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Abstract: The introduction of electromobility contributes to an increase in energy efficiency and lower
air pollution. European countries have not been among the world’s leading countries in this statistic.
In addition, there have been different paces in the implementation of electromobility in individual
countries. The main purpose of this paper is to determine the directions of change and the degrees
of concentration in electromobility in European Union (EU) countries, especially after the economic
closure as a result of the COVID-19 pandemic. The specific objectives are to indicate the degree of
concentration of electromobility in the EU and changes in this area, especially during the COVID-19
pandemic; to determine the dynamics of changes in the number of electric cars in individual EU
countries, showing the variability in this aspect, while also taking into account the crisis caused by
COVID-19; to establish the association between the number of electric cars and the parameters of the
economy. All EU countries were selected for study by the use of the purposeful selection procedure,
as of December 31, 2020. The analyzed period covered the years 2011–2020. It was found that in
the longer term, the development of electromobility in the EU, measured by the number of electric
cars, is closely related to the economic situation in this area. The crisis caused by the COVID-19
pandemic has influenced the economic situation in all EU countries, but has not slowed down the
pace of introducing electromobility, and may have even accelerated it. In all EU countries, in the first
year of the COVID-19 pandemic, the dynamics of introducing electric cars into use increased. The
growth rate in the entire EU in 2020 was 86%, while in 2019 it was 48%. The reason was a change
in social behavior related to mobility under conditions of risk of infection. COVID-19 has become
a positive catalyst for change. The prospects for the development of this type of transport are very
good because activities related to the development of the electromobility sector perfectly match the
needs related to the reduction of pollution to the environment.

Keywords: decarbonizing transport; energy efficiency; electrify transport; zero-emissions vehicles;
sustainable transport; electric car charging points

1. Introduction
1.1. Negative Externalities of Car Use

Use of cars contributes to climate change. In addition, global car mobility continues to
grow [1]. This is because transport is a key factor for the regional, national and international
economy. Personal mobility is also important. Motor vehicles continue to depend on oil as
their main source of energy. According to estimates, road transport directly contributed
to around 20% of CO2 emissions in Europe [2–5]. In addition to climate change caused
by greenhouse gases, toxic tailpipe emissions and road noise pose an increasing threat
to air quality and life in urban areas. Cars, trucks, vans and buses have been the biggest
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polluters of NOx in cities [6]. Road traffic also contributes significantly to the emission of
soot particles, directly increasing the risk of lung disease [7]. According to data from the
World Health Organization (WHO), much more people die from poor outdoor air quality
due to road traffic than from accidents [8,9]. According to the European Environment
Agency’s (EEA) Air Quality in Europe 2018 report, road transportation is a major source of
atmospheric pollution, and the upper emission limits for the most harmful—ground-level
ozone (O3) nitrogen oxides (NOx), and particulate matter were significantly exceeded [10].
The EU has estimated that 100 million people have been impacted by harmful noise levels
outside 55 dB in the day and 60 million people above 50 dB at night. The dominant source
of noise was road traffic. Such exposure resulted in deterioration of health and even
death [11].

1.2. Electric Cars as an Element of Reducing Negative Externalities

Emissions of pollutants and noise from the propulsion of the vehicle can be avoided.
Trains, trams and subways were electrified decades ago, and in the early years cars were also
electric. For example, in 1914, 2.4% of the Dutch automobile fleet was battery powered [12].
After its initial success, however, electrification was delayed for practical reasons. The range
of this type of car was too limited, and the batteries were too large, heavy, and expensive
while oil was much more energy dense and cheaper [13,14]. Nowadays, thanks to improved
electronics and batteries, electric vehicles can travel 500 km on a single charge and quickly
recharge the batteries. This range has been confirmed in the authors’ research on the
example of the British market. The average range of the top 10 electric cars was 491 km,
with the smallest range being 350 km and the largest 610 km [15]. The charging time of
an electric car is directly dependent on the power of the charging station. Zero exhaust
emissions from the exhaust pipe of electric vehicles and zero engine noise have a positive
effect on local air quality and living conditions [16]. Depending on the energy source used,
emissions in the energy supply chain and production can also be very low or even zero.
The total environmental impact of vehicles powered by electricity generated from hard
coal is better than in the case of a car with an internal combustion engine [17,18]. In many
countries, public charging stations deliver electricity from renewable energy sources like
water, sun and wind power, in which case electric cars can truly be called emission-free.
Electric vehicles are also seen as providing storage capacity for variable renewable energy
production [19,20].

Breakthrough technologies such as electrification, automation and the sharing econ-
omy, mean renewable energy can make the automotive industry more sustainable [21,22].
Changes in the automotive industry should have a positive impact on ecology and the
economy [23]. In addition to technology, a key factor in this transformation is willingness
to change, which is the social part of the innovation process. The refusal to continue
tolerating the negative aspects of transport for the environment is often the cause of public
acceptance [24–28].

1.3. Types of Electric Cars

There are several types of electric cars. The division criterion is the type of drive.
battery electric vehicle (BEV) cars are fully electric, i.e., they do not have an internal
combustion engine and their only drive unit is a battery. The batteries are charged from the
socket, which one can do at home. The operating costs of such a vehicle can be reduced
by charging the battery at night, when electricity rates are lower. The battery capacity
determines the range of the vehicle, which is why such a car is best suited for city driving
or short distances. This limitation is a disadvantage of BEVs. Its mechanics should be
considered an advantage, as it is much simpler than in conventional drive vehicles (fewer
parts and less liquid to top up). BEVs powered only by a battery do not emit any harmful
substances into the atmosphere [29].

The hybrid electric vehicle (HEV) car has two types of drive, i.e., a combustion engine
and an electric drive (the so-called hybrid). This vehicle does not have the option of
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recharging the battery from external energy sources. The car uses conventional fuel for the
internal combustion engine and the energy generated by the vehicle when braking during
various maneuvers. The most “recycled” energy is generated, for example, when driving
in city traffic jams, and not much on the motorway [30].

The plug-in hybrid electric vehicle (PHEV) car is a hybrid electric car with the possi-
bility of charging. The vehicle is partly conventional and partly electric. It can be refueled
at a gas station and the batteries can be charged from an external energy source. This
combination makes the PHEV a very popular type of electric car. While driving the in-
ternal combustion engine can be used, then one may switch to electric drive or to hybrid
mode [31]. Compared with other types of electric cars, PHEVs have a better range. In
addition to the electric drive, they use an internal combustion engine. Usually, PHEV have
smaller fuel tanks due to the placement of batteries. This range has been confirmed in the
authors’ research on the example of the ranking conducted by Forbes. The average range
of the 11 best PHEV cars was 716 km, with the lowest range being 515 km and the highest
966 km [32]. The disadvantage of the PHEV is the need for more expensive maintenance
of two power units with different energy sources. The production costs of such cars are
higher, and so are their market prices [31].

Additionally, there are several types of partially electric cars. The mild hybrid electric
vehicle (MHEV) car is another type of hybrid, the so-called soft hybrid. The construction of
such a drive system is the same as in the case of the HEV. The difference lies in the size and
power of the electric motor used (it is much weaker). Its main role is to start the engine and
take over the function of the alternator. The reduction in fuel consumption can be up to
15%. The range extended electric vehicle (REEV) car is one of the vehicles with extended
range, which is also the opposite of the MHEV. The internal combustion engine in this
case plays a supporting role by charging the batteries, while the electric unit is the main
driving force. The fuel cell electric vehicle (FCEV) is the most secretive car. Hydrogen and
its reaction with oxygen are responsible for the generation of electricity going to the battery.
Instead of supplying a portion of electricity, users refill the fuel cells with hydrogen [33–35].

1.4. The COVID-19 Pandemic and Its Impact on the Global Electric Car Market

COVID-19 has been determined as an acute infectious illness of the respiratory system
caused by infection of the SARS-CoV-2 virus [36]. It was first recognized and described in
December 2019, in central China, in the city of Wuhan, Hubei province [37–40]. There have
been many cases that have spread beyond the borders of China, to virtually all countries of
the world. On 11 March 2020, the World Health Organization (WHO) recognized the series
of COVID-19 incidents since December 2019 as a pandemic. At that time, there were over
118 thousand confirmed cases of infection in 114 countries and 4291 people died [41]. The
pandemic’s pace and course varied. By 4 November 2021, 248 million cases of infection had
been confirmed worldwide, and 5 million people had lost their lives. There were 78 million
infections and 1.44 million deaths in Europe [42]. The continued spread of the disease in the
first year was due to the lack of a vaccine and effective therapeutic agents against this new
virus [43,44]. Many countries have introduced movement restrictions and some activities
have been officially banned. Thus, the pandemic had a big impact on social life and the
economy. Scenarios for dealing with the outbreak varied from country to country [45].

In the world, sales of electric cars in the second decade of the 21st century grew very
quickly, at a rate of 46–69% per year. Only in 2019 was there a visible slowdown, because
worldwide the number of light electric vehicles increased by 9% compared with 2018. This
meant a clear deviation from the pace of growth in the previous six years. The reason for
this change was the decline in sales in the second half of 2019 in the two largest markets,
i.e., China and the USA. However, even with the stagnation in these markets, global sales
of electric vehicles continued to grow, mainly in Europe, which saw an increase of several
dozen percent. The COVID-19 pandemic and the ensuing economic slowdown had a
negative impact on the global market for all types of cars. As a result, the prospects for
global sales of electric vehicles in 2020 were uncertain. However, time has shown that 2020
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has turned out to be surprisingly positive despite the pandemic and its effects. Global
electric vehicle sales have risen 43% from 2019 and global electric car market share has
risen to a record 4.6% in 2020. Given the decarbonization challenge that most leading
countries now take seriously, 2021 is a breakthrough in the history of electric vehicle sales
and about 6.4 million vehicles (BEV and PHEV combined) will be sold by the end of the
year worldwide. This would then mean an increase of 98% year on year [46].

In 2019, the global market for electric vehicles was valued at USD 162 billion, and
is forecast to reach a value of approximately USD 800 billion by 2027, with an average
annual growth rate of 23%. The Asia-Pacific markets should continue to dominate, and it is
estimated that they will generate USD 358 billion by 2027 (with an average annual growth
rate of 20%). In the North American market, revenues should be USD 194 billion, with an
annual growth rate of 28%. Markets in North America and Europe together accounted for
40% of the world market in 2019. According to forecasts, in 2027 the share of these two
segments will reach 51% of the total electric car market in the world [47].

1.5. Justification, Aims and Structure of the Article

The subject matter of the article is important and up to date. Transport is a significant
energy consumer. The use of electric cars contributes to the reduction of negative exter-
nalities in the form of environmental pollution, noise and energy consumption. The share
of electric cars is still small, especially on the European continent. Some hope lies in the
high pace of introducing electric cars into use. The outbreak of the COVID-19 pandemic
may have contributed to a slowdown in this regard. This can be judged by the example
of many industries that have been affected by the crisis caused by the global pandemic.
An example is the automotive industry, which is slowing down quite sharply. In the EU
countries, the effects of the crisis were quite visible, because the automotive industry was
based on components imported from Asia. As a result of the interruption of supply chains,
many factories of automotive concerns have had to reduce their production.

There is a research gap that this article can fill. The literature review shows no previous
studies on the situation in the electromobility sector during the COVID-19 pandemic. We
did not find publications that reported the situation of the electromobility market in EU
before and during COVID-19. In addition, our research will cover the area of the EU, which
is still quite diverse. Europe still has considerable electromobility market development
potential. It will be interesting to determine whether this development stopped during
the COVID-19 pandemic and how it unfolded in individual countries. The above aspects
make the research necessary and original. The novelty of the article is the presentation
of the situation and changes in the field of electromobility under COVID-19 pandemic
conditions, as well as the relationship between the grade of economic development and the
development of electromobility. This type of research has not been performed so far.

The main goal of the article is to determine the directions of change and the degree
of concentration in electromobility in European Union (EU) countries, especially after the
economic closure as a result of the COVID-19 pandemic.

The specific objectives are:

• identifying the degree of concentration of electromobility in EU and changes in this
area, especially during the COVID-19 pandemic;

• determining the dynamics of change in the number of electric cars in individual EU
countries;

• showing the variability in number of electric cars, while also taking into account the
crisis caused by COVID-19;

• establishing an association between the number of electric cars and the parameters of
the economy, including during the COVID-19 pandemic period.

Three research hypotheses are formulated in the paper:

Hypothesis 1. Electric car concentration is decreasing in the EU, and the COVID-19 pandemic
has accelerated these changes.
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Hypothesis 2. In EU countries, the dynamics of introducing electric cars into use has decreased in
the first year of the COVID-19 pandemic.

Hypothesis 3. The development of electromobility in the EU, measured by the number of electric
cars, is closely related to the economic situation in this area.

The organization of this paper is as follows: Section 1 provides an introduction to the
subject. The impact of road transport in negative externalities is presented. The possibility
of using electric cars is shown. Concerns related to the COVID-19 pandemic on the
development of electromobility are also presented. This section also contains justification
and aims of the article. Section 2 proposes methods to identify differences and changes in
electromobility in EU states. In Section 3, the research findings are presented. Section 4
includes reference to other research studies that have dealt with the relationships tested.
Section 5 concludes this paper.

2. Materials and Methods
2.1. Data Collection, Processing, and Limitations

All EU countries were selected for this research using the purposeful selection method,
as of 31 December 2020. In total, 28 EU states were examined. Great Britain was a member of
the EU until 31 January 2020. Until the end of 2020, there was a transition period in mutual
relations between Great Britain and the EU. Relationships in all areas were conducted on the
basis of previous conditions. In addition, the country is one of the leaders in electromobility
in the EU. Therefore, it was decided to include Great Britain in the research.

The research period covered the years 2011–2020. Adopting such a period is substan-
tively justified. Before 2011, electromobility was developed in a few EU countries. In 2011,
electric cars were already in use in most EU countries (in 19 countries). In 2014, electric cars
were already available in all countries. Until 2019, changes in electromobility resulting from
the normal functioning of the economy can be observed. In 2020, there was an economic
crisis caused by the COVID-19 pandemic. The European continent has been severely hit
by the effects of COVID-19. The year 2020 was the last in which complete research data
is available.

The research used data on the total number of BEV and PHEV electric cars. These
were cars that used batteries and required the use of charging stations. Other forms of
electromobility, such as electric micromobility (bicycles, scooters, scooters) are becoming
more and more popular. They were not tested.

The data used in the study comes from Eurostat for the years 2011–2020. Data collection
is limited by the lack of detailed and timely information on electromobility. Additionally,
these data are aggregated at the country level, so there is a problem with performing
analyses at the regional or city level.

The study is a result of the authors’ previous research on transport. Quite recently,
the field of the writers’ interest has been power engineering. These two areas are closely
connected because without energy, transport is impossible. The vast majority of authors
are economists. Therefore, the aspect related to economics was raised. Additionally, it was
noted that there is no current academic studies on the relationship between electromobility
and economic development.

2.2. Applied Methods

The research was sectional into stages. Figure 1 shows a scheme of the conducted
research.
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Figure 1. Scheme of the conducted research.

The first stage of the research presents the situation in all EU countries in the period
before and during the COVID-19 pandemic (2019–2020) in terms of the number of electric
cars. Such raw data do not always make it possible to determine the significance and
development of electromobility in individual countries. Therefore, it was decided to
calculate the basic indicators. Such indicators are needed because individual countries
vary in terms of population, area of the country, the total number of cars, and the length of
highways (roads of the best quality). The aim of this part was to present the actual leaders
and outsiders in the field of electromobility in the EU in the period before and during
the pandemic.

In the second stage of the research, the concentration of electric cars in total in individ-
ual EU states is presented. Changes in this respect are also shown. Gini’s associate was
utilized for this aim. The degree of concentration is determined by the number of electric
cars in the EU. If these values concern merely one nation, the coefficient would be 1. If, on
the other hand, they are spread for more countries, the coefficient is lower; the closer to
0, the more even the decomposition of the volume of consumption of renewable energy
amongst EU countries. The degree of concentration can be represented graphically, for
which the Lorenz curve is used.
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Concentration ratios were calculated every four years and additionally in 2020, as the
period of the crisis caused by the COVID-19 pandemic. Therefore, the results relate to the
years 2011–2020. Such a comparison allows us to determine the direction and speed of the
changes taking place in the concentration of the number of electric cars in the EU.

The Gini coefficient is used to measure the unevenness (concentration) of decomposi-
tion of a random variable. In cases where the observations are sorted in ascending order,
the coefficient can be presented by the formula [48]:

G(y) =
∑n

i=1(2i − n − 1)× yi

n2 × y
(1)

where:
n—count of observations,
yi—value of the “i-th” measurement,
y—the average value for all observations, i.e., y = 1

n ∑n
i=1 yi.

The Lorenz curve defines the degree of concentration for a one-dimensional ran-
dom variable decomposition [49]. With sorted observations yi, being non-negative values
0 ≤ y1 ≤ y2 ≤ . . . ≤ yn, ∑n

i=1 yi > 0, the Lorenz curve can be referred to as a polyline with
apexes (xh, zh), for h = 0, 1, . . . , n, having the following coordinates:

x0 = z0 = 0, xh =
h
n

, zh =
∑h

i=1 yi

∑n
i=1 yi

(2)

The Gini coefficient means the area between the Lorenz curve and the secant of a unit
square multiplied by two.

The third stage of the research presents data on changes in the total number of electric
cars in individual EU countries. Dynamics indicators for the number of electric cars
were calculated. As a result, the directions and strength of the analyzed variables were
obtained. It was not until 2014 that the first electric cars appeared in several countries.
Therefore, the dynamics indicators for the two periods 2011–2020 and 2014–2020 were
calculated. Admitting the years 2014–2020 to the research allows for more reliable results.
In 2014, electric cars were already in use in all countries. Two types of dynamics indicators
were used.

In this paper the chain simple dynamic indicators were used as follows [50]:

it,t−1 =
yt

yt−1
∗ 100 (3)

where:
yt—level of the occurrence in a certain period,
yt-1—level of the phenomenon during one period earlier.

The dynamics indices on a constant base were utilized for the research too. The
constant-based dynamics indicator has the following formula [50]:

i =
yn

y0
or i =

yn

y0
× 100% (4)

where:
yn—the level of the phenomenon in a certain period,
y0—level of the phenomenon during the reference period.

In the third phase, the variation coefficients for the number of electric cars in individual
EU states were calculated too. As a result, it was possible to determine whether the number
of electric cars is stable or is subject to substantial fluctuations.

The variation coefficient referred to as Cv eliminates the unit of estimate from the
standard deviation of a set of number. This is done by receiving the quotient of standard
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deviation divided by the arithmetic mean. For sequence of N numbers, the variation
coefficient is counted as follows [51]:

Cv =
S
M

(5)

where:
S—standard deviation of the exemplar set of numbers,
M—arithmetic mean from the exemplar set of numbers.

In the fourth stage, the relationship between the number of electric cars in the EU
and the parameters related to socio-economic potential. For the calculations, parameters
were selected that are components of simple indicators that actually assess electromobility.
These indicators are presented in the first stage of the research. The following variables
were used: population (million), area of the country (square kilometer), number of cars, the
length of the highways (kilometer), value of gross domestic product (GDP)(million euro),
GDP per capita (euro per capita). The research was performed for four periods. Two of
these concerned the time before the COVID-19 pandemic, i.e., the years 2011–2019 and
2014–2019. The next two already included 2020, i.e., a full year related to functioning in the
conditions of the COVID-19 pandemic (2011–2020 and 2014–2020). The logic of carrying
out the tests for different periods was the same as for the dynamics indicators.

Thanks to this study, it is possible to determine the importance of parameters and
their strength of association with the number of electric cars before and during COVID-19
pandemic. In this phase of the study, two non-parametric tests were used to define the
correlation between the parameters. The first is Kendall’s tau correlation coefficient. This
indicator is established on the dissimilarity between the probability that two variables
decrease in the same sequence (for the commentate data) and the plausibility that these
factors are different. This coefficient has a fluctuation in the range of values <−1, 1>.
Value 1 means full match, value 0 indicates no adjust of order, and value -1 indicates the
complete reverse. The Kendall coefficient indicates not only the robustness but also the
trend of the interdependence. It is an appropriate tool to represent the resemblance of the
ordered sets of information. The following formula can be utilized to calculate Kendall’s
tau correlation coefficient [52]:

τ = P[(x1 − x2)(y1 − y2) > 0]− P[(x1 − x2)(y1 − y2) < 0] (6)

This formula evaluates Kendall’s tau to give a statistical sample. At the beginning, all
possible pairs of the research trial are combined. In the next step, the pairs are split to three
potentially units:

P—compatible pairs, in which the analyzed factors about two observations fluctuate in
the identic trend, i.e., either in the first remark both are higher than in the second, whether
both are less meaningful,

Q—incompatible pairs, in which the factors are different against each other in the
opposite tendency, i.e., one of them is much more significant for this observation in the
couple, while the other is lower,

T—related couple, when one of the variables has similar values in both
tested observations.

The Kendall tau coefficient is then counted from the following formula:

τ =
P − Q

P + Q − T
(7)

Moreover,

P + Q + T =

(
N
2

)
=

N(N − 1)
2

(8)

where:
N—sample volume.
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The pattern can be quantified as:

τ = 2
P − Q

N(N − 1)
(9)

The second form of non-parametric research trial is the Spearman’s rank correlation
coefficient, that describes the strength of the correlation of couple characteristics. It is
used to study the relationship between quantitative parameters for the small amount of
tested observations. Spearman’s rank correlation coefficient is calculated according to the
following formula [53]:

rS = 1 −
6 ∑n

i=1 d2
i

n(n2 − 1)
(10)

where:
di—disagreement between the range of the corresponding parameters xi and feature

yi (i = 1, 2, . . . , n)
The value of Spearman’s rank coefficient oscillates in the range −1 ≤ rs ≤ +1. A

positive digit means a positive correlation, while a negative number indicates a negative
correlation. The more identic modulus (absolute value) of the correlation coefficient, the
stronger a correlation between analyzed variables.

MS Excel was used to calculate the basic electromobility indices as well as the dynamics
indicators and coefficient of variation. The Gnu Regression, Econometrics and Time-series
Library (GRETL) econometric package was used to determine the degree of concentration
of electric cars in the EU, with Kendall’s tau correlation coefficient and Spearman’s rank
coefficient [54].

Descriptive, tabular and graphic methods were also used to present some of the findings.

3. Results
3.1. Electromobility in Individual EU Countries before and during the COVID-19 Pandemic

The development of electromobility can be measured in several ways. One of the
most obvious and accurate is the number of electric cars. In EU countries, the idea of
electromobility began to gain particular importance in the second decade of the 21st
century. In 2011, electric cars were used in 19 EU countries, and in 2014, in all member
states. In 2011, a total of 15,000 electric cars were used in the EU, and in 2020 already
2.5 million. Of course, there are differences between countries in the scale and speed of
introducing electric cars into service. In 2020, every fourth electric car in the EU was used in
Germany (Figure 2). This country has been a leader in the field of electromobility. Certainly,
the location of significant car concerns in this country could be one of the factors explaining
Germany’s position. Great Britain, France, the Netherlands, and Sweden are also among the
top five countries in terms of the number of electric cars. They were the most economically
developed countries. In turn, among the five countries with the lowest number of electric
cars was Cyprus, Latvia, Croatia, Estonia and Bulgaria. They are economically developing
countries. Malta and Cyprus are among the smallest countries in terms of area. In 2020, the
number of electric cars in all EU countries increased, which means that the effects of the
crisis caused by COVID-19 did not considerably affect this part of the automotive industry.

Appropriate infrastructure in the form of public charging stations contributes to the
development of electromobility. Such points are located in the largest cities. The situation
in this respect is improving year by year. Individual countries were compared in terms of
infrastructure using the indicator of the number of electric cars per one public charging
point (Figure 3). It turns out that the largest number of cars for such a point was in countries
with a relatively small number of vehicles, such as Portugal, Malta and Lithuania. Probably
in this case the development of infrastructure did not keep up with the increase in sales of
this type of cars. The case of Germany is interesting, where in 2019 there were 6.2 electric
cars per public charging point, and in 2020 it was already 13.3. The reason for such a large
increase in the indicator was the very high sales of electric cars in 2020 (an increase of 143%
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compared with 2019), with a small increase in public charging points (by 14%). A similar
situation also occurred in the case of Malta, Ireland, Denmark and Luxembourg. Only a few
countries have seen a lower load on public charging stations, i.e., Greece, Cyprus, Bulgaria
and Austria. This was due to large investments in infrastructure. In most EU countries,
the changes were not large. Of course, the COVID-19 pandemic could have had an impact
on electromobility development strategies in individual countries. This problem requires
closer examination. The presented results show that there has been no single path for the
development of electromobility in individual EU countries.

In the next stage, the basic indicators determining the development of electromobility
in individual countries are compared (Table 1). Data are compiled for the two years before
and during the COVID-19 crisis. The three highest results for a given indicator are marked
in blue, and the three lowest in red. The Netherlands is the country with the best indicators
in each category. Almost all of the highest indicators are also in Sweden. It can therefore be
concluded that these are the most developed countries in the field of electromobility. Greece
is at the other extreme, as is Croatia. In most of the categories, the indicators are relatively
low in Poland and Bulgaria. In these countries, the development of electromobility has
been quite weak compared with the potential. Interestingly, Germany is in the middle of
the field in all indicators. Of course, the number of electric cars is impressive, but it should
be remembered that it is a country with the largest population of people, a very large area,
developed motorization and transport infrastructure. The indicator determining the share
of electric cars in the total number of cars in a given country is particularly interesting.
In Sweden, the Netherlands and Denmark, it is at the level of 2–4%. It must be added
that these countries are leaders. Objectively assessing the share of electric cars in the total
number of cars, it is very low. The still low popularity of this type of vehicle, and the
undeveloped infrastructure causes a vicious circle. Infrastructure in the form of public
charging stations is particularly required. Without it, the number of electric cars will not
grow rapidly.
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Table 1. Indicators assessing the development of electromobility in EU countries in 2019-2020.

Countries
Electric Cars per

Thousand Inhabitants
Electric Cars Per Square

Kilometer
Electric Cars Share in

Total Cars
Electric Cars per

Kilometer of Motorway
2019 2020 2019 2020 2019 2020 2019 2020

Austria 4.24 6.31 0.45 0.67 0.74 1.10 21.55 32.24
Belgium 5.30 9.43 1.98 3.54 1.03 1.81 34.43 61.65
Bulgaria 0.25 0.34 0.02 0.02 0.06 0.08 2.18 2.84
Croatia 0.17 0.47 0.01 0.03 0.04 0.11 0.54 1.45
Cyprus 0.51 0.64 0.05 0.06 0.08 0.10 1.75 2.22
Czechia 0.49 0.92 0.07 0.12 0.09 0.16 4.09 7.61
Denmark 4.26 9.83 0.58 1.33 0.93 2.11 18.40 42.58
Estonia 1.22 1.52 0.04 0.04 0.20 0.25 10.02 12.58
Finland 5.32 10.01 0.09 0.16 0.83 1.55 31.71 59.74
France 3.33 6.08 0.41 0.75 0.69 1.25 19.14 35.04
Germany 2.96 7.16 0.69 1.66 0.51 1.23 18.61 45.09
Greece 0.09 0.29 0.01 0.02 0.02 0.06 0.43 1.36
Hungary 0.60 1.10 0.06 0.12 0.15 0.28 3.38 6.01
Ireland 2.08 4.22 0.15 0.30 0.45 0.92 10.27 20.53
Italy 0.66 1.67 0.13 0.33 0.10 0.25 5.65 14.12
Latvia 0.35 0.55 0.01 0.02 0.09 0.14 - -
Lithuania 0.91 1.25 0.04 0.05 0.17 0.23 6.28 8.69
Luxembourg 8.35 13.65 1.97 3.29 1.20 1.95 31.06 51.81
Malta 2.68 5.00 4.19 8.14 0.43 0.82 - -
Netherlands 11.39 15.68 5.27 7.30 2.27 3.10 70.56 97.18
Poland 0.14 0.33 0.02 0.04 0.02 0.05 3.15 7.31
Portugal 4.37 6.27 0.50 0.72 0.82 1.18 14.65 21.07
Romania 0.18 0.38 0.01 0.03 0.05 0.11 4.06 8.13
Slovakia 0.33 0.64 0.04 0.07 0.07 0.15 3.60 7.07
Slovenia 1.28 2.13 0.13 0.22 0.23 0.38 4.26 7.15
Spain 0.99 1.87 0.09 0.18 0.19 0.36 2.98 5.64
Sweden 9.48 18.46 0.22 0.43 1.98 3.83 45.45 89.40
United
Kingdom 4.09 6.67 1.12 1.83 0.86 1.39 70.89 116.20
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3.2. Changes in the Concentration of Electric Cars in EU Countries

The next stage of the research was to present the concentration of the number of
electric cars in individual countries and changes in this regard. The Gini coefficient was
used to determine the concentration degree of the number of electric cars. In 2011, the
Gini coefficient calculated from the sample was 0.83, and the estimated coefficient for the
population was 0.86. This meant a very high concentration of electric cars in one or several
EU countries. In the following years, the degree of concentration decreased systematically.
The existing differentiation was as well shown by means of the Lorenz concentration
curve (Figure 4). Among the leaders there are countries from Western Europe, the most
economically developed. In 2020, the top five countries (Germany, Great Britain, France,
the Netherlands, Sweden) accounted for 75% of the total number of electric cars in the EU.
In the top ten countries, there were 92% of such cars in total. This group included only
Western European countries.

Figure 4. Lorenz concentration curves for number of electric cars in the EU countries in 2011–2020.

Concentration coefficients were as well calculated for the earlier periods, every four
years, and additionally in 2020, as the period of the crisis caused by the COVID-19 pandemic.
As a result, the effects relate to the years 2011–2020. Such a comparison allows us to
determine the direction and pace of the changes taking place in the concentration of
the number of electric cars in the EU. Generally, it can be noticed that the concentration
level of electric cars is decreasing in several countries (Table 2). Such a phenomenon is
positive because it proves the development of this type of transport in many EU countries.
Interestingly, the period of the crisis resulted in a slight increase in concentration. Probably
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in less developed countries, the focus has been on other problems. Therefore, the most
developed countries in the field of electromobility have increased their advantage.

Table 2. Gini coefficients for number of electric cars in the EU countries in 2011–2020.

Type of Coefficient Gini Coefficients in Years
2011 2015 2019 2020

from the sample 0.83 0.79 0.72 0.73
estimated 0.86 0.82 0.75 0.76

3.3. Directions of Changes of Number of Electric Cars in EU Countries before and during the
COVID-19 Pandemic

The number of electric cars in the EU countries varies. The dynamics of their changes
are also different (Table 3). The three countries with the highest dynamics of changes in a
given year or period are marked in blue, and three countries with the lowest dynamics are
marked in red. In fact, there is no country that would be the growth leader in the following
years. The reason is also because there are different levels from which individual countries
began to develop electromobility. Very high dynamics indicators were achieved for the
years 2011–2020. The largest of these are in Greece, Romania and Hungary, i.e., in countries
that have not been the largest tycoons in the field of electromobility. In turn, the lowest
rates are obtained in Croatia, Estonia and Bulgaria, which were most often indicated as the
least developed in electromobility. For the years 2014–2020, the dynamics indicators are
still very high, but still much lower than for the period 2011–2020. This time, the fastest
growth in the number of electric cars is in Portugal, Romania and Finland. On the other
hand, the slowest rates are in Estonia, Latvia and the Netherlands. There may have been
some market saturation in the Netherlands. In addition, the country had begun to develop
electromobility very quickly. That said, the more than fivefold increase in the number of
electric cars in six years cannot be considered a poor result. Overall, it must be said that
the number of electric cars grew rapidly in all countries. The pace of change depended on
the initial number of electric cars and the stage of electromobility development in a given
country. In 2020, compared with 2019, the number of cars increased in all EU countries.
There was no COVID-19 crisis in sight here. On the contrary, the growth rate in the entire
EU in 2020 was 86%, while in 2019 it was 48%.

3.4. Variability of the Number of Electric Cars in EU Countries

The variability of the number of electric cars over several periods was also determined.
Again, the three best results are marked in blue, with the lowest variability indicating stable,
steady growth. In turn, the three highest results, i.e., countries with very large fluctuations
in the number of electric cars, are marked in red. The greatest stabilization is in Estonia, the
Netherlands and Latvia (Table 4). In turn, the greatest changes are found in Malta, Romania
and Greece. In the case of adopting a shorter period (from 2014), the level of variability
in the number of cars is lower than for the longer period (from 2011). Additionally, a
comparison of the results for the periods before the COVID-19 pandemic with the periods
including the year 2020 allowed us to state a certain regularity. The COVID-19 pandemic
resulted in greater variability in the number of electric cars in individual EU countries.
Based on the results of the dynamics study, it can be concluded that in 2020, as a rule, the
dynamics of change accelerated, the number of cars increased significantly. Therefore, the
coefficient of variation deteriorated when taking into account the year 2020.
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Table 3. Dynamics indicators for the number of electric cars in EU countries in 2011–2020.

Countries Dynamics of Changes in the Years
(Previous Year = 100) (Base Year = 100)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2011–2020 2014–2020

Greece - 100 300 2067 200 135 213 164 171 315 313,500 5056
Croatia - - - 100 368 157 111 141 178 267 4332 4332

Italy 100 656 247 172 169 156 154 175 171 252 85,059 3051
Germany 100 182 179 172 166 154 149 153 163 243 12,791 2298

Poland 100 189 156 250 190 158 221 180 172 236 35,643 4854
Denmark 100 208 152 210 260 117 113 145 160 231 12,289 1841
Romania 100 200 480 165 197 199 218 201 258 211 148,200 9380
Ireland 100 302 128 241 194 159 146 196 194 205 32,714 3513

Slovakia 100 102 100 467 146 121 153 261 126 197 8348 1744
Sweden 100 343 211 268 205 181 164 153 147 197 52,098 2688
Malta - 100 129 186 133 114 138 173 403 194 6766 2825
Spain 100 199 195 156 170 164 174 172 162 190 15,588 2571

Finland 100 423 193 203 176 201 218 216 189 188 98,780 5974
Czechia 100 188 150 197 164 137 137 136 134 188 5820 1053
EU-28 100 222 345 132 193 150 144 146 148 186 16,889 1673

Hungary 100 1189 119 146 164 203 272 223 156 185 119,478 5812
France 100 189 189 168 178 141 149 137 138 183 7733 1293

Belgium 100 343 134 217 218 224 179 147 138 179 32,062 3201
Slovenia - 100 325 274 247 194 205 167 151 168 37,142 4165

Luxembourg 100 419 248 226 125 133 178 148 160 167 27,574 1171
United

Kingdom 100 256 976 53 240 182 154 151 138 164 30,125 2282

Latvia - 100 210 938 119 114 129 154 128 153 10,420 529
Austria 100 155 162 168 157 174 163 143 142 150 5682 1350

Portugal 100 137 133 127 245 245 282 227 169 144 21,531 9321
Netherlands - 100 1365 153 200 124 108 117 142 139 12,995 624

Lithuania - - 100 1283 236 205 228 189 157 138 58,400 4551
Bulgaria - 100 125 161 135 155 162 186 179 137 3101 1541
Cyprus - 100 600 233 314 191 231 155 150 127 57,100 4079
Estonia 100 1080 119 154 104 103 104 112 117 126 3616 184

Table 4. Coefficients of variation for the number of electric cars in EU countries in 2011–2020.

Countries
Coefficients of Variation for Number of Electric Cars in Years

2011–2019 2011–2020 2014–2019 2014–2020

Estonia 0.44 0.47 0.14 0.22
Netherlands 0.78 0.83 0.40 0.51

Latvia 0.88 0.95 0.46 0.60
Czechia 0.85 1.04 0.53 0.75
Austria 0.99 1.05 0.67 0.75
France 0.91 1.08 0.58 0.78

United Kingdom 1.01 1.10 0.70 0.81
Cyprus 1.25 1.18 0.85 0.83

Luxembourg 1.04 1.16 0.69 0.84
EU 0.98 1.15 0.65 0.85

Bulgaria 1.18 1.19 0.85 0.88
Belgium 1.13 1.22 0.75 0.89
Denmark 0.92 1.24 0.57 0.93
Lithuania 1.35 1.29 0.94 0.93
Sweden 1.11 1.27 0.73 0.93
Slovenia 1.24 1.29 0.85 0.94
Slovakia 1.15 1.29 0.79 0.96

Spain 1.15 1.31 0.81 0.99
Portugal 1.46 1.38 1.07 1.04
Germany 1.04 1.38 0.71 1.06
Hungary 1.38 1.44 1.01 1.09
Croatia 1.09 1.47 0.68 1.10
Ireland 1.27 1.46 0.91 1.11
Finland 1.44 1.50 1.05 1.14
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Table 4. Cont.

Countries
Coefficients of Variation for Number of Electric Cars in Years

2011–2019 2011–2020 2014–2019 2014–2020

Italy 1.15 1.49 0.80 1.15
Poland 1.29 1.53 0.92 1.17
Malta 1.54 1.62 1.19 1.28

Romania 1.58 1.67 1.18 1.29
Greece 1.26 1.69 0.85 1.30

3.5. Relation between the Number of Electric Cars and Parameters Related to Socio-Economic
Potential in the EU before and during the COVID-19 Pandemic

In the next step, the Kendall tau correlation coefficient and Spearman’s rank correlation
coefficients were calculated. The aim was to find the relationship between the number of
electric cars in the EU and the parameters related to the socio-economic potential (Tables 5
and 6). We used p = 0.05 to specify the border value of the significance level. Correlation
coefficients were calculated for the entire EU for different periods. A research project
attempted to test a correlation that does not indicate that one factor influences another, but
that there is a strong significant or weak secondary relationship. The number of electric
cars in the EU was used for the calculations.

Table 5. Kendall’s tau correlation coefficients between the number of electric cars and social and
economic parameters in EU.

Tested Parameters

Kendall’s Tau Correlation Coefficient in Years

2014–2019 2014–2020 2011–2019 2011–2020

τ p-Value τ p-Value τ p-Value τ p-Value

Correlation coefficients between the number of electric cars and

Population (million) 1.000 0.009 ** 0.905 0.007 ** 1.000 0.001 *** 0.956 0.001 ***
Area of the country (square
kilometer) −0.730 0.037 * −0.756 0.022 * −0.624 0.028 * −0.683 0.012 *

Number of cars 1.000 0.009 ** 1.000 0.003 ** 1.000 0.001 *** 1.000 0.001 ***
The length of the highways
(kilometer) 1.000 0.009 ** 1.000 0.003 ** 1.000 0.001 *** 1.000 0.001 ***

Value of GDP (million euro) 1.000 0.009** 0.810 0.016 * 1.000 0.001 *** 0.911 0.001 ***
GDP per capita (euro per capita) 1.000 0.009 ** 0.905 0.007 ** 1.000 0.001 *** 0.956 0.001 ***

* p-value ≤ 0.05, ** p-value ≤ 0.01, *** p-value ≤ 0.001.

For all parameters, significant relationships with a strong connection with the number
of electric cars were found. In most cases, this relationship was very strong. The EU
population is steadily growing, as is the number of cars and the length of highways. For
these parameters, very good compliance with the increase in the number of electric cars
was obtained. The surface area of the EU remains basically the same, so the correlation
was negative for this parameter. Economic parameters such as total GDP value and per
capita also showed a close relationship with the number of electric cars in the EU. Such
results were noted in both tests. Based on previous analyses and correlation studies, it can
be concluded that a higher standard of living has been associated with more electric cars
in the EU. On the other hand, the deterioration of the economic situation in 2020 did not
stop the upward trend in the number of electric cars. It can be said that, on the contrary,
the introduction of electromobility has even accelerated. Interestingly, the results for the
periods containing the years 2011–2019 and 2014–2019 indicate a higher correlation than
for the periods containing 2020. They confirm that the crisis caused by COVID-19 had an
impact on the economic situation in the EU but did not slow down changes related to the
introduction of electromobility. Additionally, in longer periods (from 2011), more strict
dependencies were visible than in shorter periods (from 2014). Based on the research, a
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general conclusion can be drawn that the development of electromobility is progressing
despite the crisis caused by COVID-19. This is probably largely influenced by the policies
of the EU and individual countries. Such issues may pose a new problem to be solved in
future research.

Table 6. Spearman’s rank correlation coefficients between the number of electric cars and social and
economic parameters in EU.

Tested Parameters

Spearman’s Rank Correlation Coefficient

2014–2019 2014–2020 2011–2019 2011–2020

τ p-Value τ p-Value τ p-Value τ p-Value

Correlation coefficients between the number of electric cars and

Population (million) 1.000 0.010 ** 0.964 0.010 ** 1.000 0.010 ** 0.988 0.010 **
Area of the country (square
kilometer) −0.828 0.050 * −0.866 0.050 * −0.725 0.050 * −0.798 0.010 **

Number of cars 1.000 0.010 ** 1.000 0.010 ** 1.000 0.010 ** 1.000 0.010 **
The length of the highways
(kilometer) 1.000 0.010 ** 1.000 0.010 ** 1.000 0.010 ** 1.000 0.010 **

Value of GDP (million euro) 1.000 0.050 * 0.893 0.050 * 1.000 0.010 ** 0.964 0.010 **
GDP per capita (euro per capita) 1.000 0.010 ** 0.964 0.010 ** 1.000 0.010 ** 0.988 0.010 **

* p-value ≤ 0.05, ** p-value ≤ 0.01, *** p-value ≤ 0.001.

4. Discussion

The development of electromobility in Europe has its motivators, but also barriers.
According to Biresselioglu et al. [55,56] the main barriers are the lack of charging infrastruc-
ture, economic constraints and high-cost concerns, technical and operational constraints, as
well as a lack of trust, information, and knowledge. In turn, the most important drivers
appear to be the environmental, economic, and technical benefits of electric vehicles, as well
as personal and demographic factors. It seems that economic and environmental factors
have the greatest influence here. Haddadian et al. point to the higher price of an electric
vehicle compared with a vehicle powered by conventional energy [57]. Such analysis
should take into account the life cycle costs of the vehicles. Such studies were performed
by Gass et al. [58], Thiel et al. [59] and Ogden et al. [60]. The results were inconclusive and
often the electric car was not the best option. The introduction of new technologies depends
largely on economic factors. Incentives for car buyers are necessary. Mock and Yang [61]
analyzed the tax incentive policy for electric vehicles around the world. They found that
there is a significant relationship between supporting national incentive systems and the
level of use of electric vehicles. The most effective incentives are direct subsidies (a one-time
bonus when buying an electric vehicle) and tax breaks. Li et al. [62], using the example of
the US market, found that a federal income tax credit of up to USD 7500 for electric vehicles
buyers contributed to about 40% of sales of these cars during 2011–2013. Different forms
of support were used in individual EU countries, which also translated into an interest
in purchasing electric cars. The different forms and amounts of support may partially
explain the disparities between countries in the field of electromobility development, which
were found in our research [63]. According to Zubaryev et al. [64] an adequate charging
infrastructure is one of the most important factors for the large-scale deployment of electric
vehicles in Europe. Harrison and Thiel [65] drew attention to the appropriate ratio between
public charging points and the number of cars, especially in the early stages of introducing
electromobility. The optimal ratio of electric vehicles to charging points is from 5 to 25. In
our research, the highest rate was obtained in Sweden in 2020, with 18.46 cars per public
charging point. In most countries (16 countries) the indicator was below five. The situation
is better than in 2019 when too low an indicator was found in 23 countries. Improving this
indicator to the optimal one may contribute to the faster development of electromobility in
individual EU countries. Hall and Lutsey [66] report in their study that the indicator of
the number of electric cars per public charging point is not interpreted in the same way. In
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2014, the European Parliament recommended that this ratio should be 10. In our research,
exactly this ratio was achieved by 2020 in only Finland, Denmark and Belgium. It was
higher in three countries and lower in others. These results show that EU countries in most
cases developed different aspects of electromobility unevenly.

Another problem in the development of electromobility in the EU is the inadequate
attitude of car dealers. In studies by de Rubens et al. [67] made at 82 car dealerships in
Denmark, Finland, Iceland, Norway, and Sweden, it was found that dealers disregarded
electric vehicles, misled buyers about vehicle specifications, omitted electric vehicles in
sales talks, and strongly suggested vehicles with gasoline and diesel engines. Additionally,
the sale of electric cars requires the adaptation of business models and entire supply chains,
which is a problem [68–70]. Dealerships are also discouraged by the reduced number
of required parts and services for electric cars, which represent significant profits for
dealers for conventional cars [71,72]. These are additional factors that could lead to poor
performance in the take-up of electric cars. During the COVID-19 pandemic, contacts
between buyers and dealers were reduced. It can be assumed that many buyers of electric
cars drew their knowledge from the internet. At that time, they were not as subject to sellers’
suggestions as they were before the pandemic. Perhaps the pandemic thus contributed to
the more frequent choice of electric cars by buyers. In 2020, every tenth car sold in the EU
was electric [73].

Tucki et al. [74] indicated that the leaders of the electromobility sector in the EU were
the Netherlands, France, Germany, and the United Kingdom. In 2017, the total number of
electric car registrations in these countries accounted for around 70% of all registrations in
the EU. The results obtained by us for the years 2019–2020 are similar. The same countries
dominated and their share was similar to the data from 2017. Tucki et al. [74] stated that
the leaders of electromobility were highly developed countries and it ranks very high
in terms of economic conditions. At the same time, in these countries, the dynamics of
changes in the number of electric cars was much lower than in developing countries such
as Poland. We obtained similar results in our research. In many articles, the authors
focus on the nominal number of electric cars or new registrations, equating the obtained
results with the level of electromobility development. An example is the work of Tucki
et al. [75], Drożdż [76], Sendek-Matysiak and Łosiewicz [77]. More complex methods of
electromobility assessment in the form of indicators were used, among others, by Feckova
Skrabulakova et al. [78], Schuh et al. [79] and Silvestri et al. [80]. Overall, however, such
composite indicators have not been used very often. In our research, we proposed the use
of indicators assessing the development of electromobility, such as the number of electric
cars per population, as well as the area of the country, the total number of cars, and the
length of highways (roads of the best quality). Thanks to this, we were able to assess the
actual development of electromobility in a given country. It turned out that the leaders
were not the largest countries anymore. The highest levels of electromobility development
were found in Sweden and the Netherlands. We should also distinguish Luxembourg for
the number of electric cars per thousand inhabitants, Belgium and Malta for electric cars
per square kilometer, Denmark and Luxembourg for electric cars share in total cars, Great
Britain for electric cars per kilometer of motorway.

We have not found any papers in which the authors analyze the relationship between
the level of economic development of the country and the number of electric cars used. Our
research fills the research gap in this aspect. We found that such relationships exist. Other
authors most often assessed the development of electromobility as the cause, and not the
result, of economic development. They argued that as a result of developing electromobility,
many new jobs were created and the economy was developing. This statement is of course
also true. This type of regularity was found, among others, by Daňo and Rehák [81], Połom
and Wiśniewski [82], Drożdż and Starzyński [83], Castelli and Beretta [84]. A different
view is represented by Mönnig et al. [85] who, based on Germany, state that initially the
development of electromobility has a positive impact on economic development, but in
the long run it leads to a reduction in the value of GDP and employment. According to
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estimates, the technology change will lead to the loss of 114,000 jobs by the end of 2035.
The entire German economy will lose almost EUR 20 billion (0.6% of GDP). A certain
explanation is the functioning of many automotive concerns in Germany. Electric cars
compete with cars powered by conventional fuels. In addition, they do not require as
much maintenance as cars with a gasoline or diesel engine. Another example is Russia.
According to Kolpakov and Galinger [86], increasing the market share of electric vehicles
will worsen macroeconomic indicators. Higher material consumption of low-emission
technologies ensures increased production in the country, but their disadvantage is the
need for additional import of elements and subassemblies. Additionally, Russia would
experience a decrease in revenues from the sale of crude oil and gas.

According to Ivanov and Dolgui [87], the COVID-19 pandemic was one of the most
serious supply chain disruptors in recent world history. Baldwin and Tomiura [88] state that
the spread of the disease from China to other industrial powers in the US and the EU has
caused massive supply disruptions. Additionally, these supply disruptions would cascade
onto other manufacturing sectors in countries less affected by knock-on effects in the supply
chain. The automotive sector is highly internationalized, with highly specialized suppliers
that make short-term substitution difficult [89,90]. In the automotive industry, the effects
of the pandemic and the domino effect were very visible. The decreases in production in
Germany affected suppliers from, among others, Hungary, Spain, Italy, and the USA. At the
same time, the demand for German cars was falling, e.g., in the USA, China, Austria [91].
The automotive industry has been one of the industries most affected by COVID-19 in the
first period of the pandemic. The supply chains of the European automotive industry have
been disrupted by downtime in Chinese factories [92]. However, shutdowns in factories
in Europe from March to May 2020 were more severe. In EU member states, automotive
factories have been shut down for an average of 30 days, with the shortest downtime in
Sweden (15 days) and the longest time in Italy (41 days) [93]. In the first half of 2020 for the
automotive industry, the EU suffered a production loss of 3.6 million vehicles, reflecting
a loss of EUR 100 billion [94]. A new wave of infections and restrictions introduced in
EU countries since November have caused further problems in the automotive industry.
Dealers had to close, and overall consumer economic uncertainty has increased. Some
incentives to buy cars at that time were higher tax breaks and subsidies for purchases from
governments [95]. Overall, about 24% fewer cars were sold in 2020 than in 2019, which
corresponds to about 9.9 million units [96].

The impact of COVID-19 on electric vehicles is smaller than the impact on the sector as
a whole [97]. The average share of electric car sales in total car sales has grown from 3.4%
in 2019 to 7.8% in the first half of the year 2020, with a peak of 11% in April and around 8%
in May and June. Also, in terms of world sales, electric cars suffered less than non-electric
cars [98]. Anticipated for the first wave of the pandemic, electric vehicles were predicted to
further expand their market participation to 10.5% of the total EU car market [99]. Plug-in
and clean and mild hybrid cars increased their market share to 26.8% and outperformed
diesel car sales in the last months of 2020 [100]. The COVID-19 pandemic has accelerated
the growth of the electric vehicle market. There are several reasons for this. Consumer
behavior is shifting towards greater private mobility rather than public mobility to reduce
the risk of infection. In addition, regulatory authorities are intensifying actions to protect
the climate in the mobility sector. As a result, green transition subsidies are offered that
encourage investment in this sector [101]. We obtained similar results in our research. There
was an acceleration in the dynamics of introducing new electric cars in the EU countries.

Factors limiting the development of electromobility were analyzed by Coffman et al. [102]
and Sierzchuli et al. [103]. Coffman et al. [102] group these factors into internal, external and
applied policies. In the first class, there is a higher initial investment [104–106], extended
charging time, and limited range [107]. Second, Coffman et al. [102] take into account
the relative fuel prices [103] and the characteristics of potential buyer, but the literature
is ambiguous. The availability of charging stations is also significant, which was one
of the most important factors in making the decision to buy an electric vehicle. In the
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latter group, Coffman et al. [102] mentions financial and non-financial incentives, public
support for building charging infrastructure and awareness-raising. Of course, in poorer
countries there are fewer incentives and there is less purchasing power for consumers than
in economically developed countries, which causes natural limitations in the development
of electromobility in developing countries.

The success of the electromobility sector in the EU should be associated with a
change in social behavior. There are already many examples of how COVID-19 has
modified social behavior and transport patterns. An example is the work of Wang and
Wells [108], Griftyhs et al. [109], Benita [110], De Vos [111], Abdullah et al. [112], Przyby-
lowski et al. [113], Scarabaggio et al. [114] and Santamaria et al. [115]. Promoting sustainable
transport is also important. According to Holden et al. [116] electromobility is one of the
elements of such transport (others include collective transport 2.0 and societies with limited
mobility). Activities related to the development of the electromobility sector perfectly match
the needs related to the reduction of pollution in the environment. Therefore, they will be
promoted even more by the governments of EU countries. It can therefore be concluded that
the pandemic has become a positive catalyst for change. Policymakers should use incentive
funding, social bias, and perceptions induced by COVID-19 to influence long-term changes
in the transport system that can positively impact climate action [109,117].

5. Conclusions and Recommendations
5.1. Conclusions

The conducted research allows for a few generalizations.

1. Taking into account the socio-economic potential of the EU countries, the most devel-
oped countries in the field of electromobility were the Netherlands and Sweden, and
the least developed countries were Greece and Croatia. There were large disparities
between countries.

2. The level of concentration of electric cars in several EU countries was very high, but
it was systematically declining. The phenomenon is positive because it proves the
development of this type of transport in many EU countries. During the COVID-19
pandemic, the trend was reversed (Hypothesis one was partially confirmed).

3. In all EU countries, in the first year of the COVID-19 pandemic, the dynamics of
introducing electric cars into use increased. The growth rate in the entire EU in
2020 was 86%, while in 2019 it was 48%. During the crisis, the development of
electromobility in the EU accelerated (the second hypothesis was verified negatively).

4. The COVID-19 pandemic resulted in a greater average annual variation in the number
of cars in individual EU countries. The reason was the very rapid introduction of
electric cars during the pandemic.

5. The development of electromobility in the EU, measured by the number of electric
cars, is closely related to the economic situation in this area. As a rule, a higher
standard of living was associated with a greater number of electric cars (the third
hypothesis was verified positively).

6. The crisis caused by the COVID-19 pandemic affected the economic situation in all
EU countries but did not slow down the pace of introducing electromobility. The
prospects for the development of this type of transport are very good.

5.2. Recommendations

The relationship between the number of electric cars and the economic situation has
not been the subject of research. There is a lack of research on such relationships during the
COVID-19 pandemic. This is a new situation, so it needs some explanation. Furthermore,
there were no such studies related to the EU. The reason may be the introduction of electric
cars for use only from a few or several years in EU countries. It was only in 2014 that
electric cars were widely used in all EU countries.

The limitations in conducting such academic studies are the lack of available current
and detailed data on electromobility. A possible direction of further research is linking
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electromobility with environmental pollution and economic development. Research could
also concern these dependencies on the example of large urban agglomerations. Electric
cars are mainly used in cities. Another direction of academic analysis is the examination of
dependencies occurring in regions, differing in their level of economic development.
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