
costs were provided, taking into account the energy and fuel prices of the given country.
Based on the EAFO database, we examined the maintenance costs of 4 + 4 cars, assuming
mileage of 12,000 km/year, 18,000 km/year, and 40,000 km/year. 12,000 km/year is the
average distance travelled annually by Hungarian motorists. The 18,000 km/year was
based on commuting between home and work in the agglomeration, which means 70 km
per day, and we calculated an average of 21.5 working days per month. This resulted in
1500 km per month, and thus 18,000 km per year. The 40,000 km reflects a fundamentally
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extreme case (in terms of average driving), but in the case of fleet management, it is not
uncommon for the car to travel such a long distance per year. The term of “owning” the
car was set at seven years. This is explained, on the one hand, by the fact that this is the
maximum time limit for the EAFO calculator, and on the other hand, the average age of
the Hungarian passenger car fleet exceeds seven years in any time frame examined. Based
on the three years of different mileage, maintenance costs were also calculated using the
energy prices of Hungary (based on EAFO data), EAFO purchase prices, and maintenance
costs (which include servicing, depreciation, and insurance costs). On the one hand, these
were compared with raw numbers, which showed the total cost in relation to 7 years.
In addition, to illustrate the problem, by dividing the total cost by the total mileage and
multiplying it by 100 km, the total cost per 100 km was calculated for each model.

4. Results
4.1. Current Situation of Electromobility

In the initial phase of electromobility expansion in the United States (USA), which
was the largest PHEV market at the time, sales more than tripled in 2014 compared to
2011. Japan was the second largest market during the same period, while PHEV sales grew
slowly in most Western European countries [148].

A study of the 28 countries of the EU [149] found that member states have created in-
centives to increase demand to promote electromobility and that taxation and infrastructure
measures are important. However, the various measures are scattered, which explains the
large discrepancies between countries around 2015. Germany, France, the United Kingdom,
the Netherlands, and Norway have the highest European BEV and PHEV sales, which
together account for 75% of new car sales [37]. In the EU, the share of EVs was less than 2%
of the total car fleet between 2010 and 2017 [150]. In the EU, car ownership depends on the
type of residence (highest in rural areas), but even more so on income. On the contrary, car
use is dominant in EU countries for daily mobility (average 17 km) and longer distances
(>100 km), except in the Czech Republic, Hungary, and Romania, where the share is less
than 40% [151].

The global spread of PHEVs in the new vehicle market increased from nearly 0% in
2010 to around 4.6% in 2020 [152]. Sales of electric vehicles doubled in 2021 compared to
the previous year to 6.6 million, a new record high. In 2012, only 120,000 electric cars were
sold worldwide. In 2021, more were sold per week. Nearly 10% of global car sales were
electric in 2021, which is four times the market share in 2019. This brings the total number
of electric cars registered worldwide to 16.5 million, three times higher than in 2018. In
2022, EV sales are rising strongly, with 2 million units sold in the first quarter, which is 75%
more than in the same period in 2021 [153].

Currently, there are more than 10 million electric vehicles worldwide, of which the BEV
and PHEYV types are the most popular and best-selling. With more than 50% of global sales,
China is the largest market for electric vehicles, but Europe is becoming the fastest-growing
market, with the highest number of EV sales at the end of 2020. However, an important
issue for the future is the integrated development of the electric distribution network and
electromobility, the use of smart grids, and V2G technology [154].

In order to compare the current state of electromobility in individual countries, it is not
enough to show the increase in the number of EVs, as this alone is not enough to study the
phenomenon. Therefore, in order to see and show underlying information, the population-
proportional (Figure 1) and vehicle-proportional indicators of the countries concerned
were examined. For population proportionality, the number of EVs per 1000 people was
analysed in each country. Population data for each country were obtained from the latest
available Eurostat data, which are for 2022 [155]. The number of EVs was provided by
the EAFO database, which is also for 2022 [5]. As the figure shows, Austria is above the
EU-27 average in terms of population-proportional values, and all other countries are
significantly behind—in fact, no other country reaches half the EU average. Hungary and
Slovenia are 2nd and 3rd, respectively, after Austria, but with a significant gap (while the
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EU average is 12.56 EVs per 1000 people, Hungary has 4.39 EVs and Slovenia has 4.38 EVs
per 1000 people). Poland is in the worst position in the population-proportional EV value,
with only 1.64 EVs per 1000 people, while the vehicle-proportional figures (what percentage
of the total vehicle fleet are EVs) show the same.

Slovenia
Slovakia
Romania
Hungary
Poland

Croatia

Czech Republic

Austria

EU average

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Number of EVs per 1000 peoplein 2022

Figure 1. Number of EVs per 1000 people in 2022. Data: Own editing based on the data of EAFO [5]
and Eurostat [155].

It is clear that Poland has the lowest EV fleet in terms of both vehicle-proportional
and population-proportional data. With regard to Poland, however, it has to be noted
that the proportion of alternatively powered vehicles is particularly high there due to the
high number and share of LPG-powered cars. Overall, there are 3.1 million registered LPG
vehicles in Poland, and the number is constantly increasing [10,11,156,157]. Studying the
eight countries together, there is an average of 4.38 EVs per 1000 people. The lag of the
studied countries becomes even more pronounced if we do not take into account Austria
(as it is an outlier country in all respects) and look at the average of the 7 countries. In this
case, the indicator is 2.58 EVs per 1000 people, compared to the EU average of 12.56 EVs
per 1000 people.

4.2. Analysis of Electromobility Infrastructure

It is not enough to look at the number and share of EVs. Looking at electric vehicles
as innovations, incentive schemes to promote their spread are defined at a national level,
which may include direct subsidies, tax incentives, lower insurance fees, toll discounts, free
parking, or bus lane use [5,158-160]. On the one hand, they can contribute to differences
in market shares between countries, but on the other hand, the social system in which
they are introduced also plays a major role [37,161-163]. In addition, as the EV fleet
grows, it is particularly important to increase the number of charging stations [164—168].
Indeed, according to the literature, the purchasing power of the population, the average
range of EVs, the willingness and speed to adapt innovations, and the availability of
infrastructure for electromobility, in particular increasing the number of charging stations,
can be identified as the most important factors influencing the spread of electromobility in
a given country [169-172]. The utility value of EVs is largely conditioned by the state of
technology (reliability, range, charging speed) and charging possibilities. It can, therefore,
be assumed that the development of a network of electric charging stations and an increase
in the balanced spatial density of charging stations are of cardinal importance for the
future spread of EVs [173-176]. However, according to Luo et al. (2023), support for
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charging stations should not go overboard, as it may lead to the overuse of resources [177].
Ghosh et al. (2022) propose the importance and competitiveness of equipping existing fuel
stations with recharging infrastructure for electric vehicles in order to facilitate the spread
of electromobility [178].

At the level of the eight Central European countries discussed in the present analy-
sis [179-181], significant differences can be observed in the ratio of charging points to EVs
(Figure 2) based on EAFO data. For comparison, the average data of the EU27 were included
in the study, thus, the results could be interpreted in a broader context. Strikingly, in 2022,
Slovakia [182], Slovenia, Croatia [183,184], the Czech Republic [185-187], Austria [188,189],
and Hungary will have better ratios than the EU average. The two countries with the
largest territorial size and population, Poland [190] and Romania [191-193], are lagging
significantly behind. However, the standard deviation of the values is significant, with
extremes of 3.87 (Slovakia) and 19.17 (Romania). Between 2020 and 2022, the number of
charging points compared to EVs increased most intensively in Slovakia, the Czech Repub-
lic, and Slovenia, with a minimal decrease in Austria, the EU average, and Croatia, while in
the case of Hungary and mainly Romania and Poland, the ratio deteriorated significantly.

Slovenia
Slovakia
Romania
Hungary
Poland

Croatia

Czech Republic

Austria

EU average

5.00 10.00 15.00 20.00 25.00

Number of EVs per charging station

2022 w2021 = 2020

Figure 2. Number of EVs per charging station. Data source: based on the data of EAFO [5].

At the same time, the fact that the analysed ratio changes dynamically over time and
that a favourable charging station/EV ratio alone does not necessarily mean that a country
is performing well in electromobility cannot be ignored. If only the number of charging
stations is studied using 2020 as a baseline (2020 = 100%) and using EAFO [194] data, the
most marked development can be detected in Slovakia (478%), but a significant increase
also occurred in the Czech Republic (250%), Romania (247%), and Slovenia (222%), while
even the bottom-placed Poland had 124%. It is clear from the ratios that the deployment
schedule of charging stations could not always keep track of the spread of EVs year after
year, but it can nevertheless be stated that over the past three years, the network of charging
stations has developed spectacularly in all of the eight countries.

Looking at the development of the EV fleet between 2020 and 2022, a spectacular
increase can be observed for all entities examined (Table 1). Poland (395.5%) and Slovenia
(106.9%) are at the two ends of the scale. In addition to Poland, Romania (329.1%), Hungary
(295.5%), and Croatia (285.5%) also experienced steep growth and stronger growth than the
EU average can be detected in Slovakia. Austria has seen more modest growth in the case of
EVs over the last three years, but it is a clear leader in the region in terms of electromobility
among the entities studied, with both the number of EVs per 1000 people and their share of



Energies 2023, 16, 5421

9 of 29

the passenger car fleet outstanding, or even above the EU average. However, as shown in
Figure 2, the increase in the number of EVs is not necessarily followed by an increase in the
number of charging stations in the countries studied. In this regard, Romania, Hungary,
Croatia, and Poland are the countries where the increase in charging stations most likely
cannot keep pace with the increase in EVs. This may prove to be a serious problem and
limiting factor for EV spread in the future.

Table 1. EV fleet by countries.

EV Fleet

Ratioof EVSin W o eve  Charging oints
Territorial Entity  Number of EVs Cha%/f) o Total Passenger PER 1000 Citizens Per 168,000
(pes.) in 2020 (2020 = 100%) Car Fleet (%) Citizens (2022)
EU average 77,510 180.8 2.10 12.56 10.7
Austria 59,744 155.3 2.75 16.99 25.5
Czech Republic 9835 130.3 0.34 2.15 3.8
Croatia 1906 285.3 0.39 1.89 3.3
Poland 12,475 393.5 0.22 1.64 1.0
Hungary 10,753 295.5 0.97 4.39 3.7
Slovakia 3506 199.7 0.39 1.93 5.0
Slovenia 4457 106.9 0.69 4.38 9.0
Romania 7410 329.1 0.39 1.67 0.9

Data source: EAFO [5], EUROSTAT [155].

In summary, when studying the ecosystem of electromobility, the eight countries
analysed can be divided into three groups. Austria stands out in every respect. For
countries in the second group, disproportionate development of the ecosystem is observed.
Slovenia is the most balanced, while Hungary has an underdeveloped charging point
network compared to EV spread, and the Czech Republic, Slovakia, and Croatia are
particularly weak in EV spread. Finally, in the case of Poland and Romania, although
there is a strong growth trend, the spread of both EVs and charging stations is currently
significantly lower than the regional averages.

4.3. The Significance of Purchasing Power in the Spread of EVs

A major challenge to social equity is how accessible EVs are and will be to disadvan-
taged low-income communities. In the US, the average sales price of new BEVs increased
by nearly USD 20,000 by 2020 compared to 2012, and even government subsidies cannot
compensate for this increase [195]. Similarly, in European countries, buyers of electric
vehicles are dominated by older, wealthier, and middle-class citizens with higher levels
of education [196], for whom the most important influencing factor is the individual’s
personal standards [197]. In this research, the objects of our study are countries where
the purchasing power of the population is particularly low, which is precisely what gives
importance to second-hand electric cars since it is extremely difficult to spread new elec-
tric cars among the lower social groups, even with subsidies and incentives, due to the
high price.

The analysis of the prices revealed that, except for Poland, used cars are more expen-
sive in the region than in Austria; for example, a used Renault Zoe is approximately 20%
cheaper in Austria than in Hungary. Despite low average wages, used electric cars are
more expensive than average. The list price of the Tesla Model 3, taken from the Tesla.com
website, is 8.9% more expensive in Hungary than the average of all countries, and it is
16% cheaper in Slovakia. Based on the analysis of used car markets, there was an average
difference of 22.5% in prices between second-hand BEVs and ICEVs of the same category.
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The latest equivalent income from the Eurostat database [198], which was for 2021 at
the time of query, was used in the calculation, whereby by dividing the prices per year by
the monthly equivalent income for 2021, the number of months was obtained, the income of
which is enough for the residents of each country to purchase a vehicle of a given age group.
Here, a higher value is less favourable. Unfortunately, we were unable to obtain meaningful
data even for entry-level electric cars in Romania (37.2 months) and Hungary (23.5 months)
due to low incomes. In the case of the Fiat 500e, the purchase of even the 2013 model takes
longer than it takes to buy a new one according to the EU average (21.1 months).

Since it would not have been possible to compare specific years, the basis for the
calculation was the adjusted average salary [198], which is the salary sufficient for a decent
life in a member state. The aim of the research was not to examine the differences in
depth from a sociological point of view. Even with a lower average income, utilities, food,
clothing, and child-rearing costs are the same. As a result, the amount you can actually
save or spend on buying a car will be much less on a monthly basis with a lower average
income because everyday expenses affect your salary to a greater extent.

In the case of the 14 cars studied (Figure 3), it was shown how much more time is
needed for a customer with an average income in each country to purchase one compared
to the EU average. In this case, again, the higher result is the worst.

3.00 2.83
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2.00

=1)

Average (EU

1.00

0.50

0.00

M EU average M Austria ® Czech Republic ™ Croatia ® Poland ® Hungary @ Romania M Slovakia M Slovenia

Figure 3. Time needed for buying the studied passenger cars compared to the EU average. Source:
Own editing based on used car websites [57-80], official websites of manufacturers [82-146], and the
data of EUROSTAT [198].

The results illustrate that, except for Slovenia, in the countries of the region, typically
at least twice as much work on average is needed as the EU average; Hungary and Romania
are below average. Basically, looking at each power chain separately, similar results were
obtained: there were no significant differences, the finding is similar in terms of purchasing
power in individual cases, Austria is in a more advantageous economic position than the
EU average, and Slovenia is close to the EU average in terms of purchasing cars of the
same category:.

In the second calculation, the average time needed to buy a new car in the EU by vehicle
type and power variant was compared with the amount of time needed per manufacturing
year in each country (Figure 4). We showed which car age a citizen with an average income
can buy within a similar time from the average adjusted income in each country. Regardless
of the types, no significant differences were observed; at most, a difference in the year could
be detected.
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Figure 4. The manufacture year of EV, which can be purchased with an average income over a time
unit in the studied member states. Source: Own editing based on data of used car websites [57-80],
official websites of manufacturers [82-146] and EUROSTAT [198].

The ratio between the average new price of the six tested electric cars in Europe and
the average adjusted income in the EU was compared with the ratio between the price per
country and year and the adjusted average income per country in order to compare the
necessary times to show which year BEVs can be purchased in each country compared to
the new price of the EU average.

In the course of the method, the nearest but not exceeding values were matched,
during which it became possible to see by country what manufacture year can be assigned
to a new car belonging to the EU average. The regional average is clearly 2017, so residents
of the region can buy cars 5-6 years older than the EU average. Compared to the regional
average, Hungary and Romania are lagging behind in terms of purchasing power. In the
case of the Volkswagen ID3 and Tesla Model 3, there is not yet an old car on the market
from which we could get results in the region outside Slovenia compared to the purchase
of a new one.

Figure 5 shows that in the case of the Fiat 500e and Toyota Aygo (which are the low-
class BEVs and ICEVs, respectively), with the time spent on buying a new 2023 car for
an average EU citizen, cars manufactured in 2017 are available on average in the studied
region. And if we do not take Austria into account (since it is an outlier in economic terms
compared to other countries), the average citizens of the remaining seven countries will
only be able to buy a model from 2016. It is worth noting the particularly weak purchasing
power of Romania and Hungary, since in these two countries, people could only buy a 2013
model; thus, they are also outliers in the region based on purchasing power. Based on this,
Romania and Hungary would be categorised into the same group as Bulgaria in terms of
purchasing power. It can be clearly seen that the amount of purchasing power does not
depend on the type of power chain, and this is almost universally true for the entire fleet of
low- and medium-class passenger cars.
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Figure 5. The manufacture year of Fiat 500e and Toyota Aygo, which can be purchased with an
average income over a time unit in the studied member states. Source: own editing based on data of
used car websites [57-80], official websites of manufacturers [82-89,139-146] and EUROSTAT [198].

The average price of a new Fiat 500e in the eight countries studied is 32,000 euros,
while the average price of a Toyota Aygo is less than 18,000 euros, i.e., the price of the new
Fiat 500e is about 1.8 times the price of a new Toyota Aygo. At the price of a new Toyota
Aygo, a 2018 model of the Fiat 500e, i.e., a 5-year-old model, can be bought. Therefore, it is
clear that at the price of a new Aygo, we can only buy older cars in the same category that are
alternatively powered. At the price of a new Fiat 500e, a Volkswagen Golf, among internal
combustion-powered models, with a higher-equipped 1.5 TSI engine can be bought, which
represents a higher category (intermediate instead of low category). However, we believe
that this is not the reality for the countries in this area, but rather a maximum purchase
price of 20,000 euros (22,000 euros is the average annual salary for the countries studied,
which means that the purchase price of 20,000 euros can be covered by a year’s salary).

In this price category, the following ICEVs can be bought:

2019 VW Golf 1.5 TSI
2015 BMW Series 5
New Toyota Yaris 1.0

The following PHEV cars can be purchased:

2016 Mitsubishi Outlander PHEV
2016 BMW i3
2016 VW Golf GTE PHEV

The following BEV cars can be purchased:

2018 Nissan Leaf
2017 e-Golf

2019 Renault Zoe
2019 Fiat 500e

Volkswagen Golf models were the most suitable to study the vehicles in the same
category in more detail since we were able to examine versions of the same manufacturer
and the same model with different powers. Looking at the three different powers together,
an almost completely linear trend was obtained in terms of the average price per man-
ufacturing year of the model. The trend line fitted to the chart clearly shows how well
the average prices of each country fit (Figure 6). Basically, it can be stated that out of the
three different powers, the ICEV version (1.5 TSI) is the cheapest for Golf. Considering the
prices of new cars, the average price of the ICEV version is about 28,000 euros, the PHEV is
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about 39,000 euros, and the BEV is 45,000 euros. Thus, a 1.6-fold price difference can be
detected between BEV and ICEV models in the same category. At the same time, one of our
hypotheses was that with used, older models, the difference between the different powers
would be significantly smaller. If we look at the 2016 model for all three powers (because,
as mentioned, if Austria is excluded from the study, people in the remaining countries can
buy the 2016 model), the Golf TSI costs 14,000 euros, the e-Golf 17,000 euros, and the Golf
GTE (PHEV) 19,000 euros. Therefore, the price difference between BEV and ICEV is only
1.2 times. Thus, our hypothesis that the difference in purchase price between used BEVs
and ICEV models is significantly smaller is confirmed.
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Figure 6. The average price of the three differently powered Volkswagen Golf by the manufacture year

of the models. Data source: Used car websites [57-80], official websites of the manufacturer [98-105],
authors” own editing.

Highlighting the example of a country, a comparison of the prices of the same model
with three different power chains was made from Hungarian data (Figure 7). This clearly
confirms that the price of a new petrol Golf can only be enough to buy a 2019 electric
or a 2018 hybrid model, making the decision of customers to make cleaner driving more
widespread difficult.
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Figure 7. Price of Volkswagen E-Golf/ID.3, Golf GTE, and Golf TSI models by the manufacture

year of the models in Hungary. Data source: Used car websites [68-71], Volkswagen Hungary [102],
authors’ own editing.
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4.4. Operational Costs: Comparison between ICEV and BEV

In the spread of electromobility, the individual decisions of users, as well as the criteria
and motivations determining the decision, can be considered extremely important [4,199].
We believe that in addition to environmental awareness, specific usage benefits (e.g.,
parking discounts, access permits, etc.), and the need to comply with social and legal
norms, the cost of the decision can be considered decisive [200,201]. The research of Bjerkan
et al. conducted in Norway suggests that individual decisions have mostly economic
implications; e.g., Norwegian tax incentives greatly help the spread of EVs [202]. In the
case of a cost-benefit analysis, it is practical to take the EV’s entire life cycle as a basis and
compare it to the values of the internal combustion vehicle corresponding to the vehicle
category in question. In order to be able to analyse the issue in a more representative way;,
a seven-year operation time was used to compare the parameters of EVs and ICEVs in four
vehicle segments, in line with the EAFO methodology.

A representative EV and ICEV model was compared in each passenger car segment
(Figure 8). Our calculation baselines are based on data for Hungary. Based on the results
of the EAFO calculator [147], the total cost of ownership (TCO) over seven years was
determined. To extract the data required for the calculations, the vehicle comparison
module (opportunity cost and CO, emissions of passenger cars) of the EAFO platform
was applied at three levels of use intensity (12,000 km, 18,000 km, and 40,000 km), which
cover well the different categories of use. The annual mileage of 12,000 km is a good
representation of the car usage of an average user in Hungary. Urban agglomeration
commuting for work purposes is of special importance, where a monthly mileage of
1500 km, i.e., 18,000 km per year, is obtained by covering 70 km per day and counting on
21.5 working days adapted to Hungarian conditions. Finally, for modelling-intensive use,
the maximum allowed by the EAFO calculator, i.e., 40,000 km, was taken into account.
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Figure 8. The total cost of ownership over seven years (euros). Data source: EAFO [147], authors’
own editing.

As expected, EVs proved to be more cost-effective than their direct competitors in
all four segments studied, even at the lowest mileage (Figure 8). For seven years of use,
this means a cost difference of about 3000-16,000 euros. Somewhat surprisingly, segment
C registered the maximum, but even in the case of the high-end Tesla, the cost margin is
larger in absolute terms than between segments A and B. As the mileage increases, the
efficiency of EVs increases further compared to their competitors, with the VW ID3 reaching
its maximum at 40,000 km (>31,000 euros), while the difference between other segments is
reduced to a negligible level of 17,000-20,000 euros (i.e., a 3000 euro difference).

Figure 9 illustrates the total cost of ownership of 100 km in relation to a full seven-
year cycle, considering different mileage levels. EV is again the most economical way
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to move, with cost developments showing a linear decline. Based on the results of the
EAFO calculator [147], the scale ranges from 18-64 euros for 12,000 km, 1943 euros for
18,000 km, and finally, 920 euros for the maximum of 40,000 km. In all cases, EVs in the
cheaper segments proved to be more cost-effective compared to each other.

80.00
70.00
o
> 60.00
w
£ 50.00
g
8 40.00
i
@ 30.00
o
2 20.00
]
10.00 I
0.00
Fiat 500e Toyota Renault Toyota VWID.3 VW Golf Tesla BMW
Aygo 1.0 Zoe Yaris1.0 1.5TSI Model 3 G30 520i
Segment A Segment B Segment C Segment D

W 12,000 km/year  ® 18,000 km/year 40,000 km/year

Figure 9. Total ownership cost per 100 km during the operational period of seven years (euros). Data
source: EAFO [147], authors” own editing.

Finally, in terms of purchase price depreciation (Table 2), the VW ID3 proved to be
the most advantageous. Based on the intense mileage of 40,000 km, the savings compared
to the direct competitor, the VW Golf, can amount to 79% of the purchase price. Using
the results of the EAFO calculator [147], even for the average mileage in Hungary, EVs are
able to amortise 10-40% of their purchase price over seven years due to their relative cost-
effectiveness. The calculation was based on cost items related to Hungary, and accordingly,
the government subsidy for EVs, which is 6500 euros for Fiat 500e and Renault Zoe,
4000 euros for VW ID3, and no support for Tesla in segment D, was taken into account. It
can, therefore, be stated that, at the level of current technology and market conditions, EVs
are not only an environmentally friendly solution in the medium term but also a clearly
sensible economic decision.

Table 2. Summarizing table of EV-ICE cost effectiveness.

Operational Costs of EVs (EV-ICE), Euro Amortisation (EV-ICE), %
Car Type Difference in Price
yp (EV-ICE), Euro 12,000 18,000 40,000 12,000 18,000 40,000

km km km km km km

Fiat vs. Aygo 12,626 3087 6145 17,354 10.6 21.1 59.7
Zoe vs. Yaris 13,346 3547 6871 19,056 10.6 20.4 56.7
1D3 vs. Golf —5381 15,781 19,117 31,343 39.8 48.3 79.1

Tesla vs.

BMW 2759 5329 8476 20,010 9.8 15.7 36.9

Data source: based on EAFO [147].

Based on the results, the eight countries involved in the study, except for Austria,
are on a different track than the developed Western European countries regarding the
penetration of EVs, where this topic receives much greater attention in both public life
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and scientific research. There are, however, significant differences among the analysed
countries regarding both the specific share of BEVs and the charging infrastructure. These
can be explained by different government incentives and differences between real salaries
based on the available data. Still, it is important to reveal the processes characteristic of
the analysed region since, to achieve the climate neutrality objective of the EU, a reform in
road traffic will be inevitable in all countries. Results may cause some optimism since a
strong development can be detected in the case of several countries (compared to their own
numbers) regarding the number of registered BEVs and operating charging stations since
2018. Furthermore, a cost-effectiveness analysis based on Hungarian data has shown that
EVs can be a more economical alternative to ICE in the Central European region, even in
the medium term (7 years), provided that government incentives are available. We consider
the research to fill a gap in the sense that few scientific studies have been published on
the region so far, but we hope that in the future other scientific schools will also study the
factors (socio-geographical, economic, etc.) that determine the spread of electromobility in
Central Europe.

4.5. Environmental Aspects of the Spread of Electric Passenger Cars

In addition to economic aspects, one of the most important reasons for the spread
of electromobility is undoubtedly that the spread of electric vehicles can also play an
important role in achieving climate protection goals and significantly reducing greenhouse
gas emissions.

Globally, transport, including road transport, is responsible for a significant share
of anthropogenic greenhouse gas emissions. The transport sector accounted for 20.2% of
total emissions in 2020 [203,204]. The transport sector accounted for 28.5% of total EU
greenhouse gas emissions in 2019, of which road transport accounted for 20.5% [203].
According to data from the International Energy Agency (IEA), in 2021 the emission of
nearly 7.7 Gt of CO; can be attributed to the transport sector globally, of which road
transport is responsible for about 5.8 Gt of CO; [203]; moreover, emissions increased by
38% after the turn of the millennium until 2021. There was a temporary decrease only
during the COVID-19 pandemic (0.6 Gt in 2020), but after the lifting of restrictions, an
upward trend can be observed again.

According to data from the European Environmental Agency (EEA), CO, emissions
from new passenger cars registered in Europe decreased by 22 g/km between 2010 and
2016, followed by an increase of 2.8 g/km in 2017-2018, with an additional 1.6 g/km in
2019, which can be explained by the proliferation of SUVs [205]. Global greenhouse gas
emissions from passenger cars peaked at 3.2 Gt in 2019 and fell to 3 Gt CO; in 2020 [206], as
shown in Figure 10. The importance of transport in reducing GHG emissions is underlined
by EEA data, which show that transport’s share of GHG emissions increased from 14.8% in
1990 to 24.6% in 2018 [207].

In order to combat climate change, policymakers have introduced mandatory reg-
ulations in many areas. The Paris Agreement (2015), which follows the Kyoto Protocol,
contains a comprehensive climate protection package, including GHG emission reduction
measures. In the case of transport, the agreement aims to reduce GHG emissions by 60%
by 2050 compared to 1990 levels, allowing EVs to achieve a total GHG emission of 95 g
CO,/km [208,209]. Following the gradual tightening of gas emission standards in road
transport (e.g., EURO 1-6) [210], the latest development is that the registration of an internal
combustion engine motor vehicle will be prohibited in the EU from 2035 onwards as part
of the Fit for 55 Package [211].

This will clearly put electromobility in a position to accelerate the transition to more
sustainable transport. While it is debatable to what extent EVs can be considered climate-
friendly across their entire life cycle, it is accepted as a fact that they have no GHG emission
during transport [212]. Taking into account that a significant proportion of the population
of developed countries lives in urban and metropolitan areas, where transport is primarily
responsible for the deterioration of air quality, and that urbanisation is also characteristic of
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developing countries, the rise of EVs can be seen as an aspect that improves the quality
of life.
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Figure 10. Global CO, emissions of passenger transport between 2000 and 2020 in billion metric
tons [206].

4.6. Comparison of the Indirect and Direct CO, Emission of EV's and ICVs
4.6.1. Greenhouse Gas Emission of Electricity Production Required for Operating EVs

In countries where fossil fuels account for a significant share of the energy mix,
meeting the electricity demand of battery charges related to the daily use of EVs can lead
to significant indirect CO; and other air pollutant emissions [12,16,158,160,213-216]. For
example, Polish researchers have found that based on a daily driving cycle of 26 km, the
indirect CO, emission of an EV ranges from 2.48 to 3.28 kg CO,/day, while an ICV emits
2.55-5.64 kg CO, /day for the same driving cycle, depending on the type and engine [213].

It was also examined how the annual mileage of 3000, 7500, and 15,000 km of petrol
and electric versions of a given passenger car and the different modes of electricity gen-
eration (purely coal, purely renewable, or their combination) affected direct and indirect
CO, emissions over a 15-year operating period. According to the results, if electricity is
generated at least partly from renewables and above 3000 km of annual mileage, indirect
emissions of EVs are lower, while in other cases, ICV proved to be greener [217].

A study conducted for China in 2022 showed that an EV, during its life cycle and
GHG emissions, consumes 40.1% less fossil energy and emits 26.6% less GHG than an ICV
during its life cycle. If ICVs are replaced by EVs in China between 2040 and 2060, this could
result in reductions in fossil fuel consumption and GHG emissions of 43.61-55.81% and
46.33-55.45%, respectively [218].

An analysis for the US state of Maine showed that switching the passenger car fleet
there from ICV to EV would result in a 15% reduction in CO, emissions, which is still far
from the state’s target of a 45% reduction by 2030 and 80% by 2050. Therefore, increasing
the share of renewables in electricity generation is essential to meet climate protection
objectives [219]. Another important finding of the study is that if the number of EVs in the
state increased significantly, while the role of coal in electricity generation did not decrease
compared to renewables, it would even increase CO, emissions. They found that the share
of fossil fuels in electricity generation to reach the 2030 targets could be a maximum of 61%,
while the 2050 target could be achieved with a maximum fossil share of 18% [219].

This is consistent with the results of Gryparis et al., who assessed the relationship
between EV spread and GHG emission change for the EU. They found that EV prolifer-
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ation needs to be paired with decarbonizing power generation to achieve really positive
outcomes [220].

Among vehicle categories, SUVs are responsible for the highest emissions (5.64 kg
CO,/day for petrol and 3.59 kg CO,/day for diesel) due to their higher consumption
caused by their higher weight [221]. City-class electric cars also performed poorly, with
emissions of 0.47 kg CO,/day, worse than diesel vehicles in the same category [215].

The electricity generation structure (power plants producing electricity) of a country
determines the indirect emissions of CO, and other air pollutants caused by EV charg-
ing [222,223]. During electricity generation in power plants, CO, emissions are 953.91 kg
CO,/MWh for lignite firing, 777.76 kg CO,/MWh for coal firing, 630.51 kg CO,/MWh
for heating oil, and 384.68 kg CO,/MWHh for natural gas [213]. By comparison, the use of
biogas as a renewable energy source in electricity generation emits 468 kg CO, /MWh [213].
Thus, even among fossil fuels, there is a significant difference of approximately two and a
half times in the level of GHG emissions in favour of natural gas compared to lignite.

Based on literature data [147], a compilation was prepared to compare the direct (in
situ) CO, emissions of EVs and ICVs produced at different mileages in different passenger
car categories.

The eight vehicle types included in the study show significant variations in terms of
environmental protection and GHG emissions. The advantage of EVs, in this case, BEVs, is
evident, as they result in 0 CO, emissions in situ [216]. In contrast, in the case of competing
ICEVs, the amount of CO; emissions is basically in direct proportion to the increase in
the piston displacement of the combustion engine, and the size and weight of the vehicle
(Table 3). The order of ICEVs in the four segments is broken only by the same value between
the Toyota Yaris 1.0 and the VW Golf 1.5 TSI. The VW Golf owes its good performance to
its more advanced technology (turbocharger). Based on an annual mileage of 12,000 km,
the least environmentally harmful Toyota Aygo emits 9408 kg of CO,. For an intensively
used D-segment vehicle, this figure can reach up to 12,600, and as the mileage increases,
the gap between segments A and D also opens, reaching 10,640 kg at 40,000 km.

Table 3. Cumulated CO, emission by car types according to different operational levels.

CO;, Emissions (kg) for the Total (7 Years) Mileage CO, Emission

CarType 12,000 km/year 18,000 km/year 40,000 km/year (g/km)
Segment A Toyota Aygo 1.0 9408 14,112 31,360 112
Segment B Toyota Yaris 1.0 10,416 15,624 34,720 124
Segment C VOlkslvVEa%rI‘ Golf 10,416 15,624 34,720 124
Segment D BMW G30 520i 12,600 18,900 42,000 150

Data source: Volkswagen Official [98-105], BMW Official [123-130], Toyota Official [139-146], authors’
own editing.

Considering the growing travel range during the lifetime of the vehicle, that of a
single charge, and the rise of renewable energy sources [224], studies carried out in recent
years increasingly show that indirect CO, emissions from EVs in electricity generation
are decreasing as EVs become more technologically advanced. The increasing share of
renewables will also reduce the carbon footprint of EV manufacturing, of course. Today,
in areas where renewable energy sources account for a significant share of electricity
generation, the share of renewable energy sources may be less than the direct and indirect
CO, emissions of ICVs [220,225].

4.6.2. Other GHG Emissions Generated in the Life Cycle of EV

When the emissions associated with vehicle production are analysed, it can be seen
that the production of vehicles (body, engine, transmission, chassis, etc.) causes air pol-
lution roughly similar to that of EVs and ICVs in nature and degree [225]. The entire EV
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production chain and electricity generation should be fossil-free; otherwise, widespread
deployment of EVs could even increase GHG emissions [224]. However, when manufactur-
ing chains and power generation are largely decarbonized, EVs are indeed effective tools
for GHG emission reduction [204,224].

The significant difference between the two types of vehicles is in the production of
batteries: the production of EVs generates higher CO, emissions due to the significant
emissions associated with the production of batteries [207,217,225,226]. The amount of
GHG released into the atmosphere during battery production is responsible for more than
half of the emissions generated during the production of EVs [217]. In particular, battery
anode production emits the most CO, [208]. Lithium nickel-manganese-cobalt (NCM) and
lithium-iron-phosphate batteries emit 150-200 kg CO, /kWh [225,226].

4.6.3. Comparison of Other Air Pollution and Noise Emission of EV and ICV

According to model analyses in China in 2010, where electricity generation is pre-
dominantly carbon-based, the spread of EVs could result in a three- to tenfold increase in
atmospheric SO, emissions compared to gasoline-powered passenger cars and a twofold
increase in NOy emissions [216]. Later analyses found that, with China’s energy mix, the
spread of EVs could reduce GHG emissions by up to 20% while increasing atmospheric
PMip, PM; 5, NOy, and SO, concentrations compared to ICVs [214].

In 2018, a model study was conducted in the United States to determine how air
quality in the Houston metropolitan area might change by 2040 with varying degrees of
electrification of transportation, business as usual (BAU), and electromobility scenarios of
50%, 75%, and 95% compared to 2013 [227]. According to the results, in the BAU case, an
increase in the level of air pollution and the associated diseases and deaths can be expected,
while in increasing electromobility scenarios, a decrease in atmospheric concentrations of
O3 and PM; 5 and in the degree of related health problems can be expected to a different
extent [227,228].

PM emissions from non-exhaust emissions (tyre, clutch, brake pad, and road surface
wear) are highly dependent on vehicle weight [212,215,229]. For heavier vehicles, such
emissions can exceed those of medium (1600 kg) or low-weight vehicles (1200 kg) by up to
50% [215]. EVs are, on average, 24% heavier than ICVs in the same category [229], so the
problem is also more pronounced when they are used [212].

Some studies show that the environmental impact throughout the production chain of
BEVs is higher than that of PHEVs or ICVs [224].

In urban agglomerations, in addition to poor air quality, high noise levels are a serious
environmental problem. With the spread of EVs, there is hope not only for significant
improvements in air quality in large cities but also for reduced noise levels as an associated
benefit [230]. In urban environments, the main sources of noise are related to transport
and industrial activity. Road vehicle traffic is the dominant factor in traffic noise due to
the traffic mix. In the case of electric vehicles, the absence of a combustion engine means
that only rolling and aerodynamic noise are taken into account when the vehicle is moving.
Vehicle noise is concentrated in the frequency range from 500 to 1600 Hz, with a maximum
of around 1000 Hz [231]. During different driving phases (acceleration, constant speed,
slowing down), vehicles emit the majority of noise in different frequency ranges.

Based on the literature [232], the estimated reduction in sound pressure levels for EVs
compared to ICVs in the speed range below 50 km/h is about 2 dB, but above 50 km/h
this benefit is essentially eliminated due to the dominant contribution of rolling and wind
noise [233,234].

The above confirms that with the current structure of electricity generation, where
fossil fuels still dominate, the rapid spread of EVs does not clearly improve air pollution.
The spread of EVs is a truly effective solution to reduce air pollution caused by transport
if electricity generation is switched to renewable energy sources simultaneously or even
before. This would not only help decarbonise the generation of electricity needed to charge
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and manufacture EVs but would also reduce other air pollutant emissions associated with
the EV life cycle.

Since the effect of a quieter electric motor at higher speeds is offset by an increase in
rolling and wind noise, in terms of noise reduction, progress can be expected mainly on
inferior roads in residential areas and during rush hours with the widespread adoption
of EVs.

5. Conclusions and Future Directions

Today, it has become clear that transport reform, including road transport, is essential
to ensuring energy security and achieving sustainability objectives. Making transport

‘green’ is likely to be a lengthy process, with winners (countries that can reform their

transport systems faster) and losers. In the research conducted, we primarily sought to
answer the question of what form and pace the transition to electromobility is expected to
take in Central Europe, which can be considered specific in several respects—historically,
economically, socially, infrastructurally, and spatially—and whether the eight countries
analysed will move along similar or different trajectories at all. While the results give
us some cause for optimism, we shall not ignore the fact that, as very price-sensitive
markets were analysed, government incentives play a key role in the spread of EVs. We
also consider the poor rate of development of the infrastructure serving electromobility and,
in the case of certain countries, its underdeveloped state to be a hindrance factor. Taking
into account the purchasing power of the region, we consider economic aspects to be of key
importance, as they fundamentally determine end-user attitudes towards EV adoption. The
purchasing power of the Central and Eastern European region is significantly below the
EU average. The purchasing power of countries with better indicators (Poland, Slovenia,
Czech Republic) is also lower than the EU average—furthermore, only Austria can compete
with the EU average among the countries examined.

Prices of ICEVs have risen significantly over the past few years, and the purchasing
power has deteriorated. At the same time, the price gap between electric and internal
combustion engine passenger cars of similar categories seems to be narrowing.

Despite the fact that average car prices in Hungary are higher than in other countries
and that Hungary is lagging behind the studied Central and Eastern European countries
in terms of purchasing power, the spread of electric cars ranks first both at population-
proportional and vehicle-proportional levels. Its further spread is also supported by energy
policy measures (expansion of power generation capacities, network development, battery
plants, and electric car factories). At the same time, Austria outperforms the European
average in terms of EV spread. Apart from Slovenia and Hungary, the entire Central and
Eastern European region is lagging sharply in this respect, which can also be worrying
from both environmental and import substitution points of view.

Calculations based on the EAFO database indicated that despite higher purchase
prices for seven years of car use (taking into account Hungarian energy prices and costs),
the “total cost” of BEVs is lower than that of ICEVs in each of the four segments examined.
As a result, if long-term decisions are made when buying a car, it is better to buy a BEV from
an economic point of view. Ultimately, individual decisions are expected to be driven by
this. In addition, due to the reduction of local emissions, cities will clearly be more liveable
if BEVs become widespread. Globally, this is no longer certain, and it is significantly
influenced by how electricity is generated, the weight of the vehicle, and the type of model.

Due to the weak purchasing power, buying new cars is not the main reality in these
countries; rather, the appearance of vehicles that are a few years old and imported from the
Western market is more likely in the region.

This, by all means, makes the diffusion of electromobility slower, as BEVs/EVs are
still clearly underrepresented in the used car market. There are differences between second-
hand car markets in different countries. In the case of the Czech Republic, the Volkswagen
Group’s share of the total market is particularly high (obviously, this is due to Skoda). In
the case of Poland, the share of LPG-powered vehicles stands out; the market for LPG
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cars is oversaturated. Unlike in other countries, petrol-only cars were very few among
the studied types. The price of all cars in Poland is significantly lower than in any of the
countries studied, and the Polish market is obviously much cheaper than the average of
these. At the same time, looking at the region as a whole, the average prices for each year
do not differ much.

Based on the data provided by the Hungarian Statistical Office, it is clear that in
Hungary (similarly to the other countries in Group B), due to lower purchasing power,
the spread of new cars is slower than the EU average for any type of power. Based on the
data examined, it can be seen that despite the above, there is an overwhelming investment
in motorization in the region, regardless of the power, and the number of cars shows
a continuous increase. It is interesting to note that although Hungary is in the bottom
position in terms of purchasing power, it is nevertheless in a particularly advantageous
position compared to other countries in the region regarding the vehicle- and population-
proportional spread of BEVs.

The pace of electric car spread Is greatly influenced by the economic and financial
situation of consumers, together with government incentives. This is exponentially true in
the region studied, where the purchasing power of the population is significantly lower
than in Western countries. In the long term, even taking into account higher purchasing
prices, the use of electric cars is a significant advantage from an economic point of view
since lower maintenance costs and fuel prices (especially with increased use) make EVs
more cost-effective overall. The question arises, however, whether EVs that are more
economical in the medium term can be a realistic alternative if their purchase price is too
high for potential buyers. The data on the analysed vehicle fleet suggests that, unfortunately,
this is not the typical scenario. That is why government incentives are critical. It is most
likely that the favourable Hungarian figures in the region can be attributed to the incentives
applied over the years (6500 euros for segments A and B and 4000 euros for segment C).

Since the spread of charging infrastructure is also an important cornerstone of the
diffusion of electromobility, the spread of EVs proportional to the population and the
number of BEVs per charging point were studied together. It can be stated that at the
moment the supply of charging stations is clearly underdeveloped compared to the fleet of
EVs, which is not surprising given that the charging network is expanding mainly through
investments by profit-oriented market players.

Overall, it can be stated that in Central Europe, the penetration of EVs can be observed,
which is characterised by a slow but at the same time developing trend, while the ecosystem
of electromobility shows underdevelopment compared to the number of EVs. Therefore,
the breakthrough in electromobility is yet to come in this region, the studied countries,
except for Austria, lag behind the EU average.

Reviewing the results of studies analysing the environmental impact of EV spread,
it can be concluded that while analyses based on the situation before 2018 generally find
that the spread of EVs can even increase the carbon footprint of transport if fossil fuels
dominate electricity generation, studies conducted in the last five years generally conclude
that the electrification of transport improves the environmental situation in the world
and in Europe, which is fully in line with the results obtained for the Central and Eastern
European region studied in this paper.

This is basically due to the fact that the rapid development of EV technology has
resulted in a decrease in the amount of electricity required to cover 1 km, and the share of
renewable energy sources in electricity generation is growing dynamically.

Based on the above, the spread of EVs actually reduces the in situ environmental
load in cities. However, in an economic environment with a high share of fossil fuels in
electricity generation, it does not improve the emission situation. In this case, the result
will only be that air pollution does not occur in urban environments.

Based on this, it is crucial that power generation is decarbonised in parallel with the
spread of EVs, ideally even before.
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In the Central and Eastern European regions examined in this study, used electric
cars are expected to play an important role due to the smaller purchasing power of the
population; therefore, it is necessary to develop a method capable of modelling the spread
of used electric cars at the national level. The overall purchasing power available in each
country resulting from their environmental commitments at the state level may show the
volume of the future used electric car market.

As the studied region lags behind the EU average, it is, therefore, necessary to establish
economic policy measures to encourage the spread of these vehicles in the region.

Since there are very few literature sources on the spread of EVs in the CEE countries
covered in this study, and these countries (with the exception of Austria) have a low share
of EVs (both as a proportion of population and vehicles) and low average income in the
EU, it seems appropriate to explore in detail the socio-geographical aspects and individual
motivations determining the adoption of EVs, as well as the differences at the level of
individual countries.

In addition, government measures, including financial and other types of central
incentives, that can deliver the best results for the expansion of electromobility should be
modelled, given that these are very price-sensitive markets.

Targeted surveys can be used to assess the level of awareness of potential customers
about EVs and the extent to which credible, objective information provision (which is
currently not provided), including technical and total cost of ownership aspects, can
stimulate future EV spread.

The data revealed suggest that EVs are more popular in urban environments in the
geographical area studied, but exploring the spatial and even national distribution of
electromobility requires targeted research.

In the future, it is advisable to examine how much an electric car costs in the long run
compared to several countries (purchase price, maintenance cost, depreciation, fuel price,
etc.) and to define the different customer segments. Comparing this with the purchasing
power of the given country (the easiest way to use the average salary), a more complex
picture can be obtained of a country’s economic performance and opportunities in terms of
purchasing EVs.

From an environmental point of view, an important area of future research could be the
decarbonisation of power generation, a deeper analysis of the correlations between trends
in car production (battery development), and the reduction of GHG emissions from EVs.
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Abbreviations

ICEV  Internal Combustion Engine Vehicle
ICE Internal Combustion Engine

EV Electric Vehicle

BEV Battery Electric Vehicle

PEV Plug-in Electric Vehicle

HEV Hybrid Electric Vehicle

PHEV  Plug-in Hybrid Electric Vehicle

EU European Union
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GHG  Greenhouse gas

EAFO  European Alternative Fuels Observatory
LPG Liquefied Petroleum Gas

EoL End of Life

CEE Central and Eastern Europe

TCO Total Cost of Ownership

V2G Vehicle-To-Grid

EEA European Environmental Agency

ACEA  European Automobile Manufacturers’ Association
NCM  Lithium Nickel-Manganese-Cobalt

BAU Business As Usual
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