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ABSTRACT ARTICLE HISTORY
Battery electric vehicles (BEV) are essential in most countries’ Received 8 April 2021
transition towards an efficient, cleaner and low-carbon transport Accepted 17 December 2021
system. BEV technology has been making rapid progress, but low

market uptake poses major challenges for governments and i —_

q A iterature review; literature
industry. Based on the _PRISMA framework (Preferred Reporting assessment; plug-in electric
Items for Systematic Reviews and Meta-Analyses), we assessed 94 vehicle; public support;
studies pub|IShed in the era of BEVs becoming visible market consumer preferences; BEV
products between 2010 and 2019. The main goal is to uptake

understand what we know about attitudes and behaviour of

consumers/citizens towards BEVs. In contrast to the conventional

wisdom that we know the key facilitators and obstacles in this

area, we find that few studies are designed to identify causal

effects of facilitators and obstacles, and findings on widely

presumed key determinants are surprisingly mixed and context-

dependent. We conclude that we still lack robust evidence on the

facilitators of BEV uptake and prospective ownership. Moreover,

and particularly alarming from a scientific viewpoint, many

existing studies cannot be replicated because the respective data

is unavailable, neither publicly accessible nor on request. Given

the saliency of the issue, the main implication of our assessment

is that a concerted, internationally coordinated effort in this area

is needed, based on pre-registration of study designs and full

accessibility of replication data.

KEYWORDS

1. Introduction

The passenger transport sector has severe impacts on human health (Nieuwenhuijsen, 2018)
and the environment (Victor, Geels, & Sharpe, 2019) as it contributes both to local air and
noise pollution and global climate change (Creutzig et al, 2015; Fuglestvedt, Berntsen,
Myhre, Rypdal, & Skeie, 2008; Howey, 2012; Lelieveld, Evans, Fnais, Giannadaki, & Pozzer,
2015; Mills et al,, 2009). For instance, transportation accounts for one-third of global
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carbon dioxide emissions (International Energy Agency, 2020). Motorised private transport,
including private cars and vans, accounts for almost half of this share (Anable, Brand, Tran, &
Eyre, 2012; Intergovernmental Panel on Climate Change, 2018; Nejat, Jomehzadeh, Taheri,
Gohari, & Majid, 2015; Rodrigue, Comtois, & Slack, 2020). Reducing emissions from motorised
private transport is crucial in meeting the Paris Agreement goals (Rockstrém et al., 2017).

Electric mobility based on battery electric vehicles (BEVs) figures prominently in many
countries’ energy transition and sustainable mobility strategies (Koppelaar & Middelkoop,
2017). Compared to conventional (internal combustion engine, ICE) vehicles, BEVs allow
for individual motorised transportation exclusively based on electricity from the grid or
local sources, ideally from low-emission sources (Ajanovic & Haas, 2016; Kurani, Axsen,
& Caperello, 2009). BEV technology has made rapid progress over the past few years.
However, BEV uptake has been relatively slow (Almeida Neves, Cardoso Marques, &
Alberto Fuinhas, 2019), with notable exceptions such as Norway. This paper assesses
the existing scientific literature on the facilitators of and obstacles to BEV uptake. We
assume that effective policies in this area should be based on a good understanding of
consumer attitudes and behaviour.

Existing research on consumers’ attitudes and preferences towards BEVs has focused
primarily on technical (acceleration, range, recharging time), contextual (charging avail-
ability, environmental impact, policy incentives), cost-related (purchase and operational
costs, resale value), sociodemographic (income, education, gender, age), BEV-experience
(knowledge and familiarity), or social (norms, neighbourhood effects) factors. However,
there is still much debate about which factors are more (or less) relevant in different
socio-cultural and decision contexts. Several reviews and meta-studies have looked into
attitudes and preferences concerning BEVs, including Lane and Potter (2007), Li, Long,
Chen, and Geng (2017), Rezvani, Jansson, and Bodin (2015), Liao, Molin, and van Wee
(2017), Daramy-Williams, Anable, and Grant-Muller (2019), Coffman, Bernstein, and Wee
(2017), and Hardman et al. (2018). We build and expand on these reviews, focusing on
assessing study designs, the reliability of findings, and how these relate to the identified
facilitators’ effect directions in the existing literature. In other words, we aim to evaluate
the reliability of existing research findings by assessing study designs. To do so, we cat-
egorise facilitators affecting consumers’ BEV preferences based on the study design
assessment and the identified reliability of the study approaches. Specifically, we categor-
ise effect directions based on whether the studies apply an experimental. Therefore, our
approach here goes beyond existing literature reviews and allows us to assess the
reliability of already well-studied drivers of BEV acceptance.

Specifically, this literature review aims to answer the following questions: (1) How
reliable are these studies on BEV acceptance regarding replicability, generalizability,
and survey design? (2) What facilitators affect consumers’ preferences regarding BEV
acceptance? Our assessment is based on peer-reviewed studies published in 2010-
2019 that use survey methods (including but not limited to survey experiments) to
explain BEV preferences and uptake variation. We focus on publications focusing on
battery electric vehicles. However, we also included studies dealing with other electric
vehicles (such as plug-in hybrids) but only assessed results focusing on BEVs. To gather
research articles for the study, we used the search engines and databases Web of
Science and Google Scholar as a start. Many of these publications contain a brief
review of existing research, which enabled backwards snowballing. We only include
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studies after 2010 because they cover findings from an era where BEVs reached a con-
siderable amount of market visibility and comprise the most important influence for
current studies as technologies are similar.

2. Selection of studies

Along the lines of the “preferred reporting items for systematic reviews and meta-ana-
lyses” (PRISMA) approach (Moher, Liberati, Tetzlaff, & Altman, 2009), we searched for
peer-reviewed scientific journal articles. The literature review and identification of rel-
evant publications were conducted from February to April 2020, focusing on articles pub-
lished in the last decade (2010-2019). The inclusion criteria were specified in advance. We
included articles focusing on facilitators of BEV acceptance based on a consumer or popu-
lation survey or survey-embedded experiment. The outcome variable of interest was con-
ceptualised broadly in terms of the “intention to buy a BEV,” “willingness to purchase a
BEV,” “support of BEV uptake,” (or the negation of the previously mentioned terms), “will-
ingness to pay for a BEV,” “support of BEV uptake,” and “general opinions towards BEVs.”
In what follows, we will refer to the aforementioned different words describing attitudes
and preferences concerning BEV - although we acknowledge some nuanced differences
across the concepts — as BEV acceptance. All search terms were in English. We focused on
the years 2010-2019 because BEVs developed from being a small niche product to a
visible market product in this period (Koppelaar & Middelkoop, 2017). We consider this
market visibility important because individuals are more likely to have well-defined atti-
tudes and preferences over something they are at least somewhat familiar with (Liber-
man, Trope, & Stephan, 2007).

Potentially relevant studies were identified using the Web of Science databases using
the following search string:

(Ts = ((electric and vehicle and battery) and survey and (intention to buy OR willingness to
pay OR acceptance))) and language: (English) and document types: (Article) indexes = SCI-
Expanded, sSCI, A&HCI, cPCI-S, cPCI-SSH, bKCI-S, bKCI-SSH, eSCl, CCR-Expanded, IC timespan
=2010-2019

We also used Google Scholar to identify further material not listed in the Web of Science.
These sources were searched with the following search string on Google Scholar:

“electric vehicle” OR “battery electric vehicle” OR “battery electric vehicles” OR “BEV” OR
“BEVs” AND “survey” OR “intention to buy” OR “willingness to pay” OR “acceptance”

Figure 1 displays the PRISMA flow diagram proposed by Moher et al. (Moher et al.,
2009). The initial searches yielded 196 articles. 43 articles were identified through data-
base searching, and an additional 153 records based on the forward and backward
snowballing technique (Jalali & Wohlin, 2012). After removing duplicates (n=2), 194
articles were selected for screening. We then excluded articles that were not peer-
reviewed and not published between 2010 and 2019. We thus excluded reports,
working and conference papers as we deliberately decided on having the peer
review process as a qualitative evaluation system to rely on. While we acknowledge
that other types of work, for example, conferences proceedings, may have gone
through rigorous processes including peer-review too, we nevertheless set journal
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Records identified through Additional records identified
database searching through other sources
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l

Studies included in qualitative synthesis
(n=294)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
of information through the stages of the review.

review processes as the minimum quality requirements due to the intrinsic subjectivity
of this evaluation system.

163 articles were consequently selected for a full review. We selected studies based
on consumer and population surveys and focused on BEVs. Specifically, studies had to
include an analysis assessing facilitators of BEV acceptance or were otherwise
excluded if they only focused on other drivetrains such as plug-in hybrid electric
vehicles (PHEVs). 69 of these studies did not meet the inclusion criteria because
they were not based on a survey. This exclusion results in 94 eligible peer-reviewed
articles (see Appendix A2).

The 94 studies on which we base our assessment were published in 41 peer-
reviewed journals and used survey-based research to identify the facilitators of BEV
uptake. We synthesised those 94 articles by coding each of them according to facilita-
tors of BEV acceptance. We trained paid research assistants as coders. In addition, the
authors also coded articles and double-checked the coding results. We then discussed
diverging assessments of these pending cases between the authors to make a final
decision.

The facilitators were in a first-round identified by the authors and collected by the
coders, resulting in a total of 21 explanatory facilitators. In a second round, we then
checked in each of those 94 studies whether the respective facilitators were part of the
analysis and coded them according to whether they were not present (NA), had a positive
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(1), negative (—1) or no (0) effect, which is displayed and discussed in section 4. Specifi-
cally, results of the analyzed facilitators of BEV acceptance were categorised regarding
their overall effect on BEV acceptance: 1 if it had a statistically significant positive effect
within a 95% confidence interval, —1 for statistically significant negative effects, and 0
for null-effects and statistically insignificant results. These results are presented in
section 4. To summarise and better illustrate the 21 facilitators, we additionally
grouped them into seven overarching determinant categories:

1) Technical determinants: motor power, driving range, reliability, and recharging time;

2) Contextual determinants: market availability, charging availability, environmental
impact, and policy incentives;

3) Cost related determinants: purchase and operation costs, fuel efficiency, and resale
value;

4) Sociodemographic determinants: income, education, gender, and age;

5) Attitudinal and behavioural determinants: travel demand, number of vehicles in
household, environmental attitudes, and technology attitudes;

6) BEV-specific experience: knowledge, and familiarity;

7) Social determinants: social and personal norms, neighbourhood effects, and word-of-
mouth effects.

We were solely interested in the direct effects of the studied facilitators on BEV
acceptance. However, there are several potential interactions among those facilitators
also leading to indirect effects. One example includes policy incentives that can, for
example, affect both prices (e.g. cost-related measures such as subsidies) and infra-
structure (e.g. infrastructure built-up such as charging stations). We, however, only
focused on what the presence or announcement of this specific factor (for example,
a policy measure) has on BEV acceptance. We deliberately did not include interaction
effects, although several studies also focus and control for these within their research
designs.

3. Replication material and study scope assessment

Besides synthesising the 94 studies along those lines, we assessed their overall study
design and reliability. Specifically, we examined four aspects indicating the overall
quality of the research field: (1) Replication data availability, (2) overall geographical
scopes, (3) sampling quality and representativeness, and (4) causal identification strategy.

First, we looked at data availability. Given the replication crisis in various areas of the
sciences (Camerer et al,, 2016; Fanelli, 2010), we firmly believe that both scientists and
policy-makers should have more confidence in findings that third parties can replicate,
including data processing leading from (anonymized) raw survey data to the data that
is analyzed and produced the reported findings. This does not mean that study results
for which replication data is not available are uninteresting or useless. However, in the
absence of replication data, no one except the researcher(s) will judge how reliable
and trustworthy the respective findings are.

To assess the 94 identified articles in this respect, we followed a two-step approach.
First, we checked whether data for the study was made available in a public repository.
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Second, until some years ago, it was more common to make data available only on
request. We contacted corresponding study authors by email’ (if the data was not publicly
available) and later additional co-authors if the corresponding author did not respond.
After one reminder email (if needed) and still no response, we categorised data availability
for the respective study as “no response”. We collected the data sets and codebooks that
were accessible online or that we received in a replication data folder. All 94 articles were
coded according to these criteria:

1. Replication data is available online in a public repository.
2. Replication data is available on request

3. Replication data is not available

4. No response (Replication data is not available)?

Figure 2 provides an overview of the data availability for the 94 studies in our assess-
ment. Only six studies provide online access to their replication material. Additionally, the
authors of 27 studies were willing to send us their data upon request and did so but did
not allow us to make data publicly available.? The authors of 30 studies were not willing or
able to share the data with us. Reasons to not share the data were (1) a university ethics
council/IRB agreement incompatible with sharing the data, (2) non-accessibility of the
data, and (3) that they were simply not willing to share their data. For another 31
studies, we failed to get any reply to our request — either because we simply did not
receive any replies or the contact information was outdated.

Additionally to replicability as a quality assessment, we were also interested in the geo-
graphical scopes of existing studies. Specifically, we argue that in geographical scope,
generalizability and external reliability may be limited if only a handful of countries
have so far been studied. Figure 3 provides an overview of the geographic scope of
the 94 studies, as we argue that cultural, economic, social and political country-context
matter. It shows that existing research focuses heavily on North America and Europe,
with a few studies also covering countries in Asia. Most studies (23) focus on the U.S,, fol-
lowed by Germany (15), and Canada (11). Nine studies were conducted in Norway and

301

20- 13
=

10+

| —

O non-experimental studies [ | experimental studies

Figure 2. Availability of replication material.
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Figure 3. Geographical distribution of studies by country.

China each, followed by the Netherlands, Denmark, and Sweden with seven studies each.
The 94 studies covered 19 countries, whereas seven focused on more than one country
but never more than five countries per single study.

Unbeknown to us in any previous review of BEV acceptance factors, we also assessed
the sampling quality and representativeness of studies. Specifically, we qualified studies
by their study population (e.g. the population the study aims to generalise on) and
whether it is based on a representative random sample or not (see Appendix A2 for an
overview of all studies). This assessment is important because we essentially want to con-
clude on consumers or citizens view in general, at least for a given country and point in
time. But, we can do that only if we have high-quality representative (random) samples of
the respective population. For example, studies of technical university employees may
show positive effects. However, such results may mean nothing for the average consumer
or citizen.

Sampling quality and inferences for the population of consumers and citizens across
the identified studies vary greatly. The study population was thus rather diverse. 33
studies used a population-based sample to assess their research questions. 31 studies
focused on individuals who were about to buy a car soon or did so within the past few
years. Another 20 studies focused merely on motorists, thus only including individuals
who already own a car. Five studies specifically asked BEV users. Other studies also
focused on driving schools, EV association members, car-sharing members, or technology
enthusiasts. In addition, a total of 2 studies did not specify their study population. Of the
94 studies identified, 27 are based on a representative random sampling approach (see
Appendix A2). The majority of studies thus does not rely on representative random
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samples of a population for which inferences are drawn. In addition, a vast majority of the
identified studies do not indicate detailed response rates or even the specific population
from which they were sampling. These points imply only limited possibilities to generalise
findings, draw conclusions on the study population, and replicate individual studies
within another context or point in time.

Unbeknown to us in any previous review of BEV acceptance factors, we also differen-
tiated studies by whether their data and findings were based on an experimental or
non-experimental study design because experimental approaches are usually con-
sidered the “gold standard” for identifying causal effects. However, few studies use
such study designs (Graham-Rowe et al., 2012; Schmalfu8, Mihl, & Krems, 2017). In
the following section, we have thus coded the included facilitators by whether
studies rely on an experimental or non-experimental study design. Overall, 37 of the
94 studies relied on an experimental approach (or a similar causal identification strat-
egy). Thus, only around 40% of the studies are designed to identify causal effects of facil-
itators and obstacles.

Overall, the findings for these four assessment criteria are somewhat alarming, specifi-
cally as findings on widely presumed key determinants can be highly context-dependent.
First, few studies have accessible replication materials, neither publicly nor on request,
thus raising questions on their replicability. Second, the geographical scope of the exist-
ing research is predominantly limited to North America and some European countries,
thus raising questions regarding the robustness and generalizability of the studied
results in another context, specifically in developing countries. Third, sampling quality
appears to be somewhat skewed towards early adopters rather than the general popu-
lation. Only a few studies rely on random samples of a population for which inferences
are drawn. This finding thus again challenges the generalizability of the presented
results. Last but not least, only a minority of papers applied methodological approaches
allowing for causal identification strategies, thus questioning the cause-effect connection
of BEV acceptance and the studied facilitators.

4. Determinants of BEV acceptance

A rigorous quantitative meta-analysis based on the six online available datasets from the
94 identified studies is prone to errors. The reasons are twofold: first, we seek to synthesise
findings for both studies for which replication data is available and for those where this is
not the case. Second, depending on scientific discipline and context, outcome variables
and determinants are conceptualised, defined, and measured differently, and studies
focus on different sets of determinants. For these reasons, the following assessment
focuses on the direction of (positive, negative, no effect) identified effects of particular
determinants rather than a comparison of significance levels and substantive effects in
statistical models.

Overall, the categorisation of findings across different studies by grouping them into
the different facilitators allows us to identify consistency of findings across the different
studies and thus assess what facilitators have a) shown to be robust across different con-
texts and over time, and b) been predominantly studied. Our review of the 94 studies
results in 21 facilitators classified into the seven determinant groups above, presented
in the remainder of this section.
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Figure 4. Effect of technical determinants on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. Color-codes indicate experimental or non-experimental study design.

4.1. Technical determinants

Figure 4 shows the coverage of and findings for four technical, car-specific determinants
that may affect BEV acceptance. Motor power refers to different concepts usually associ-
ated with performance, such as top speed, engine power, and acceleration time. Driving
range means the maximum distance a BEV can drive with a single full charge. Reliability
refers to how individuals assess the quality and stability of a BEV and how they view BEV
technology overall, thus summarising the assessment of technical determinants. Charging
time refers to the total time used to recharge a BEV, depending on the battery capacity
and the charger’s power.

It turns out that 14 out of 16 studies dealing with motor power show that individuals
generally prefer more motor power (Larson, Viafara, Parsons, & Elias, 2014; She, Qing Sun,
& Xie, & C, 2017; Ziegler, 2012). However, in Mabit and Fosgerau (2011), acceleration time
has no significant effect, probably because heterogeneous preferences in the population
may cancel each other out. Specifically, women prefer lower acceleration compared to
men who prefer higher-performance vehicles (Mabit & Fosgerau, 2011).

Driving range is one of the most frequently studied determinants in this literature and
can vary highly depending on car type and usage. For example, the approximate driving
range for a 2013 EV was around 120 km, but is steadily increasing with the 2016 Tesla S-90
model approximately reaching up to 500 km (Kempton, 2016). 45 out of 53 studies cover-
ing this determinant find a positive association between the higher driving range and pro-
BEV acceptance. However, many studies focus primarily on (the fear of) limited driving
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range, which we jointly assessed for comparison. For example, Carley, Krause, Lane, and
Graham (2013) report that, based on a survey with citizens in large U.S. cities, over 70% of
respondents consider the (comparatively lower) driving range of BEVs to be a disadvan-
tage. Also, focusing on staff members of a technological university, Egbue and Long
(2012) find that one-third of the respondents named limited battery range as their
major concern. In a nationwide U.S. survey, Hidrue, Parsons, Kempton, and Gardner
(2011) found that their respondents were willing to pay $5600 ($12,700) more when
increasing the driving range from 75 to 150 (300) miles. Hackbarth and Madlener
(2013) found similar results showing that German respondents were willing to pay
€16-33 more for each additional kilometre a BEV can drive with one charge.

Views on new technologies may act as a barrier to adoption. For BEVs, such views
may appear in the form of concerns and uncertainties about the market readiness of
the technology and its reliability (Berkeley, Jarvis, & Jones, 2018). Stronger beliefs in
the reliability of the BEV technology should thus result in greater BEV acceptance. In
an online survey with 481 respondents from a U.S.-based technical university, 10%
named reliability their biggest concern (Egbue & Long, 2012). In a study of 476
Tianjin (China) urban residents, reliability ranked second among 14 different concerns
regarding BEVs (She et al., 2017).

Charging time can vary highly depending on the car type, the charger type, and the
percentage of the recharged battery. For example, slow charging for a Nissan Leaf
takes around 11 hours, and rapid charging 1 hour, while these numbers are approximately
double as high for a Tesla Model S. 24 out of 30 studies report that longer charging time is
(predominantly negatively) associated with BEV acceptance (Hackbarth & Madlener, 2013;
Mabit & Fosgerau, 2011). For example, Hidrue et al. (2011) identified long charging time as
one of the three main concerns of consumers. Based on a choice experiment with 3029
car buyers in the U.S., they observed that respondents valued a charging time reduction
by one hour in the order of $425 to $3250 when purchasing a new vehicle. However,
Bockarjova and Steg (2014) and Helveston et al. (2015) are among the very few studies
that explicitly distinguish between slow and fast charging and find specifically stronger
time preferences for fast charging stations.

4.2. Contextual determinants

Figure 5 shows the results for four contextual determinants affecting BEV acceptance.
Market availability refers to the number of car models available on the market that
may differ in design, size and other characteristics. Charging availability indicates the
actual and perceived accessibility of both slow and fast charging stations available to
study participants in public and private spaces. The environmental impact refers to
how respondents assess the environmental impact of BEVs compared to conventional
cars. Policy incentives refer to measures to foster BEV acceptance and uptake and can
range from information measures, over road space privileges, to subsidies when purchas-
ing a BEV (for examples of such policies, see Briickmann & Bernauer, 2020; Huber & Wicki,
2021; Wicki, Huber, & Bernauer, 2020).

A larger number of market-available BEV models consumers can choose from has a
positive effect in 13 out of the identified 16 studies covering this factor. For example,
Chorus, Koetse, and Hoen (2013) and Hoen and Koetse (2014) observe that having
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Figure 5. Effect of contextual determinants on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. Color-codes indicate experimental or non-experimental study design.

more BEV models on the market increases respondents’ probability of choosing a BEV as
their next car.

Availability of charging infrastructure has an overwhelmingly positive effect. Only 2
out of 46 studies covering this determinant did not find a significant positive effect.
In the study by Egbue and Long (2012) around, 1 in 5 of their 481 predominantly tech-
nophile U.S. respondents named lacking charging infrastructure as their biggest BEV
concern. In a study with UK residents and employees of an energy company, Skippon
and Garwood (2011) find that more charging infrastructure increases the stated willing-
ness to purchase a BEV. The possibility for home and workplace charging were ranked as
the most critical determinant of pro-BEV choices (Skippon & Garwood, 2011). Several
authors thus conclude that more public charging infrastructure is needed to alleviate
concerns about BEV range and promote BEV adoption (Axsen & Kurani, 2013;
Graham-Rowe et al., 2012).

The environmental impact of BEVs is ambivalently discussed in the literature, although
current studies clearly show that BEVs are superior compared to conventional vehicles.
While most studies have identified BEVs as an effective option to alleviate GHG emissions
by ICEVs in the road transport sector (Choi, Shin, & Woo, 2018; Hoekstra, 2019; Moro &
Lonza, 2018; Woo, Choi, & Ahn, 2017), other studies show that if electricity is produced
mainly using fossil fuels, BEVs may report higher GHG emissions than conventional cars
(Rangaraju, De Vroey, Messagie, Mertens, & Van Mierlo, 2015). The vast majority of
studies show that the reduced environmental impact of BEVs, relative to ICE cars, posi-
tively affects BEV acceptance. In 22 out of 24 studies covering this determinant,
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individuals prefer environmentally friendly car alternatives. For example, a survey with
around 3000 Dutch car owners shows that they were more likely to choose a BEV
when they perceived the environmental impacts of conventional vehicles to be highly
negative and at the same time perceived BEVs to decrease those negative impacts (Bock-
arjova & Steg, 2014; Jensen, Cherchi, & Mabit, 2013; Kormos, Axsen, Long, & Goldberg,
2019; Peters & Ditschke, 2014).

Several studies have examined the effects of particular policy measures on BEV uptake.
Examples include through governmental support lowered vehicle prices (Coffman et al.,
2017) and policies to increase public charging infrastructure (Egbue & Long, 2012). Wang,
Wang, Li, Wang, and Liang (2018) find strongest effects for convenience policies, such as
high occupancy vehicle (HOV) lane access for EVs or, dedicated parking spaces and no
restrictions from the even-and odd-numbered licence plates scheme in their study with
interested people in China. 22 out of 26 studies covering policy instruments to
promote BEV uptake report positive effects.

4.3. Costs

Figure 6 summarises findings for four cost-related determinants. The purchase price refers
to the total acquisition costs when buying a BEV. Operational costs pertain to all costs that
have to be paid regularly, such as insurance, maintenance, and energy costs. Fuel
efficiency refers to how long it takes to offset a higher vehicle purchase price through
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Figure 6. Effect of cost determinants on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. Color-codes indicate experimental or non-experimental study design.
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savings on fuel. Last but not least, resale value refers to the expected price for a BEV on the
second-hand market.

A (higher) purchase price negatively affects BEV acceptance in most of the 53 studies
covering this determinant, especially when measured as willingness to pay for or buy a
BEV. Individuals who primarily buy second-hand cars are particularly sensitive to costs
(Hoen & Koetse, 2014; Jensen et al., 2013). However, Jensen et al. (2013) do not find sig-
nificant income effects but observe that individuals who buy small cars are more price-
sensitive. However, a higher resale value may be an option to address higher purchase
prices, as three identified studies show that expecting higher revenues when selling a
car on the second-hand market increases BEV acceptance.

The picture for operation costs looks similar, but somewhat less clear: 34 out of 45
studies identified a negative relation between higher operational costs and BEV accep-
tance. Most studies use energy costs to measure operation costs. Energy costs are
thereby either operationalised as cost per distance, fuel price, or efficiency (Musti &
Kockelman, 2011). Also, regular maintenance costs are included in some studies
(Hess, Fowler, Adler, & Bahreinian, 2012), while others combine both energy and costs
per distance into an overall operation cost measure (Mabit & Fosgerau, 2011). In
addition, Jensen et al. (2013) found that fuel costs for BEVs appear to be significantly
more important than for conventional vehicles. The findings show that these oper-
ational costs, as they also do for ICE vehicles, predominantly negatively affect BEV
acceptance. However, they have lower energy costs than ICE vehicles do, which
would result in lower operational costs (Jensen et al., 2013). This relative assessment
might also be the reason for the rather counter-intuitive finding in five studies stating
that higher operation costs can have a positive effect, as respondents may (uncon-
sciously) compare these costs to conventional vehicles where operational costs may
also rise in the future - and are already today underestimated by half (Andor, Gerster,
Gillingham, & Horvath, 2020).

With only three studies, fuel efficiency appears to be a rarely studied factor to explain
BEV acceptance in academic research. However, it might play an essential role in the
future when specific surcharges and pricing mechanism policies are introduced that
are dependent on vehicle emissions. However, fuel efficiency is likely to correlate with
operational costs and environmental impacts, potentially also explaining the rather
diverse outcome regarding effect directions of the three identified studies. For
example, Beck, Rose, and Hensher (2011) conducted a choice experiment among 793
recent car buyers in Australia to identify the potential of their respondents to switch to
more fuel-efficient cars such as BEVs with lower emissions. In their survey experiment,
they include fuel efficiency of differently fuelled car types and add varying usage-depen-
dent and annual charges to represent the link to potential emission surcharges such as
road pricing and find that both surcharges have a significant role in modifying vehicle
purchase decisions (Beck et al., 2011).

4.4. Sociodemographic determinants

Figure 7 shows how socioeconomic characteristics, such as income, education, gender,
and age correlate with BEV acceptance. Sociodemographic differences regarding BEV
acceptance have been included in 54 studies. Individuals more accepting of BEV are on
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Figure 7. Effect of sociodemographic attitudes on BEV acceptance.

Note: This figure summarises studies reporting results on the respective facilitators of BEV acceptance. The effect direction
indicates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”)
on BEV acceptance. For gender, female was chose as the baseline category thus indicating that, for example, negative
effects mean that females have lower BEV acceptance. Color-codes indicate experimental or non-experimental study
design.

average different compared to the general population. Namely, they have a higher
income, are better educated, and tend to be younger. Additionally, males are in tendency
more accepting of BEVs, though these findings are contested.

Overall, the evidence regarding sociodemographic determinants is quite mixed.
Regarding age, Tran, Banister, Bishop, and McCulloch (2013), based on surveys for the
EU and U.S., show early BEV adopters to be predominantly middle-aged males with a
high education and high income. These results are supported by various surveys focusing
on early adopters. Specifically, results show that BEV owners are predominantly highly
educated middle-aged men (Hidrue et al., 2011; Trommer, Jarass, & Kolarova, 2015).

Individuals more accepting of BEVs tend to have a higher income than their country’s
average (Trommer et al., 2015). Several studies also observe an income effect: individuals
with higher income are less price-sensitive than others (Hackbarth & Madlener, 2013; Hess
et al., 2012; Mabit & Fosgerau, 2011). However, in a study with U.S. respondents, Hidrue
et al. (2011) found no evidence that a higher income increased respondents’ likelihood
of being BEV-oriented and, in fact, even reduced the likelihood of purchasing a BEV.

Individuals with higher education tend to place a higher value on protecting the
environment which could explain why they exhibit stronger BEV acceptance (Sovacool,
Kester, Noel, & de Rubens, 2018). These findings are also in line with several studies con-
cluding that a higher level of education makes individuals more likely to purchase a BEV
(Carley et al., 2013; Hackbarth & Madlener, 2013; Hidrue et al., 2011).
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The results regarding gender are ambiguous. The studied papers predominantly
approach a binary gender definition and none of the included studies has obtained
effect for any other (e.g. non-binary, agender) gender category. Generally, women
appear to be less accepting of BEVs. However, these findings might be driven by some
additional variables, such as technology interest, that were not controlled for in most
of the respective surveys. Gender has been found to affect BEV acceptance in four
ways: via travel patterns, environmental values, differences in transport mode choice pre-
ferences, and via gender roles (Sovacool et al., 2018). In a study conducted by Berkeley
et al. (2018), women appear to be more sceptical regarding how reliable BEV technology
and infrastructure are and whether it will be ready for usage soon. However, the authors
state that this finding might be linked to general technology interest and vehicle technol-
ogy in particular (Berkeley et al., 2018).

4.5. Attitudes and behavior

Figure 8 summarises the results for individual attitudes and behaviour that studies report
as affecting BEV acceptance. We identified individual travel demand, meaning how much
respondents travel for private and business reasons. Also, the number of vehicles per
household was identified to affect BEV acceptance. Regarding individual attitudes,
there are two concepts frequently addressed when studying BEV acceptance: first, how
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Figure 8. Effect of individual attitudes and behaviour on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. For example, technology-affine individuals (“positive”) have a higher BEV acceptance. Color-codes indi-
cate experimental or non-experimental study design.
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much an individual is generally in favour of (new) technologies and second, how impor-
tant the protection of the climate and environment are to an individual.

In tendency, higher travel demand — mostly measured by the annual kilometers/miles
travelled by car — appears to harm BEV acceptance. The interpretation of this effect usually
is that individuals with less annually travelled distance by car also assign a lower impor-
tance to high driving range (Hoen & Koetse, 2014).

Also, more cars per household can decrease range anxieties (Jakobsson, Gnann, Pl6tz,
Sprei, & Karlsson, 2016; Karlsson, 2017; Tamor & Milaci¢, 2015). For example, Jensen et al.
(2013) found in their stated preference survey among 369 Danish respondents that
driving range concerns are substantially lower in households owning more than one
car. The rationale is that these households do not only rely solely on a BEVs as they
have one or more conventional cars for longer trips (or as backup). In contrast, Hidrue
et al. (2011) found in a stated preference survey among 3029 U.S. respondents that
multi-car households were less likely to be oriented towards BEVs. However, the results
appear to be highly context-dependent: while the number of vehicles per household is
important in Canada (Axsen, Goldberg, & Bailey, 2016), Denmark (Jensen et al., 2013)
and Austria (Priessner, Sposato, & Hampl, 2018), it appears to be not so much the case
according to findings for the USA (Javid & Nejat, 2017; Nazariadli, Morais, Barbieri, &
Smith, 2018). However, there are also studies showing a positive effect of multi-car house-
holds (Lee, Hardman, & Tal, 2019) in the U.S., which may also be explained by confounding
factors such as environmental consciousness of participants that may drive these results.

33 of 38 studies find that individuals’ environmental attitudes are positively correlated
with BEV acceptance. The reported negative and null effects can predominantly be
explained by the diversely discussed impact of BEVs already elaborated on in the
section on environmental impacts. For example, Jensen et al. (2013) found a positive
relationship between preference for BEVs and environmental attitudes. Results from a
survey by Carley et al. (2013) among 2303 U.S. respondents show that early BEV adopters
are likely to be environmentally friendly. Hidrue et al. (2011) found in their survey that
their 3029 U.S. respondents value pollution reduction when purchasing cars. However,
the magnitude of this effect is substantially smaller compared to, for example, how
respondents assess the importance of car performance.

4.6. BEV-Specific experience

The concept of knowledge refers to how much individuals know about BEVs' potential
benefits and differences to other car types, such as Hybrid Electric Vehicles and is also
closely related to the ability (introduced by interest) to memorise facts about BEVs. For
example, awareness of market availability could be measured by whether respondents
would be able to identify a BEV on the street. Familiarity (also referred to as experience)
refers to having driving experience with (or owning) a BEV. Figure 9 shows how experi-
ence with BEVs may affect BEV acceptance.

Several studies find that knowledge and familiarity matter for stated interest in BEVs
(Burgess, King, Harris, & Lewis, 2013; Buhler, Cocron, Neumann, Franke, & Krems, 2014;
Egbue & Long, 2012; Graham-Rowe et al., 2012; Jensen et al., 2013; Peters & Diitschke,
2014; PIotz, Schneider, Globisch, & Ditschke, 2014; SchmalfuB et al., 2017). In 8 out of
12 studies, higher knowledge about BEVs leads to higher BEV acceptance. In China,
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Figure 9. Effect of BEV-specific experience on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. Color-codes indicate experimental or non-experimental study design.

Wang et al. (2018) surveyed 230 respondents using confirmatory factor analysis. They
found a significant positive relationship between knowledge about BEVs and their per-
ceived usefulness, which in the end, makes it more likely that respondents adopt BEVs.
Krause, Carley, Lane, and Graham (2013) found in a survey among 2302 U.S. respondents
that almost two-thirds answered questions about BEVs incorrectly. In addition, 75% of
respondents underestimated the advantages of BEVs (Krause et al., 2013). Zhang, Yu,
and Zou (2011) arrived at similar findings in their stated preference experiment among
299 Chinese consumers. Overall, these studies show that individuals might be biased
against BEVs due to misperceptions and information deficiencies.

16 of 18 studies find that higher familiarity and experience with BEVs affect BEV accep-
tance positively. Larson et al. (2014) find in a survey among 240 Canadian consumers that
individuals with experience or exposure to BEVs differ from the general population and
are willing to pay more for BEVs. However, these findings are not only limited to BEV
experience. For example, some studies also found that experience with an Hybrid Electric
Vehicles is strongly related with individuals’ interest in potentially purchasing a BEV
(Carley et al,, 2013; Hidrue et al., 2011).

Direct experience with BEVs may help in reducing range anxiety. Franke and Krems
(2013) found in a quasi-experiment among 40 German respondents that their range
anxiety decreased after test driving a BEV. In contrast, Jensen et al. (2013) found that indi-
viduals who drove a BEV for three months almost double their estimate of BEV driving
range. However, other studies show that BEV experience does not affect the relation of
BEV acceptance and environmental attitudes (Jensen et al., 2013). Finally, the general
population appears only to have low awareness of BEV charging availability. However,
individuals aware of charging infrastructure tend also to have higher BEV acceptance
(Bailey, Miele, & Axsen, 2015).

4.7. Social determinants

Figure 10 summarises the findings for how social determinants affect BEV acceptance.
Norms refer to personal as well as social norms. The neighbourhood effect refers to how
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Figure 10. Effect of social determinants on BEV acceptance.

Note: This figure summarises reporting results on the respective facilitators of BEV acceptance. The effect direction indi-
cates the number of studies reporting significant effects (“negative”,< “b>positive”) or non-significant effects (“none”) on
BEV acceptance. Color-codes indicate experimental or non-experimental study design.

much an individual is affected by the (perceived) BEV acceptance and ownership of people
living within their neighbourhood - being either an indirect effect (e.g. social pressure to
buy a BEV) or direct (e.g. experience by neighbours), but is usually measured by the
mere amount of BEVs in respondents neighbourhoods. The direct effect is also known as
word of mouth, referring to direct personal communication between consumers within a
social environment. However, we distinguish between the two concepts because there
are two not entirely distinguishable explanations for neighbourhood effects.

Overall, the three facilitators discussed here are generally found to positively affect BEV
acceptance, although survey research on neighbourhood effects and word-of-mouth
effects is scarce. Both neighbourhood and word-of-mouth research thereby predomi-
nantly shows a positive effect of a) more BEVs in direct proximity (e.g. the neighbour-
hood), and b) (positive) personal communication of BEVs among consumers.

In addition, both social and individual norms so far have been studied only with the
assumption of positive effects on BEV acceptance, thus resulting in 18 out of 21 studies
showing positive correlations between the two concepts. In a survey conducted in
Germany, Barth et al. (2016) found that consumers’ social norms and views of collective
efficacy can predict a person’s general acceptance of BEVs. In their survey among individ-
uals in San Diego, California, who had recently purchased a new car, Axsen and Kurani
(2013) found that interest in BEVs correlates with the belief that the public associates
these vehicles with intelligence, responsibility, environmental protection, and support
of the nation. The authors also observed that interpersonal influence from individuals’
social and professional networks was prone to affect views on BEVs.

In addition to the findings synthesised so far in this section, we assessed how congru-
ent those findings are for studies that provide replication data and those that do not. The
results for the 21 determinants classified into the seven overarching categories are dis-
played in Figures A1-A7 in the appendix. We could not detect any clear patterns based
on whether the study materials were available or not. However, it is important to note
that this finding should not be interpreted in the sense that replicability is unimportant
because we cannot detect significant differences between replicable and non-replicable
studies.
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5. Conclusion

This paper aimed to identify what existing research knows about BEV acceptance by
following two overarching research questions: (1) How reliable are these studies on
BEV acceptance regarding replicability, generalizability, and survey design? (2) What
facilitators affect consumers’ preferences regarding BEV acceptance? Following this
approach allows us to both assess and summarise existing knowledge on BEV accep-
tance and at the same time also evaluate the quality of existing research and thus its
reliability.

Our analysis points to rather severe limitations to what we know about BEV accep-
tance. To start with, there are fewer studies on the subject than we initially assumed.
94 peer-reviewed scientific articles is very little considering the policy-relevance of the
issue, the enormous decarbonisation potential through a transition from ICEV to BEV
use, and the economic size of the actual and potential global market for BEVs. The
global skewdness is also striking but could be partially explained by our choice to only
look at articles written in English (REFERENCE). There is, of course, much additional pub-
lished work on BEV acceptance that we may have excluded from our literature assessment
for the specific decade.

Furthermore, at the bottom of the proverbial “research iceberg” may be a lot of
company-internal marketing research on BEV acceptance. However, we are unable to
assess the amount and quality of this research. Hence, we did what is commonly done
for such assessments, e.g. by the Intergovernmental Panel on Climate Change (2018),
which is to rely on peer-reviewed academic publications. However, we strongly suspect
that the grey literature and non-published work on the subject are very unlikely to be
superior to the 94 studies in our sample in terms of data quality and methodological rigour.

Many of the 94 studies we focus on have severe limitations. The first is that many
studies generalise on consumers or citizens per se, or individuals in a given country at
a specific time. As we show in detail in appendix A2, however, many studies do not
rely on representative population samples from which inferences are drawn. Related to
this, many studies do not indicate response rates or the specific population from which
they were sampling. Such information is commonly needed for assessing common
survey errors, such as coverage errors or selection biases.

The second limitation is that very few studies are based on samples from more than
one country and one point in time. Moreover, the substantial heterogeneity of survey
items and study designs does not allow for rigorous comparison of results across
countries. However, it still allows for a synthesis of findings for particular facilitators of
BEV acceptance, as reported in this paper. We suggest researchers to submit their
survey items to databases where they can be cited and reused.

The third limitation (of previous studies) is the absence of causal identification of facil-
itators for BEV acceptance, all else equal. Survey-embedded experiments or field exper-
iments are the gold standards for this, to the extent that experimental manipulation of
specific potential facilitators is feasible (one exception, for instance, is gender). Many of
the studies we assessed are entirely correlational. Even with the best effort to control con-
founding variables and the best statistical method available, this cannot solve confound-
ing problems through unobservable and complex interaction effects between different
potential facilitators.
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The fourth limitation, which was also quite surprising to us, concerns replication. For
very few studies replication data was openly available to begin with. For many studies,
authors were not willing or able to make such data available without severe constraints
for use. And for some other studies, authors did not respond or could not be reached. Of
course, we cannot conclude that non-replicable studies are of lower quality. Neverthe-
less, from a scientific viewpoint, we can conclude that we cannot say how reliable the
respective results are because they cannot be replicated independently from the
authors.

Besides these limitatios, our assessment also points to some facilitators that have fairly
consistent effects on BEV acceptance in different study contexts. Predominantly positive
facilitators that can potentially foster BEV acceptance include, for instance, high technol-
ogy affinity, policy incentives, the overarching positive environmental impact and
environmental-friendly attitudes, familiarity and experience with BEVs, and social
norms. Contrarily, several factors were identified to affect BEV acceptance negatively,
be it — compared to conventional cars - limited motor power, lower driving range, (per-
ceived) higher purchase and operational costs, long charging time, low market availability
of different car models, or insufficient charging availability. For various presumed facilita-
tors, however, existing research has produced ambiguous evidence. Such facilitators
include, for instance, reliability, the number of vehicles per household, income, education,
gender, age, and travel demand. Other potential facilitators are only based on few studies,
thus not allowing for a final assessment. These include fuel efficiency, resale value, knowl-
edge, neighbourhood effects, and word of mouth.

Overall, a higher driving range, more available charging infrastructure, lower prices,
and pro-environmental attitudes are among the most frequently discussed facilitators
of BEV acceptance with highly robust effect directions across the literature. However,
our review also points to some somewhat ambivalent and mixed results regarding
effect directions for some facilitators, namely vehicles per household, travel demand,
and generally sociodemographic characteristics. These equivocal findings could be the
possibility that these individual characteristics might be correlated with other BEV accep-
tance facilitators, thus skewing these results. This calls for further studies on the specific
causal mechanisms that condition experimental methods. Similarly, our overview points
to a few studies indicating rather unexpected effect directions, for example, adverse
effects of driving range, market availability, environmental attitudes, and knowledge.
Possible reasons are that these results are highly context-dependent and may also
depend on the specific survey framing. However, assessing these framing effects is
difficult as data and survey instruments are predominantly not accessible for validation
for the identified studies. For example, individuals with high environmental concerns
could potentially be unfavourable against any form of individual motorised transport.
Similarly, the driving range could be of lower importance depending on the context, as
the annual driving range differs highly depending on country of residence or settlement
density. Still, the studies pointing to such unexpected results are predominantly based on
non-experimental methods and often rely on non-probability based samples, thus poten-
tially indicating methodological flaws.

The literature review at hand and its focus also have some limitations. First, this paper
focuses on the consumer perspective and how (perceived) facilitators affect BEV accep-
tance. This review does thus not directly look at how the producer side, e.g. industry,
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and politics may affect BEV uptake by directly addressing the discussed consumer barriers
or other, non-related facilitators beyond the scope of this paper. Second, our focus on the
10-year timespan covering the years 2010-2019 excludes publications published after-
wards. While this literature is still growing and also improving on scientifically sound
research designs and replicability, our findings are still eminent regarding a necessary
improvement of the applied scientific approaches. Third, the search strings used may
not have fully identified all relevant studies, resulting in potential exclusion of relevant
publications. This is also displayed in the unequal distribution of papers identified
through search engines (N=43) and papers added (N=153) after snowballing. This
may have been prevented by including additional strings such as study, preference, atti-
tudes, or purchase. However, we are confident that we have been able to identify all rel-
evant publications within the respective timespan by applying backwards and forward
snowballing. Fourth, while using English keywords may also lead to papers with
English abstracts and written in another language, we haven't found any, although we
did not deliberately exclude them. Still, only working with English search strings has
likely excluded most of the non-English publications, thus potentially resulting in a bias
towards Anglophone research.

Overall, the identified limitations of existing research require internationally concerted
efforts to develop more homogenous study designs that can be implemented in a wide
range of different countries with representative samples from the general population or
parts thereof, and at several points in time. Such study designs should rely to a more con-
siderable degree on survey and field experiments in order to be able to identify the causal
effects of particular facilitators on BEV acceptance. Finally, pre-registered study designs
and (anonymized) raw data should be made publicly available, including questionnaires
and used scales.

Notes

1. For the exact email wording, see Appendix A1.

2. We did find contact modes for all first or corresponding authors. However, it was not always
clear whether the provided contact addresses were still in use and whether the sent emails
were actually read.

3. Some authors stated that a contract due to data disclosure agreements would need to be
signed if we wanted to get access to their data. Thus, they were in principal willing to
share the data if we would agree to sign a contract with them as well. We thus coded
such data as “available on request”.
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