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Abstract: This paper explores the factors affecting the uptake of hybrid and electric vehicles in the
European Union (EU) using data from two extensive cross-sectional surveys. Each survey consists of
26,500 responses to a questionnaire that combines socio-economic and behavioral aspects. The share
of respondents across the EU stating that they would certainly or probably consider purchasing a
hybrid or a battery-powered electric vehicle (H&EV) in the near future rose from 32% in 2014 to 37.4%
in 2018. There is, however, a high variability among EU member states, as well as across different
socio-economic groups. Propensity is highly correlated with income, educational attainment, and
urbanization level. In order to address the high degree of collinearity, we applied a machine learning
classification model to analyze and explain the interaction between the variables that affected the
expressed propensity to purchase such a vehicle. The findings highlight something largely missing
from the literature, namely that local conditions and regional variation are a major, if not decisive,
factor regarding purchasing choices. Seen from a policy perspective, this conclusion may provide
guidance regarding how to support the take up of H&EVs through measures that are tailored to the
specific needs at the local level.

Keywords: electric vehicles; hybrid; user choices; technology; machine learning; socio-economic
analysis; classification model

1. Introduction

The objective of this paper was to shed light on the socio-demographic characteristics of potential
adopters of hybrid and electric vehicles (H&EVs) and to identify the main drivers for such a purchasing
decision in Europe. In this study all hybrid and electric vehicles (H&EVs) are included. These include:

e  hybrid electric vehicles (HEV),

e  plug-in hybrids (PHEV),

e range-extended electric vehicles (E-REV),

e  battery powered electric vehicles (BEV), and

e  vehicles powered by hydrogen fuel cell technologies (FCEV).

We used data from two extensive user surveys in the European Union (EU) and applied a machine
learning classification model in order to evaluate the impact of each respondent’s profile, taking into
account the high degree of collinearity among several of the variables that affected their choices.

There are over a million H&EV registered in the European Union but they still constitute only
about 2% of the market share between 2010 and 2017 [1]. Despite the promising market growth
trends for H&EVs, several barriers are still preventing their more widespread uptake. There have
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been numerous studies discussing possible factors affecting adoption rates. These range from high
purchase cost, to recharging availability, “range anxiety,” and consumer awareness, amongst others.
Nevertheless, while most barriers are gradually being removed—as a result of improved technology,
lower prices, or expanding infrastructure—the uptake of H&EVs follows diverse patterns across
different geographic areas and socio-economic groups.

Most studies on the uptake of electric vehicles are based on intentions of adoption, mainly through
stated preference studies. Since the market share of H&EVs is still low, the revealed preferences
of users who actually made a purchase are not considered representative. Furthermore, consumer
preferences cannot be assumed to be static, particularly over the longer term. Most published work
analyzes the characteristics of early adopters, which will probably differ significantly from mainstream
users [2]. Once electric vehicles become more commonplace, we can expect the socio-demographic
characteristics of potential adopters to alter.

How can we define the socio-demographic dimensions that are relevant to user choices concerning
H&EVs? Location plays a role, either with regard to the country of residence or the type of urbanization
(urban or rural, central or peripheral) [3]. The adoption of electric vehicles has been shown to
depend on a combination of psychological and socio-economic factors expressed as consumer
attitudes, environmental attitudes and awareness, symbolism and self-identity, diffusion of innovation,
and emotional responses [4]. Using different perspectives, influential factors have been grouped
into socio-economic variables, psychological factors, mobility condition, and social influence [5],
or demographic, situational, and psychological [6]. From the operational perspective, the characteristics
of electric vehicles also affect purchasing decisions. These can relate to charging, “range anxiety,”
environmental credentials, and image. Numerous studies also create psychological typologies of users
and measure their willingness-to-buy against their responses to questionnaires [7].

Since a large share of the related literature is based on studies regarding willingness-to-buy, it is
important to gauge how familiar the prospective buyers are with electric vehicles. In a study of six
large European countries, 46% of the respondents declared that they were “not at all familiar” with
electric cars, ranging from 35% in Italy to 58% in France [8]. This is not a European only phenomenon;
studies in the United States showed that less than half of consumers were able to name a specific
plug-in electric vehicle make and model [9], and fewer than 35% of California households were aware
of incentives offered for the purchase of electric vehicles [10]. Some early studies suggested that direct
experience of electric vehicles is a crucial factor in the conversion of the public from existing skepticism
to acceptance and approval [11]. In contrast, a large-scale online survey of consumers in 16 European
countries in 2013 indicated that 52% of respondents were aware of both electric and hybrid vehicles [12];
however, the study does not indicate how deep this awareness was.

Cost, principally up-front purchase cost, remains the primary concern of potential buyers in
Europe and elsewhere [13]. However, some recent studies are challenging the notion that electric cars
are necessarily more expensive. For instance, an analysis of taxes in four European countries (France,
Germany, Norway, and the United Kingdom) suggests that ownership costs for electric vehicles are
lower than for conventional ones over a four-year period [14].

A well-known fear amongst potential purchasers of electric vehicles is the so-called “range
anxiety,” i.e., that they will be left stranded with an empty battery and nowhere to recharge it. It is often
cited as the second highest impediment to the adoption of an electric vehicle after that of purchase
cost [2,15]. Thus, an adequate infrastructure network in terms of efficient and compatible charging
points is a prerequisite for the uptake of electric vehicles. This remains a key concern for potential
users and actual vehicle owners in many markets including China, which is the country that has the
highest number of electric vehicles [16].

There is far from unanimity in the literature regarding the impact of socio-demographic
characteristics on the uptake of hybrid and electric vehicles. Gender analyses suggest that males are by
far more enthusiastic adopters of electric vehicles [17]. However, others argue that in China it is females
that show the greatest propensity to buy [18], or find no discernible difference between genders [19].
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Regarding age and residence, the young and the urban residents are the ones that have been largely
identified as most likely to become buyers of electric vehicles [8]. However, Vassileva and Campillo [17]
suggest that it is middle-aged men that are the main potential customers. They also highlight that
even though 40% of all electric vehicles in Sweden are registered in the county of Stockholm, only 8%
are in the city of Stockholm and the rest are in low-density suburbs. Yet other studies indicate that
enthusiasm for electric vehicles cuts across age bands [20]. In that case, the combination of age and
attitude is a good indicator of potential uptake, suggesting that adopters could be both the young
“pioneers” as well as the middle aged “pragmatists.” Studies on the spatial distribution of registered
electric vehicles show a great regional variation and one that does not fit easily into an urban/rural
dichotomy. For instance, a high proportion of electric vehicles are registered in London but not so in
Manchester or Liverpool [21].

Since electric vehicles are perceived as expensive, especially in terms of the initial purchase cost,
it is often assumed that higher income groups are those most likely to be adopters. Higher income
groups and the wealthier countries would probably adopt the new vehicles earlier, but as electric
cars become more plentiful and their relative price falls, income will be less of a decisive factor [22].
However, market shares vary considerably and do not seem to correlate strongly with income per
capita [23]. The level of formal education and work status are identified as important in a limited
number of studies. In Sweden, 77% of those purchasing electric vehicles had a university degree [17].
Income, level of education, and the number of charging stations per capita have been shown to be
significant factors in adoption and, by contrast, age, gender, and employment have been found to be
insignificant [24]. Concern about the environment may be more likely to favor the purchase of an
electric vehicle as electric vehicles have low tailpipe exhausts [25].

Another aspect often explored is how actions to support the uptake of H&EV influence user
choices. The uptake of alternative energy in transport can be enforced through regulations [26,27] or
wider public promotional measures [28]. In Norway, the European country with the highest penetration
of electric vehicles, tax exemptions have a substantial effect on electric vehicle purchase costs [29]
but are accompanied by several incentives such as exemption from road tolling and from paying
tickets on most ferries, free use of municipal public parking spaces, and free access to bus lanes [30].
Actions at the local level can be particularly successful in stimulating the uptake of new transport
technologies [31].

Overall, the literature on the socio-demographic characteristics of potential adopters of H&EVs is
far from unanimous. Different studies have shown age, gender, income, and other variables may or
may not significantly affect decision to by an H&EV. Similarly, knowledge of electric vehicles, attitudes
towards the environment, and charging infrastructure may also play a defining role. Purchase cost,
taxation, and local incentives are also seen as having a significant role.

Why is it important to understand the factors that affect the uptake of H&EVs? Given that
these technologies have been identified as promising by policy makers and vehicle manufacturers, a
better understanding of their market potential would help all stakeholders formulate suitable policy
initiatives and business strategies. Shifting to alternative energy carriers or power drives can reduce
fuel consumption and the dependency on conventional fuels [32]. Depending on the fuel mix used for
power generation, H&EVs are expected to be an important contributor to the reduction of emissions
of greenhouse gases and local pollutants [33]. The uptake of electric vehicles and their contribution
to the reductions of emissions are an important step toward improving the sustainability of road
transport. In fact, H&EVs are directly relevant to the sustainable development goals of the United
Nations, particularly those of affordable and clean energy (goal 7), sustainable cities and communities
(goal 11), and climate action (goal 13) [34].

The structure of the paper is as follows: Section 2 describes the methods used, with particular
emphasis on the classification models developed. Section 3 describes the data and explores the
correlation between the variables. Section 4 discusses the results and identifies the factors that affect
user choices. Finally, Section 5 presents the conclusions of the paper.



Energies 2019, 12, 3414 40f 16

2. Method

Our approach was based on a classification model that uses the results of two cross-sectional
surveys, carried out across all 28 EU member states in 2014 [35] and 2018 [36]. The model predicts
whether a respondent is likely to have stated a high propensity to purchase a hybrid or electric car
using the respondent’s answers to the other survey questions as independent variables. Since most
of the survey questions correspond to socio-economic or behavioral variables, a robust predictive
model allows for the identification of the variables that affect this choice the most and can help
policymakers and other stakeholders in improving their strategies to increase the market share of new
car technologies.

We used the gradient boosting method, a machine learning technique with numerous applications
in predictive modelling [37]. The applications of machine learning classifiers in transport are rapidly
increasing. For example, Choi and Ahn [38] conducted a multi-level analysis combining individual
and urban characteristics regarding model trip preferences, Focas and Christidis [39] analyzed car
use, while Cheng et al. [40] developed a mode choice model using a random forest method. Machine
learning approaches allow for a higher model precision in modelling user choices than conventional
stated preference methods [41].

The main advantages of using a data driven, tree-based approach, as opposed to other discrete
choice methods frequently used in the literature (multinomial logit, hybrid choice, or latent class
models), are the ability to account for the co-dependence between independent variables and the
absence of strict assumptions concerning the model structure and parameters. Moreover, in the
particular case of the surveys used here, gradient boosting classifiers allow for the use of categorical
variables without assuming proportional odds, i.e., constant distances or monotonous relationships
between their values. Machine learning approaches offer a wide range of metrics to estimate model
precision, as well as tools for the interpretation of the results. A potential disadvantage of such
approaches stems from the nature of the issue to be analyzed: the large number of non-linear tree-like
decisions may obscure the physical interpretation of the resulting model [42,43]. Additionally, unless a
suitable validation strategy is in place, models that overfit with respect to their underlying data may
not generalize well when applied to new data.

The dependent variable of our model was a binary variable (0/1) indicating whether the user had
a high propensity to purchase a hybrid or electric vehicle (value = 1) or not (value = 0). The binary
variable was a direct transformation of the original multiclass response variable in order to simplify
the model and concentrate on the two responses of main interest (high propensity corresponds to
“certainly yes” or “probably yes”). The modelling setup followed a 40-40-20% random split of the
dataset into training, testing, and validation sets, respectively. This a standard practice in machine
learning predictive modelling. The model was trained on the training set and its precision was
evaluated using the testing set. The validation set was used for the final evaluation to ensure that the
model did not overfit and that it could generalize sufficiently well to previously unseen data. As an
evaluation metric, we used AUC (area under the curve), the most frequently used aggregate measure
of performance for classification models. AUC is a function of the true positive and false positive
rates of the model results and can range from 0 (when predictions are 100% wrong) to 1 (when all
predictions are correct). Regarding feature engineering, we created additional variables based on
the two-way interaction of categorical variables. The categorical variables, original and engineered,
were subsequently transformed into numeric variables using the standard mean likelihood encoding
technique (probability of the dependent variable, conditional on each category value).

We constructed two different base models using the variables included in the year 2014 survey
(model A) and the year 2018 survey (model B) respectively. The difference between the A and B models
was the inclusion in the 2018 survey of four questions concerning Information and Communication
Technologies (ICT) use and solutions, online-shopping, and teleworking, which were not present in
the 2014 survey, plus the resulting two-way interaction variables.

The train—test—validation procedure was performed in three combinations:
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e  Model A 2014: questions in the 2014 survey, using 2014 data.
e  Model A 2018: questions in the 2014 survey, using 2018 data.
e  Model B 2018: questions in the 2018 survey, using 2018 data.

We selected the model gradient boosting hyperparameters based on the highest AUC evaluation
score for the validation set in Model B 2018. Applying them in all three model combinations yielded
the results presented in Table 1.

Table 1. Summary of model results.

Model AUC Test Val?(ﬂﬁon Olf)::lr\lr):tz:))rfls l\l;:lf;:lflrezf
Model A 2014 0.785 0.789 19,057 115
Model A 2018 0.799 0.791 17,870 115
Model B 2018 0.824 0.821 17,870 164

All three models achieved a satisfactory level of precision, explaining a considerable part of the
variance in user preferences. There were obviously additional factors that influenced the responses and
were not covered by the surveys used, but the overall model performance was sufficient for conclusions
on certain aspects to be drawn. The stability of the validation set AUC when using different years in
model A (0.789 with 2014 data, 0.791 with 2018 data) suggests that the model could be generalized
using different datasets and that the relative importance of its variables remained constant between the
two points in time.

Likelihood by age and income played an important role in all three models, while the importance
of the region’s level of education and urbanization declined between 2014 and 2018. The average
likelihood at a regional level and at a center/suburb level remained equally important between time
points. The importance of gender, already relatively low in 2014, decreased further. The change in the
importance of the variables suggests that while the adopter profile remained centered on specific age
and income groups and was still dependent on the local conditions of the respondents’ region and
urbanization level (Section 3 and Figures 5-7), the concept of H&EVs has become more familiar to
respondents in other socio-economic groups. As a result, the variation in the propensity to purchase
appeared to decrease between 2014 and 2018.

The considerable improvement between model A and model B when using the year 2018 data
(AUC from 0.791 to 0.821) could be attributed to the inclusion of the four new questions in the
year 2018 survey, which allowed the model to capture additional information that could enrich the
interpretation of certain behavioral aspects. The number of variables that were considered as important
(i.e., contribute to variance) were 115 in model A. Adding the year 2018 new survey questions and
their derived variables increased the number of important variables to 164 in model B.

Figures 1-3 show the twelve variables with the highest relative importance of the boosted
decision trees within each model, ranked in terms of the contribution of each variable to the model.
Variable names that include “likelihood” were derived from the mean likelihood encoding (MLE) of
category combinations.
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Figure 1. Most important variables for model A 2014.
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Figure 2. Most important variables for model A 2018.
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Figure 3. Most important variables for model B 2018.

3. Survey Structure and Main Variables

The two surveys used the computer aided web interview (CAWI) methodology and aimed to
collect information on mobility patterns across Europe. The surveys focused on the use of transport
modes for urban and long-distance mobility, as well as the users” attitudes toward specific policy
measures and technologies.

The survey respondents were segmented according to socio-economic characteristics and were asked
to fill in the same questionnaire, translated in the local language, divided into four sections [35,36,44]:

e  General information on the respondent, e.g., age, gender, living area, and availability of cars and
public transport.

e Everyday mobility in terms of mode used, frequency of trips, duration, distance, inter-modality,
and judgments on main problems experienced.

e Long-distance trips: between 300 km and 1000 km and over 1000 km by purpose and by mode
made in the last 12 months.

e Attitude toward innovative transport services and transport policy issues.

The participants of the survey were selected randomly using target quotas in each country to
ensure that the share of individuals in the sample belonging to a certain group was representative
of the share of individuals belonging to the same group in the population. The stratification of the
sample was based on four variables:

e ageand gender

e employment status
e level of education
e region of residence.

The result was a sample of 1000 respondents (500 for Cyprus, Luxembourg, and Malta) in each
country that met all four stratification criteria. This meant that the sample was representative of
the country’s population and socio-economic conditions. This sampling approach also limited the
impact of the known issue of non-representativeness of individuals without access to the Internet.
All demographic and socio-economic groups were represented proportionally to their participation in
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the population, even in the cases where the group’s access to the Internet was significantly lower than
that of the overall population.

The variables we used here correspond to a subset of the original survey questions that could be
potentially relevant to a user’s decision to purchase a hybrid or electric car. We selected 27 questions
used in both the 2014 and 2018 surveys, plus 4 questions that were only used in the 2018 survey. Given
the nature of the surveys, the majority of the questions required the user to choose from a limited
number of possible answers. The resulting datasets included, as a result, predominantly categorical
variables with various levels of cardinality. This data binning approach facilitated respondents to
complete the survey and analysts to perform comparisons between a finite number of aggregate
categories, but obviously limited the quality of the information provided. The set of variables used
and their main characteristics are summarized in Table 2.

Table 2. Survey questions and variable type.

Question Variable Type Number of Category Values/Range
Consider buying hybrid or electric car Categorical 6
Country Categorical 28
Gender Binary 2
Age Integer 18 to 65
Education level Categorical 4
Region Categorical 396
Employment status Categorical 7
Number of household members Categorical 7
Income level Categorical 6
Urbanization type Categorical 4
Center or suburbs Binary 2
Driving ability Categorical 4
Number of vehicles in household Integer 0to 10
Plan to buy car in near future Categorical 5
Car sharing subscription Categorical 3
Mode of most frequent trips Categorical 12
Destination of most frequent trips Categorical 3
Frequency of most frequent trips Categorical 3
Number of passengers during last car trip Integer 1to7
Duration of last trip Numeric (minutes) 1to 120
Distance of last trip Categorical 7
Evaluation of multimodal connection Categorical 5

Categorical (multiple

Reasons to consider alternative modes
answers allowed)

12 (6 binary options)

Number of long-distance trips for work, business,

and study in the last 12 months Integer 0to 30
Number of long-distance trips for leisure and
personal reasons in the last 12 months Integer 0to 50
Number of medium distance trips for work, business Integer 0 to 50
and study in the last 12 months 8
Number of medium distance trips for leisure and Integer 0to 50
personal reasons in the last 12 months &
Use of ICT applications (only in 2018 survey) Categorical 50 (10 categorical variables with 5 choices)
Avoidance of problems through ICT .
(only in 2018 survey) Categorical 1
Teleworking to avoid trip to work Categorical 5

(only in 2018 survey)

Online shopping to avoid trip (only in 2018 survey) Categorical 5
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The share of respondents across the EU who would certainly or probably consider purchasing an
H&EV in the near future rose from 32% in 2014 to 37.4% in 2018. There was however a high variability
among EU member states, with values that ranged from 16% in Czechia to 57% in Spain (Figure 4).

Spain

Italy
Portugal
Greece
Lithuania
Austria
Hungary
Sweden
Croatia
Ireland
Germany
Great Britain
Bulgaria
Total EU
Finland
Malta
Slovenia
Latvia
Romania
Cyprus
Denmark
Netherlands
Luxembourg
Belgium
France
Poland
Slovakia
Estonia
Czechia

0% 20% 40% 60% 80% 100%

m 1 Certainly yes u 2 Probably yes m 3 Maybe yes, maybe not
m 4 Probably not m 5 Certainly not 6 Don’t know/no answer

Figure 4. Share of replies to question “If you had to purchase a new car in the near future, would you
consider purchasing a hybrid or electric car?” (2018 survey).

According to the survey’s results, males appeared to have a higher expressed propensity (“certainly
yes” or “probably yes”) to purchase an H&EV (35.6% in 2014, 41.3% in 2018) compared to females (28.2%
and 33.6%, respectively). In both surveys, there was a higher propensity for the 30—40-year-old age
group compared to younger or older respondents. Propensity was correlated with income (Figure 5),
educational attainment (Figure 6), and urbanization level (Figure 7). It was however, obvious that
these variables, as well as several others included in the surveys, were highly correlated.

The impact of income appeared to be linear: higher income levels showed a higher propensity.
Between 2014 and 2018, there was a considerable increase in the propensity of the higher middle-income
group, suggesting that the affordability of H&EV was not limited to the higher income levels anymore.
The propensity of the higher income group, while still increasing, did so at a slower pace but had already
surpassed 50%. The age impact was not linear. The exploratory data suggests that there was a correlation
with income (which increased with age) and openness to new technology (which decreased).

Respondents in larger cities (over 250,000, and especially over 1 million) had a higher propensity
than respondents in towns and rural areas. The propensity in urban areas also grew faster than that in
non-urban areas. The propensity to purchase a hybrid or electric vehicle increased with average travel
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time and the differences increased in 2018. This may seem counterintuitive given the assumption that
H&EVs are less competitive in longer-distance trips [45] but travel time was highly correlated with city
size, which was itself positively correlated with the propensity to purchase H&EVs. This hypothesis
was further reinforced by the observation that propensity rates for respondents who used the metro or
train (modes predominantly available in larger metropolitan areas) as the mode of their most frequent
trip were higher than for those using all other mode options.

At first sight, it was not possible to distinguish between the separate impacts of income, age,
educational level, area of residence, gender, etc. since many of these variables could be confounding.
In addition, the direction of the 5.2% overall change in propensity was reproduced in a rather uniform
manner at all variable levels, a pattern that obfuscated possible causal links. It was therefore necessary
to explore the data using a methodology that considered the correlation between independent variables
and allowed for the evaluation of the impact of each variable accounting for variable interactions.

High
Higher-middle
Middle
w2018
Lower-middle m 2014

Low

| prefer not to answer

0% 10% 20% 30% 40% 50% 60%

Figure 5. Propensity to purchase an H&EV by self-reported income level.

University degree or higher

=2018
m2014

High school degree or lower

0% 20% 40% 60%

Figure 6. Propensity to purchase an H&EV by educational attainment.
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Metropolitan area of a big city
with more than 1 million
inhabitants

Large city (from 250 thousand
to 1 million inhabitants)
= 2018

Small or medium town (less m2014

than 250 thousand inhabitants)

Rural area

11|

T T

0% 20% 40% 60%

Figure 7. Propensity to purchase an H&EV by urbanisation level of area of residence.

4. Discussion

The most important variables in both the 2014 and 2018 models corresponded to two-way
interactions between socio-economic variables (age, income, etc.) and region (a high cardinality
categorical variable). This implies that the respondents’ choices were highly correlated with the
average propensity of their corresponding socio-economic group in the specific region. The local
conditions for the uptake of hybrid or electric vehicles (which we could interpret as a combination of
car and fuel prices, subsidies, access restrictions, other support measures, and charging infrastructure)
had a higher impact on the variation of the responses than the socio-economic variables on their own.
For example, a high-income respondent in Madrid, the region of Spain’s capital city, would have a
higher probability to reply “certainly yes” than a high-income respondent in Andalucia, a Spanish
region with a lower population density. The difference in the probabilities could be larger than the
differences between two different income levels in Madrid. Apart from the variables that were included
in the model and were already accounted for (type of urbanization, income and education levels,
trip distances, durations and modes, etc.), there were probably local conditions that influenced these
variations. In contrast, the two-way interactions at the country level did not appear as important.
Differences between urban profiles within a country could be larger than differences between highly
urbanized regions across the European Union. The local conditions seemed to affect more purchasing
decisions that those determined at the national level. In the particular example of Madrid, the fact that
only “green” vehicles were allowed access to the city center, the extent of local subsidies to H&EVs for
taxis, and the ubiquity of charging stations all contributed to the significantly higher propensity than
in Andalusia, where both support and exposure to H&EVs was lower.

The inclusion of variables related to teleworking and online shopping improved the accuracy
of the model significantly, as indicated by the rise in AUC from 0.791 (model A with 2018 data but
without new questions) to 0.821 (model B). The relative importance of income and age decreased since
the additional variables in model B could better explain a part of the variance. The responses regarding
teleworking and online shopping were positively correlated with the propensity to purchase H&EVs
(Figures 8 and 9), while being uncorrelated between each other (p-value < 2.2 x 1071¢). This suggests
that there may have been a behavioral element at work: respondents familiar with other technological
or lifestyle innovations may be more prone to use an innovative car technology.
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Never

Only once m Certainly yes

= Probably yes
Once per month = Maybe yes, maybe not
m Probably not

3—4 times per month m Certainly not

I

m Don't know/no answer

More than 4 times per
month

|

0% 20% 40% 60% 80% 100%

Figure 8. Propensity to purchase a hybrid or an electric car in the near future by frequency of teleworking

(2018 survey).
once IR =Corny e
] m Probably yes
corcy T Vovbe ves mayhe o
1 = Probably not
Someines N Oy
| = Don't know/no answer
ore R
0% 20% 40% 60% 80% 100%

Figure 9. Propensity to purchase a hybrid or an electric car in the near future by frequency of online
shopping (2018 survey).

Despite their decreased weight, the variables related to income, age, and education still appeared
among those with the highest importance. This supports the point that these variables characterized
the early adopters of a new technology. Our data and models suggest that H&EVs became an option
for mainstream users too since the propensity for lower income and education levels also increased
while the propensity by age became more uniform.

Residing in large urban areas was a significant factor in predicting a higher propensity to buy an
H&EV. Gender, employment status, car ownership, current mobility choices, and most other behavioral
variables appeared to have a limited weight in the purported decision to purchase an H&EV. In most
cases they were correlated with a variable that already explained this choice, especially income and
urbanization type, both of which largely affected the respondents’ preferences.

Our models could not directly explain the role of support measures and subsidies since such
information was not included in the surveys. An estimation of their impact could be derived implicitly
by comparing the propensity rates in regions with strong support measures to those without any. Given
the importance of the local factors in the purchasing decisions, it appeared that measures focusing
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on the regions and socio-economic groups with an already higher propensity to buy tended to be
more effective.

5. Conclusions

This paper applied a classification model on the responses from the two cross-sectional surveys
on mobility across the EU. The surveys provided useful information on the factors that affected user
preferences and the methodology allowed for the identification of the importance of each factor in the
users’ choices. The results suggest that the propensity to purchase a hybrid or electric vehicle had
increased and that the uptake potential for purchasing a hybrid or electric vehicle rose between 2014
and 2018 across all socio-economic groups. This was probably a result of a larger part of the population
being ready to adopt new technologies as the use of such technologies was becoming more known and
widespread, infrastructure being progressively installed, purchase costs decreasing, and the market
gradually moving in general from the early adopters to the general public.

The stated propensity to purchase a hybrid or electric vehicle in the European Union countries
was only somewhat reflected in the actual market share of hybrid and electric passenger vehicles,
which, while increasing, still remained relatively low. One can assume that there was be a certain lag,
but there were probably additional factors that limited the full uptake potential. Only a subset of those
considering a purchase will make one. We can thus surmise that the 13% of respondents that would
definitely consider and the 24% that would probably consider, when it came to an actual purchasing
decision, decided still not to go for a hybrid or electric vehicle by a large margin. There may well be an
optimism bias in the respondents’ responses. They would consider buying a hybrid or electric vehicle
but when it was time to purchase, they may find them too expensive, impractical, or unsuitable for
other reasons, such as that the car model desired was still not available. Different socio-economic
groups will probably have different levels of optimism bias, but we lack the data that would allow us
to compare the stated and actual purchase rates for each group.

Our results show that respondents of higher income levels expressed a higher willingness to
purchase a hybrid or electric vehicle than those of lower income levels. This can be explained by the high
purchase price of electric vehicles, as shown in numerous studies in Europe, e.g., Junquera et al. [46], and
their effect on willingness to buy [2]. At the same time, our results imply that prices of H&EVs may be
converging toward those of conventional cars, as middle incomes are showing an increasing propensity.

The results from this study highlight something largely missing from the literature: local conditions
and regional variation played a major factor, if not decisive, regarding intentions toward acquiring
electric or hybrid vehicles in Europe. The heterogeneous spatial pattern of demand for H&EVs was
caused by a hierarchy in the factors affecting user choices. The local situation regarding mobility
needs and support measures were the principle determinants of market conditions. Within a specific
market, individual behavior followed patterns that could be explained by socio-economic variables
and openness to innovation.

Seen from a policy perspective, the finding of this study that emphasizes the importance of local
factors in H&EV adoption may provide guidance toward supporting the uptake of H&EVs through
measures that are tailored to the specific needs at the local level. For example, allowing only green
vehicles access to the city center, providing dedicated parking areas, or permitting them to use special
high-occupancy-vehicle (HOV) lanes could be some such targeted and efficient incentives.
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