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Abstract

Electromobility is a key direction in the development of sustainable transport. The aim of
the study was to determine its level of development and to identify and assess factors
associated with the perception of electromobility among residents of the Lubusz Voivode-
ship. Additionally, an attempt was made to identify user segments with differing percep-
tions of this phenomenon. The analysis covered the years 2010-June 2026, with a survey
conducted at the turn of 2025/2026. The level of electromobility development was assessed
based on quantitative indicators, while resident opinions were collected via a survey. Lin-
ear regression and cluster segmentation were used to analyze the data. Relationships be-
tween variables were examined, focusing on factors associated with the price acceptance
of electric vehicles. The regression results indicated that, of the eight predictors included
in the model, only four—infrastructure quality, charging time, vehicle range, and envi-
ronmental awareness—exhibited statistically significant associations with price ac-
ceptance. Cluster analysis allowed for the identification of diverse user segments with
different preferences, motivations, and barriers related to electromobility. The results can
form the basis for designing public policies, marketing strategies, and investment activi-
ties in the area of sustainable transport.

Keywords: electromobility; battery electric vehicle; energy mix; sustainable transport; lin-
ear regression; cluster analysis; electromobility indicators; electric vehicle market; survey
research; determinants; Lubuskie Voivodeship

1. Introduction

The development of civilization brings with it profound changes in the natural envi-
ronment, including rising temperatures and environmental pollution. These changes de-
termine and will continue to determine market behavior toward the development of new
technologies, especially electromobility. Electromobility aligns with the concept of sus-
tainable transport, which, as a key element of a country’s socioeconomic development,
should not only ensure efficient and safe access to mobility but also protect human health
and the stability of ecosystems. Transport shapes not only the spatial structure of cities
but also influences the living conditions of their inhabitants and the state of the natural
environment [1]. Miller, De Barros, and Kattan [2] and Low [3] emphasize that one of the
key approaches to assessing sustainable transport is to consider three interconnected ar-
eas: the environment, the economy and society. The environmental, social, and economic
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dimensions must be balanced for transport development to be considered truly sustaina-
ble. A transport system based on the principles of sustainable development not only re-
sponds to the needs of current users but also considers the interests of future generations,
minimizing negative environmental impacts, supporting economic stability, and
strengthening social cohesion. From this perspective, electromobility is a tool for meeting
the transport needs of the current generation without compromising the ability of future
generations, as it reduces emissions, supports improved air quality, and promotes a more
responsible use of natural resources.

According to Motowidlak, electromobility is a complex strategy encompassing many
sectors of the economy, including [4]:

—  Work on the use of bacteria in fuel cells;

—  Improvement of construction materials to improve the properties of electric vehicles;

—  Development of the Internet of Things and digital tools;

—  Implementation of smart energy networks (smart grids);

—  Creation of communication systems such as vehicle-to-grid (V2G), vehicle-to-vehicle
(V2V), and vehicle-to-home (V2H);

—  Design of advanced smart charging methods;

—  Shaping of new mobility patterns;

—  Development of innovative business models;

—  Development of legal regulations and economic instruments to support the transfor-
mation.

As noted by Biresselioglu, Demirbag Kaplan, and Yilmaz [5], since the announce-
ment of the EU energy transition plan in 2009, research on the possibilities of a transition
to electromobility has been developing intensively, although translating its results into
effective policy actions is still a challenge.

The article is structured as follows. Section 1 introduces electromobility as a key di-
rection in the development of sustainable transport. Section 2 presents the determinants
of electromobility development, including a literature review and an analysis of market
and energy factors influencing the development of electromobility, with particular em-
phasis on consumer perception. Section 3 describes the research material and the research
methods used, and Section 4 demonstrates the degree of electromobility development
based on quantitative indicators. Section 5 presents the results of linear regression and
cluster analysis. Section 6 includes a discussion of the results in the context of previous
studies. Section 7 presents the most important conclusions of the study, its limitations,
directions for further research, and practical implications.

2. Conditions for the Development of Electromobility
2.1. Literature Review

Issues related to electromobility are widely analyzed in the literature [6-17], both in
studies based on secondary [6,7,11] mixed-method papers that integrate secondary source
analysis with the collection of primary data [8-10,12-17]. One such study is based on a
comprehensive review of European publications, the aim of which is to identify and or-
ganize the drivers and barriers to the development of electromobility at three decision-
making levels: institutional, collective, and individual [5]. Another approach found in the
literature combines environmental analysis (LCA method) with survey research, obtain-
ing a more comprehensive picture of both the actual environmental impact of electric ve-
hicles (BEVs) and the social determinants of their acceptance [17]. The LCA method al-
lowed for the assessment of the environmental impact of electric vehicles during their use
phase, comparing the energy mix of Poland and Italy. The results of this analysis formed
the basis for the second stage, which involved conducting a survey among Polish
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respondents. This survey assessed the level of public knowledge about the environmental

impacts of BEV use and identified factors influencing purchasing decisions, including con-

cerns about charging infrastructure [17].

The literature also includes studies forecasting the development of electromobility,
based on advanced forecasting methods such as artificial intelligence models, determinis-
tic chaos theory models, and selected techniques for extrapolating trends in selected Eu-
ropean countries [18]. These studies also propose models forecasting the sales volume and
growth rate of electric vehicles globally and in China [19]. The analyses indicate the fol-
lowing;:

(1) In countries with a currently low share of electric vehicles, such as Poland or the
Czech Republic, even a moderate growth rate could trigger a rapid increase in infra-
structure demand. This would necessitate the rapid expansion of charging networks,
the strengthening of distribution systems, and the provision of stable regulatory in-
centives.

(2) In countries with a moderate level of electromobility market development, such as
Germany, France, Spain, and the United Kingdom, it is crucial to synchronize the
pace of electrification with the development of charging infrastructure, energy avail-
ability, and the maintenance of affordability. In the United Kingdom, an additional
challenge is adapting to regulations governing the sale of zero-emission vehicles.

(3) In countries with a mature market, such as Norway, maintaining the smooth opera-
tion of the entire electromobility system becomes a priority. This includes improving
charging reliability, integration with the electricity grid, and modifying the incentive
system to support market stability rather than merely further sales growth [18].

(4) Globally, particularly dynamic development is being observed in China, where the
growth rate of electric vehicle sales is higher than the global average, and EV market
share is expected to exceed 50% by 2025. This means that China will remain a key
driver of global transport electrification, setting the pace for other regions and influ-
encing the development of technologies, infrastructure, and policies supporting elec-
tromobility [19].

As Bielski, Marks-Bielska, Wisniewski, Kurowska and Sobieraj [15] emphasize, the
development of the global electric vehicle market is determined primarily by three funda-
mental groups of factors: technical, economic (such as purchase cost, operating savings,
and the availability of charging infrastructure), and environmental (including consumer
environmental awareness and the potential for reducing emissions). According to
Sobiech-Grabka, Stankowska and Jerzak [16], to increase consumer acceptance and will-
ingness to purchase electric vehicles, it is necessary to strengthen public environmental
awareness.

Regardless of the methodology adopted, whether it is k-means clustering or other
non-hierarchical methods based on quantitative and spatial variables [20] or approaches
using latent structure analysis [21], the research leads to a similar conclusion: consumer
attitudes are shaped not by demographics but by coherent sets of evaluations and priori-
ties [21], which is consistent with the results of this study.

In summary, in light of the results of this study, it is worth emphasizing that the
development of electromobility is multidimensional and complex, deeply rooted in the
broader concept of sustainable development. Although this concept is widely promoted
by governments and international organizations, it remains ambiguous and difficult to
define clearly, which is also reflected in the diverse consumer attitudes revealed by the
segmentation conducted.

This study fills a research gap by combining two analytical approaches, linear regres-
sion and cluster segmentation, enabling the identification of factors associated with the
price acceptance of electric vehicles and the identification of diverse user groups with
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distinct perceptions of electromobility. Furthermore, it integrates macroeconomic indica-
tors with microeconomic consumer perceptions at the regional scale. Although electromo-
bility has been widely analyzed at the national and European levels, there is a lack of
research demonstrating how regional infrastructure development, local market maturity,
and individual assessments of technical parameters jointly shape price acceptance and
user segmentation in regions less advanced in electromobility, such as the Lubusz Voi-
vodeship. This study fills this gap by integrating national and European indicators with
regression and segmentation results based on survey data. The study was conducted us-
ing a survey method in the Lubusz Voivodeship. The findings can serve as a basis for
designing public policies, marketing strategies, and investment initiatives in the area of
sustainable transport, further justifying the need for research and highlighting its value.
The research on the perception of electromobility aims to help better understand public
opinion and expectations regarding the development of low-emission transport. Its goal
is to identify factors associated with the acceptance of electric vehicles and to determine
which factors may increase residents’” willingness to use such solutions.

The remainder of the study focuses on the market and energy conditions for the de-
velopment of electromobility, supplemented by an analysis of consumer perception of
electric vehicles as a significant element of the social dimension of sustainable transport.

2.2. Market and Energy Conditions for the Development of Electromobility in the Context of Its
Perception by Consumers

Interest in electric cars is currently growing, driven by rapid technological advances
in batteries, the development of charging infrastructure, growing environmental aware-
ness, and the desire to reduce pollutant and greenhouse gas emissions [22]. As Gis,
Waskiewicz and Pawlak [23] point out, the key reasons for popularizing the idea of de-
veloping electric cars stem from factors such as environmental protection, diversification
of energy sources used in the automotive industry, and the improvement of road safety
(Table 1).

Table 1. Key factors in the development of electric cars [23].

Category of Premises Characteristics of the Category
Using renewable energy to generate electricity and then charge electric ve-
Ecological hicle batteries significantly reduces air pollutant emissions. This is particu-

larly important in large urban areas, improving air quality.

The use of electricity as a power source in transport promotes greater eco-
nomic and political autonomy in countries lacking their own oil reserves. In
practice, switching to electric means of transport reduces their vulnerability
to commodity price fluctuations and reduces dependence on major oil-ex-
porting countries.
Technical limitations related to the capacity of electric vehicle batteries
Improving road safety mean that drivers often drive less dynamically, which may consequently
contribute to improved road safety.

Diversification of en-
ergy sources

Electric cars are perceived as a zero-emission solution, but their actual environmental
impact depends on a given country’s energy mix [24]. Poland is characterized by a rela-
tively low share of renewable energy sources and a high degree of dependence on fossil
fuels, which means that most of the energy used to charge electric cars comes from fossil
fuels [25,26]. It is worth noting, as the IEA report indicates, that renewable energy sources
currently provide only 7% of global district heating, which contrasts with the rapid devel-
opment of other clean energy technologies [27]. According to IEA data, in recent years,
global photovoltaic capacity has more than quadrupled, wind capacity has almost dou-
bled, and electric car sales are growing rapidly [27]. The noticeable growth of the electric
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car market may influence how consumers perceive electromobility, which in turn influ-
ences their purchasing decisions, particularly in the context of the environmental benefits
associated with electric vehicles. As Kurytka points out, the enormous importance of elec-
tric cars in Polish conditions lies in their potential to radically improve air quality in cities
where up to 60% of pollution comes from road transport [28].

2.3. Sustainable Transport: Assessment Methods and Perception of Electromobility

Implementing a sustainable transport concept requires systematic monitoring of pro-
gress and assessment of the effectiveness of the actions undertaken. This process should
be based on sets of indicators reflecting three key areas of sustainable development: social,
economic and environmental [29]. These areas are closely interconnected; therefore,
transport assessment must consider their interplay. In practice, both hard indicators based
on statistical data and measurements (such as BEV share and growth) and soft indicators
analyzing perceptions of electromobility, derived from resident opinion surveys and their
subjective assessments of the transport system’s performance, are used. Indicator analysis
is conducted both at the stage of formulating transport policy and selecting implementa-
tion instruments, as well as during implementation. These sets of indicators allow, on the
one hand, determination of the current state of the transport system, and on the other
hand, monitoring of the effects of the actions undertaken and assessment of whether they
are bringing the city or region closer to achieving sustainable development goals. In the
following section, the focus will be on the social dimension of sustainable transport, ana-
lyzing perceptions of electromobility based on surveys.

3. Materials and Methods

The main objective of the study was to determine the level of electromobility devel-
opment and to identify and assess factors statistically associated with its perception
among residents of the Lubusz Voivodeship. Additionally, the study aimed to identify
user segments with differing perceptions of electromobility, providing a better under-
standing of the diverse attitudes and expectations regarding electric transport solutions
in the region. The Lubusz Voivodeship was selected because the region is intensifying
activities related to energy transition and the development of low-emission transport, al-
lowing for the observation of the early stages of electromobility implementation.

To achieve the stated objectives, the following research problems were formulated:

Problem 1 (P1). What is the level of electromobility development in the Lubusz Voivodeship, as-
sessed in the context of national and European trends in BEV adoption and charging-infrastructure
expansion?

Problem 2 (P2). What factors are statistically associated with the price acceptance of an electric
vehicle among residents of the Lubusz Voivodeship?

Problem 3 (P3). Can user segments be distinguished among residents of the Lubusz Voivodeship
that differ in their assessment of technical parameters, economic factors, environmental aspects,
and price acceptance of an electric vehicle?

Problem 4 (P4). What are the characteristic profiles of attitudes toward electromobility in the
identified user segments?

Based on the stated objectives and the formulated research problems, two main hy-
potheses and a set of auxiliary hypotheses were developed. The main hypotheses are as
follows:
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H1. The level of price acceptance of electric vehicles is statistically associated with the assessment
of key user factors, such as the quality of charging infrastructure, charging time, vehicle range,
availability of public chargers, home charging options, operating costs, environmental awareness,
and the attractiveness of purchase incentives.

H2. The electromobility market is characterized by distinct user segments whose perceptions of
electric vehicles are statistically associated with the importance assigned to technical parameters,
economic factors, environmental aspects, and price acceptance.

To verify Hypothesis 1 (H1), it was broken down into a set of specific hypotheses
relating to the association of individual variables:

H1la. A better assessment of charging infrastructure is statistically associated with higher price
acceptance of an electric vehicle.

H1b. Longer charging times are statistically associated with lower price acceptance of an electric
vehicle.

H1c. A longer vehicle range is statistically associated with higher price acceptance.

H1d. Higher environmental awareness is statistically associated with higher price acceptance of
an electric vehicle.

H1e. Greater availability of public chargers is statistically associated with higher price acceptance.
H1f. The ability to charge a vehicle at home is statistically associated with higher price acceptance.
H1g. Lower operating costs are statistically associated with higher price acceptance.

H1h. Attractive purchase incentives are statistically associated with higher price acceptance of an
electric vehicle.

As aresult, 510 correctly completed surveys were collected. The study included adult
residents of the Lubusz Voivodeship, aged 18 and over, who hold or might hold a driving
license. The sample structure indicates a diverse socioeconomic profile of the respondents
(Table 2). The study involved 510 respondents, of whom over 40% were women and 59%
were men, meaning men constituted a slightly larger proportion of the sample. In terms
of place of residence, over 66% were urban residents, while approximately 34% came from
rural areas. The educational structure of the respondents varied. The largest group was
made up of respondents with secondary education (41%), followed by those with higher
education (37%). A smaller portion of the sample consisted of those with vocational/tech-
nical education (approximately 15%), and the smallest group comprised respondents with
primary education (6.9%). In terms of age, the largest group of respondents consisted of
those aged 35-44, and the smallest group consisted of those over 65. Household income
also varied, with the largest group being those with a net income per capita of PLN 5000
10,000.
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Table 2. Socioeconomic structure of respondents.

Specification Respondents
Number Percent
Gender
Woman 207 40.59
Man 303 59.41
Place of residence
City 337 66.08
Countryside 173 33.92
Education
Primary 35 6.86
Vocational/technical education 76 14.90
Secondary 210 41.18
Higher 189 37.06
Age range
18-24 years 48 9.41
25-34 years 105 20.59
35-44 years 146 28.63
45-54 years 102 20.00
55-65 years 90 17.64
Over 65 years 19 3.73
Net income per person in the household
Below 5000 PLN net 136 26.67
5000-10,000 PLN net 171 33.53
10,001-15,000 PLN net 115 22.55
15,001-20,000 PLN net 62 12.16
Above 20,000 PLN net 26 5.09

The survey was conducted using the CAWI (computer-aided web interview) method,
providing respondents with a link to the online survey. The use of the CAWI method can lead
to several sources of error. These include self-selection bias, limited access to technology in
certain demographic groups, and overrepresentation of individuals more interested in elec-
tromobility. Online survey results may also be influenced by differences in digital literacy lev-
els and uncontrolled response conditions. Consequently, the sample may not fully reflect the
demographic structure of the region’s population, which should be taken into account when
interpreting the results. The survey was conducted at the turn of 2025/2026. The study used a
five-point Likert scale, treated in the analyses as quasi-quantitative. All variables were meas-
ured using a five-point Likert scale, with 1 representing the lowest rating and 5 representing
the highest (increasing coding direction). Higher values corresponded to more positive assess-
ments of a given aspect of electromobility. The variables used in the regression and cluster
segmentation models were as follows:

—  Price—measured by a single item regarding the declared acceptability of the pur-
chase price of an electric vehicle.

—  Infrastructure—measured by an item assessing the general perception of the quality of
charging infrastructure in the region (e.g., availability, technical condition, location).

—  Charging time—subjective assessment of the acceptability of the time required to
fully charge an electric vehicle.

— Range—measured by assessing satisfaction with the declared range of electric vehi-
cles available on the market.

— Availability of chargers—assessment of the number and availability of public charg-
ing points in the respondent’s immediate vicinity.

—  Charging access at home —measured by assessing the ease or accessibility of charg-
ing a vehicle at home, e.g., one’s own garage, a single-family home with access to the
system, or a parking space with access to the system.

—  Operating costs—measured as an assessment of the perceived costs of using an elec-
tric vehicle compared to combustion vehicles.
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—  Environmental awareness—the perception of the environmental impact of electric vehi-
cles, the importance of emission reduction, and personal environmental motivation.

—  Purchase incentives—the assessment of the importance and attractiveness of available
financial incentives (e.g., subsidies, tax breaks) when deciding to purchase an electric ve-
hicle.

Research [30,31] confirms that five-point Likert scales should be treated as quasi-interval
data when the categories are symmetrical and equidistant. This approach is widely used in
empirical research when the scale is symmetrical and contains at least five categories. The re-
sults of the study by Kaiser and Lepinteur [30] show that although responses on five-point
Likert scales are not perfectly linear, deviations from linearity are small, and the direction of
coefficients in linear models remains very stable even with a large number of replications.
Ferrer-i-Carbonell and Frijters [31] showed that the coefficients obtained in ordered logit and
ordered probit models are very similar to those estimated using ordinary least squares (OLS)
regression, both in terms of the direction and significance of the effects. This indicates that
linear regression provides stable and interpretable results even for variables measured on Lik-
ert scales. OLS and ordered logit/probit lead to the same conclusions regarding the direction
and significance of effects; the differences mainly concern the interpretation of the scale, not
the structure of the relationship itself [31]. Consequently, the use of linear regression in this
study can be considered methodologically sound.

Although linear regression is widely used with Likert-type variables, it is important to
acknowledge its limitations, such as the fact that predicted values may fall outside the re-
sponse range, normality is not fully satisfied, and variability is non-constant across categories
[32,33].

Cluster analysis was performed using the k-means algorithm, which groups obser-
vations by minimizing the sum of squared distances within clusters. The distance measure
used was the classical Euclidean distance, consistent with the algorithm’s implementation
in Stata 17 software [34]. Although all items were rated on a five-point Likert scale, the
variables differed in their empirical distributions and standard deviations. Therefore, be-
fore proceeding with the segmentation analysis, the variables were standardized using a
z-score transformation to ensure comparability and prevent variables with higher vari-
ance from dominating. However, the regression analysis used raw data to facilitate direct
interpretation of the model coefficients.

Before clustering, the data structure was analyzed using principal component analy-
sis (PCA). The resulting PCA structure confirmed the validity of cluster analysis, as the
data showed significant heterogeneity that justified segmenting respondents.

The optimal number of clusters was formally verified using a statistical validation pro-
cedure with the Calinski-Harabasz index (pseudo-F) [35] and the overall silhouette score [36].
The final choice of the three-cluster solution was justified by both its superior mathematical
quality and the high interpretability of the resulting segments. The three-cluster model al-
lowed for the identification of clear, consistent, and distinguishable respondent profiles. These
segments differed both in the levels of individual variable ratings and in the overall nature of
attitudes toward electromobility, confirming the validity of adopting three segments.

The study employed two complementary analytical procedures: cluster analysis and
regression analysis, which utilized variables in different roles according to the purpose of
each method. The price variable serves as the dependent variable in the regression analy-
sis, as this stage of the study assessed factors statistically associated with the price ac-
ceptance of an electric vehicle. At the same time, price was used in the cluster analysis as
one of the characteristics describing the respondents’ attitude profile.

The analysis utilized statistical data from sources such as the IEA [27], Globenergia
[37], UDT/EIPA [38], PSNM [39] and IBRM Samar [40]. Calculations from the survey were
performed using STATA 17.0 software [34].
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4. Indicators for Assessing the Development of Electromobility

According to Globenergia [37] data on the share of BEVs in new registrations in June
2026, the highest level of electromobility was recorded in Denmark, where fully electric
vehicles accounted for 64.9% of all new registrations. High BEV shares were also recorded
in Sweden (35.0%) and the Netherlands (34.5%). Considering the average values for Eu-
rope (25.6%) and the European Union (23.6%), it can be seen that approximately one in
four new cars registered in the analyzed period was a fully electric vehicle (BEV). Poland,
with a 5.2% share, and Croatia, with a 3.8% share, ranked last (Figure 1).

BEV registration share in %

Europe NN 25.60%
European Union NN 23.60%
Denmark I 64.90%
Sweden [N 35.00%
Netherlands I 34.50%
Poland M 5.20%

Croatia [l 3.80%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Figure 1. Share of BEV registrations in selected EU countries and in the EU and Europe overall (June
2026) [37].

In Poland, the number of BEVs increased from 11 to over 22,000 annually between 2010
and 2026, and in the record-breaking year of 2025, it exceeded 52,000 (Figure 2). In the first
half of 2026, the number of all-electric vehicle (BEV) registrations reached 22,508 units. How-
ever, the BEV share of the electric vehicle market was lower compared to the previous year.
In June 2026, it reached 39.4%, while in all of 2025, it reached 52.8%, indicating a significant
weakening of the BEV segment’s dynamics compared to the previous year [40].

Park growth over the years

60000
52,169

50000
40000

30000
22,92623,615 @ 22 508

20000 14,874
8846
10000 23034512
11 15 30 42 83 114 223 7651005

0 — - | I
20102011201220132014201520162017201820192020202120222023202420252026

Figure 2. Annual increase in the number of BEVs in Poland in 2010-2026 * [40]. * Legend: The values
represent the number of newly registered battery electric vehicles (BEVs) in Poland in individual
years, from 2010 to June 2026.
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In Poland, the charging infrastructure is systematically developing alongside the
growing number of electric vehicles. According to PSNM data from the end of June 2026,
a total of 154,947 passenger and commercial all-electric vehicles (BEVs) were registered in
Poland [39]. In the first half of this year, their number increased by 22,737, which is 22%
more than in the same period in 2025.

Table 3 presents the cities’ positions in the national ranking of the number of charging
stations. Cities with the largest number of charging points (as of July 2026): Warsaw (338),
Poznan (181), Gdansk (177), Szczecin (158), Wroctaw (152), and Krakéw (146), followed
by L6dz (144) and Katowice (108). In the Lubuskie Voivodeship, Gorzéw Wielkopolski
has the largest number of stations (44 stations, 14th place in Poland), while Zielona Goéra
has 33 stations, taking 15th place in the national ranking [38].

Table 3. Ranking of cities in Poland by number of charging stations (26 July 2026) [38].

City Number of Stations Location in Poland
Warsaw 338 1
Poznan 181 2
Gdansk 177 3
Szczecin 158 4
Wroctaw 152 5
Krakow 146 6

t1.odz 144 7

Katowice 108 8
Czestochowa 80 9
Bydgoszcz 75 10
Lublin 63 11
Biatystok 61 12
Rzeszéw 48 13
Gorzow Wielkopolski 44 14
Zielona Goéra 33 15

In summary, data on the share of BEVs in new registrations in June 2026 show vari-
ation across European countries. Denmark (64.9%) clearly dominates the ranking. Sweden
(35.0%) and the Netherlands (34.5%) also achieve a high BEV share, exceeding one-third
of the market (Figure 1). Poland (5.2%) and Croatia (3.8%) rank last (Figure 1), which may
be due to various factors, such as lower subsidies, slower development of charging infra-
structure, stronger perceived barriers (price, range, and charger availability), and lower
consumer technological awareness.

The contrast between the Scandinavian countries and other European countries
shows that the perception of electromobility is strongly dependent on local market condi-
tions, government policies, and infrastructure.

5. Results

In this part of the study, based on empirical data, the verification of the research hy-
potheses is presented. The research process explored relationships between variables, an-
alyzed the impact of selected factors on price, and identified differentiated user segments
in terms of their perception of electromobility. As mentioned above, the research was con-
ducted using a survey method, which made it possible to collect the data necessary for
performing linear regression analysis (Table 4) and cluster segmentation.
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Table 4. Linear regression results.

Source SS df MS Number of obs. =510
Model 59.2346137 8 7.40432671 F(8, 501)=10.23
Residual 362.469308 501 0.723491633 Prob > F = 0.0000
R-squared = 0.1405
Total 421.703922 509 0.828494934 Adj. R-squared = 0.1267
Root MSE = 0.85058
Price Coefficient () Std. err. t P> |t [95% conf. interval]
Infrastructure 0.1490952 0.0425425 3.50 0.000 0.0655115 0.232679
Charging time -0.1024067 0.04277 -2.39 0.017 -0.1864373 -0.0183761
Range 0.1091855 0.0463122 2.36 0.019 0.0181954 0.2001756
Availability of chargers -0.0226046 0.0518998 -0.44 0.663 -0.1245726 0.0793634
Charging access at home -0.0427279 0.0377213 -1.13 0.258 -0.1168393 0.0313835
Operating costs 0.0668543 0.0497705 1.34 0.180 -0.0309304 0.1646389
Environmental awareness 0.1121394 0.0353542 3.17 0.002 0.0426786 0.1816002
Purchase incentives 0.0647861 0.0407546 1.59 0.113 -0.0152848 0.1448571
_cons 2.433876 0.1880149 12.95 0.000 2.064481 2.803271

As part of the linear regression model diagnostics, we assessed the collinearity of
variables, tested for homoscedasticity, analyzed influential observations, and verified the
normality of residuals, confirming that the model met all the key assumptions of the clas-
sic linear model.

The strongest and most significant factors (p < 0.05) indicate that respondents are
willing to accept a higher price when they positively evaluate the infrastructure (3 =0.149;
p <0.001), when the vehicle offers a longer range (3 = 0.109; p = 0.019), and when they are
more environmentally aware (=0.112; p=0.002). At the same time, longer charging times
reduce price acceptance (3 =-0.102; p = 0.017), demonstrating that charging speed is a real
constraint on the perceived value of a vehicle. These four variables constitute a key set of
factors shaping price assessments in the study group. The remaining predictors, such as
charger availability (p = 0.663), home charging capability (p = 0.258), operating costs (p =
0.180), and purchase incentives (p = 0.113), did not reach statistical significance. This
means that their clear impact on price acceptance was not demonstrated in the study sam-
ple. It is worth noting the purchase incentives variable, which, with a p-value of 0.113, is
close to the significance threshold but still does not meet the p < 0.05 criterion, suggesting
that its impact may be weaker or more variable among respondents. It is worth noting
that although the model as a whole proved to be statistically significant, it explains only
about 14% of the variability in the analyzed variable, namely price, which indicates a weak
level of fit and suggests that price is also influenced by other determinants not included
in the model (Table 3). The literature emphasizes that a low coefficient of determination
(R?) does not determine the model’s quality or statistical significance [36—40]. This means
that even with limited fit, the model can accurately reflect important relationships and be
valuable for analysis. Consistent with the approach presented in the literature, this level
of R? does not undermine the validity of the analysis but suggests that other factors not
included in the model also associated with price. Therefore, the resulting regression
model, despite its weak level of fit (R? = 0.14), retains its cognitive value because it allows
for the identification of statistically significant price determinants. The results indicate that
infrastructure, charging time, range, and environmental awareness are significantly asso-
ciated with price, confirming the validity of their inclusion in the model. The remaining
variables were found to be insignificant, but their presence allows for a more comprehen-
sive understanding of the research context. The model as a whole is statistically signifi-
cant, meaning that the relationships captured are not coincidental, while the limited fit
suggests that other factors not included in the analysis also associated with price. This
indicates the need for continued analysis in the future, which may be an important direc-
tion for further research.
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In the next stage of the analysis, we assessed whether the variables used in the linear
regression model were overly correlated. To this end, the VIF was calculated for each pre-
dictor (Table 5). The obtained values ranged from 1.19 to 2.45, with an average VIF of 1.63,
indicating a low level of multicollinearity between the variables. This means that none of
the predictors disturbed the stability of the model through strong relationships with other
variables, and the estimated regression coefficients can be considered reliable.

Table 5. VIF values for model variables.

Variable VIF 1/VIF
Availability of chargers 2.45 0.407367
Operating costs 2.01 0.498022
Infrastructure 1.77 0.565323
Range 1.58 0.631452
Charging access at home 1.39 0.720003
Environmental awareness 1.36 0.737004
Purchase incentives 1.27 0.787384
Charging time 1.19 0.837283

Mean VIF 1.63

These values clearly confirm that the model is not affected by multicollinearity.

Next, the model was tested for compliance with key assumptions of linear regression.
First, the presence of heteroscedasticity was verified using the Breusch-Pagan/Cook-
Weisberg test. The test result (x2 = 0.18; p = 0.6700) does not support the rejection of the
null hypothesis of constant variance, meaning that the model residuals have homogene-
ous variance and the homoscedasticity assumption was met.

Additionally, Cook’s distance values (Table 6) were analyzed to assess whether there
were any observations in the dataset that had an excessive impact on the model fit. The
mean Cook’s distance value was 0.001979, and the maximum was 0.0334, indicating that
no observation exerted an excessive impact on the model.

Table 6. Cook’s distance (cooksd) values.

Variable Obs Mean Std. dev. Min Max
cooksd 510 0.001979 0.0033116 1.03 x 107 0.0334058

In the next part of the diagnostics, the normality of the distribution of residuals was
checked using the skewness and kurtosis test (Table 7). The obtained values (p = 0.8763
for skewness; p = 0.3118 for kurtosis; joint test x2 = 1.05; p = 0.5910) indicate that the distri-
bution of residuals does not differ significantly from normal, which means that another
assumption of the classical linear regression model is met.

Table 7. Skewness and kurtosis tests for normality.

Joint Test
Variable  Obs.  Pr (Skewness) Pr (Kurtosis) Adj.Chi?(2)  Prob > Chi?
resid 510 0.8763 0.3118 1.05 0.5910

In summary, the diagnostic tests performed confirm the model’s validity: the resid-
uals are homoscedastic, do not show excessively influential observations, and are nor-
mally distributed. Therefore, the model can be considered reliable.

The marginal effects graph shows the predicted price acceptance of an electric vehicle
depending on the level of infrastructure and environmental awareness (Figure 3).

https://doi.org/10.3390/en19184410



Energies 2026, 19, 4410

13 of 26

Predictive margins with 95% Cls
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Figure 3. Predictive values of electric vehicle price acceptance depending on the level of environ-
mental awareness and the quality of charging infrastructure *. * Note: The vertical axis (linear pre-
diction) represents the values predicted by the regression model for the dependent variable (price
acceptance), reflecting the initial five-point Likert scale. The horizontal axis represents the cumula-
tive environmental awareness index in the range 0-10, generated in 1-unit increments (0(1)10). In-
dividual lines represent the marginal effects for the five levels of the moderating variable (Infra-
structure). Markers around the points indicate 95% confidence intervals, abbreviated as Cls on the

graph. The number of observations in the model is n = 510.

The results of the regression analysis and the visualization of the marginal effects
allow us to formulate several important observations regarding the factors associated
with the price acceptance of electric vehicles. The analysis indicates that both the per-
ceived quality of charging infrastructure and the level of environmental awareness are
positively associated with higher levels of price acceptance. This means that individuals
who evaluate the infrastructure more favorably and who report higher environmental
awareness tend to declare greater acceptance of the purchase price of an electric vehicle.

The first step before cluster extraction is principal component analysis (PCA). Princi-
pal component analysis (PCA) was conducted to assess the structure of the variables (Ta-
ble 8). The first component explains 39.39% of the total variance, while the first four com-
ponents together explain 71.68%. The remaining components (from Comp 5 to Comp 9)
gradually add up to 100% (cumulative = 1.0000). For further analyses, it was decided to
retain all nine components (Comp 1-Comp 9). This allows accounting for 100% of the total
variance of the studied system (as confirmed by the cumulative value of 1.0000 at Comp
9) and ensures that no information from the original variables was lost before the cluster-
ing stage.

The results indicate that the variables are multidimensional and reflect various as-
pects of perceptions of electromobility, such as infrastructure, functional features, operat-
ing costs, and environmental motivations. The first component represents the general at-
titude toward electromobility, while the subsequent components differentiate the assess-
ment of infrastructure, charging time, range, and financial incentives. The PCA structure
supports the use of cluster analysis, as the data demonstrate diversity that justifies seg-
menting respondents.
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Table 8. Principal component analysis (PCA) results: eigenvalues and proportion of variance explained.

Number of obs. =510
Principal components/correlation Number of comp. =9

Trace=9
Rotation: (unrotated = principal) Rho = 1.0000
Component Eigenvalue Difference Proportion Cumulative
Compl 3.54508 2.44308 0.3939 0.3939
Comp2 1.102 0.189668 0.1224 0.5163
Comp3 0.912334 0.0208223 0.1014 0.6177
Comp4 0.891512 0.198272 0.0991 0.7168
Compb 0.69324 0.0816205 0.0770 0.7938
Comp7 0.544263 0.119694 0.0605 0.9222
Comp8 0.424568 0.149184 0.0472 0.9694
Comp9 0.275385 . 0.0306 1.0000

A graphical interpretation of the division of data into clusters in the principal com-
ponent space is presented in Figure 4.
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Figure 4. Scatterplot of the first components divided into three clusters.

To determine the optimal number of segments, a validation procedure was per-
formed for the three- and four-cluster solutions (Table 9). Comparative analysis clearly
indicated the superiority of the three-cluster division. This is supported by the signifi-
cantly higher Calinski-Harabasz index (pseudo-F), which reached 143.48 for the three-
cluster model, while for the four-cluster model it decreased to 109.83. This proves that the
centers of the three distinguished groups are much better separated from each other and
the intergroup variance is stronger. The overall average silhouette score for the three clus-
ters is 0.29. Division into three groups ensures an even distribution of the number of ob-
jects within the segments (n = 187, 160, and 163, respectively). Decomposing the data into
four groups results in a significant deterioration in the overall model quality. The overall
silhouette score drops to 0.24. The introduction of the fourth cluster led to excessive frag-
mentation of the data and isolation of smaller groups (n = 154, 162, 96, 98, respectively),
which destabilized the structure of the remaining clusters.
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Table 9. Validation results of three clusters.

Number of Clusters Calinski—-Harabasz Index Overall Average Silhouette Score *
3 clusters 143.48 0.29
4 clusters 109.83 0.24

* The average overall Silhouette score was calculated as a weighted average of the size of individual

groups.

In line with Rousseeuw [35], silhouette values illustrate the coherence of individual ob-
servations within clusters, and the average silhouette width supports evaluating whether the
selected number of clusters reflects a natural partition of the data. Figure 5 confirms the bal-
anced size of the groups and the relatively higher internal consistency of clusters 2 and 3.

B
=

Silhouette width

T

T T T T
100 200 300 400 500
Cases

o

Figure 5. Graph for the three-class solution*. * Note: Colors represent distinct clusters (blue = Clus-
ter 1, red = Cluster 2, and green = Cluster 3 ); n = 510.

Figure 5 presents a synthetic, model-based summary of key criteria that differentiate
three distinct customer clusters. Each group has a distinct approach to ecology, infrastruc-
ture, incentives, and costs, allowing us to capture its specific motivations and barriers re-
lated to electromobility.

The next stage of the analysis involved the identification of clusters, which allowed
for the grouping of respondents with similar preference profiles (Tables 10-12).

The first cluster turned out to comprise 187 individuals (Table 10). This group has a
balanced, practical approach to electric vehicles. Respondents approve of the purchase
price (3.10), but their ratings for other aspects are moderate.

The most striking are the average ratings for infrastructure (2.27) and charger avail-
ability (3.21), which indicate some concerns about charging options, though not as strong
as in the skeptical cluster. At the same time, this segment stands out for its moderately
positive ratings of utility features:

—  Charging time (3.57) —acceptable, though not ideal;

—  Range (3.23) —sulfficient for everyday needs;

—  Operating costs (3.03) —rated as more favorable than for combustion cars;

—  Environmental awareness (3.04) —moderate, but higher than in the skeptical cluster;
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—  Incentives (3.56) —perceived as an important, though not decisive, argument.

The normalized values indicate that Cluster 1 achieves average results in most areas,
with no extreme scores. This group views electromobility primarily through the lens of
practicality and economic viability, but its decisions are constrained by moderate concerns
about infrastructure.

Overall, this segment approaches electromobility through the lens of everyday usa-
bility and economic rationality.

Table 10. Electromobility pragmatists (Cluster 1).

Variable Obs. Mean Std. Dev. Min Max
Price 187 3.096257 0.7906285 1 5
Infrastructure 187 2.272727 0.8134981 1 4
Charging time 187 3.572193 0.7469486 2 5
Range 187 3.235294 0.847663 1 5
Availability of chargers 187 3.213904 0.6934558 2 5
Charging access at home 187  2.780749 1.036979 1 5
Operating costs 187 3.032086 0.5857056 2 5
Environmental awareness 187 3.037433 1.104093 1 5
Purchase incentives 187 3.55615 1.005791 1 5
z_Price 187 —-0.3487836  0.8686154 -2.651813 1.742743
z_Infrastructure 187 -0.2161141 0.6901924 -1.295928 1.249348
z_Charging time 187  0.3313982  0.7753686 -1.300613 1.813531
z_Range 187  0.3579144  0.8274294 -1.824024 2.080497

z_Availability of chargers 187  0.1379792  0.6092834 -0.9285796 1.707277
z_Charging access at home 187  0.1517867  0.8803711 -1.360027 2.035879

z_Operating costs 187 -0.0833642 0.5456549 -1.044876 1.749984

z_Environmental awareness 187 -0.1356086 0.8888408 -1.775827 1.444339

z_Purchase incentives 187  -0.0683925 0.9647601 -2.520265 1.316557
Custer 1 0 1 1

Cluster two comprises 160 individuals (Table 11). This group has the most positive
attitudes towards electromobility. Respondents in this segment stand out for their high
ratings of almost all aspects related to the use of electric vehicles.

The most notable are the very high scores for infrastructure (3.78), charger availabil-
ity (4.10), and operating costs (4.22). This indicates that individuals in this segment per-
ceive electromobility as a well-developed, ecological, and economically viable solution.

Key characteristics of this segment:

— Infrastructure (3.78)—perceived as sufficient;

— Availability of chargers (4.10) —no worries about charging;

—  Operating costs (4.22)—clear perception of savings;

—  Environmental awareness (4.19) —environmental sustainability is a key motivator;
—  Purchase incentives (4.23) —financial incentives reinforce positive attitudes;

—  Price acceptance (3.94) —willingness to pay higher purchase costs.

Normalized values confirm that Cluster 2 achieves the highest scores in the areas of
infrastructure, charger availability, operating costs, and environmental awareness. This
group perceives electromobility as a modern, ecological, and economically attractive so-
lution, and its motivations are both practical and environmentally friendly.

Overall, high evaluations of infrastructure, charger availability, operating costs, en-
vironmental awareness, and purchase incentives indicate strong confidence in the tech-
nological maturity and ecological benefits of electric vehicles. Respondents in this group
also show high price acceptance, reflecting readiness to invest in electric transport
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solutions. This segment views electromobility as modern, environmentally responsible,

and economically advantageous.

Table 11. Electromobility enthusiasts (Cluster 2).

Variable Obs. Mean Std. Dev. Min Max
Price 160 3.94375 0.7709088 1 5
Infrastructure 160 3.775 0.7684829 1 5
Charging time 160 3.50625 1.00937 1 5
Range 160 3.2375 0.9744374 1 5
Availability of chargers 160 4.1 0.7371541 2 5
Charging access at home 160 3.325 1.130203 1 5
Operating costs 160 4.21875 0.8139652 1 5
Environmental awareness 160 4.19375 0.756497 1 5
Purchase incentives 160 4.225 0. 6534861 3 5
z_Price 160 0.5823057 0.8469505 -2.651813 1.742743
z_Infrastructure 160 1.058452 0.6520004 -1.295928  2.097773
z_Charging time 160 0.2629467 1.047775 -2.338661 1.813531
z_Range 160 0.3600676 09511778 -1.824024  2.080497
z-Availabil- 160 09165202  0.6476776 -0.9285796 1.707277
ity_of_chargers
Z—Charf;’:;‘rgn zccess A 160 06138433 09595156 -1.360027  2.035879
z_Operating costs 160 1.022156 0.758306 -1.976495 1.749984
Z—E““m“;’;:tal AWATE 160 07952746 0.6090116 -1.775827  1.444339
z_Purchase incentives 160 0.5731723 0.6268274 -0.6018544 1.316557
Cluster 2 0 2 2

The third cluster includes 163 individuals (Table 12). Analysis of the mean values of

the variables indicates that this group has the most negative attitudes towards electromo-

bility. Respondents from this segment consistently give the lowest ratings for most aspects

related to electric vehicle use.

Table 12. Electromobility skeptics (Cluster 3).

Variable Obs. Mean Std. Dev. Min Max
Price 163 3.257669 0.940114 2 5
Infrastructure 163 1.595092 0.7339899 1 4
Charging time 163 2.638037 0.8448982 1 5
Range 163 2.08589 0.7965882 1 4
Availability of chargers 163 1.852761 0.6501009 1 3
Charging access at home 163 1.687117 0.6896185 1 3
Operating costs 163 2.147239 0.6501009 1 4
Environmental awareness 163 2.429448 1.132948 1 5
Purchase incentives 163 3.122699 1.104273 1 5
z_Price 163  -0.1714501 1.032846  -1.553174  1.742743
z_Infrastructure 163  -0.791037 0.6227357  -1.295928  1.249348
z_Charging time 163 —-0.6383003 0.8770449 -2.338661  1.813531
z_Range 163 —-0.7640541 0.7775738 -1.824024  1.104367
z_Availability of chargers 163 -1.057947 0.571191  -1.807199 -0.0499607
z_Charging access at home 163 -0.7766812  0.5854699 -1.360027 0.3379259
z_Operating costs 163  -0.9077045 0.6056469 -1.976495 (0.818364
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z_Environmental aware- 00 os0601 09120705 1775827 1.444339

ness
z_Purchase incentives 163  -0.4841605 1.059225  -2.520265  1.316557
Cluster 3 0 3 3

The most characteristic are very low scores for infrastructure (1.60), charger availa-
bility (1.85), and home charging options (1.68). This indicates a strong belief that electro-
mobility is a technologically underdeveloped solution and not adapted to their everyday
needs. Ratings for operating costs (2.15) and range (2.08) are also low.

The distinguishing features of this segment include:

— Infrastructure (1.60) —perceived as a major barrier;

— Availability of chargers (1.85)—lack of charging options in practical conditions;

—  Environmental awareness (2.43) —environmental protection is not a significant factor;
—  Purchase incentives (3.12) —financial incentives are insufficient;

—  Price acceptance (3.26) —price remains a barrier.

The normalized values confirm that Cluster 3 achieves the lowest scores in the areas
of infrastructure, charger availability, operating costs, and environmental awareness. This
group perceives electromobility as a problematic, expensive, and impractical solution.

Overall, this segment views electric vehicles as costly and insufficiently adapted to
everyday needs.

The three identified clusters differ in their level of price acceptance, as well as their
assessment of infrastructure, utility features, and environmental motivations (Table 13).
Cluster 2 demonstrates the most positive attitude toward electric vehicles, while Cluster
3 represents the most critical segment. Cluster 1 occupies an intermediate position, com-
bining moderate evaluations of infrastructure with a pragmatic, economically oriented
perspective. Cluster 1 evaluates electromobility mainly through economic and functional
criteria. Cluster 2 stands out for its strong ecological motivations and positive perception
of both infrastructure and operating costs. Cluster 3 is primarily driven by concerns about
charging infrastructure and everyday usability.

Table 13. Summary of average values for the four clusters.

Variable Cluster 1 Cluster2  Cluster 3
Price 3.10 3.94 3.26
Infrastructure 2.27 3.78 1.60
Charging time 3.57 3.51 2.64
Range 3.24 3.24 2.09
Availability of chargers 3.21 4.10 1.85
Charging access at home 2.78 3.33 1.69
Operating costs 3.03 422 2.15
Environmental awareness 3.04 4.19 2.43
Purchase incentives 3.56 4.23 3.12

The Figure 6 presents a synthetic, model-based summary of key criteria that differ-
entiate three distinct customer clusters. Each group has a distinct approach to ecology,
infrastructure, incentives, and costs, allowing us to capture their specific motivations and
barriers related to electromobility.
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Variables
e Price
e Infrastructure
¢ Charging time
¢ Range

¢ Operating costs

e  Purchase incentives

* Availability of chargers
* Charging access at home

e Environmental awareness

Cluster I: Electromobility Pragmatists

* Moderate assessments across all parameters.

* Practical and economically oriented approach.

* Decisions shaped by everyday usability and per-

ceived charging accessibility.

\

J

aspects.

vantageous.

/Cluster II: Electromobility Enthusiasts \

* High evaluations across all examined

Electromobility is perceived as ecolog-

ical, modern, and economically ad-

* They express strong confidence in

charging infrastructure, operational

\ costs, and environmental benefits. /

/

/Cluster III: Electromobility Skeptics

N

The lowest evaluations across infrastruc-
ture, environmental aspects, and operating
costs.

Electromobility is perceived as impractical
and technologically underdeveloped.
They express limited confidence in charg-
ing availability, ecological benefits, and fi-

nancial incentives.

~

)

Figure 6. A model approach to the evaluation criteria of the three clusters. *. * Note: The arrows

indicate the association between the analyzed variables and the identified respondent attitude pro-
files (Clusters I-III).

6. Discussion

In light of the conducted research, as well as previous findings by other authors, fac-

tors associated with the perception of electromobility can be identified. Smiech [13] un-

dertook to examine the perception of electromobility among Polish society using a survey

questionnaire. The study revealed [13] that the greatest barriers preventing further con-

sideration of purchasing an electric car include high price (75.3%), followed by lack of

infrastructure (61.3%), short range (59.1%), cumbersome charging (52.7%), unsustainable

car production (43%), energy costs (40.9%), and high-emission electricity (coal) (39.8%). A

small percentage of respondents (3.2%) indicated that electric cars have no disadvantages.

Smiech’s research results correlate with some of the results obtained during the re-

gression analysis, which show that in both cases, respondents indicated high price, poor
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infrastructure, short range and long charging times as the main barriers. Regression anal-
ysis indicates that both the perceived quality of charging infrastructure and respondents’
environmental awareness are positively and significantly associated with price ac-
ceptance. This means that individuals who perceive infrastructure as more developed and
who are characterized by higher environmental awareness are willing to accept a higher
cost of purchasing an electric vehicle. The strongest and most significant factors (p < 0.05)
indicate that respondents are willing to accept a higher price when they positively evalu-
ate the infrastructure (3 = 0.149; p < 0.001), when the vehicle offers a longer range (8 =
0.109; p = 0.019), and when they are characterized by higher environmental awareness (3
=0.112; p = 0.002). At the same time, extended charging times reduce price acceptance (
=-0.102; p=0.017), demonstrating that charging speed is a real limitation in the perception
of vehicle value. These four variables constitute a key set of factors associated with price
assessment in the study group. Other predictors, such as charger availability (p = 0.663),
home charging (p = 0.258), operating costs (p = 0.180), and purchase incentives (p = 0.113),
did not reach statistical significance, indicating that they did not clearly associated with
price acceptance. Therefore, respondents are willing to accept a higher purchase price for
an electric vehicle if they perceive the infrastructure as developed, the vehicle as func-
tional, and the environmental benefits as important. At the same time, other variables,
such as charger availability, home charging, operating costs, and purchase incentives, did
not reach statistical significance, indicating that they do not play a key role in shaping
price acceptance.

As researchers have noted [41-45], a low R? does not necessarily mean that the model
is inadequate or that its statistically significant predictors are of no value. They emphasize
that R? should be interpreted in the context of the phenomenon being studied, the varia-
bility of human behavior, and the type of data used [41-45]. In domains requiring complex
decision-making, such as consumer preferences, low R? values are common because indi-
vidual choices are shaped by numerous unobserved factors. Cross-sectional models often
exhibit limited fit due to heterogeneity and omitted influences that cannot be fully cap-
tured in survey data [44]. From a data mining perspective, Pegoraro and Andrea [41] sug-
gest that models with low R? can still reveal significant patterns, provided the identified
predictors are statistically reliable.

Importantly, a low R? does not undermine the validity of the observed statistically
significant relationships but rather highlights that these effects operate in parallel with
other determinants beyond the scope of the current model. Future research could incor-
porate additional variables such as brand perception, prior experience with electric vehi-
cles, and risk attitudes, among others, to increase explanatory power and provide a more
comprehensive understanding of price acceptance. Therefore, although this model offers
important insights into key factors influencing price evaluation, its limited fit highlights
the complexity of consumer decision-making in the electric vehicle market.

This research also correlates with studies conducted by Firlej, Firlej, Luty and Kabaja
[10], who identified the insufficient number of charging stations (56.8%) as the main ob-
stacle to the development of electromobility, which, despite improvements, still fails to
keep pace with growing demand. Other barriers include the insufficient range of vehicles
(46.3%) and the high price of electric cars (45.5%). Other difficulties, such as long charging
times, limited driver knowledge, and limited availability of specific models, were also
cited in the responses. The most important benefits of electric cars were primarily the lack
of exhaust emissions, along with other amenities, such as free parking. Those skeptical of
these advantages tended to have a negative attitude toward electric cars compared to com-
bustion vehicles [10].

An analysis of in-depth interviews conducted among Polish drivers by Pabian and
Pabian [12] shows that the development of electromobility still faces numerous barriers.
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Respondents most frequently cited high purchase costs, limited range, long charging
times, and insufficient infrastructure. These results are consistent with this research,
which identified the same factors as key barriers to the widespread adoption of electric
vehicles.

Similar results were also obtained by Luszczyk, Sulich, Siuta-Tokarska, Zema and
Their [6] using secondary data, which confirmed that infrastructure plays a crucial role in
the development of electromobility.

A study conducted in November 2025 using an online survey (CAWI) on the SW
Panel, covering a sample of 1014 adult Poles, identified factors influencing the perception
of electric cars that correlate with these results [46]. The results show that Poles are in-
creasingly less likely to evaluate electric cars solely based on price. Short range (33.6%),
high purchase cost (33.3%), long charging times (31.8%), and lack of home charging op-
tions (27.3%) are cited almost equally often, suggesting the growing importance of practi-
cal aspects of electric vehicle use [46].

At the same time, this study allows us to identify barriers considered most signifi-
cant. Range is key for 64.3% of respondents, and the ability to charge at home for 70% [46].
A high percentage also cited safety issues, such as the risk of fire (60.5%) and battery fail-
ure (54.8%) [46]. The results show that the challenge lies not only in the technology itself
but also in user confidence in its reliability. Price remains a factor, but its relative im-
portance is gradually declining.

As Adamczyk, Dziku¢, Dylewski and Varese [17] note, a subsidy system for the pur-
chase of electric vehicles (BEVs) may temporarily increase sales, but its effect lasts only
for the duration of the program. However, the sustained increase in interest in electric cars
is driven by long-term benefits, such as lower failure rates, relatively low energy costs,
slower depreciation, and the ability to enter urban low-emission zones.

The literature review conducted by Biresselioglu, Demirbag Kaplan and Yilmaz [5]
confirms the results of previous studies and largely aligns with the conclusions reached
in this study, which suggest that the most important barriers to the development of elec-
tromobility include, among others, insufficient charging infrastructure, economic factors
and cost concerns, technical and operational constraints, low trust, lack of knowledge,
limited energy and raw material resources, and doubts about their feasibility. On the other
hand, the environmental, economic, and technological benefits of using electric vehicles
prove to be significant motivators [5].

Similar findings were reached by researchers Sotnyk, Hulak, Yakushev, Yakusheva,
Prokopenko and Yevdokymov [7], who point out that one of the key factors hindering the
faster development of the electric vehicle market is the continued high price of these ve-
hicles, resulting from the lack of mass production. The authors [7] also highlight limited
battery capacity, relatively high energy consumption per kilometer, and insufficiently de-
veloped charging infrastructure. They also noted that rising household incomes are
dampening electric vehicle sales, which they attribute to low awareness of the benefits of
electric cars and consumers’ attachment to traditional combustion engines [7].

These findings are also confirmed by Bielski, Marks-Bielska, Wisniewski, Kurowska
and Sobieraj [15], who point out that one of the key factors hindering the faster develop-
ment of the electric vehicle market is the continued high price of these vehicles, resulting
from the lack of mass production. The authors [15] also point to limited battery capacity,
relatively high energy consumption per kilometer, and underdeveloped charging infra-
structure. All these elements combine to keep demand for electric vehicles lower than it
could be under more favorable market conditions.

Unlike many studies, this analysis focuses specifically on regression analysis, which
reveals that price acceptance increases with better infrastructure ratings, longer range, and
higher environmental awareness, and decreases with longer charging times, a finding not
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demonstrated in studies conducted by other authors. Cluster analysis, in turn, enabled the
identification of diverse user segments with distinct profiles of preferences, motivations,
and barriers related to electromobility. Segmentation allowed us to identify three groups
of consumers: electromobility pragmatists, electromobility enthusiasts and electromobil-
ity skeptics. The use of both analytical approaches enabled us to determine which factors
are associated with price acceptance and to explore how these determinants vary across
social segments.

The results of the analyses conducted by Sobiech-Grabka, Stankowska and Jerzak
show that [16]:

—  Manufacturers should more strongly emphasize the environmental benefits of BEV
use;

—  Targeted information and educational campaigns are necessary to clarify the real in-
centives and conditions for using electric vehicles;

—  Market development requires improved battery technology and charging systems to
make them more attractive and functional for users.

Therefore, it seems that the key to increasing interest in BEVs is a combination of
education, environmental communication, and technological development, rather than
just offering short-term financial incentives.

The segmentation identified in this study is consistent with market-based cluster
analyses presented in the literature. While studies by Henderi, Zailani, Tuah, and Abas
[20] distinguished groups of electric vehicle users based on vehicle attributes, geographic
distribution, and demographic profiles, the clusters identified in this study differentiate
consumers based on their price acceptance, infrastructure evaluation, perceived useful-
ness, and environmental motivations. Despite focusing on different dimensions, both ap-
proaches reveal similar structural patterns: a highly positive segment, a critical segment,
and two intermediate groups with distinct priorities.

A different approach was employed by Koztowski and Czerepicki [21], who used
latent structure analysis to reveal deeper patterns in how respondents evaluated autono-
mous vehicles. Based on the multidimensional structure of technology perception, they
concluded that consumer attitudes are not driven by demographics but by a set of con-
sistent evaluations and priorities [21], which is consistent with the results of this study,
despite the different analytical methodology.

7. Conclusions

With reference to the primary objective of the research, which aimed to determine
the level of electromobility development in the Lubuskie Voivodeship, and in response to
research Problem 1 (P1), the analysis of secondary data allowed for the assessment of the
region’s situation against national and European trends. Data on the share of BEVs in new
registrations indicate significant variation across EU countries, with the highest figures in
Denmark (64.9%) and a low level in Poland (5.2%). The increase in the number of BEVs in
Poland between 2010 and 2026 confirms the market’s systematic development, although
its pace remains moderate. Analysis of charging infrastructure shows a gradual expansion
of the network, placing the Lubuskie Voivodeship —which includes Gorzéw Wielkopolski
and Zielona Goéra as its main centers—in the early stages of electromobility development.
A comparison of European, national and regional data indicates that the level of electro-
mobility development in the region is strongly determined by nationwide trends, the pace
of infrastructure development and support policies, while differences between the Scan-
dinavian countries and Poland highlight the importance of local market conditions, sub-
sidies and technological barriers to the adoption of electromobility.
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Integrating these secondary data with the survey-based regression and segmentation
results enables an analytical connection between national and European electromobility
indicators and individual-level perceptions, showing how macro-scale market conditions
and infrastructure development correspond to the factors shaping price acceptance and
consumer profiles identified in the empirical analysis.

An analysis of publications regarding the perception of electric mobility indicates a
number of factors associated with the choice of an electric vehicle. After conducting an
empirical analysis, both main hypotheses were verified. In line with the main objective of
identifying factors statistically associated with the perception of electromobility, and in
direct response to research Problem 2 (P2), the first main hypothesis (H1), concerning fac-
tors statistically associated with price acceptance, was broken down into a set of specific
hypotheses, some of which received statistical support, while others were rejected. The
following hypotheses were accepted (p < 0.05):

H1la. A better assessment of charging infrastructure is statistically associated with higher price
acceptance of an electric vehicle.

H1b. Longer charging times are statistically associated with lower price acceptance of an electric
vehicle.

Hlc. A longer vehicle range is statistically associated with higher price acceptance.

H1d. Higher environmental awareness is statistically associated with higher price acceptance of
an electric vehicle.

The following hypotheses were not supported by the data (p > 0.05):
H1e. Greater availability of public chargers is statistically associated with higher price acceptance.
H1f. The ability to charge a vehicle at home is statistically associated with higher price acceptance.
H1g. Lower operating costs are statistically associated with higher price acceptance.

H1h. Attractive purchase incentives are statistically associated with higher price acceptance of an
electric vehicle.

Linear regression analysis showed that, among all variables considered, only infra-
structure, charging time, range, and environmental awareness demonstrated a statisti-
cally significant relationship with price acceptance. Better infrastructure, longer vehicle
range, and higher environmental awareness were statistically associated with higher price
acceptance, whereas longer charging times were associated with lower price acceptance.
Other factors such as charger availability, home charging, operating costs, and purchase
incentives were not found to be significantly related to price acceptance, indicating that
the data do not support the hypotheses regarding their expected associations.

As part of the study’s primary objective, namely identifying factors statistically asso-
ciated with its perception, and in response to research questions regarding the diversity
of residents’ attitudes (P3 and P4), cluster analysis verified hypothesis H2. The results
confirmed the existence of three distinct user segments, differing in their assessment of
technical, economic, and environmental parameters, as well as their price acceptance of
electric vehicles.

1. Cluster 1—electromobility pragmatists. This segment gave moderate ratings across
all analyzed aspects. Users perceive electromobility through the prism of everyday
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functionality and economic viability, while simultaneously expressing moderate con-
cerns about the availability of charging infrastructure.

2. Cluster 2—electromobility enthusiasts. This group gave the most positive ratings for
infrastructure, charger availability, operating costs, environmental aspects, and in-
centives. Users perceive electromobility as a modern, ecological, and economically
advantageous solution, demonstrating high price acceptance of electric vehicles.

3. Cluster 3—electromobility skeptics. This segment gave the lowest scores across most
parameters, including infrastructure, charger availability, operating costs, environ-
mental aspects, and incentives. This group perceives electromobility as expensive,
impractical, and technologically underdeveloped.

The results confirm that the electromobility market in the Lubusz Voivodeship is not
homogeneous but consists of distinct user segments with clearly differentiated attitudes
and expectations.

Regardless of the adopted methodology and the analyzed technology area, percep-
tion segmentation reveals similar patterns, i.e., from highly positive segments, through
intermediate groups with different priorities, to the most critical segments, which are con-
firmed by the results of this research and those of other researchers.

The results of the survey on the perception of electromobility allow for practical im-
plications to be drawn for the design of public policies, marketing strategies, and invest-
ment activities in the area of sustainable transport. The analysis indicates that developing
charging infrastructure and strengthening environmental awareness are two independ-
ent, yet equally effective, avenues of influence that can lead to increased price acceptance
of electric vehicles. This means that investments in both public and residential charging
networks, as well as educational activities that raise awareness of the environmental ben-
efits of electromobility, can independently generate positive effects on the perception of
purchase costs.

Based on the obtained results, it is possible to identify directions of action for local
governments, central administration, the automotive industry, and infrastructure opera-
tors who build, manage, maintain, and develop electric vehicle charging infrastructure.
These actions constitute a valuable element of public assessment of electromobility activ-
ities as a crucial element of sustainable transport development in the Lubusz Voivodeship.
The results indicate that actions aimed at developing charging infrastructure and
strengthening environmental awareness can independently contribute to increased price
acceptance of electric vehicles, which may be significant for designing public policies and
marketing strategies.

The presented results should be considered in the context of certain limitations of the
study, which also define directions for further analysis. First, the study covers only resi-
dents of the Lubusz Voivodeship, which limits the generalizability of the results to other
regions with different infrastructure and social conditions. Second, respondents’ state-
ments may be biased, and their knowledge of electromobility may vary, which impacts
the reliability and validity of the data obtained. Third, the dynamic growth of the electric
vehicle market and changing regulations mean that the obtained results reflect percep-
tions only at the time of the study. Fourth, the research methods used do not allow for the
full capture of complex motivations and barriers, particularly unconscious ones, which
may lead to simplifications in user segmentation.

Therefore, it is worthwhile to expand future research on electromobility in the Lu-
busz Voivodeship, focusing on the impact of psychological factors such as trust in tech-
nology, fear of novelty, and perceived risk, as well as to examine how individual segments
respond to specific actions in the areas of infrastructure investments, financial incentives,
and educational campaigns.
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