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Abstract: Limited consumer knowledge reduces the chances of the spread of alternative fuel vehicles
(AFVs), and hence slows down AFV market spread. In our empirical survey conducted in the first
quarter of 2020 among 1002 Poles planning to buy a car in the next 12 months or who have just bought
one, we examine what socio-economic and attitudinal factors influence their willingness to buy an
AFV. In particular, we are interested in exploring how AFV knowledge related to understanding of
the differences between hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs)
and battery electric vehicles (BEVs), as well as brand recognition associate with the willingness to
buy. To the best our knowledge, this is a unique study among consumers in Central and Eastern
Europe, characterized by lower exposure to AFVs and lower purchasing power. Our results indicate
that males with pro-environmental beliefs and behaviors who are interested in modern automotive
technologies and have good AFV brand recognition are predominated to be willing to buy an AFV in
the near future.

Keywords: knowledge; e-mobility; sustainable transport; electric vehicles; plug-in electric vehicles;
hybrid electric vehicles; consumers; willingness to buy; telephone survey

1. Introduction
1.1. Background and Motivation

Achieving the 2030 Sustainable Development Agenda requires the establishment
of “sustainable transport systems, along with universal access to affordable, reliable, sustainable,
and modern energy services, quality and resilient infrastructure, and other policies that increase
productive capacities that would build strong economic foundations for all countries”. Sustainable
transport is necessary to enable the achievement of a variety of sustainable development
goals (SDGs), both directly and indirectly in the following areas: energy efficiency, sus-
tainable infrastructure, urban access, and fossil fuel subsidies, as well as agricultural
productivity, air pollution, access to safe drinking water, sustainable cities, reduction of
food loss, climate change adaptation, and climate change mitigation [1].

The transportation sector is responsible for a large share of greenhouse gas emis-
sions (GHG). In the European Union, road transport alone accounts for 72.06% of total
transport CO2, which is considered a cause of climate change [2]. Presently, emphasized
by [2–4], the use of alternative fuels has become a pressing issue and a lot of effort has
been given to develop alternative fuel vehicles (AFVs) including hybrid electric vehicles
(HEVs), plug-in hybrid electric vehicles (PHEVs), and battery electric vehicles (BEVs),
which would satisfy social, economic, and environmental needs and requirements. With-
out any doubt, the evaluation of AFVs should consider not only air pollution reduction
and fuel efficiency, but also AFV sustainability [2,5]. AFVs are also perceived as a great
chance for smart urban mobility where a combination of sustainability and innovation is
required [5,6]. Furthermore, smart and sustainable urban mobility is an important part of a

Energies 2021, 14, 1438. https://doi.org/10.3390/en14051438 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-6422-0710
https://orcid.org/0000-0001-9865-4675
https://orcid.org/0000-0002-7095-1341
https://doi.org/10.3390/en14051438
https://doi.org/10.3390/en14051438
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14051438
https://www.mdpi.com/journal/energies
https://www.mdpi.com/1996-1073/14/5/1438?type=check_update&version=2


Energies 2021, 14, 1438 2 of 19

smart city, where innovation technology adopted in AFV may lead to lower emissions and
greater comfort of living [5]. That is why governments around the world intend to adopt
AFVs to build a sustainable transport system [3,7–10] and have set goals to accelerate BEV
and PHEV adoption [5]. In order to achieve these goals, governments have introduced
incentive policies, such as subsidies, tax exemptions, and transportation regulatory policy
to promote smart electric mobility [11].

Despite technological and policy support, AFV market share remains limited
globally [12]. Electric car deployment has been growing over the past ten years, with the
global stock of electric passenger cars reaching 7.2 million in 2019, an increase of 40% from
the previous year. Around 47% of electric cars on the road in 2019 were in China—a total of
3.38 million—compared to 45% in 2018. With 90% of global electric car sales concentrated
in China, Europe and the United States, this has affected global sales and overshadowed
the notable 50% sales increase in Europe in 2019 [13].

One of the most important barriers to AFV adoption may be a general lack of knowl-
edge and awareness about AFV [3,14–17]. The literature review indicates that consumer
awareness and knowledge towards AFV is still very limited, which has an influence on
consumer interest, engagement and willingness to buy such a car [14,18–24]. This problem
exists even in countries such as the United States, the United Kingdom or Canada, where
the alternative transportation sector is more developed in comparison to Central and East-
ern European (CEE) countries. For example, in the United States in some recent studies,
less than half of consumers were able to name a particular PHEV brand and were aware of
the incentives offered to buy a BEV [4,25].

1.2. The Actual State of the Car Market in Poland

In Poland at the end of 2020, among 20.5 million passenger cars travelling on Polish
roads, only 128,000 (around 0.6%) could be classified as AFV. The vast majority of them—
over 109,000—belong to standard HEVs. According to the Polish Association of Automotive
Industry, there are about 10,000 registered BEV and around 8800 PHEV. AFV are mainly
(89%) bought directly in car showrooms by companies (over 61%) rather than private
individual buyers representing households.

It should be noted that at the same time AFV sales are growing from year to year.
In 2020, 9879 BEV and PHEV vehicles were registered, which is 140% more than
in 2019 [26,27]. This is caused, among others, by growing ecological awareness among
potential buyers of new vehicles. According to the Transportation and Environment Report
it is also fashionable to have an AFV [28].

The offer of electric vehicles in Poland is comparable to other European countries.
There are over 80 models from various segments on the Polish market. Urban crossovers
and SUVs are leading the way [29]. It happens, however, that the availability of some
models is limited. The high interest in 2020 for urban electric vehicles (such as the Skoda
CITIGOe IV, VW e up) meant that the car dealer stocks ran out quickly. As a result,
the possibility of purchasing an urban electric vehicle was significantly reduced or had to
be postponed to another year.

One of the biggest barriers to the development of AFV in Poland is the charging
infrastructure. The number of public charging points is around 1300. This means that
there are only 0.2 charging points per 100 km of roads, while in neighboring countries
this indicator reaches values of 0.6 in the Czech Republic, 1.1 in Slovakia 1.1, and even
17.6 in Germany [30,31]. Legal regulations constitute another barrier to the development
of e-mobility. There is still lack of state support for potential AFV buyers in the form
of appropriate subsidies. A detailed analysis of the AFV market in Poland is presented
in [29].

1.3. Research Goals

Our empirical research was conducted in the first quarter of 2020 on the sample
of 1002 adult Poles. All our respondents were claiming to be willing to purchase a car
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in the next 12 months or have already bought one in the last six months. The study
aimed to examine the Polish market, which is a good example of an automotive market in
Central and Eastern Europe. In particular, it represents consumers with lower exposure
and experience with AFVs, as well as limited purchasing power in comparison to the
consumers in Western European countries or in the U.S., Canada, or Australia (where the
AFV market is much more developed). The goal of the study was not only to explore
and describe the level of consumer AFV knowledge in terms of their ability to recognize
types of AFV (based on the type of the engine) and brand names, but also to investigate
which socio-economic and attitudinal factors are associated with the willingness to buy
an AFV. The choice of the factors included in the analysis was dictated by the literature
review. To analyze the willingness to buy an AFV, we used ordinal logistic regression, as
it allows observation of how the increase of the willingness to buy more electrified cars
(i.e., BEV instead of HEV or conventional car) associates with consumer attributes such
as gender, education, pro-environmental attitudes and behaviors or interest in modern
automotive technologies.

Our paper also provides an up-to-date literature review in terms of the role of knowl-
edge and awareness in AFV recognition. We believe that raising awareness and knowledge
is the first step in consumer acceptance and AFV adoption in the automotive market. To the
best of our knowledge, similar studies have been run in Canada, the UK and the U.S.,
but not in Central or Eastern Europe. We believe that it is interesting to investigate this
part of the market, as according to the EU directives as well as the New Urban Agenda,
the further development of sustainable urban mobility requires, among others, the deploy-
ment of AFV within private and public transportation. Our study sheds some light on
factors relevant to AFV knowledge. Based on that, some policy recommendations, as well
as marketing strategies, can be developed to increase consumer interest towards hybrid
and electric vehicles.

The remainder of the paper is as follows. In Section 2 the role of knowledge and
awareness in AFV recognition is presented and the research questions are formulated.
Furthermore, in Section 3 the survey framework and data collected are shown, and in
Section 4 the results are discussed. The last Section 5 provides some conclusions and
policy recommendations.

2. Literature Review: The Role of Socio-Economic and Attitudinal Factors in
Willingness to Buy AFV

Willingness to buy (WTB) is the behavioral intention of the customer to purchase a
product or a service. WTB, dependent on the sort of good, may be influenced by price
sensitivity, product quality, brand name, as well as a set of socio-economic and attitudinal
factors, such as environmental beliefs, seeking for novelty, or perceived cost and benefit
analysis [32–35]. Willingness to buy or willingness to change from conventional car to an
alternative one measures one’s readiness to adopt one of AFV [33,36].

The market report of the Starcount Observatory Platform [37] reveals that consumers’
WTB of BEV is motivated mostly by ecological motivation (i.e., willingness to participate
in climate protection), enthusiasm for new technologies or passion for driving and experi-
encing new cars and technical solutions, and finally the desire to optimize the spending on
the car in such a way to get a fashionable product for a reasonable price.

Apart from that, WTB is limited by several barriers. Range anxiety and the cost of
the car belong to the most significant concerns. The meta-analysis conducted by Deloitte
in 2018 in different countries has shown that dependent of the market and culture of the
consumers, the incentives and barriers vary. Driving range was highlighted as the top
barrier for Germany, Belgium, UK, and China whereas Japan, USA and France indicated
price (cost) as the most severe barrier to AFV adoption. For Italy, India and Korea, the lack
of infrastructure was the highest barrier. Limited access to vehicle charging points was
a problem as well. Home charging is still not available for many consumers, especially
those living in urban areas. Charging time and battery safety were the next barriers for
all markets. In more collective cultures, such as, for example, Chinese ones, the perceived
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social influence as well as individual environmental awareness may have a positive impact
on the willingness to purchase BEV [37].

WTB is usually discussed together with the willingness to pay (WTP) that measures
the maximum price of the good at which the consumer will buy the product [36,38–41].
WTP studies use either the contingent valuation method (CVM) [36,42,43] or the choice
experiment (CE) [22,44–46] to determine the influence of various factors on WTP. These
factors refer to consumer sociodemographic variables, such as age, income or education,
and to the product attributes such as price, range, or brand name. Both methods belong to
the group of methods based on stated preferences, which ask actors explicitly how much
respondents value the good [43].

Recent studies reveal that, especially in case of BEV, attributes such as range, price,
acceleration, charging availability and recharging time mostly matter [33,35,36]. The study
of Jensen et al. [47] shows that WTP increases also with knowledge and experience of
usage of the AFV. Noel et al. [46] reveals that interest in BEV increases with choice of BEV
models and general consumer awareness of air quality issues and environmental impact of
transportation. The study of Ramos-Real et al. [36] shows that information on the basic
properties of BEV and environmental concerns are key factors for willingness to exchange
a conventional car for an electric one, while income level, mobility patterns, environmental
concerns and attitude-to-tech of potential buyers were found to be important factors for
their WTP.

The most important factors influencing consumer willingness to buy an AFV are
discussed below.

2.1. Status Quo of AFV Knowledge

There is a great number of studies evaluating the importance of consumer awareness
and knowledge in the context of both WTB and WTP. Even if most of the studies relates to
BEV only [18,35,36,45,48–53], some of them still focus of PHEV [9,22,54–58] or compare and
review a few types of AFVs together (e.g., HEV and BEV in [59] or HEV, PHEV and BEV
in [60]). Some recent studies conducted in the United States revealed that less than half of
American consumers can name a specific PHEV make and model, and even less than 35%
of California households are aware of incentives offered for the purchase of BEV [14].

Overall, these studies show that general consumer awareness of AFVs is relatively
low, and this includes lack of familiarity with the new technology, lack of knowledge
of available incentives, models and their technical parameters, and misperception about
the potential savings from lower fuel and maintenance costs [14]. Generally, most of the
consumers misunderstand the basic characteristics of PHEV, and most of them are not
aware of available incentives [14,19,24]. This lack of awareness and knowledge regarding
available models and incentives has been found to be a primary barrier to AFVs widespread
adoption [4,14,21].

2.2. The Role of Experience and Education

There are several main sources of AFV knowledge, among which education and social
campaigns, advertisement, test drives, and social influence (e.g., word-of-mouth between
drivers and potential buyers) are the most important [14,56]. Generally, consumer interest
in buying a AFV increases when they have exposure to them [15,18,61].

Reiner et al. [62] in a paper examining e-mobility in Stuttgart in Germany, note that
as people have more experience with driving a BEV, they show more favorable attitudes
towards e-mobility in general (see also [25,63,64]). The strong impact of the test drive on
the BEV purchase has been also proved by [64] in their study among European countries
in 2015.

2.3. The Relation between AFV Knowledge and Willingness to Pay and Buy

Individuals with greater familiarity and experience with BEVs are more likely to
value them higher [18,36]. Given that there is a positive relationship between awareness
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and interest in purchasing, consumers with better knowledge of AFV are more willing
to pay a premium for this technology [4]. Nevertheless, even well-informed consumers
are sometimes unaware of the lifetime fuel savings that for example BEVs may offer [61].
A survey by Consumer Federation of America showed that there is correlation between BEV
knowledge and positive attitudes towards the technology and between positive attitudes
and a willingness to purchase them [21]. Therefore, the more knowledge about a given
type of a vehicle, the more likely it is to be bought.

Literature review reveals that limited awareness, knowledge and interest among
consumers towards an innovation leads to concerns regarding the acceptance of the same
(see some examples from the energy market [65–68]). Customer concerns regarding AFV
include high initial investment cost, unclear environmental impact in case of a battery and
its storage, lack of sufficient charging stations and many others [20,29]. Such uncertainty
regarding AFV may become a barrier to widespread adoption. As the literature review
indicates, it may have its main source in the lack of understanding and familiarity with
AFV [14,20,53].

Given the above findings, we propose the following hypothesis:

Hypothesis 1 (H1). Willingness to purchase AFV increases with AFV knowledge.

2.4. Interest and Positive Attitudes towards New Technologies

There are various possible motivations for the consumers to get interested in AFV.
As emphasized in the work of Axsen et al. [69], for some consumers a battery electric
vehicle will be a cutting-edge technology they want to enjoy, and for the others BEV
represents a pro-environmental lifestyle and ecological values they support. Then, tech
enthusiasts, so people who are excited by the latest developments in gadgets, computers
and technology trends, are predominated to be interested in the purchase of BEV [37].

A clear and significant correlation between knowledge of AFV and positive attitudes
towards this new technology has been found empirically in [4,15,21,22]. Next, it has been
found that knowledge may have an indirect effect on the intention to buy AFV through the
perceived attributes of these cars, see e.g., [33]. Based on these findings we suspect that
consumers interested in the automotive industry in general and the novelties available in
this market are those who should be more interested in purchase of such a car. Hence, we
propose a following hypothesis:

Hypothesis 2 (H2). Interest in new technologies raises the willingness to buy AFV.

2.5. Eco-Friendly Attitudes and Behaviors

As mentioned in Section 1, BEVs are often perceived as a means of transport favorably
reducing air pollution, i.e., producing fewer greenhouse gases compared to conventional
vehicles (CV). However, still, the ecological nature of BEV is often criticized [70] . It is
widely believed that the purchase of BEV does not affect the reduction of CO2 emissions,
especially in countries such as, e.g., Poland, where most of the electricity is generated in
power plants using fossil energy resources such as hard coal or lignite. However, according
to report Transport and Environment in 2020 [28], even in Poland, the production and
operation of BEV reduces CO2 emissions by −29% compared to conventional vehicles,
while the average reduction for the entire EU is −63%. Until now, car batteries were
produced in a relatively small amount, and most of them still power electric cars. Used
batteries are stored and disposed of in the pilot recovery projects [28].

The literature analysis indicates that BEV ownership and use is often perceived
as a way to engage in pro-environmental actions [71]. Moreover, as revealed in [35,69],
possession of BEV often represents one’s pro-environmental values and beliefs. On the other
hand, in the work of [14], there is no clear evidence that people who are pro-environmental
are more willing to purchase an AFV.
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Even though the findings are ambiguous, we still want to check if those who care
about environment protection, climate change, and perform at least the most basic pro-
environmental behaviors such as waste segregation, turning off the lights, or limiting water
usage, are more probable to be willing to purchase AFV.

Here we propose a following hypothesis:

Hypothesis 3 (H3). Eco-friendly attitudes and behaviors are associated with willingness to pur-
chase AFV.

2.6. The Role of Charging Stations

Research conducted in 2015 in Canada showed that the size of the charging grid does
not affect the desire to buy a BEV [22]. However, other research has shown a correlation
between the number of charging grids, their location (distance from the workplace) and
the interest in purchasing BEV [25,72,73].

Hence, we propose a hypothesis:

Hypothesis 4 (H4). The advanced infrastructure and the easy access of the charging stations
increases the willingness to buy an AFV.

2.7. The Demographic Attributes in the Context of AFV Knowledge

Many studies have revealed that socio-economic attributes of the consumers also mat-
ter in terms of their interest and willingness to buy an AFV. Studies examining consumer
preferences in terms of their decisions to buy an AFV have revealed that this interest is
higher among young, highly educated, environmentally conscious consumers [32,44,69,74].
Some studies also argue that males show more interest in BEV technology than women [32].
Other studies additionally indicate that environmentally concerned middle-aged house-
holds and those who are fully employed are more willing to adopt BEVs [44].

Within our study we want to verify the relationship between some socio-economic
attributes and willingness to buy, and hence we propose the following hypotheses:

Hypothesis 5 (H5). Socio-economic variables such as age, gender or education are associated with
willingness to buy AFV.

Hypothesis 6 (H6). Running a business increases the probability of willingness to buy AFV.

3. Methods and Survey Design
3.1. Research Framework of WTB

The empirical part of the survey was designed and used to identify and evaluate back-
ground information related to the consumer interest in AFVs, including household vehicle
information, vehicle use and driving habits, AFV awareness and familiarity, home/work
charging access, lifestyle, values and attitudes scale. In this step of the survey, we also
collected some important demographic attributes (age, education, income, place of a living,
household size, etc.). The survey was conducted within the CATI (Computer-Assisted
Telephone Interviewing) method.

Figure 1 presents the research framework of consumer willingness to buy (WTB) of
AFV. It consists of 6 variables with a potential influence on WTB. The choice of these
variables was motivated by the literature review.

3.2. Data Collection and the Sample

The data were collected from January–February 2020 by a professional pooling agency
through a telephone survey. Adult consumers willing or planning to buy a car in the
coming 12 months or those who have already bought one in the last half a year were our
target group.
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Although a survey was done on a dedicated panel data, still some screening questions
were asked to ensure that our respondents belong to the target group. In total, 1002 re-
sponses were collected with a 2.5% response rate. Among the sample, 65.6% considered
buying a car in the coming 12 months, and 34.4% had bought a car in the last half a year.
The majority of the respondents was interested in second-hand cars, and only 27.8% con-
sidered the purchase of a new car. Such a tendency is very typical of the Polish automotive
market. At the time of data collection, around 93% of respondents possessed at least one
car, but only 1% owned an AFV, whereas the rest had a combustion engine.

Figure 1. Research framework of the consumer willingness to buy (WTB) of AFV.

As the study had an exploratory character, and no demographic quotas were required,
the sample represents Poles being interested in the purchase of a car; see Table 1.

The sample underrepresents people with a bad financial situation (who are not con-
sidering buying a car), while it excessively represents well-educated people with larger
families, in which there are two drivers on average. Men were more interested in the
survey, probably due to its scope and topic. On the other hand, our sample satisfactorily
reflects the distribution of age and place of residence. In the end, among the respondents,
N1 = 804 represented households, and N2 = 198 were entrepreneurs, running their own
small- or medium-sized businesses. The firms represented in the study were relatively
young (8–9 years, on average), and small (on average 4 employees), representing all
industries. The broader analysis of the point of view of the firms participating in the study
towards the AFV is presented in [75].

To investigate the respondents’ willingness to buy as well as the amount of money they
would be willing to spend on a new car, we asked them a few questions, described precisely
in Section 4.1. The answers to these questions revealed not only the level of respondent
willingness to pay (divided into a purchase or a leasing), but also their approach to
buying a conventional or alternative fuel vehicle. By means of the ordinal logit regression
model we tested which of the research hypotheses (H1–H6) can be confirmed or rejected.
The outcomes of the model are shown in Section 4.3.
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Table 1. Sociodemographic variables.

Variable Frequencies for the Sample

Gender female 40%
male 60%

Age M = 36.26, SD = 11.15

Education

primary school 1.0%
basic vocational 4.6%
secondary vocational 21.2%
secondary education 14.5%
higher education 56.7%

Material situation
very bad or rather bad 2.0%
moderate 33.8%
rather good or very good 63.4%

Place of a living

village 32.4%
city up to 30,000 inh. 18.6%
city 30,000 to 100,000 inh. 15.6%
city 100,000 to 500,000 inh. 10.9% city more than 500,000 inh. 21.8%

Household size M = 3.36, SD = 1.54 (where the integer number indicates the number of
family members)

Driving license M = 2.15, SD = 0.97

Running business M = 0.19, SD = 0.40 (where 1 indicates running a business and 0
representing a household)

Number of employees M = 3.9, SD = 12.74

How long the company exists M = 8.8, SD = 7.13

4. Results and Discussion

The analysis of the data is divided into three parts. First, we present how the de-
pendent variable, which is the willingness to purchase AFV, was obtained and measured.
Second, we investigate a collection of independent variables that were chosen based on
the literature review and stated research hypotheses. Finally, by means of the ordinal
logit regression model, we estimate the likelihood of the willingness to buy an AFV with
reference to explanatory factors.

4.1. Analysis of Dependent Variable: AFV Preferences

One of the key pieces of information that was obtained during the survey was knowl-
edge about the preferences of respondents regarding the choice of the engine type in the
newly purchased car. According to current market reports [30,76] we realized that most
respondents would choose conventionally powered vehicles, so the question of preferences
consisted of two steps. In the first step, the respondents had full freedom in choosing the
engine type, and in the second step, the choice was limited to AFV. If the respondents chose
a conventional vehicle in the first step, then in the second step they were asked to choose
only between AFVs. However, if the respondents chose AFV in the first step, the second
step was redundant. The AFV preferences of the respondents regarding the choice of the
engine type were assigned values from 0 to 6. The higher the number, the greater the
respondent’s readiness to buy an electric vehicle. The description of the procedure for
determining the preferences of the respondents is presented in Figure 2.

The research shows that 13% of respondents indicated AFV as their first choice when
buying a new car (preferences 2, 4 and 6). If the respondents had to choose between
only AFV, then HEV (preferences 1 and 2) was the most popular with 45%, then PHEV
(preferences 3 and 4)—over 26% and BEV (preferences 5 and 6) at the level of 17%. Detailed
statistics for preferences are presented in Figure 3.
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Figure 2. Procedure for determining the AFV preferences of respondents.

Figure 3. Respondents’ AFV preferences regarding the choice of the engine type on a scale of 0 to 6
(N = 1002).

The majority of the respondents (75%) considered buying a car rather than leasing
it (24.3%). The mean value of the willingness to pay for such a car in case of a pur-
chase is very low and equals to only 47,326 PLN with a standard deviation of 53,554 PLN
(1 PLN = 0.23 Euro (according to the average exchange rate from the last quarter of 2020)).
This is definitely not enough for any new alternative fuel vehicle. The average price of an
electric car varies between 35,000 and 45,000 Euro but there are also cars with a price higher
than 90,000 Euro (see [29] for more details). The mean value of the willingness to pay in the
case of leasing a car is 1775 PLN with a standard deviation of 1549 PLN. Figure 4 presents
the frequencies of the respondents’ willingness to pay dependent on their preferred form
of car acquisition (purchase by means of own or external funds or leasing).
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Figure 4. Frequencies of the willingness to pay (in PLN).

4.2. Analysis of Independent Variables

Among independent variables, we have included the environmental attitudes and
behaviors, AFV recognition and knowledge, interest in automotive technologies and a
set of demographic variables. The descriptive statistics of these variables have been
discussed below.

4.2.1. Environmental Attitudes and Behaviors

Table 2 presents the questions regarding environmental attitudes and behaviors. They
were inspired by NEP scale and questionnaires already used in similar surveys [43,67]. We
observed that the respondents claimed to perform typical pro-environmental behaviors,
such as waste segregation or turning off the lights when leaving a room, but financial
support of pro-environmental institutions was rather rare. Regarding respondents’ eco-
attitudes, most of them are satisfied when environment and climate protection play a
great role in the politics. They also believe that everybody has an impact on environment
protection by one’s acts and behaviors (even 81.4% strongly agree with this statement).
At the same time, people are not sure whether they would like to pay higher taxes or
whether the reports about the ecological crisis are exaggerated or not.

To build a construct called eco-behaviors and attitudes we have done a reliability test.
As α-Cronbach was close to 0.7 we decided to use one parameter in the further analysis.
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Table 2. Environmental attitudes and behaviors.

Mean SD

Environmental Attitudes and Behaviors:

Do you segregate waste? 4.63 0.81
Do you use reusable shopping bags? 4.41 1.04
Do you turn off the light while leaving the room? 4.59 0.83
Do you financially support any pro-environmental institutions? 1.74 1.19
Do you limit the usage of water in your household 4.19 1.03
I am satisfied with the fact that climate and environmental protection play an important role in politics 3.87 1.28
I would be willing to pay higher taxes to better protect the environment 3.05 1.38
I believe that everyone has an influence on the environment protection by one’s actions 4.70 0.74
I believe that the reports about the ecological crisis are exaggerated R 3.35 1.41

Note: Likert scale with following notation has been used: 5 = strongly agree, 4 = agree, 3 = hard to say, 2 = disagree, 1 = strongly disagree;
R Reverse coding has been used to align with orientation of other questions.

4.2.2. Interest in New Technologies

During the study, we asked respondents if they were interested in new technologies
used in the automotive industry, including for example: adaptive cruise control, driver
fatigue monitoring system, control and/or checking the condition of the vehicle via a
mobile phone or driving assist systems. The number of respondents interested (N = 404)
was comparable to the number of respondents not interested (N = 389) in new technical
solutions in vehicles (see Figure 5).

Figure 5. Interest in new technologies used in the automotive industry (N = 1002).

4.2.3. Knowledge Regarding Type of Fuel for AFV

We were also interested in whether respondents can assign the type of fuel to three
types of HEV, PHEV and BEV vehicles. The distribution of the answers is presented in
Figure 6. Most respondents had no problems in determining the method of charging
(“refueling”) of BEVs. Most of the incorrect answers concerned HEVs, even though these
vehicles have been available on the Polish market for over 20 years. Respondents believed
that HEV vehicles need to be charged with electricity, which is in turn a feature of PHEV
vehicles. Based on the answers obtained, it can be stated that the respondents did not
distinguish the difference between PHEVs and classic HEVs.
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Figure 6. Frequencies of knowledge regarding type of fuels for HEV, PHEV and BEV (N = 1002).

4.2.4. Knowledge of AFV Brand Names

Next, the study also explored the knowledge of brands of vehicles associated with HEV,
PHEV and BEV, respectively. In the case of BEV and HEV, responses were collected from
over 70% of respondents, while for PHEV only 53% of respondents were able to provide
the vehicle brand. The most popular answers are summarized in Table 3. Analyzing the
answers, it can be noticed that: (1) Toyota and BMW are strongly associated with alternative
fuel vehicles, (2) the Tesla brand, despite the lack of representation and promotion in Poland,
is highly recognizable, (3) not only premium brands are associated with the electrification
of vehicles, but also the brands typical for other car segments.

Table 3. Recognition of AFV brands (the five most recognizable).

HEV PHEV BEV

1. Toyota 60.9%
2. Lexus 10.2%
3. BMW 8.0%
4. VW 5.6%
5. Honda 5.5%

1. Toyota 41.3%.
2. BMW 7.3%
3. VW 5.4%
4. Skoda * 3.7%
5. Volvo 3.6%

1. Tesla 36.8%
2. Toyota ** 22.7%
3. BMW 14.9%
4. Renault 14.8%
5. Nissan 14.4%

Note: * At the time of the survey, Skoda did not offer PHEV vehicles on the Polish market; ** Toyota does not
offer BEVs on the Polish market.

It should be noted that some respondents gave incorrect answers. The Toyota brand
does not offer BEVs on the Polish market, but despite this fact it is strongly associated with
them. In turn, the Skoda brand is a leader in car sales in Poland and at the time of the study
a large advertising campaign of this brand was underway. Both factors could affect the
results obtained in the study.

An important feature describing the surveyed group of respondents was the determi-
nation of how interested they are in modern technologies used in the automotive industry.
The answers were distributed symmetrically (equally)—40.4% are interested versus 38.9%
not interested in new products in the automotive sector.
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4.2.5. Sources of AFV Knowledge

Figure 7 shows the sources of respondent knowledge about each type of AFV. The re-
spondents drew their knowledge mainly from the mass media and were able to recognize
AFV on the street. Much less frequently respondents talked to owners or dealers of such
vehicles. Some of the respondents had empirical experience of driving an AFV vehicle,
respectively HEV 39.5%, PHEV 25.1% and BEV 27.8%. The very small group among the
respondents were AFV owners, which reflects the share of these vehicles on the Polish
market. It should be noted that the respondents more often selected an affirmative answer
for HEV than for other types of vehicles (Figure 7). This fact may result from many HEVs
models being available on the Polish market. For BEVs, an additional source of knowledge
was included, namely official government websites. Only 10% of respondents indicated
this source of knowledge. The question was related to the possibility of applying for a
government subsidy for the purchase of a BEV.

Figure 7. Sources of AFV knowledge.

4.3. Model of AFV Preferences in Terms of AFV Knowledge and Socio-Economic and
Attitudinal Variables

Based on respondent willingness to buy an AFV (see Section 4.1) we construct a
variable called AFV preferences (Y∗

i ) which describes how ready respondents are to buy
an electric car. In particular (Y∗

i = 6) means that the respondent has chosen to buy BEV
in the first choice, (Y∗

i = 5)—the respondent has chosen to buy BEV in the second choice,
(Y∗

i = 4)—the respondent has chosen to buy PHEV in the first choice, (Y∗
i = 3)—the respon-

dent has chosen to buy PHEV in the second choice, (Y∗
i = 2)—the respondent has chosen to

buy HEV in the first choice, (Y∗
i =1)—the respondent has chosen to buy HEV in the second

choice, and (Y∗
i = 0) indicates the lack of answer (compare with Figure 2).

To investigate the factors influencing the preference to buy AFV we have chosen a set
of explanatory factors that may have an impact. Among those factors we distinguish AFV
knowledge referring to the ability to define the type of fueling and the AFV brand names.
We have also included some socio-economic attributes, such as gender, age, education,
place of living, running a business, as well as pro-environmental attitudes and behaviors,
interest in the modern technologies and access to the charging stations. The choice of the
variables was motivated by the literature review.

To analyze the AFV preferences, we assumed that there is a linear relationship between
the unobserved value of the Y∗

i and independent variables, such as:

Y∗
i = α + Xiβ + εi, (1)

where α is an intercept, Xi is a vector of independent variables excluding the constant and
εi is a residual. For modeling AFV preferences we used a polynominal logit model of ordered
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categories (called ordered logit model, which models cumulated probabilities). In this kind
of a model, the dependent variable (Y∗

i ) is discreet and takes values from a countable and
finite set of categories with a defined hierarchy [77,78], in our case j = 0, 1, 2, . . . , 6, where j
represents the level of AFV preferences.

In particular we model cumulated logits, which are the logarithms of probability
quotients of ith respondent belonging to a category not higher than jth (Pij) and the opposite
probability (1 − Pij), see Equation (2):

logit(Pi j) = ln
P(Yi ≤ j)
P(Yi > j)

= ln
Pij

1 − Pij
= β0g + β1X1 + . . . + βkXk + ε (2)

where k is a set of independent variables [77].
The Table 4 presents the obtained results.

Table 4. Estimation results for the ordered logit model (N = 983).

Ordered Logit Model

gender −0.290 * (0.15)
age 0.001 (0.01)
education −0.034 (0.04)
place of living 0.01 (0.15)
running business 0.060 (0.15)
interest in technologies 0.081 * (0.05)
eco-behaviors and attitudes 0.028 ** (0.01)
knowledge of fueling HEV −0.002 (0.12)
knowledge of fueling PHEV 0.185 (0.12)
knowledge of fueling BEV −0.125 (0.21)
brand recognition 0.146 ** (0.07)
access to the charging stations 0.251 ** (0.11)

cut1 −0.885 (0.65)
cut2 1.147 * (0.66)
cut3 1.458 ** (0.67)
cut4 2.619 *** (0.66)
cut5 2.791 *** (0.66)
cut6 4.787 *** (0.69)
LL −1588.85
Chi2(12) 302.68 ***
Note: *** p < 0.001, ** p < 0.01, * p < 0.05 (two-tailed test); Standard errors in brackets. LL stands for
Log-Likelihood; Chi2 stands for Chi-square test.

The obtained results indicate that the probability of AFV preferences (i.e., respondent
willingness to buy an AFV as a future car) increases if the respondents are male, with higher
interest in modern technologies used in automotive industry, good access to the charging
stations, and proper brand recognition. Moreover, pro-environmental beliefs and behaviors
increase the probability to prefer an AFV as a future car.

At the same time, the remaining socio-economic variables such as age, education
or place of a living do not have a statistically significant influence on AFV preferences.
From the stated research hypotheses, only some of them can be confirmed. Specifically,
hypotheses H2, H3, H4 can be fully confirmed, hypotheses H1 and H5 can be partly
confirmed and hypothesis H6 can be rejected.

5. Conclusions and Policy Recommendations

The automotive industry is on the verge of a technological revolution. Currently, most
car companies are spending more and more financial resources on the electrification of
their vehicles. Some vehicle manufacturers are already announcing that they will stop



Energies 2021, 14, 1438 15 of 19

producing cars with internal combustion engines in the next 10 years (Volvo, JRL, MINI,
Smart). However, despite significant technological advances, political support, and an
expanding car dealership offering, the uptake of AFVs worldwide remains low. In the
future, to develop sustainable transport and sustainable mobility, especially in cities, urgent
action is needed to convince customers of their interest in the AFV market segment.

One of the most important barriers to the development of AFV is the lack of consumer
awareness. Based on the research literature related to the role of knowledge and awareness
in AFV recognition, we have expected the AFV knowledge to have an impact on the
respondent willingness to buy AFV. The Model of AFV preferences has confirmed it partly,
as proper brand recognition has occurred to increase the probability of buying AFV in the
future, but at the same time knowledge about the types of fueling of AFV did not matter
(Table 4). There is a clear explanation for such a finding. People interested in the purchase
of AFV review the offers and are more familiar with the current brand names of the cars
than the consumers not interested in buying AFV.

The research showed little interest of the respondents in purchasing BEV (2.7%) or
PHEV (2.7%) in the first step. The respondents, having in the second step a limited choice
only to AFV, did not indicate any answer (11.8%) or indicated HEV (37.3%) as an alternative
to purchasing a combustion vehicle (Figure 3 ). It should be noted that HEVs are vehicles
with the lowest degree of electrification and are the cheapest AFV. We noticed that the
price of AFVs offered on the Polish market is too high for the average person interested in
buying a car. This is demonstrated by the large difference between the declared willingness
to pay of the respondents for a car (Figure 4) and the offer of AFV dealers [29].

The model of AFV preferences shows that the extensive infrastructure of charging
points would significantly increase the willingness to buy AFV. It should therefore be noted
that the development of the AFV market is strongly related to the development of the
charging infrastructure.

The conducted research allows us to describe the characteristics of people interested
in purchasing AFVs. Those with pro-environmental attitudes and behaviors are more
interested in purchasing AFV. They see the purchase of AFV as a real impact on reducing
air pollution and increasing environmental protection. In addition, people willing to buy
AFV are interested in modern technologies in the automotive industry. Most of the AFVs
offered on the Polish market are equipped with advanced safety systems and modern
driver assistance systems, which has an impact on the interest in purchasing AFV.

We also checked the influence of socio-economic characteristics such as gender, age,
education, place of a living, etc. Only gender influenced the willingness to purchase a
vehicle. The AFV preference model allows for the conclusion that women are less interested
in buying AFV. This confirms the rule that men buy cars more often. Research has shown
that running a business does not affect the willingness to buy AVF. This may support
evidence of the small range of utility AVF on the Polish market.

Summarizing the conducted research, we can state that the barriers to the development
of AVF in Poland are insufficient knowledge about AVF, the purchase price of AVF, and
poorly developed charging infrastructure. Our research also shows that the willingness to
purchase AVF vehicles depends on pro-environmental attitudes and behavior as well as
interest in new technologies.

For the tendency to buy AFV in Poland, it is first necessary to promote knowledge
about AFV. We believe that exposing customers to greater experience with AFV could have
a positive impact, i.e., consumers should have a possibility to have a test drive, and should
be able to compare various models. Furthermore, we agree with [14] that some additional
communication efforts are needed, e.g., developing an information campaign in the tradi-
tional form (leaflets, billboards, advertisements) and using social media marketing tools,
organizing public events and workshops for demonstrating new technologies, increasing
exposure to BEVs from fleet and car-sharing services (e.g., innogyGo or GreenGoo in Polish
cities), developing the infrastructure of the charging stations, and many others. These
actions are essential because many potentially interested consumers generally lack a strong
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understanding of what alternative fuel vehicles are, what benefits they offer, what models
are available together with the associated incentives. Special education and marketing cam-
paigns are needed to raise consumer awareness of AFV. Social media could be potentially
useful in this process. For example some initiatives from non-profit and non-governmental
organizations, such as fun clubs, which are notable for their activity and visibility on social
platforms (e.g., Facebook, Twitter, Pinterest) could be used to enhance their outreach to
drivers. On the other side, marketing in trade magazines and on professional platforms,
such as LinkedIn, or participation at fleet events could be also a good recommendation
to attract other groups of potential AFV buyers. Finally, to increase the chance of AFV
adoption, reasonable selling strategies must be designed to strengthen their advantages. In
particular, in a country such as Poland, the price and discount system must be adapted to
the average financial purchasing power of the citizens.

Future Work

We believe that there is a further need to examine consumer knowledge and its impact
on the willingness to buy AFV. In future, we are planning a longitudinal study investigating
the willingness to pay for AFV in relation to consumer awareness and knowledge.
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