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Abstract: Electric vehicles (EVs) are low-carbon innovations that decrease emissions in transportation.
Understanding what drives individual propensity to choose EVs supports policymakers in shaping
effective low-carbon mobility policies. Within the MOBSTER Interreg project, data were collected
using a survey administered to residents in three Alpine cross-border regions—Canton Ticino
(Switzerland), South Tyrol (Italy), and Verbano-Cusio-Ossola (Italy)—and were analyzed with a
logistic regression. This study reports on the relevant drivers of EV uptake, showing (i) that some
sociodemographic attributes positively impact the propensity to choose an EV (e.g., young age and
teenage children), (ii) that the presence and visibility of charging infrastructures are important, and
(iii) that the role of tourism is not a driver of EV uptake. This study confirms that policies should
consider sociodemographics, social practices, and physical infrastructures as playing roles in EV
uptake. Future research should address the issue of access to low-carbon innovations for all.
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As the most recent report from the International Energy Agency states, transportation
in 2018 was responsible for 24% of direct CO2 emissions from fuel combustion. Within the
transport sector, road vehicles account for nearly three-quarters of CO2 emissions [1].
Thus, it is urgent to reduce CO2 emissions from the transport sector and, more specifically,
from road vehicles to meet the objectives of climate change mitigation set out in the
Paris Agreement [2] by providing accessible, affordable, healthier, and cleaner mobility
alternatives to current user practices [3]. In this sense, promising technology are electric
vehicles (EVs). Even if the sales of EVs are rising and future scenarios of penetration of
EVs in the mobility market are very promising—in fact, in 2030, they are expected to count
for 15% of the global fleet—today, they are still limited to less than 1% of the global car
fleet [1,4].
Such slow uptake could be explained by the fact that diffusion of innovation, in this
case EVs, in society takes place gradually [5], and it has been claimed that innovation
adopters tend to cluster together as individuals learn about and become familiar with
innovations through others in their proximity, both geographical, e.g., neighbors, and relational, e.g., family members and friends. Europe mirrors a very similar situation: EV
sales in 2018 were 2% of total passenger cars purchases (source: European Environment
Agency). Northern European countries are front runners in the uptake of EVs in their
fleet, leaving southern states behind. Nevertheless, Alpine regions show a high potential
to decarbonize their transport sector via the adoption of EVs and to be fuelled with electricity produced by renewable energy sources produced locally [6], thus reducing affect
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the final level of greenhouse gases (GHG) production [7]. Figure 1 shows EV registration
trends in 5 Alpine regions: Switzerland’s share of EVs over the overall passenger vehicle
registrations in 2018 was well above the European average, while the Austrian share was
slightly above. On one hand, Germany and France were in line with the European figure;
on the other hand, Italy was far below. As Table 1 shows, the mix of BEVs (Battery Electric
Vehicles) and PHEVs (Plug-in Hybrid Electric Vehicles) has been varying over the last few
years, and different countries have different combinations of the two different types of
technology in overall registrations. BEVs are in general the most diffused technology in
all five countries, and their share in the overall figure has been growing in recent years.
Only France shows an opposite trend, with PHEV figures growing but representing just
one third of overall EV registrations. The penetration of EVs in these markets is too little
if they want to meet the targets of their share of renewable energy in the transport sector for 2030 (https://www.eea.europa.eu/data-and-maps/indicators/use-of-cleaner-andalternative-fuels/use-of-cleaner-and-alternative-5, accessed on 8 February 2021).

Figure 1. EV registration trends for 2016–2019 in Alpine cross-border countries. Source: ACEA,
Alternative fuel vehicle registrations and Consolidated Registrations By Country.
Table 1. Composition of EV registration in Alpine cross-border countries from 2016 to 2019.

% of BEVs
AUSTRIA
FRANCE
GERMANY
ITALY
SWITZERLAND

% of PHEVs

2016

2017

2018

2019

2016

2017

2018

2019

76%
75%
45%
51%
54%

76%
68%
46%
43%
58%

75%
68%
54%
51%
54%

81%
70%
58%
62%
75%

24%
25%
55%
49%
46%

24%
32%
54%
57%
42%

25%
32%
46%
49%
46%

19%
30%
42%
38%
25%

On the one hand, Alpine regions have the potential to decarbonize their passenger
fleets thanks to electricity production from renewable energy sources (mainly hydropower);
on the other hand, they are popular destinations for considerable tourist flows year-round,
exposing them to technological spillovers from neighboring countries. As cross-border
regions, they are also affected by availability and interoperability challenges related to
recharging infrastructure [8].
Among the Alpine regions, we selected three for our study: Canton Ticino in Switzerland, the autonomous province of South Tyrol (Italy), and the Italian province of Verbania-
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Cusio-Ossola. They were selected as they exemplify leader, early adopter, and laggard markets of EVs, as further explained in Section 3.1, and they also are cross-border
tourist regions.
This study aims to support the local decision-making process by shedding some
light on the factors that foster the diffusion of EVs in cross-border regions, focusing
on individual propensity to choose an EV. In particular, this study proposes a deeper
perspective of EV uptake, considering the pivotal change in practices that such low-carbon
innovation entails [9]. Thus, it investigates the sociodemographic characteristics of the
users to reveal more complex social dynamics, as suggested by Sovacool et al. [10], and
the integration of sustainable mobility practices and daily habits [11] within Alpine tourist
regions. Moreover, this study explores the contribution that tourism can provide in the
uptake of EVs in cross-border regions by making EVs more visible and therefore facilitating
a norm change towards EVs in local residents [12,13] as well as the role that physical
charging infrastructure has.
The specific questions addressed in this study are as follows:
•
•
•
•

Which sociodemographic characteristics affect the adoption of EVs?
Do daily life habits affect the propensity to choose an EV?
Does tourism act as a driver for EV uptake in tourist regions?
How much does charging infrastructure availability affect the choice of EVs?

We postulated a positive link between the factors mentioned above and EV purchase
intention:
Hypothesis 1 (H1). The propensity to purchase an EV differs according to sociodemographic
characteristics.
Hypothesis 2 (H2). The current mobility habits and the reasons and objectives behind these habits
affect the propensity to purchase an EV.
Hypothesis 3 (H3). Tourism acts as a positive driver for EV uptake in tourist regions.
Hypothesis 4 (H4). Charging infrastructure availability and visibility positively affect the adoption of EVs.
To answer these questions and to test the resulting hypotheses, a multidisciplinary approach is used, including social practice and transport social science, beyond the dominant
psychological and infrastructural approaches [10].
In this paper, we chose to focus on BEVs and PHEVs as they were indicated as the
most attractive technological alternatives to conventionally fuelled vehicles in order to
achieve fossil independence and a more energy-efficient transport sector [14]. We refer to
EVs as comprehensive for BEVs and PHEVs because both technologies have robust shares
in overall EV registrations.
The study reported in this paper was carried out in the framework of the Interreg
project MOBSTER (https://www.progettomobster.eu/, accessed on 8 February 2021) (electric mobility for sustainable tourism), which aims to foster economic competitiveness of
the tourism sector through the diffusion of electric mobility in cross-border Italian regions
and Switzerland.
2. Background
In this section, we first discuss the policies that have been implemented to support the
diffusion of EVs in Europe and, then, we introduce the geographical context in which this
study was conducted. We then present the current knowledge on the topics addressed by
specific research questions through a literature review.
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2.1. EV Diffusion Policies
A number of policies and incentives to support EV uptake are already in place
in most European countries; several of them have shown a positive response from the
market [15–18]. Melton et al. [19] offer a broad classification on “demand-oriented”, socalled consumer focused, and “supply-oriented” or industry-focused incentives, which for
the purpose of this paper is an appropriate one. Among different pilot and well-established
policy measures, there are fiscal and non-fiscal ones. Several studies [14,20,21] pointed
out that fiscal tools are some of the most successful ones in shaping consumer demand
for EVs in the introductory phase of this new technology, while others state that there
is still a public and scientific debate as to which of the policies provide an effective mix
to boost EV numbers in private and company fleets in a given area, especially when it
comes to cross-contamination of policy effects among different border regions [16,22,23].
Among non-fiscal incentives the most effective one was shown to be a wide diffusion
of public charging infrastructures [16,24], existing demonstration projects [16,25,26], and
changes in building codes to increase home-charging infrastructure [19], among others.
Meanwhile, DellaValle and Zubaryeva [27], argue that even in the regions that show a high
lead market for EV potential, still sales numbers in the fleet are lagging behind.
2.2. EV Diffusion in Cross-Border Regions
Regionalization in the studies of EV diffusion and adoption of policies for EV support
is fundamental to understanding the main drivers behind capillary EV adoption and
market development. Scholars [16,23,25,28] showed that, despite European and national
targets in sustainable mobility, the rate of EV purchase varies greatly among regions
and cities in Europe. The geographical scope of the studies so far focused on the UK,
Scandinavian countries, the USA, and various European capitals [10,12,29,30]. Schäuble
et al. [8] in their cross-border project analyzed in depth the technical and social needs for a
successful interoperable cross-border EV ecosystem construction in Germany and France.
Still, given the differences between EU member state regions, potential cross-contamination
factors or spillover effects for larger EV purchase remain underexplored. In the theory of
regional lead markets for new technology diffusion, the concept of leaders, early adopters,
and laggard regions exists [31,32]. For this specific study, we chose three areas that can
be classified based on the assessment of Zubaryeva et al. [28] and other characteristics
described in detail in Section 3.1: Canton Ticino (leader), South Tyrol (early adopter), and
the province of Verbania-Cusio-Ossola (laggard).
2.3. Sociodemographic Characteristics and Daily Practices
The European Green Deal [3] declared the need to provide “more affordable, accessible,
healthier and cleaner alternatives” to the current mobility practices of European citizens
to achieve sustainable transport means. Citizens and, more broadly, all users have a central
role in the transition towards sustainable mobility [33]. Hence, this research investigates the
propensity to choose an EV, exploring how a citizen contributes to the transition towards
sustainable mobility, which sociodemographic characteristics show who chooses an EV,
which current mobility habits exist, and how these habits affect the propensity to adopt EVs.
The current scientific literature investigates the relevance of gender, education, occupation, age, and household size on electric mobility preferences [10]. According to
scientific literature, the level of education is relevant in explaining, i.e., has a positive effect,
the choice—in different uptake phases—and interest in EVs [10]. Level of education is often
reported as a proxy of individual environmental sensitiveness [10]. However, it misses the
relevant component of knowledge attributed to the level of education and to the adoption
and uptake of a technological innovation [34]. Another relevant aspect is household composition, both in terms of the number of members and the presence of children [10]. These
household characteristics positively affect the ownership, use, and interest in EVs.
In changing mobility practices, sociodemographic characteristics are relevant and
reveal more complex social dynamics [10]. Social dynamics refer to behavior, more specifi-
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cally, mobility behavior, resulting from social interactions within a group. For example,
when a member of a group, e.g., household, changes their behavior, other members
consequently change their behavior too [35]. The group members have their own sociodemographic characteristics, e.g., gender, and these characteristics act within social dynamics
and daily habits. In this direction, scientific literature recognizes gender gaps in the transition towards sustainable mobility [10,36,37], especially in terms of ownership of, interest in,
and use of EVs. However, the literature shows differences in the gender gap for different
case studies without recognizing a gender rule in mobility aspects [10,36,37].
The transition towards sustainable mobility can be described as “emergent outcomes
of a dynamic system of interacting and co-evolving practices” [38]. The replication of
practices, such as mobility habits, meets the daily needs of the individual and the group [11].
Indeed, mobility is a matter of integrating everyday life with the need to reproduce social
practices, e.g., work or family life habits. When an EV does not meet daily needs, contrary
to the current mobility practices using a conventional car, an individual does not have the
propensity to choose an EV [4]. The socio-temporal rhythms of daily practices can affect
the propensity to adopt innovation and the consequential uptake of EVs [11]. In order to
investigate how mobility practices can change towards EV uptake, we need to understand
current mobility practices and why they are relevant today within our society and social
groups [10,11]. Thus, this study investigates why, how, and by whom private cars are used.
This part of the research is relevant to propose policy recommendations, based on
awareness of relevant interactions among policies, social practices, and propensity to choose
EVs [38], beyond dominant technologically and psychologically analytical approaches [4].
2.4. Neighbor Effect and Tourism as a Driver for Change
The Diffusion of Innovation Theory was developed in the 1960s by Rogers [5] to
explain how innovations spread throughout society and how individuals adopt new ideas,
products, or behavior. Diffusion of innovation in society takes place gradually, and in fact,
Rogers identifies five different categories of individuals based on their propensity to adopt
innovations [5]: innovators, early adopters, early majority, late majority, and laggards. In
the framework of innovations, the diffusion and adoption of the so-called “neighbor effect”
is embraced, which states that innovation adopters tend to cluster together, as potential
innovation adopters discover, learn about, and lean towards innovations through others in
their proximity [29]. Geographical and relational proximity to innovation adopters play a
major role in the individual’s decision to do it as well. This is particularly relevant concerning vehicles as they are especially visible as innovations [12]. The diffusion of innovation
theory has also been applied to so-called eco-innovations [39], which are products and
processes that contribute to sustainable development [40], such as photovoltaic solar panels
(PVs) or EVs. The so-called “neighbor effect” in the adoption of alternative fuel vehicles
has been proven for family members, coworkers, and neighbors [12,29,30].
By making EVs more visible, tourists who drive EVs to reach their holiday destination
could foster a norm change in local residents from conventional cars towards EVs [12,13].
As EV tourist drivers charge their EVs in their tourist destinations [41], tourism can
therefore play a strategic role in promoting sustainable mobility by acting as an “accelerator
of change” [42]. Despite Westin et al. [12] in their study hypothesizing that Swedish
residents living along the Norwegian boarder may be exposed to Norwegian EVs tourists
and that therefore their propensity to choose EVs would be affected by it, to our knowledge,
so far, no study has investigated the role of tourism as a catalyst for EV adoption.
2.5. Physical Drivers for Change: Charging Infrastructure
Public charging infrastructure distribution is recognized by experts as being one of the
most important non-fiscal incentives for initial EV diffusion in different countries with a
relatively high share of electric vehicles in new vehicle sales [16,24]. Santos and Davies [16]
showed that the majority of experts and stakeholders surveyed recognized charging infrastructures as a strong enabler for BEV and PHEV quick diffusion. As enhanced visibility of
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EVs affecting the individual’s decision to choose them has been proven, the same applies
to charging infrastructure [12]. Hence, not only is the increase in charging points in the
territory relevant but also their visibility becomes necessary. Scientific literature about the
importance of the visibility of charging points is torn apart: on one hand, some studies
found that the visible presence of charging points has a positive impact on the intention
to purchase an EV, such as a study conducted in the US [43] and another carried out in
Norway [12]; on the other hand, since many drivers charge their EVs at home or work,
another Norwegian study highlighted that the difficulty to access charging infrastructure
does not hinder EV adoption [44].
3. Material and Methods
3.1. Study Areas
The three study areas selected for this work are shown in Figure 2: Canton Ticino in
Switzerland, the autonomous province of South Tyrol (Italy), and the Italian province of
Verbania-Cusio-Ossola. Canton Ticino is the southernmost canton of Switzerland, being the
only Swiss canton completely located to the south of the Alps. In 2014, Canton Ticino was
voted the most ecologic canton in Switzerland [45]. In 2018, 53% of energy consumption
in Ticino was met using energy from renewable sources. In 2020, Canton Ticino won the
Swiss prize “Goldenen Stecker 2019” that recognized the active commitment of the canton
in favoring electromobility [26]. Additionally, the EV fleet figures (see Table 2) confirm the
role of Ticino as a lead region.

Figure 2. Map of study areas highlighting the three regions examined in this study.

The Province of South Tyrol is known as the “Green Region” of Italy for being at
the forefront in its sustainable approach in multiple sectors [27] and for its sustainable
energy mix [6]. In fact, 58% of its energy consumption is met through the use of energy
from renewable sources (if transport demand is not taken into account) [6]. In South Tyrol,
the regional government promoted EV purchases through direct incentives; moreover,
it is committed to improving charging infrastructure and to offering test drives and tax
reductions to citizens and companies [27]. Both South Tyrol and Canton Ticino have seen
increases in their EV fleet in the last years [27]. All the former make South Tyrol suitable as
an early adopter in this study.
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The Province of Verbano-Cusio-Ossola (VCO) is the smallest of the three areas, with
160,000 inhabitants. There are no specific policies for EVs at the provincial level; incentive
policies currently in place are those generally implemented at the national and regional
levels. The Piedmont Region (where the Province of VCO is located) initiatives include
car tax exemption for the first 5 years from the date of registration for hybrid vehicles
(petrol/electric supply) with power equal to or less than 100 kW and contributions from
€1000 to €10,000 for scrapping or converting to fuels other than diesel for commercial
vehicles below 3.5 tons and those from 3.5 to 12 tons used for transport by micro, small,
and medium-sized enterprises [46]. All these make VCO suitable as a laggard market in
our study.
Table 2. Fleet figures in the study areas.

Region
Population
(in thousands)
Total private vehicles fleet
(in thousands)
Number of private vehicles
(per thousand inhabitants)
Total EV fleet
(in thousands)
Number of charging points
Number of EV
(per charging point)

South Tyrol

VCO

Ticino

533

160

353

497

105

223

931

653

632

1
273

0.5
6

1
199

3.8

0.01

5.3

3.2. Questionnaire and Data Collection
The data used in this study were collected with a questionnaire survey administered by specialized interviewers who guaranteed the presence of German speakers in
order to address the German linguistic minorities of South Tyrol in their mother tongue.
Computer-Assisted Telephone Interviews (CATI) were conducted between the first and the
last weeks of March 2020. The selected sample consisted of 1000 interviews subdivided
within the three study areas proportionally to the distribution of resident populations
among them: 500 in South Tyrol, 200 in VCO, and 300 in Ticino. The distribution of interviews within each area was planned according to tourist flows (figures from 2018 for
each region), as Table 3 shows. The respondents’ contact information was extracted from
public databases, such as telephone directories. The extraction, considering the stratified
sampling, occurred randomly.
Table 3. Composition of the sample, based on population and tourist flow figures.

South Tyrol
- Bassa Atesina + Salto-Sciliar + Bolzano
- Burgraviato + Val Venosta
- Val Pusteria
- Alta Valle Isarco + Valle Isarco
Verbano-Cusio-Ossola
- Lake municipalities
- Mountain municipalities
Ticino
- Bellinzona, Alto Ticino +Lago Maggiore, Valli
- Lago di Lugano + Mendrisiotto

Population

Interviews

N.

%

N.

%

Touristic Flow
N.

%

Interviews
N.

%

531,178

50.8%

500

50%

159,664

15.3%

200

20%

354,375

33.9%

300

30%

7,519,786
2,075,708
2,090,053
2,178,836
1,175,189
3,079,681
2,741,220
338,461
1,098,200
551,573
546,627

100%
27%
28%
29%
16%
100%
70%
30%
100%
50%
50%

500
135
140
145
80
200
140
60
300
151
149

100%
27%
28%
29%
16%
100%
70%
30%
100%
50%
50%
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Given the size of the population, which we can define as infinite for the purpose of
calculating statistical error, we can consider the sample representative of the totality of the
three areas, with a sample error of ±3.10% (95% confidence level). The questionnaire comprised a maximum of 30 questions for non-EV owners and a maximum of 26 questions for
EV owners, i.e., if the respondent activated all the filter questions with their answers. A German version was offered for the German-speaking minority in South Tyrol. The duration
of the telephone interviews was on average around 10 min. The selection of items for the
survey, i.e., variables for the models, was based on previous studies [4,10–12,29,30,47–51]
and, to a minor extent, on the author’s considerations of further plausible predictors of
individual propensity to change. Table 4 provides an overview of the variables included in
the analysis and their reference in the literature.
Table 4. Sections of the survey and variables included in the analysis, with reference to the literature.

Section

Variable

Description

Variable Type

Reference

Means of transport

How the interviewee travels during
the week and on weekends/holiday

Categorical,
multiple choice

[10,11,38,49]

Weekly driving time

How much time the interviewee
spends in the car in a day,
on average, during the
week and on
weekends/holidays

Categorical

[4,11]

Weekly driving company

With whom the interviewee
travels during the week and
on weekends/holiday

Categorical,
multiple choice

[4,11]

Weekly driving reasons

Activities the interviewee
uses your car for

Categorical,
multiple choice

[4,11]

Number of vehicles

Number of vehicles owned

Descrete

[12,30,49]

Type of car

Power supply of the vehicle

Categorical

Last car purchase

Last purchase of a vehicle
by the household

Categorical

Neighbor effect

Knowledge of people who
own an EV,
and type of relationship

Categorical

[12,29,30]

Driving experience

Experience as driver of EV

Categorical

[10,47]

Policy incentives

Awareness of the possibility of
obtaining economic incentives for
the purchase of an EV

Categorical

[12,30,52]

Propensity to buy/
Purchase intention

Propensity to buy an EV
in the next 10 years

Categorical

[10,47,50]

Barriers to purchase

Current the main limitation of EVs

Categorical

[30,47,50,53]

Charging infrastructure

Presence of charging
infrastructure in the usual route

Categorical

[12]

Gender

Categorical

[10,12,29,30,36,37]

Age

Categorical

[10,12,29,30]

Car use

Vehicle ownership

Electric vehicles

Sociodemo graphics

Education

Highest education level obtained

Categorical

[12,29,30,34]

Job

Occupation

Categorical

[10,12]

Family size
and composition

Number and age
of household components

Descrete and
categorical

[10,30]

Income

Household net monthly income

Categorical

[12,29,30]

Residential area

Municipality

Categorical

[12]
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As Table 4 shows, the questionnaire consisted of four sections: in the first one, there
were questions about weekly mobility practices of interviewees; the second section gathered questions aimed at characterizing the vehicles owned by interviewees; the third
focused on questions about EVs; and finally, the last one aimed to gather sociodemographic
information about the respondents.
3.3. Statistical Model
As previously shown in the section that describes the questionnaire, different predictors of individual propensity to change were identified to be included in the statistical
model. Such factors were shown to have a significant influence on the purchase of electric
cars in scientific literature [4,10–12,29,30,47–51], and even though they were assessed alone,
in this study, the authors decided to build a model that could study the phenomenon as a
whole, that is, jointly evaluating all of the factors investigated. Thus, the model allows us to
identify which factors influence propensity to change the most and which lose significance
following the inclusion of further predictors.
The model created is a binary logistic regression in which the dependent variable,
i.e., the propensity to change, is a dichotomous variable (yes/no) deriving from the question relating to the propensity to purchase an electric/plug-in car in the next 10 years.
The questionnaire could be answered with four degrees of probability: “definitely yes”,
“probably yes”, “probably no”, and “definitely no”. To dichotomize the dependent variable, the authors decided to indicate with 1 the individuals inclined to change (definitely
and probably yes) and with 0 the non-inclined (definitely and probably no). We chose
to apply a stated intention approach, i.e., the intention to purchase an EV and not the
actual purchase, since the EV ownership rate in Southern Europe is still very low (Figure
1). The stated intention (or stated preference) approach is widely applied in research on EV
uptake [31,54,55] due to the limited real-world data on actual EV purchase and ownership.
The revealed preference approach should be preferred where possible [31]. The limitations
of the stated intention approach are described in the Discussion section.
Among the independent variables, in addition to those investigated through the
questionnaire (e.g., socioeconomic information, number of cars in the household, driving reasons, etc.), different figures were retrieved from external sources. Table 5 shows
such variables.
Table 5. Additional predictors and their sources.

Variable

Source

Population per municipality

Italy: ISTAT
Switzerland: USTAT

Annual tourist flow per municipality

South Tyrol: ASTAT
VCO: Osservatorio sul turismo
Canton Ticino: USTAT

Size of municipality in km2

Italy: ISTAT
Switzerland: USTAT

Number of EV charging points

Own calculation

The logistic model
P (Y | X ) =
where α is the constant and β the coefficients.

eα+ βX
1 + eα+ βX
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4. Results
4.1. Sample Sociodemographic Statistics
The final sample of interviews amounted to 1000 individuals, divided into the three
study areas as follows, cosistent with the total amount of residents and yearly tourist flows:
500 interviews were conducted in South Tyrol (of those, 113 were conducted in German),
300 were conducted in Canton Ticino, and 200 were conducted in Verbano-Cusio-Ossola.
The interviews were administered to a sample equally divided by gender and age (See
Table 6). In fact, 50% of interviewees were men and 50% women, the average age was 52
years old, and in general, the age classes were represented as follows: 24% of interviewee
were in the age class 18–34, 25% were in the 35–50 age group, 25% were in the 51–65 age
group, and 26% were over 65 years old. Concerning sociodemographic features, the sample
was average/highly educated, with 80% being graduates, and the incidence of retirees
was 33% of the entire sample due to the need to make the sample representative with an
important share of individuals over 65 years old. The sample households, excluding South
Tyrol where they are larger, were mainly composed of a maximum of 3 people. The average
net income of households in our sample (see Table 7) was not representative because of
the high proportion of non-respondents (34% in Italy and 37% in Canton Ticino). In CATI,
research income data were obtained with difficulty.
Table 6. Overview of sociodemographic characteristics of the sample.

South Tyrol

Gender

Age

Education
level

Household
size

Ticino

VCO

Total

N.

%

N.

%

N.

%

N.

%

Female
Male

235
265

47.0%
53.0%

160
140

53.3%
46.7%

106
94

53.0%
47.0%

501
499

50.1%
49.9%

18–34
35–50
51–65
>65
Primary or Lower
Secondary School
Professional Institute/
Apprenticeship
Upper Secondary School
Bachelor’s Degree
Master’s Degree
Bachelor’s + Master’s
Degree
PhD
NA
1
2
3
4
5
>6

112
129
130
129

22.4%
25.8%
26.0%
25.8%

78
73
71
78

26.0%
24.3%
23.7%
26.0%

53
47
50
50

26.5%
23.5%
25.0%
25.0%

243
249
251
257

24.3%
24.9%
25.1%
25.7%

64

12.8%

47

15.7%

32

16.0%

143

14.3%

21

4.2%

32

10.7%

3

1.5%

56

5.6%

278
23
87

55.6%
4.6%
17.4%

157
8
29

52.3%
2.7%
9.7%

130
4
15

65.0%
2.0%
7.5%

565
35
131

56.5%
3.5%
13.1%

22

4.4%

24

8.0%

12

6.0%

58

5.8%

2
3
78
208
83
113
9
9

0.4%
0.6%
15.6%
41.6%
16.6%
22.6%
1.8%
1.6%

2
1
63
124
56
50
7
0

0.7%
0.3%
21.0%
41.3%
18.7%
16.7%
2.3%
0%

3
1
46
76
47
23
7
1

1.5%
0.5%
23.0%
38.0%
23.5%
11.5%
3.5%
0.5%

7
5
187
408
186
186
23
10

0.7%
0.5%
18.7%
40.8%
18.6%
18.6%
2.3%
1.0%
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Table 7. Descriptive statistics of the sample income in Euro (South Tyrol and VCO) and Swiss Francs (Ticino).

a. Household Monthly Net Income in Euros (South Tyrol and VCO)
South Tyrol

Income

<1000 €
1000–2000 €
2001–3000 €
3001–4000 €
4001–5000 €
5001–6000 €
>6000 €
NA

VCO

Total

N.

%

N.

%

N.

%

13
87
128
75
31
6
7
153

2.6%
17.4%
25.6%
15.0%
6.2%
1.2%
1.4%
30.6%

8
34
31
14
10
10
10
83

4.0%
17.0%
15.5%
7.0%
5.0%
5.0%
5.0%
41.5%

21
121
159
89
41
16
17
236

3.0%
17.3%
22.7%
12.7%
5.9%
2.3%
2.4%
33.7%

b. Household net monthly income in Swiss Franc (Ticino)
Ticino

Income

<1000 CHF
1000–2000 CHF
2001–3000 CHF
3001–4000 CHF
4001–5000 CHF
5001–6000 CHF
6001–9000 CHF
9001–12,000 CHF
>12,000 CHF
NA

Total

N.

%

N.

%

11
24
34
23
27
30
29
9
2
111

3.7%
8.0%
11.3%
7.7%
9.0%
10.0%
9.7%
3.0%
0.7%
37.0%

11
24
34
23
27
30
29
9
2
111

3.7%
8.0%
11.3%
7.7%
9.0%
10.0%
9.7%
3.0%
0.7%
37.0%

4.2. Propensity to Buy an Electric Vehicle
The survey asked the interviewees about their propensity to buy an EV in the next
10 years. Only 5% said that they would buy one with certainty, while 32% would probably
buy it, with a combined 37% propensity to adopt the innovation in the forthcoming years.
This confirms a future trend similar to the Norwegian one, with a low EV uptake trend
observed in 2017 [4] and which is in line with future global EV uptake scenarios [1].
Amongst the three regions, Canton Ticino has the highest combined propensity rate (39%).
Moreover, for the age groups, an important cutoff between under and over 65 is determined:
the propensity of respondents between 18–34 and 35–50 is 51%, which is much higher than
the 12% for over 65s.
The survey also asked about the perceived barriers for future purchases of electric/plugin vehicles, and they were identified by the sample as being current sales prices (37%),
distrust of battery autonomy (27%), and reduced availability of charging stations near
home (11%). Concerning battery autonomy, if we cross-check the answers given in the
section about weekly driving habits, the duration of daily drives is in line with current
battery autonomy of the electric/plug-in vehicles on the market. Moreover, an increment
in the number of EV charging points is necessary in order to face the foreseen increase in
EVs on the roads.
4.3. Charging Infrastructure
Not only the presence but also the visibility of the EV charging infrastructure by
drivers has proven to be pivotal for the uptake of EVs [12]. The survey asked if the
respondents noticed charging points on their daily routes. The answers show that, currently,
the perceived presence is medium in the study areas, as half of the sample (52%) claims to
see them on a daily journey in their car; reaches maximum in Canton Ticino (58%); and
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is at the minimum in Verbano-Cusio-Ossola (40%), which could be due to the different
number of charging points installed in the regions (see Table 2).
4.4. The Model
The estimated model consists of sociodemographic characteristics, car use and ownership, EV experience, barriers, and charging infrastructure (see Table 4), all factors found
relevant in other studies. The results of our study (see Table 8) show that age is a significant factor but, conversely, as expected and in contrast with the results of other similar
studies [10,12], is in fact a negative element. That is, in our model with increasing age,
the propensity to choose an EV decreases.
Table 8. Logistic regression showing propensity to purchase an EV.

Model 1
Age
Bike
No. of cars
Driving company: alone
Driving company: in company
Driving reasons: holiday
Driving reasons: daily activities
Driving experience as passenger
Barriers: Costs
Barriers: Battery autonomy
Barriers: Availability of charging infrastructure
Uptake drivers: enhanced charging infrastructure
Perceived presence of charging infrastructure
Time range for EV uptake
Education level (University degree)
<12 years old children
12–18 years old children
19–25 years old children
Constant
−2 log likelihood
Nagelkerke R sq.

B

Exp(B)

−0.031 ***
0.601 **
0.693 ***
0.748 ***
0.856 ***
1.009 ***
−0.602 **
0.091 ***
1.138 ***
1.325 ***
1.433 ***
0.251 **
0.631 ***
−0.453 ***
0.652 ***
0.558 *
0.786 **
0.51
−2.277 ***
904.99
0.463

0.969
1.824
2.001
2.114
2.354
2.744
0.548
1.096
3.121
3.762
4.193
1.285
1.879
0.636
1.919
1.747
2.194
1.665
0.103

* p < 0.05. ** p < 0.01. *** p < 0.001.

Among the demographic variables, the results of our model show a positive relationship between the level of education and EV adoption, as already found in previous studies
[12]. Additionally, the presence of children in the household [10] enhances the propensity
to choose an EV, especially if their age is between 12 and 18 years old. In this case, we can
hypothesize that it is likely that parents, foreseeing the purchase of a second car as their
children are about to get their driving licence, consider the introduction of a BEV/PHEV
in the “family fleet”, as there is still enough time for the expansion of this market and for
vehicles to improve. In the case of children under 12 or over 18, however, the choice could
be seen either as too distant or too imminent to invest in an EV.
The number of cars in the household also has a positive impact on the individual
propensity to choose an EV; in fact, as the number of cars owned by the family members
increases, regardless of the type of fuel supply, the intention to purchase an EV is stronger.
This result suggests that the choice to purchase an EV occurs not for the first and principal
car of the household, but for the secondary one.
In the survey on driving times, company and reasons were investigated [4,11]. The first
variable was not significant to the model, while both usually driving alone as well as with
company have positive impacts on the propensity to purchase an EV. Concerning driving
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purposes (i.e., the activities that the car is used for), the results demonstrate that the use of
cars for long and leisurely journeys, such as reaching holiday destinations, increases the
probability of purchasing an EV, while the use of the car for daily activities and, therefore,
for short journeys causes a decrease in the propensity to choose an EV. It can therefore be
assumed that the use of the car limited to daily activities in the surrounding area does
not encourage investment in a new EV. Interestingly, among the different driving reasons
proposed in the survey, only the reason “to relax” resulted as independent (chi-square test)
from the propensity to purchase an EV, in contrast to other studies focused on Northern
Europe countries [4]. Indeed, this contradicts the results of a research carried out in
Denmark in 2017 investigating the still low local EV-uptake rate [4]. In that case, the reason
“to relax” was one of the main factors explaining the decisions not to choose an EV.
Experience with EVs [47], especially as a passenger, also influences the propensity
to change to electric mobility. The significance of both experiences as a driver and as a
passenger was tested in the model, but the first was not significant, perhaps due to the
low answer frequency obtained (4.3% with experience as a driver and 16% as a passenger).
In the model, the assessment given to the experience as a passenger in an EV was included
(evaluated in the survey on a Likert scale from 1 to 10) and it emerged that, as satisfaction
increases, the propensity to purchase an EV also increases.
Analyzing the main limits of EVs, it can be seen that the propensity to choose an EV
is greater for individuals who consider the costs, battery autonomy, or the availability
of charging infrastructures (near the home, along the travel routes, or in parking lots) as
the most critical current barriers for the uptake of EVs. In particular, those who believe
that the limited availability of charging infrastructure is the main limit today are also the
individuals with the greatest propensity to buy an EV. It can therefore be assumed that the
interviewed sample believes that the three barriers identified will be easily overcome in
the next 10 years: the purchase costs will decrease, battery autonomy will improve further,
and the number of charging points will be suitable for the number of EVs on the roads.
The availability of a charging infrastructure is a factor that appears several times
within the model, not only as a current barrier for EV uptake. In fact, it can be noted
that the variables “Influence of the greater diffusion of charging infrastructures on the
uptake of EVs in the next 10 years” and “Perceived presence of charging points along
the daily route” are also significant, confirming that both social practices and physical
infrastructures are relevant in promoting EV uptake [11]. The first variable evaluates
how influential an individual considers the increment of charging infrastructure for the
diffusion of BEVs/PHEVs (evaluation on a Likert scale from 1 to 5), and it can be deduced
that, the greater the degree of influence measured, the greater the propensity to choose an
EV. The second variable, on the other hand, detects whether the charging infrastructure
is present or more visible and is noticed along the path usually travelled. In this case, in
the survey, three possible answers were available: “yes”, “no”, and “I don’t know/I didn’t
notice”. To insert this variable into the model, we decided to transform it into a dichotomy:
1 = “yes”, and 0 = “no” or “I don’t know/I didn’t notice”. The results show that, in this
case, the variable also positively affects the propensity to purchase an EV; therefore, the
presence and visibility of a charging infrastructure has been proven to be a relevant factor
in future development of the EV market.
The last significant variable analyzed in the model is the temporal forecast for EV
uptake. From the results, it emerges that the propensity for EV adoption decreases with
increasing time, within which we expect to see almost only BEVs/PHEVs on the roads
in the area of residence. This easily suggests that, the more likely an individual feels that
EVs will soon be adopted by society, the more likely he or she is to embrace it. In this
way, an individual observes social dynamics and the main mobility practices recognized as
prominent within society [10,11].
Other variables, beyond the ones finally inserted into the model, were tested to
assess their significance and the dependency relationship with other variables. One of the
objectives of this study was to evaluate whether tourism [12] played a role in affecting the
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intention of residents from tourist regions to choose EVs. This variable tested in our model
was not significant. The reasons can be manifold, but the answers to our survey highlight
that there is very little knowledge of tourists with BEVs/PHEVs (only one interviewee
in the total sample) and that, on average, it is believed that tourism does not have a
great impact on the presence of EVs in the study areas (average: 2.40 out of 5). Since the
data about a possible neighbor effect of tourism retrieved through the survey was not
significant, we tested the tourism effect through official data related to the tourist flow
of the municipality of residence (data relating to arrivals in 2018). This allowed us to
assess whether locations with greater tourist flows were more likely to adopt innovation,
and tourism emerged as not significant in predicting this. We can therefore state that, at
the moment, tourism, also due to the scarce diffusion of BEV/PHEV, has no dependency
relationship with the propensity of the residents of tourist areas to purchase an EV.
Another variable that surprisingly, and in contrast with what was already discovered
in former studies, showed that the variable of gender was not significance in our model.
By carrying out a chi-squared test to verify the independence of the two variables, the
results show (see Table 9) that there is no relationship of dependence between gender
and propensity to purchase an EV. The same test was also performed to check whether
there was any relationship between the area of residence (South Tyrol, Canton Ticino, and
Verbano Cusio Ossola) and the propensity to change (see Table 10). Additionally, in this
case, the results show independence between the variables.
Table 9. Chi-squared test on gender.

Propensity to Purchase an EV
Male
Female
Tot.

No

Yes

314
315
629

185
186
371

χ2 0.00. df 1.

Table 10. Chi-squared test on residence area.

Propensity to Purchase an EV
South Tyrol
Ticino
Verbano Cusio Ossola
Tot.

No

Yes

316
184
129
629

184
116
71
371

χ2 0.554. df 2.

Finally, the last two factors that were believed to be significant in the construction of
the model, based on the literature review, are knowledge of people owning BEVs/PHEVs,
the so-called neighbor effect [12,29,30], and the presence of EV purchase incentives [30].
As the test results show, in both cases, there is a dependency relationship between the
propensity to purchase an EV and knowledge, both of people (see Table 11) and incentives
(see Table 12). It can therefore be deduced that the relationship between the variables is
explained by other factors in the two models proposed above, following the introduction
of other information to the model itself.
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Table 11. Chi-squared test on knowledge of people owning BEVs/PHEVs.

Propensity to Purchase an EV
Knowledge
Not knowledge
Tot.

No

Yes

134
495
629

178
193
371

χ2 77.277. df 1.

Table 12. Chi-squared test on knowledge of incentives for EV purchases.

Propensity to Purchase an EV
Knowledge
Not knowledge
Tot.

No

Yes

413
216
629

311
60
371

χ2 38.546. df 1.

For the first variable in particular, a logistic regression model was developed (see
Table 13), which can explain the relationship between the degree of knowledge and the
propensity to purchase an EV. In this case, it can be said that the propensity to purchase an
EV is greater if people in their close friends circles have already made this choice. In relation
to tourists and relatives, however, this was not significant in the model.
Table 13. Logistic regression model showing the neighbor effect on the propensity to purchase an EV.

Model 2
Relatives
Friends
Colleagues
Neighbors
Tourists
Constant
−2 log likelihood
Nagelkerke R sq.

B

Exp(B)

0.374
1.313 ***
0.898 **
0.849 ***
−20.307
−0.896
1241.251
0.102

1.454
3.719
2.454
2.336
0.000
0.408

* p < 0.05. ** p < 0.01. *** p < 0.001.

5. Discussion
The results of our study have been, to some extent, consistent with existing literature
on the topic but have also contributed to the existing knowledge by adding some insightful
considerations. In fact, even if scientific literature often confirms that young people prefer
to walk and that old people prefer to own a private car to move around [10], in this
study, young people are the most inclined to buy an EV, probably due to the daily needs
of their social life. Indeed, the two age groups have different social dynamics within
the family and different daily practices linked to family, work, and free time [10]. The
greater propensity of young people to purchase an EV may also be due to their greater
sensitivity to environmental sustainability compared to the elderly [56,57]. This greater
attention to the environment is also evident from the use of conventional bikes as a mean
of transport: daily bike use entails a greater propensity to purchase EVs, confirming that
pro-environmental choices can lead to other environmentally friendly behavior [56]. While
practices concerning free time and holidays seem to support the propensity to buy an
EV in the study areas, new means of transportation do not seem to be able to answer
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daily mobility needs. Concerning the perceived present barriers to future EV purchase
in our study’s sample, primarily sales prices and battery autonomy, the IEA foresees
that the number of EV purchases will increase in the next few years also thanks to fiscal
incentives and other complementary measures [17] that would lessen the economic burden
of purchasing an EV. Moreover, to overcome mistrust towards EV battery autonomy,
both information campaigns on battery autonomy and important investments in charging
infrastructures are needed [17]. However, EV recharging is time-consuming and further
research should investigate if recharging time is in line with daily habits [4]. More generally,
from our study, the broader issue of charging infrastructure—not only the charging time
but also the location, number, and visibility of the charging points—emerges as pivotal
concern and should be further explored. In any case, the results of our study point out that
the interviewed sample considers that such barriers will be overcome within the next 10
years. The message coming from fiscal and non-fiscal incentives either from national or
local policymakers has positively reached the targeted population. Future research should
also further explore the potential neighbor effect that tourism may have. Our study was not
able to verify this, probably limited by the fact that tourists driving EVs visiting the study
areas are still too few. Moreover, another possible explanation for the lack of a neighbor
effect of tourists over residents could be that the ties between tourists and residents could
be too weak [29].
Some questions remain unanswered. In this direction, some limitations of our study
should be pointed out. Firstly, as mentioned in Section 3, the outcome variable for our model
was stated as the intention to purchase an EV and is not actual choice. Hence, there could
be potential biases in responses, since the stated intention could not match actual purchases,
leading to a gap between stated and actual purchase, the so-called hypothetical bias [31,54,55].
This limitation potentially undermines the results in forecasting EV uptake in the case study
regions [31]. Nonetheless, since EV uptake rates in Southern Europe are still low, this study
could not use figures about actual ownership of EVs, and the use of stated preference surveys
is an approach widely used to overcome the limited existence of actual EV purchase data
[31,55]. Secondly, it was not possible to assess the impact of wealth, the household net income
in our study on the propensity to adopt low-carbon innovations due to the sensitivity of the
information itself, which is difficult to retrieve through surveys, as was the case in our study.
Nonetheless, future research should address the issue of access to low-carbon innovations,
in terms of ownership, to guarantee the inclusion of all end users in the energy transition,
including vulnerable and marginalized users, adopting the lens of energy justice [9]. Moreover,
our study combines BEVs and PHEVs together as they both represent attractive technological
alternatives to conventionally fuelled vehicles and their equal cumulative presence is still very
limited in the case study areas of this study. However, they are characterized by different
features, the impact of which on owner behaviors and perceived barriers of each technology
varies (e.g., range anxiety is limited for PHEVs as the driver can switch to fuel if the vehicle
runs out of charge). Finally, we acknowledge that the individual decision to purchase an EV is
influenced not only by the factors used in our model but also by others, e.g., environmental
beliefs and values [50,58,59]. We indirectly recognized the role of these latter factors using the
level of education and age as a proxy for them.
The results of our study confirm that both social practices and physical infrastructure play major roles in EV uptake and should therefore be taken into consideration for
policy making.
6. Conclusions
The results of this study highlight, on the one hand, the still limited penetration of
BEVs/PHEVs in the three study areas—only 0.5% of our sample in fact owns an EV—and,
on the other hand, that strong barriers to purchase currently still exist, determined in particular
by the high prices of EVs, doubts about battery autonomy, and the limited presence of charging
points in the territory. The three study areas widely differ in the diffusion of EV technology
and related infrastructure. In fact, our study confirms that VCO is the territory where residents
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mostly use private cars for weekly trips, with very low rates for public transport and bicycle use.
It is also the area with more vehicles per family unit, and more recently bought and new (not
used) vehicles compared to South Tyrol and Canton Ticino. The VCO is therefore a province
where residents have a preference towards conventional cars. A lack of interest in electric
vehicles is primarily due to the current cost of this technology and, more interestingly, due to the
scarce availability of charging infrastructures. These results confirm that VCO is an EV laggard
market in our investigation. Canton of Ticino is the most advanced region present in terms of
EV development. It is in fact the area with the lowest private car ownership rate and with the
highest percentage of people who travel during the week using public transport. Interestingly,
it is the territory with the lowest penetration of electric bikes but the greatest possession of
BEV/PHEV among the three areas. In fact, compared to the other two territories, the purchase
cost is not perceived as such a widespread problem and the availability of recharging points is
not thought of as a problem for residents. It is also the area with the highest declared propensity
to purchase electric cars. All these confirm the role of Canton Ticino as a leading region in this
study. Finally, South Tyrol ranks intermediately compared to the other two territories regarding
the diffusion of EVs and related services. Residents in South Tyrol use public transport and
conventional bikes more on weekdays than those residing in VCO and Canton Ticino. The possession of electric bikes is also more widespread, the number of cars owned per family unit
is smaller, and the car fleet is older than in the VCO and Ticino. The perceived presence of
charging points for electric cars reflects a widespread installation that has been developed in
recent years in South Tyrol.
Looking to the future, the stated propensity to purchase an EV in the next 10 years
is generally high, which is consistent with the future scenarios of EV uptake. Such an
uptake will however depend on endeavors to enhance charging infrastructure and on
the reduction of purchase costs. As support to the descriptive statistic results, the model,
developed to predict which are the most relevant factors influencing the propensity to
purchase an EV, suggests that the demographic profile of individuals most likely to choose
an EV is as follows: young people with a high level of education, with at least one child
between 12 and 18 years old, and with more than one car per household or often making
long journeys. The regression model also confirms that the driving reasons linked to
daily activities and habits affect the propensity to choose and EV, hence confirming H2
proposed in the Introduction. Therefore, the sociodemographic characteristics positively
affecting the propensity of EV purchase are young age, high education level, and presence
of youth among the household components. This confirms H1. The importance of both
the presence and visibility of charging infrastructure stated in the literature is confirmed
by this study, confirming also H4. The daily practices and user mobility needs as well as
physical infrastructures are relevant in explaining the propensity to buy an EV and the
consequent uptake of this innovation. This research is an attempt to define the relationship
between the propensity to buy an EV, sociodemographic characteristics, social dynamics,
and current mobility practices. These results support the hypothesis that the practices
and lifestyles of the young people profiled as explained above increase the propensity
to buy EVs and promote the uptake of sustainable mobility. From further investigation,
the tourist flows of EV drivers in the study areas at the moment would not provide any
type of influence for residents in the purchase of such cars. Thus, H3 was not confirmed.
Finally, this study proposes some insights into the specific Alpine regional context. The results can inform on mobility strategy and planning within the Alpine region, in particular,
Swiss Canton Ticino, and the Italian Provinces of South Tyrol and Verbano-Cusio-Ossola.
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