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Abstract

Transportation is a major source of greenhouse gas emissions with private car use account-
ing for a large proportion of those emissions. Battery powered electric vehicles (EV) are a
currently available technology that has the potential to significantly reduce emissions from
car use. Therefore, promoting a shift from internal combustion engine vehicles to EVs
should be supported by policy makers aiming to curtail emissions from car use. To design
policies and interventions to promote EV adoption, information is needed on how people
perceive electric vehicles and what are the real and perceived barriers preventing their
adoption. With this objective in mind, it was investigated what the current EV owners in Fin-
land are like and how they compare with the general population. We also endeavored to
identify real as well as potentially misperceived barriers to EV adoption and factors affecting
EV purchasing intentions. The study utilizes a sample of 3857 participants, including 141
electric car owners, who answered a questionnaire investigating lifestyle, car use, environ-
mental and political attitudes as well as household carbon footprint and attitudes towards
EVs. EV owners in Finland have more financial security, own more cars, drive more, and
have a larger average household carbon footprint than the general population. There are
two distinct subgroups among electric car owners, one group being interested in environ-
mental impact of their car use and the other focused on the performance of their cars. Peo-
ple without experience of EVs generally have negative attitudes towards electric cars and
also maintain some misconceptions about EVs. Personal experience with electric vehicles
is associated with a positive outlook on these types of vehicles and is the strongest predictor
of EV purchasing intentions.
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1 Introduction

Transportation is a major source of greenhouse gas emission (GHG) representing a 16-22% of
all global emissions [1, 2]. In Finland, the transport sector produces 20% of the nation’s GHGs,
with cars contributing 53% (5 million tons of CO,,) of those emission [3]. Thus, there is both a
large potential as well as an urgent need to reduce emissions from car use.

Moving from fossil fuel based internal combustion engine vehicles (ICEV) to alternative
fuel vehicles can reduce road traffic emissions. Although various alternative fuels such as natu-
ral gas, biofuels and hydrogen exists, currently the most mature and scalable technology is the
battery powered electric vehicle (BEV or just EV). For reference to all abbreviations used in
the study see Table 1.

EVs boast several advantages over ICEVs. They produce no tailpipe emissions, fewer
unhealthy particle emissions [4] and are more energy efficient than ICEVs. Furthermore, and
most importantly, energy charged into EV's can be produced with renewables or nuclear
power instead of fossil fuels making EV's a step towards energy infrastructure that is not depen-
dent on fossil fuels [5, 6]. For the user EV's generally provide higher acceleration, less noise, a
smoother drive and lower running cost than comparable ICEVs.

The disadvantages of EVs include the high environmental impact of manufacturing the bat-
teries and concerns related to the sufficient supply of raw materials used in the batteries [7, 8].
The materials for batteries are also occasionally sourced from regions with a potential risk for
the unethical treatment of workers. From a user perspective, charging an EV takes longer than
refueling an ICEV, and the charging infrastructure is less developed than the fuel distribution
infrastructure. Therefore, long trips can be more challenging with an EV than an ICEV and
owners must acquire new sKkills related to charging and range management. Finally, EVs typi-
cally have a higher purchase price than comparable ICEVs.

Estimating the real-world reduction in GHG emissions of EVs compared to ICEVs is com-
plex: Factors affecting EV emissions include: the source of the electricity used to charge the
EV, the battery and vehicle lifetime, the physical characteristics of the vehicle and how the
vehicle is used. Most studies suggest that lifecycle GHG emissions of EV’s are significantly
lower than similarly sized ICEVs by 20 to 72% [4, 9, 10].

In the most ideal scenarios, such as only charging the EV with home generated solar power,
the GHG emission savings compared to ICEV could be as high as 97% during the vehicles life-
cycle [9]. However, if EV's are mostly charged with electricity produced with fossil fuels their
GHG emissions are similar or greater than ICEVs [10-12]. Thus, the carbon intensity of a
region s electric grid plays a significant role in the emissions of EVs. Nonetheless, future dec-
arbonization of electric grids as well as advances in battery recycling and manufacturing have
the potential to significantly reduce the lifecycle emissions of EVs amplifying their advantage
over ICEVs even in regions with a currently carbon intensive grid.

Table 1. Definitions and abbreviations used in the study.

DEFINITON GIVEN TO THE STUDY PARTICIPANTS

Vehicle running only with electric power.

TERM USED IN THE STUDY
Electric vehicle, EV

Internal combustion engine
vehicle, ICEV

Hybrid electric vehicle, HEV

Vehicle using only petrol or diesel as a fuel.

Vehicle with both combustion engine and electric motor that cannot be
charged from a power outlet.

Plug-in hybrid electric vehicle,
PHEV

Natural gas vehicle, NGV

Vehicle with both combustion engine and electric motor that can be charged
from a power outlet.

Vehicle that can utilize natural gas as a fuel source in addition to petrol or
diesel.

https://doi.org/10.1371/journal.pcim.0000346.t001
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An EV s lifecycle emissions are initially higher in comparison with comparable sized ICEV's
due to the larger emissions in the construction phase; however, due to lower usage emissions
overtime the lifecycle emissions will be lower. In Finland, which sharing an electric grid which is
mostly powered by hydro and nuclear power with Sweden and Norway, a compact family EV is
estimated to achieve emission parity with an similar ICEV during the third year of use and after
a decade of use, the EV ’s lifecycle emissions are less than half of those of an ICEV [4, 9, 10].

1.1 Literature review

The first obstacle in EV adaptation is setting up a sufficient charging infrastructure in order to
make them a viable alternative to ICEVs. In regions where the charging network makes EVs a
practically and feasible alternative to ICEVs, such as Finland, economic, social, and psycholog-
ical factors play a major role in the EV adoption rate. Recent reviews [13-16] of studies investi-
gating what factors affect EV purchase intentions have identified several factors that are
repeated across a wide range of studies but also discovered significant variation in the results
between the studies and the regions.

The reviews identified positive attitudes and norms towards EVs, personal experience with
electric vehicles, economic benefits including low running cost and financial incentives, and
openness and interest towards new technology as common factors that had positive association
with EV purchase intentions. High purchase price, concerns related to vehicle range and ade-
quacy of the charging network were often found to constitute barriers to EV adoption [13-16].

Mixed results were found regarding the association of gender, age, education, income and
environmental attitudes with EV purchase intentions: Some of the reviewed studies found
these factors to have a significant effect, others found non-significant effects and some studies
found conflicting effects, such as women being more interested in purchasing EVs than men
or men being more interest than women [16]. The region where the study was conducted
affected the results suggesting significant differences between countries and cultures as deter-
minants of purchase intentions. The majority of the recent studies were conducted in China or
the US and the heterogeneity of the results as well as the rapidly advancing EV technology,
together with the charging infrastructure and market situation suggest that more regional
studies on EV adaptation are warranted [14, 16].

Current EV users, who can still be regarded as early adapters of the technology, are often
middle-aged men who are interested in technology, not concerned about ease of use, often
own multiple cars, are financially affluent and value the symbolic attributes of car ownership
and social status that an EV provides [17-25]. A review of user experiences of early EV owners
[26] found that the majority did not experience the range of their EV to be a major issue and
they had learned to be effective with range management with their vehicle. Features that set
EVs apart from ICEs such as reduced noise were regarded positively and some studies found
EV drivers to highly value the symbolic aspects of their vehicles such as perceived environmen-
tal friendliness or superior performance [26].

However, the widespread electrification of road traffic requires EV's to be adopted by many
kinds of people, not just typical early adopters of new technology, and therefore information
on attitudes and barriers to adoption among the general population is required.

1.2 Aim of the study

To identify factors that increase or decrease interest towards EVs in Finland, the current study
sets out to investigate the current characteristics of EV owners in Finland and compare them
with the remainder of the population. The aim being to identify barriers to EV adaption and
factors affecting EV purchasing intentions.
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Finland is situated in northern part of Europe and has a large surface area but a low popula-
tion density, a high level of education and relatively high incomes. In the rural regions a private
car is often the only viable mode of transportation. Also, in cities where there is public trans-
portation and other viable modes of travel private car use is nevertheless common. Due to
owning a car being a norm, adults who do not own a car are often students, pensioners or peo-
ple with a low income [27].

The EV charging network in Finland was already well developed in 2022 during the data col-
lection period and enabled long distance trips to most areas of the country even with modest
ranged EVs (including major attractions of Lapland). The only exception being some sparsely
populated areas in the north and east parts of the country [28]. Since then the charging network
has continued to grow at a steady pace. The popularity of electric vehicles is growing in Finland,
evidenced by the increasing share of EVs in new car purchases: from 4.4% in 2020, to 10.3% in
2021, and reaching 17.8% in 2022. Notably, in 2023, EV's represented 33.8% of all new vehicles,
with most new vehicles in Finland being either EV's or plug-in hybrid electric vehicles (PHEVs),
indicating a significant shift towards electric mobility. Despite this growth, EVs accounted for
just 2.6% of the total vehicle fleet in 2023, denoting them as a relatively new introduction [29].

Specifically, the study has three aims:

The first, is to understand the sociodemographic characteristics, car usage patterns, envi-
ronmental attitudes, and carbon footprints of early EV adopters in Finland by analyzing and
categorizing them into distinct user profiles. The analysis includes comparing these profiles
with the ICEV users as well as people without a car to highlight differences and potential barri-
ers to EV adoption that exist among the wider population.

The second aim is to evaluate how personal experiences with EVs influence perceptions of
their environmental impact, practicality, and ease of use. This is done by presenting partici-
pants with specific statements about EVs and analyzing the differences in responses between
those who have personal experiences with EVs and those who do not. Identifying disagree-
ments will help pinpoint misconceptions or unfounded concerns, that might be targets for
future interventions to enhance EV acceptability.

The third aim is to explore the factors that influence future EV purchase intentions. By
examining a variety of influences, the goal is to identify which factors are most closely associ-
ated with a strong interest in either adopting EVs for the first time or continuing their use in
the future. The intention is to shed light on the main motivators and barriers affecting EV
adoption decisions.

The nature of the study is explorative and hypothesis generating, however, we do expect to
find results that are in line with previous studies. Personal experience with EVs, appreciation
of their economic benefits and interest towards new technology is expected to increase interest
in EVs. While in contrast lack of personal experience is expected to be associated with negative
attitudes towards EVs; especially regarding concerns related to range and charging. The results
of this study will clarify the current situation of EV related attitudes in Finland, as well as the
real and perceived barriers. It could also inform policy decisions and intervention designs
aimed at increasing EV acceptability and adoption, not just in Finland, but in any country
where EVs are a viable alternative to ICEVs but are met with public skepticism.

2 Materials and methods
2.1 The CLIMATE NUDGE survey

Data from the CLIMATE NUDGE survey is utilized. The survey investigated various aspects
related to climate change, lifestyle and attitudes and was collected online by the marketing
research company Kantar TNS from 22 April 2022 until 16 May 2022. Participants could
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answer the questionnaire in Finnish, Swedish or English with 97.2% of participants choosing
to answer in Finnish.

Three different samples were collected in the CLIMATE NUDGE survey. The first was a
sample of 3600 participants from a panel maintained by Kantar. The panel is representative of
the general Finnish adult population regarding age, gender and place of residence. However,
the sample drawn from the panel for this study had a higher mean age (54 years) than the pop-
ulation average (44 years). Regardless, it was chosen to not weight the data to maintain more
accurate measurements. Additionally, two non-representative samples were also collected: a
sample of clients of organization selling carbon compensation services, Compensate, and a
sample of members of the association of EV owners in Finland (Sdhkéautoilijat RY). These
additional samples were collected to recruit more participants who own an EV to the study.
Additional samples included a further 267 participants bringing the total sample size to 3867.
The panel sample recruited by Kantar received minor monetary compensation for participa-
tion. Additional samples were recruited via email with no compensation was offered. Addi-
tional information on the dataset can be found at: https://osf.io/3s8uc.

2.2 Ethics statement

Participants who were invited to take part in the CLIMATE NUDGE survey provided written
informed consent to participate in the study via the online system before they were able to
access the survey. They were also informed of the right to discontinue answering the survey at
any point and in such cases their previous answers would be deleted and not used in the study.
The CLIMATE NUDGE survey study received ethical approval from ethical board of Humani-
ties and Social Sciences at the University of Turku and the study was conducted in according
to principles of Declaration of Helsinki.

2.3 Participants

During the initial review of answers given by EV owners, 10 cases with an impossible combi-
nation of answers (such as owning an EV but not owning a car) were identified and these cases
were omitted from all the analyses.

After the exclusions, the sample included 3857 participants of which 54.3% were women,
45.2% men and 0.2% non-binary. The mean age was 53.18 (range 19-90, SD 16.73) and 77.9%
of the participants reported that there was at least one car in their household and 3.7% (141
participants) reported that there was an EV in their household.

Among the EV owners, 67 were part of the additional samples and 74 were part of the panel
sample. Therefore 2.1% of the panel sample report owning an EV.

2.4 Measures

Participants answered various questions regarding their sociodemographic background, place
of residence, lifestyle as well as car ownership and use. Additionally, they answered questions
regarding political opinions and attitudes towards climate change. These variables were used
to identify differences between EV owners, ICEV owners and participants without a car.

Experience with EVs was identified in previous research to be a major factor affecting EV
attitudes and purchase intentions [14]. In the current study this was investigated with two
questions: Participants were asked to indicate how many cars they had in their household and
the type of powertrain utilized by each car to identify EVs in the household. Additionally, par-
ticipants were asked what sort of experience they personally had with an EV; the answer
options being “T own an EV”, “I have driven and EV”, “T have been a passenger in an EV” and
“I have no personal experience with EVs”.
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Attitudes towards EVs were investigated with 14 statements regarding EVs to which partici-
pants indicated their agreement or disagreement on a one to five scale. These statements were
generated for the study based on technical knowledge of EVs and by following public discourse
surrounding concerns related to EVs in Finland. They include statements such as “Electric
cars produce fewer emissions than internal combustion engine cars” and “Buying an electric
car is expensive”. The full list of these statements can be found in Table 7 in Chapter 3.5. For
the EV owners further questions on why they had acquired an EV were presented. These par-
ticipants were asked to indicate the 1-3 most important reasons why they had acquired their
EV and this data were used for the EV user group segmentation. A full list of these questions
can be found in Table 5 in Section 3.3.

The shortened version Environmental Attitudes Inventory (EAI-12) [29] was used to inves-
tigate environmental attitudes of the participants and to investigate whether pro-environmen-
tal attitudes were associated with owning an EV. The 12-item EAI in these data consisted of
the following items from the original 72-item version: Scale 1: item 10, Scale 2: item 3, Scale 3:
item 4, Scale 4: item 8, Scale 5: item 10, Scale 6: item 5, Scale 7: item 7, Scale 8: item 8, Scale 9:
item 1, Scale 10: item 2, Scale 11: item 1 and Scale 12: item 1. These items were mostly those
that the original authors recommended for shortened version of EAI; some exceptions were
made and items were chosen that were considered to best suit the Finnish culture. The EAI
can be used as a unidimensional construct in which a high total score represents a favorable
attitude towards nature or it can be divided into two factors, preservation which represents
participants belief that nature should be protected, and utilization which represents the belief
that humans have the right to use and alter nature for their own gain. In the current sample
the preservation factor had a Cronbach Alpha of .72 and the utilization factor an Alpha of .70
signaling reasonable reliability.

For a measure of actual pro-environmental behavior, a carbon footprint of participants was
estimated. The carbon footprint is a rough measure of how much greenhouse gas emissions
the lifestyle of the participant produces measured in Carbon Dioxide equivalent (CO,.) tons.
The footprint was estimated based on the answers to 51 questions in the survey related to
housing, transportation, diet and consumption. Details of how this measurement was con-
structed can be found at https://osf.io/myhnr. In the analyses involving carbon footprint par-
ticipants with incomplete information to calculate the measurement or a carbon footprint that
deviated three or more standard deviations from the mean were excluded reducing the sample
size available in these analyses to 3782.

The order of different question blocks in the survey were partly randomized: sociodemo-
graphic questions were always first and wellbeing related questions last, but the order of ques-
tions related to lifestyle, car use and environmental attitudes and so forth were randomized to
prevent item order effects.

2.5 Statistical methods

A Pearson Chi Square (X?) was used for significance testing of the associations between cate-
gorical variables with a Cramer V (¢.) test providing the measure for the strength of the associ-
ation. Associations between categorical and continuous variables were tested with an Analysis
of Variance (ANOVA) with an Omega Squared (w?) effect size measure. For analyzing factors
affecting the interest in purchasing an EV a logistic regression model was constructed with an
odds ratio (OR) serving as an effect size measure and to classify EV owners into user groups
based on their motivations to purchase an EV. A latent class analysis (LCA) with a number of
segments based on the Bayesian Information Criterion (BIC) was utilized.
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To lower the risk of false positive inferences due to multiple comparisons within the dataset,
an Alpha level of < .001 was considered statistically significant. Statistical analyses were con-
ducted with SPSS 28, Python 3.9 and Displayr.

3 Results and discussion
3.1 Comparison of EV owners and general population: Sociodemographic

The first aim of the study is to understand the sociodemographic characteristics, car usage pat-
terns, environmental attitudes, and carbon footprints of early EV adopters in Finland and how
they differ from the rest of the population. Starting with the sociodemographic characteristics
(Table 2), EV owners have a higher education level and are more often in full time employ-
ment than ICEV owners or participants without a car. Differences with the largest ¢. among
these group can be observed in their relationship status; EV owners tend to be in a relationship
with a shared household more often than other groups (X2 p < .001, ¢. = 0.30). In addition,
EV owners more frequently own their home (X2 p < .001, ¢c = 0.29) and their home is more
often a single-family house than among other groups (X2 p < .001, ¢c = 0.31).

The Largest effect size difference between EV owners, non-EV car owners and households
without a car can be observed in income levels, as can be seen in Fig 1. EV owner households
have a significantly higher mean income than households with other types of car and especially
households without a car (X2 p < .001, ¢. = 0.34 N = 3857).

Overall these results demonstrate that the current EV households are generally in a finan-
cially secure position with a stable high income while the situation among other car owners
and carless households is more varied. EV owners are also willing to pay more for their next
car than other participants. When asked how much participants who were considering pur-
chasing a new car within the next three years would be willing to pay for the vehicle, 39.8% of
the participants from EV households said they would consider a car costing over 40 000€
while only 9.9% of participants with a non-EV car and 4.5% of participants without a car
would consider this amount (Table 3). The participants were not asked to indicate whether
their next car would be a new or used vehicle.

At the time of the data collection, the majority of new EVs in Finland cost over 40 000€,
with cheaper options limited to a few specific models or heavily used vehicles. Therefore, the
price of EVs was a major barrier for many people in 2022 and the current EV owners generally
had higher income than Finnish average. However, between the data collection and writing
the article the used-car market conditions have already changed significantly with more lightly
used EVs becoming available. This increased supply together with the market entry of new
lower priced EV models and the price cuts for new EVs initiated by Tesla have made EV's
more accessible to the average consumer with several options in the 20 000-30 000€ price
range. Among the current non-EV car owners who were considering buying a new car, 65.2%
would consider a car in this price range. While the reduction in the cost of EVs has made them
a viable option to more households, their higher cost compared to used ICEVs is still a real
barrier to adoption for many people.

Responses to “how likely your next car will be an electric car?” were significantly influenced
by experience with EV's (Fig 2) with 81.7% of EV household respondents saying it would be
very or quite likely that their next car would be an EV, compared to 18.4% of non-EV car
households and 27.6% of car-free households (X2 p < .001, ¢. = 0.32 (n = 2204)).

EV owners reported high satisfaction with their EV with 65.2% reporting that they were
very satisfied and 27.0% reporting they were quite satisfied. These results suggest that once a
person has acquired an EV they are unlikely to go back to an ICEV and therefore interventions
and policies that aim to convert ICEV users to EV users for the first time could be beneficial;
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Table 2. Sociodemographic information on EV owners compared to rest of the population.

Household with an EV Household with car that is not EV Household without a car Statistical
(n=141) (n =2873) (n=843) difference

Age M 45.7 SD 13.48 M 54.7 SD 16.23 M 49.4 SD 17.94 Fp<.001, w’=
0.10

Gender

Female 41.1% (58) 52.1% (1497) 64.7% (545) x? p <.001, @, =

Male 58.2% (82) 47.9% (1375) 34.6% (292) 0.10

Other 0.7% (1) 0.1% (1) 0.7% (6)

Education

PhD 5.7% (8) 3.2% (93) 2.6% (22) X2p <.001, g =

Upper tertiary 32.6% (46) 22.3% (641) 19.6% (165) 0.08

Lower tertiary 26.2% (37) 27.9% (803) 25.3% (213)

High school 10.6% (15) 12.7% (366) 17.9% (151)

Vocational 21.3% (30) 27.4% (786) 24.9% (210)

Primary 3.5% (5) 6.4% (184) 9.7% (82)

Employment

Full time 72.3% (102) 44.8% (1286) 28.8% (243) X2p <.001, g =

Part time 6.4% (9) 6.3% (182) 10.1% (85) 0.17

Student 5.0% (7) 4.2% (120) 13.5% (114)

Retired 9.9% (14) 36.2% (1041) 32.4% (273)

Other 9 (6.4%) 8.5% (244) 15.2% (128)

Relationship status X?p <.001, ¢, =
0.30

With shared household 81.6% (115) 70.9% (2036) 22.4% (189)

No shared household 6.4% (9) 6.8% (195) 12.0% (101)

Not in a relationship 12.1% (17) 21.4% (615) 64.2% (541)

Other 0% (0) 0.9% (27) 1.4% (12)

Urbanicity of place of X?p <.001, ¢, =

residence 0.17

City centre 70.1% (96) 64.4% (1841) 90.1% (757)

Area surrounding city 16.1% (22) 9.7% (276) 2.5% (21)

Rural area 7.3% (10) 13.9% (397) 4.2% (35)

Sparsely populated rural 6.6% (9) 12.1% (346) 3.2% (27)

Home ownership X?p <.001, ¢, =

Owner 82.1% (115) 78.9% (2267) 34.8% (292) 029

Rental 12.9% (18) 18.2% (522) 60.2% (506)

Right-of occupancy 4.3% (6) 2.3% (67) 3.5% (29)

Other 0.7% (1) 0.6% (16) 1.5% (13)

Apartment type X*p <.001, .=

Detached house 58.9% (83) 45.1% (1297) 4.4% (37) 031

Apartment building 17.7% (25) 33.4% (961) 83.3% (702)

Terraced house 17.0% (24) 15.9% (457) 9.8% (83)

Semi-detached house 5.0% (7) 4.4% (127) 1.3% (11)

Other 0.7% (1) 1.0% (30) 0.8% (7)

Apartment size (m?) M 142 SD 76.77 M 108 SD 54.56 M 57 SD 29.93 Fp <.001, w’=
0.16

https://doi.org/10.1371/journal.pcim.0000346.t002
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Household net income per month
B Household with EV B Household with non-EV car B Household without a car

Fig 1. Income distribution x2 p <.001, ¢.=0.34 N = 3857).

https://doi.org/10.1371/journal.pcim.0000346.9001

however, there is less need to support existing EV users in staying EV users. There were twenty
participants who reported to having previously owned an EV but then reverted to an ICEV.
These participants were asked to provide reason why they relinquished their EV with an open
question and the most common answer (4 answers) was too high cost of ownership, the second
most common answer was dissatisfaction with charging (3 answers) and besides those reasons
there were single answers with various reasons for giving up an EV from ceasing car use alto-
gether to a spouse wanting an ICEV. The small number of participants who had given up own-
ing an EV makes it hard to conclude anything from these results, but the most common theme
was pointing towards high cost of EVs playing a role in giving this sort of vehicle up reinforc-
ing the observation that price can be a barrier for EV ownership.

Table 3. Experience with EVs and car buying intentions.

Household with an EV Household with car that is not EV Household without a car Statistical
(n=141) (n=2873) (n=843) difference

Planning to buy a car in 3 X*p <.00L, ¢ =

years? 0.28

Yes 31.9% (45) 26.4% (759) 3.9% (33)

Maybe 37.6% (53) 40.7% (1169) 17.2% (145)

No 30.5% (43) 32.9% (945) 78.9% (665)

Next car price range will be* X*p <.00L, ¢. =

0.21

Less than 5000€ 0.7% (1) 8.6% (166) 19.7% (35)

5000-10 000€ 4.1% (4) 12.7% (245) 16.9% (30)

10 001-15 000€ 8.2% (8) 11.5% (221) 11.8% (21)

15 001-20 000€ 8.2% (8) 13.1% (253) 6.7% (12)

20 001-30 000€ 10.2% (10) 19.3% (372) 6.7% (12)

30 001-40 000€ 8.2% (8) 11.1% (190) 6.7% (12)

Over 40 000€ 39.8% (39) 9.9% (190) 4.5% (8)

Car provided by employer 8.2% (8) 1.3% (25) 2.2% (4)

I don’t know 12.2% (12) 12.6% (242) 24.7% (44)

*This question is only presented to participants who answered “yes” or “maybe” to question about considering buying a new car (n = 2204).

https://doi.org/10.1371/journal.pclm.0000346.t003
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Fig 2. Interest in purchasing an EV X* p < .001, ¢, = 0.32 (n = 2204).
https://doi.org/10.1371/journal.pcim.0000346.9002

3.2 Comparison of EV owners and ICEV owners: Car use

Comparison of car ownership and usage between households that currently own an EV and
households that own other type of vehicle(s) is displayed in Table 4. The majority (70.9%) of
current EV households own more than one car while only 37.4% of non-EV households have
additional cars (X* p < .001, ¢, = 0.58). EV households also report driving significantly more
on average (30 000km per year) compared to non-EV households (14 200km per year) (p <
.001, d = 1.55). Since EV households also often own non-EV vehicles, not all of their driving is
done with an EV. EV owners estimated that they drove 72% of all their yearly kilometers with
an EV. Compared to non-EV households, EV owners also reported driving daily trips of 200-
400km or over 400km more often than ICEV drivers (X2 p < .001, ¢c = 0.15). However, from
the data available it is not clear whether they used their EV for these trips if they also owned
ICEVs. Among non-EV owners, only 13.5% reported driving trips longer than 200km more
often than a few times a year indicating that for their driving needs an EV with quite a modest
range would actually be sufficient.

These results indicate that current EV owners are heavy users of their cars, and their driving
habits are not similar to non-EV owners. This might suggest that among current EV users
there are large numbers of participants who use their car for work or consider driving their
hobby, but this cannot be verified from the available data. Since EV's have higher purchase
costs but lower running costs than ICEVs, their total cost of ownership also compares more
favorably to ICEVs with an increase in the amount of driving. Therefore, owing an EV may be
bring financial benefits for people and businesses who drive long distances. However, with the
avaijlable data the reason why the participants drive is not available for analyses.

EV use reduces emissions from traffic only if driving done with an EV replaces driving with
and ICEV instead of being additional driving that is done on top of using an ICEV. If the cur-
rent EV owners would still drive around 30 000km per year also if they only owned ICEVs,
acquiring an EV and using it for 72% of their trips would have a significant environmental
benefit. However, there is also an risk that the low running cost and enjoyable driving experi-
ence of EVs would entice some users to drive more after switching to EV, even if the driving is
non-essential or it would have previously been accomplished with active forms of traffic or
public transport. Such behavior would carry with it a negative environmental impact. Unfortu-
nately, there is no data concerning the pre- and post-EV driving distances of these respondents
in order to analyze whether the driving distances have increased after EV acquisition, but
future research should address this question.
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Table 4. Comparison of car ownership and driving habits between EV owners and other car owners.

Household with an EV (n = 141)

Household with car that is not an EV
(n =2873)

Statistical association

Total Number of cars in the household

X?p < .001, ¢ = 0.58

1 29.1% (41) 62.6% (1792)

2 45.4% (64) 28.0% (800)

3 or more 25.5% (36) 9.4% (270)

EV N/A

0 0% (0) 100% (2857)

1 82.6% (119) 0% (0)

2 16.0% (23) 0% (0)

3 or more 1.4% (2) 0% (0)

ICEV X*p <.001, @. = 0.29
0 45.1% (65) 7.4% (214)

1 39.6% (57) 60.4% (1739)

2 13.2% (19) 24.9% (718)

3 or more 2.1% (3) 6.8% (197)

HEV X*p <.001, ¢ =0.13
0 84.7% (122) 93.0% (2677)

1 9.7% (14) 6.5% (186)

2 4.9% (7) 0.5% (14)

3 or more 0.7% (1) 0.1% (2)

PHEV X?p <.001, @, = 0.19
0 82.7% (119) 95.4% (2747)

1 9.7% (14) 4.3% (125)

2 5.6% (8) 0.2% (6)

3 or more 2.1% (3) 0.03% (1)

NGV X?p < .001, ¢ = 0.20
0 88.9% (128) 98.7% (2839)

1 5.6% (8) 1.3% (38)

2 4.9% (7) 0.03% (1)

3 or more 0.7% (1) 0.03% (1)

Average distance driven per year (thousand M 30.0SD 18.3 M 14.2SD 9.6 Tp<.001,d=1.55
kilometers)

Drives 201-400 km during a single day X?p < .001, ¢ = 0.17
Several times per week 2.2% (3) 1.0% (28)

Once a week 4.4% (6) 1.4% (38)

1-3 times a month 23.0% (31) 11.1% (295)

Few times per year

45.2% (61)

41.4% (1104)

Seldom 22.2% (30) 37.8% (1008)

Never 2.8% (4) 7.2% (192)

Drives over 400 km during a single day X?p <.001, ¢ = 0.15
Several times per week 0.7% (1) 0.3% (7)

Once a week 12.1% (17) 0.6% (17)

1-3 times a month 36.2% (51) 3.0% (79)

Few times per year 36.2% (51) 30.1% (803)

Seldom 38.3% (54) 49.8% (1327)

Never 8.5% (12) 16.2% (432)

Experience with EVs X*p <.001, @ = 0.64
Personally owns EV 80.9% (114) 0% (0)

(Continued)
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Table 4. (Continued)

Has previously owned
Has driven EV

Has been passenger
No experience

EV network

Friend has EV
Relative has EV
Neighbor has EV

Doesn’t know any owner

https://doi.org/10.1371/journal.pcim.0000346.t004

Household with an EV (n = 141) | Household with car that is not an EV Statistical association

(n=2873)
3.5% (5) 0.4% (11)
8.5% (12) 12.0% (346)
7.1% (10) 14.7% (421)
0% (0) 72.9% (2095)

76.6% (108)
29.8% (42)
30.5% (43)
7.8% (11)

36.2% (1040)
13.8% (397)
12.1% (349)
46.5% (1337)

X?p <.001, .= 0.21
X?p <.001, .= 0.11
X’ p <.001, ¢ = 0.14
X’ p <.001, ¢ = 0.23

From the results it can also be observed that EV owners often know other EV owners:
92.2% of EV owners knew someone else owning an EV while only 53.5% of participants from
non-EV households knew an EV-owner. These results may be somewhat biased by the fact
that 48% of the EV owners in our sample are recruited from the members of Finnish EV asso-
ciation and it is expected that the association members often know each other. Regardless, this
result can also be seen as reinforcing previous results [14, 15] that have identified the influence
of friends and family as well as personal experience as factors that have potential to increase
individuals interest in EVs. Knowing people who already drive an EV provides opportunities
to learn about and test these vehicles before a purchase decision and also expose the person to
more likely positive attitudes towards EV's or even social pressure to purchase one.

3.3 EV user segment identification

To understand heterogeneity among EV owners, latent class analysis (LCA) was utilized to
find subgroups among EV owners (Table 5). This method uncovers concealed, "latent’ groups
within a dataset through their response patterns to a set of variables [30].

Given the relatively small sample size (n = 141), this analysis should be viewed as a prelimi-
nary exploration rather than a definitive segmentation of the population but can still provide

Table 5. Latent class analysis to identifying user segments among EV owners.

1-3 most important reasons for purchasing EV Economical & Eco-conscious (n = 77) Performance & Brand-oriented (n = 64) NET (n = 141)
Environmental friendliness 73%** 28% 52%

Low running costs 83%** 50% 68%
Performance of the car 0% 73%** 33%

Brand of the car 0% 25%** 11%

The appearance and design of the car 0% 25%** 11%

Ease of use of the car 31%* 9% 21%

Tax advantages 14%* 3% 9%

The car was recommended by a person I know 1% 6% 4%

Interest in new technology 27% 34% 30%

I want to be part of the renewal of motoring 35%** 8% 23%

Other reason 0% 6%* 3%

* confidence level > = 95%),

** confidence level > = 99.9%

https://doi.org/10.1371/journal.pcim.0000346.t005
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insight into differences among EV owners. The LCA was guided by responses to the survey
question about primary reasons for purchasing an electric vehicle (‘Why did you buy an elec-
tric vehicle? Please select the 1-3 most important reasons for you.”) and revealed two distinc-
tive segments.

The first segment, economy orientated, and eco-conscious EV owners (N = 77) is defined
by emphasis on environmental friendliness and financial factors. An above-average proportion
of this segment cited environmental friendliness (73% vs 52% sample average) and low run-
ning costs (83% vs 68%) as key reasons for their purchase. A slightly higher proportion in this
segment also mentioned the ease of use of the car (31% vs 21%), tax advantages (14% vs 9%),
and a desire to be part of the renewal of motoring (35% vs 23%). However, this segment
showed a significant lack of interest in the performance of the car, the brand, and the appear-
ance and design, as these factors were cited by 0% of this group, which is considerably lower
than the sample average.

In contrast, buyers in the second segment, performance and brand orientated EV owners
(n = 64), in appeared to be more influenced by the car’s performance (73% vs 33%), the brand
of the car (25% vs 11%), and its appearance and design (25% vs 11%). This suggests that they
view their electric vehicle as a performance or luxury item, and they also value attributes often
associated with non-EV cars. Although half of this segment also cited low running costs as a
reason, its was significantly lower than the sample average (50% vs 68%). They also exhibited
lesser interest in the environmental aspect of electric vehicles (28% vs 52%).

The "Economical & Eco-conscious” segment, comprised approximately equally of males
and females (51% male), and had an average age of 49 years. In contrast, the "Performance &
Brand-oriented" segment was notably more male-dominated, with males constituting 67% of
this segment, and had a younger average age of 42 years. Among the performance oriented EV
owners 39.1% owned 3 or more cars while only 14.3% of economy orientated EV owners did
s0 (X2 p =.003, gc = 0.29, n = 141) and the performance oriented EV owners had significantly
less environmentally friendly attitudes (mean EAI score 52.7) as measured by EAI compared
to economy oriented EV owners (mean score 63.1) (t p < .001, d = 10.7, n = 141). The differ-
ences between performance and economy-oriented EV owners were not limited to environ-
mental attitudes but there was also a significant difference in the carbon footprint of these
groups that will be discussed in the next section.

3.4 Comparison of EV owners and general population: Environmental
attitudes and carbon footprint

Differences between households with EV, with other type of vehicle or no car at all in relation
to environmental attitudes and lifestyle factors related to GHG emissions is presented in
Table 6.

Opverall there were no large differences in the environmental attitudes of the different car
owners but the participants from car-free households showed more pro-environmental atti-
tudes, less climate denialism, more climate concern, and lower meat consumption. More often
the EV owners had green electricity contracts and consumed less meat than ICEV owners.

Answers to the question “If there would be an election in Finland now, what party would
you vote?” revealed that among EV owners the most popular political parties were The
National Coalition Party (31.9%), a center-right party focusing on economic issues, The
Greens (22.7%), a center-left party focusing on environmental issues, and The Finns Party
(9.9%) which is a national conservative right-wing populist party. While the National Coalition
Party was the most popular party in Finland at the time of the data collection, the popularity of

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000346 October 2, 2024 13/23


https://doi.org/10.1371/journal.pclm.0000346

PLOS CLIMATE

Psychosocial barriers to electric car adoption in Finland

Table 6. Environmental attitudes, lifestyle and political opinions.

Household with an EV Household with car that is not an EV | Household without a car Statistical
(n=141) (n=2873) (n=843) association

Environmental attitudes inventory (EAI)

Preservation M 5.16 SD 0.99 M 5.18 SD 0.88 M 5.39 SD 0.95 Fp <.001, w’=
0.01

Utilization M3.54SD 1.12 M 3.49 SD 1.00 M 3.19SD 1.03 Fp<.001, W=
0.02

Total Score M 4.87 SD 0.99 M 4.89 SD 0.86 M 5.15S8D 0.91 Fp <.001, w? =
0.01

I suspect that there is no climate change X*p <.00L, ¢. =
0.08

Describes me perfectly 1.4% (2) 1.9% (54) 1.3% (11)

Describes me pretty well 4.3% (6) 3.7% (105) 2.4% (20)

Describes me somewhat 9.2% (13) 13.4% (386) 9.3% (78)

Describes me poorly 17.0% (24) 22.7% (651) 15.5% (131)

Does not describe me 68.1% (96) 58.4% (1677) 71.5% (603)

Are you worried about climate change? X*p <.001L, ¢ =
0.01

Extremely worried 8.5% (12) 6.2% (178) 12.5% (105)

Very worried 29.1% (41) 22.0% (632) 29.1% (245)

Somewhat worried 39.0% (55) 47.3% (1359) 40.2% (339)

Not very worried 12.8% (18) 17.5% (502) 13.8% (116)

Not worried at all 10.6% (15) 7.0% (202) 4.5% (38)

What sort of electricity contract do you X*p <.001L, ¢ =

have? 0.12

100% renewables 35.0% (49) 19.5% (559) 28.5% (239)

Renewables and nuclear 17.1% (24) 9.7% (278) 8.0% (67)

Mixed source 37.1% (52) 58.6% (1682) 42.7% (359)

I do not know 10.7% (15) 12.3% (353) 20.8% (175)

Diet X*p <.001L, ¢ =
0.13

Vegan 2.9% (4) 0.6% (16) 2.3% (19)

Lacto-ovo-vegetarian 7.1% (10) 3.8% (108) 9.8% (82)

Seldom eats meat 8.6% (12) 13.3% (382) 21.7% (182)

Regularly eats meat 81.4% (114) 82.4% (2366) 66.3% (557)

Number of flights during the last 12

months

Domestic M 0.65SD 1.83 M 0.17 SD 1.03 M 0.12 SD 0.65 Fp<.001, w?=
0.01

Within Europe M 1.38SD 3.14 M 0.45 SD 1.50 M 0.46 SD 1.33 Fp<.001, w? =
0.01

Transcontinental M 0.36 SD 2.00 M 0.08 SD 0.47 M 0.04 SD 0.30 Fp <.001, 0” =
0.09

What political party would you vote at X*p <.001, ¢ =

the moment? 0.18

The National Coalition Party 31.9% (45) 22.8% (655) 10.7% (90)

The Finnish Social Democratic Party 4.3% (6) 16.0% (459) 20.2% (170)

The Finns Party 9.9% (14) 13.2% (378) 8.9% (75)

The Centre Party of Finland 7.8% (11) 9.2% (263) 4.7% (40)

The Greens 22.7% (32) 9.9% (285) 18.7% (158)

The Left Alliance 2.1% (3) 6.2% (178) 14.7% (124)

(Continued)
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Table 6. (Continued)

Household with an EV Household with car that is not an EV | Household without a car Statistical
(n=141) (n=2873) (n=843) association
Swedish People’s Party of Finland 6.4% (9) 3.0% (86) 2.0% (17)
Christian Democrats in Finland 1.4% (2) 2.2% (62) 1.2% (10)
Movement Now 4.3% (6) 3.1% (89) 1.1% (9)
Other 1.4% (2) 3.9% (113) 3.4% (29)
Would not vote 7.8% (11) 10.6% (305) 14.4% (121)

https://doi.org/10.1371/journal.pcim.0000346.t006

the Greens was higher, and the popularity of the Finns was lower among EV owners than
among the general population.

In Fig 3 the estimation of carbon footprint of participants in CO, equivalent tons (tkg
CO,,) is displayed. Participants from EV households had an average carbon footprint of 8.66
tkg CO,. (SD = 3.62), participants from households with cars that were not EV's had a slightly
lower average of 8.05 tkg CO,,. (SD = 3.01) and participants from households without a car
had significantly lower average carbon footprint of 5.75 tkg CO,. (SD = 2.34) (Overall differ-
ence F p <.001, w2 = 0.09). Post hoc analyses demonstrated that the difference between partic-
ipants from EV and ICEV households was not statistically significant (F p =.03, w2 = 0.001,
Tamhane’s T2: 0.13) while the difference between participants from a carless household and
from a household with any type of car was significant (Car that is not an EV vs. no car F p <
.001, w2 = 0.10, Tamhane’s T2: < .001, EV vs. no car F p < .001, w2 = 0.13, Tamhane’s T2: <
.001).

However, among the EV owners there is a significant difference in carbon footprint
between economy and performance oriented car owners (T p < .001, d 0.773): Economy ori-
ented car owners had a significantly lower carbon footprint (M = 7.59 tkg CO2e SD = 3.17)
compared to performance oriented car owners (M = 10.25 tkg CO2e SD = 3.69).

Prior research [31-35] has established that income is the strongest predictor of carbon foot-
print as higher income is associated with larger homes as well as more travel and consumption
and since EV households tend to have a high income, their total carbon footprint is also above
average. Despite this, these results suggest that the more environmentally conscious outlook of
economy-oriented EV owners significantly reduces their carbon footprint compared to perfor-
mance-oriented EV owners even though there are no significant difference in income between
these groups (X2 p = .98, ¢c = 0.14, n = 141).

Assuming EV owners maintained their reported driving distances even if they would only
drive ICEV, then EV ownership reduces their carbon footprint by an average of 19% compared
to exclusively using an ICEV. However, this result is based on average emissions of ICEV's and
EVs and there are significant differences in the emissions produced by different types of
ICEVs and though among EVs the differences in emissions among different sort of cars are
not as large as among ICEVs, there still exists more and less efficient EV models. However, the
relationship between EV performance and energy use is not as straightforward as in ICEVs,
for example, some car models by Tesla provide both high performance and high efficiency. If
we would assume that all performance-orientated EV owners changed from high emissions
ICEVs to high performance EVs, then their reduction in emissions would be higher than 19%;
while a change from a small and efficient ICEV to an larger EV would realize less relative emis-
sions savings. This line of thought leads to a hypothesis that EVs might be an effective and
acceptable method for performance orientated car users to cut their emissions even if they are
not interested in doing so as many EVs are attractive for these customers based on their
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features other than emission savings. Therefore EV's could be attractive to people who might
not want to or even actively avoid making decisions that are considered pro-environmental
actions. Future research on this topic is warranted.

Overall, these results demonstrate that participants with the most pro-environmental atti-
tudes as well as the lowest carbon footprint are those who do not own any car. This is some-
thing that should be noted when designing policies to promote EVs—converting people who
currently do not own a car to EV owners will probably not lead to reduced emissions if these
people convert from an active form of travel and public transport to driving an EV. Therefore,
EV promotion could be most efficient when targeting current car owners with high income
who are unlikely to reduce their driving.

3.5 Attitudes towards electric vehicles

To measure attitudes towards EVs, participants were asked to agree or disagree with 14 state-
ments. Responses were compared between EV owners, those who had driven or had been a
passenger in an EV, and those without any EV experience. Full categorical information can be
found in the supporting material, S1 Table, with a summary presented in Table 7.

Some of the statements had an objective quality while others were more subjective. The
more objective ones included “EV's produce less emissions than ICE vehicles” which is true if
the vehicle is used in Finland, as well as statements such as, “Buying an EV is expensive” and
“EVs have low running cost”. The purchase cost of EVs in Finland are objectively higher and

Table 7. Summary of attitudes towards electric cars among participants with different degrees of experience with electric vehicles.

Completely agree (5) to Completely disagree (1) with a | Personally owns EV Some experience with EVS | No experience with EVs Statistical

statement (n=114) (n=992) (n=2751) association

It is easy to drive short daily journeys with an electric car 4.9 4.3 3.9 X2 p <.001,
@c=0.21

Driving an electric car is fun 4.8 3.5 3.0 X2 p <.001,
¢c = 0.36

The running costs of an electric car are low 4.6 3.6 3.2 X2 p <.001,
@c=0.25

It would be easy for me to charge my electric car at 4.6 2.9 2.5 X2 p <.001,

home ¢c=0.27

Electric cars produce fewer emissions than internal 4.5 3.7 3.6 X*p <.001, ¢ =

combustion engine cars 0.13

When buying a car, the environmental impact is 3.9 35 3.2 X2 p <.001,

important to me @c=0.14

The people I care about appreciate electric cars 39 32 2.8 X2 p <.001,
¢c =0.20

Buying an electric car is expensive 3.7 4.3 44 X*p <.001, ¢ =
0.15

Political support for electric cars in Finland is uncertain 35 34 34 X2 p <.001,
@c=0.10

With an electric car one can easily travel a distance of 35 2.6 2.5 X2 p <.001,

500 kilometers ¢pc=0.21

Using an electric car requires careful planning 3.1 3.7 3.8 X2 p <.001,
@c=0.16

There are not enough charging stations in my 3.0 3.7 3.8 X2 p <.001,

neighborhood ¢c=0.16

Electric cars perform poorly in winter 1.8 3.3 3.5 X*p <.001, ¢ =
0.35

Charging electric cars is difficult 1.9 3.2 34 X2 p <.001,
@c=0.27

https://doi.org/10.1371/journal.pcim.0000346.t007
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the running cost lower compared to a similar class of ICEV, although the terms expensive and
cheap are subjective.

Responses to these statements differed between EV owners and participants with less expe-
rience with EVs: Among the EV owners 85% agreed that EV's produce less emissions than
ICEV while 60.5% of those with some experience and 54.7% of those with no experience
agreed with the statement (X* p < .001, @. = 0.13). For a statement that EVs have low running
cost 95.6% of the EV owners agreed while only 56.3% of those with some experience and
34.0% with no experience agreed (X* p < .001, ¢, = 0.25). The majority of all participants
agreed with the statement that the purchase cost of an EV is expensive; although EV owners
endorsed the statement less than other groups: with 15.8% of EV owners disagreeing while
only 4.7% of participants with some experience and 1.8% of participants with no experience
disagreed with the statement (X* p < .001, ¢, = 0.15).

The result that a large proportion of participants without EV experience disagreed with
statements about EVs producing less emissions than ICEVs and having low running cost is sig-
nificant as the accuracy of these statements can be supported with empirical data and disagree-
ments with the statements can be seen as misconceptions about EVs.

In the more subjective statements the largest differences between EV owners and partici-
pants with less experience with EVs were found in regard to the difficulty of charging EVs (X*
p < .001, . = 0.27) as well as using EV's in winter (X’ p < .001, @ = 0.35). The majority of EV
owners did not find charging their EV difficult or felt that their EV performed poorly in winter
while participants without EV experience either could not answer or estimated these situations
to be difficult. Another major difference was the statement “Driving an EV is fun” of which
93.0% of EV owners agreed with and 43.5% of those with some experience and 16.3% of those
with no experience also agreed (X* p < .001, @ = 0.36).

These results show that there is a linear association between personal experience with EVs
and more positive attitudes towards these vehicles. In addition to providing accurate informa-
tion about EVs, providing personal experience with these types of vehicles will be important
for interventions aiming to promote EV adoption.

3.6 Factors affecting EV purchasing intention

To explore what factors are associated with high interest in purchasing EV in the future, a mul-
tinominal logistic regression model was constructed. The sample for the model were those par-
ticipants who reported that they were considering buying a new car within the next three years
(n = 2204).

The model was constructed in an explorative manner based on the prior results of this
study and previous research. The following were used as the starting point for the variables:
gender, household income, urbanicity of place of residence, EAI and climate worry, EV net-
work and EV experience as well as kilometers driven per year. As the model included several
variables with a small number of respondents in some categories, several categories needed to
be combined to be able to achieve a stable model.

Gender, urbanicity of place of residence and EAI proved not to be significant predictors in
the model and they were omitted from the final model. The final model (Table 8) included the
main effects of five explanatory variables. The model had a mediocre fit to the data (X2 (210) =
258, p = .013), a Nagelkerke pseudo R-Square statistic of 0.23 and an ability to correctly classify
57.3% of cases indicating that there are still significant variation affecting the interest in EVs
which the current model is unable to capture.

Currently owning an EV has a very large effect (OR 92.90) on the likelihood that the partici-
pant belongs to the group who consider that their next car will be an EV instead of the group
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Table 8. Multinominal logistic regression model (n = 2089). Risk is presented as Exp(B) odd ratios. Reference category for the interest in buying EV is “unlikely or very

unlikely”.

How likely your next car will be EV?

Experience with EVs

EV network

Worry about climate change

Household net income

Yearly driving distance

Very likely or likely I do not know

P OR OR 95% CI P OR OR 95% CI
Owns EV <0.001 92.90 27.81-310.31 .005 7.17 1.81-28.39
Has driven or been passenger <0.001 2.66 2.03-3.49 .028 1.33 1.03-1.72
No experience 1 1
Knows someone who owns EV <0.001 1.93 1.45-2.58 .509 1.08 0.86-1.37
Does not know anyone with EV 1 1
Worried or very worried <0.001 4.74 3.31-6.79 <0.001 2.90 2.13-3.96
Somewhat worried <0.001 2.39 1.70-3.36 <0.001 2.31 1.74-3.06
Not worried 1 1
Over 3500€ <0.001 2.66 1.59-4.45 .068 1.44 0.97-2.14
1500-3500€ .533 1.18 0.70-2.02 .160 1.32 0.90-1.95
Less than 1500€ 1 1
Over 20 thousand km <0.001 0.45 0.30-0.68 <0.001 0.48 0.34-0.69
5-20 thousand km <0.001 0.54 0.38-0.76 <0.001 0.58 0.44-0.78

Less than 5 thousand km

https://doi.org/10.1371/journal.pcim.0000346.t008

1

of participants who think that is unlikely. In addition, having driven or having been a passen-
ger in an EV (OR 2.66) or knowing someone who owns an EV (1.93) significantly increases
the likelihood that the participant will consider an EV for their next car. These results point
towards the conclusion that personal experience with EVs is the most important factor in EV

purchasing intentions.

Worry about climate change (OR 4.74) as well as having a household income of over 3500€
per month (2.66) also increases the probability of a participant belonging to the group who
believe their next car will probably be an EV.

However, yearly driving distance has a negative association with interest in EVs-those who
reported driving over 20 000km per year (OR 0.45) and those who drive between 5000-20
000km (OR 0.54) are less likely to consider an EV as their next car than those who consider

purchasing a car withing the next 3 years and currently drive less than 5000 km per year. This
result might reflect concern that frequent drivers of long distances have about the feasibility of
EVs for long distance driving as well as being uninformed about the potential financial benefit
to be gained from using a low running cost vehicle for frequent driving. Disseminating infor-
mation about the capabilities of different EVs in making long trips and their potential financial
benefits for people who are driving more than the average for the population might be a poten-
tial intervention target.

4 Conclusions

The comparison between current EV owners and the general population highlights that in
2022 EV owners had a higher income than other car owners and that the high purchasing cost
was perceived as one of the major drawbacks of electric vehicles. These results point towards
the conclusion that high purchasing cost is a major barrier to EV adoption in Finland and
reducing this financial barrier could expediently increase EV adoption, as shown by Norway’s
successful use of significant financial incentives to accelerate EV adoption.

However, recent car registration data suggest that among new car buyers high purchasing
cost is a lesser barrier to EV adoption in 2024 than 2022 due to significant alterations in the
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market. Since the data was collected, prices of EVs have decreased substantially, especially
those in the high price class, due to price competition among EV manufacturers. This has led
to a rapid diffusion of EVs in the country, with almost 34 percent of the new cars registered in
Finland in 2023 being EVs.

Despite the initial challenge of high entry costs, these developments have made EVs more
accessible to a broader range of consumers. Based on the existing data EV owners are highly
satisfied with their vehicles, with the majority intending to purchase EVs again in the future.
Thus, the initial entry into EV ownership, which was once a significant hurdle, is becoming
increasingly surmountable for consumers who are able to purchase a new or almost new vehi-
cle. To increase the attractiveness of EVs for these people, the following would be of benefit:
state support for the expansion and accessibility of charging infrastructure and encouragement
for the development of EV technology to further reduce costs and improve vehicle efficacy and
performance.

Regarding the financial incentives aimed at consumers, based on the results they should be
aimed at lowering the cost of the entry barriers at the lower end of the market rather than sup-
porting existing EV drivers or subsidizing high-priced EV purchases. In this sample, 45.9% of
the existing ICEV owners who were considering buying a new car reported the price range for
their next car to be less than 20 000€. These customers will be limited to the used car market,
EV or ICEV and therefore, policies that would strengthen the used market for electric vehicles
and incentives to owners of old ICEVs to change their cars to EVs would be useful to increase
EV adoption. Comparing attitudes towards EVs between owners and those with indirect or no
experience, substantial differences were found. Non-EV users held misconceptions about EV
emissions and running costs and they had much more negative views on charging and winter
use challenges than the actual EV owners. Additionally, EV owners strongly agreed that driv-
ing an EV is fun, a statement that few non-EV users endorsed.

Interventions targeting these differences could include providing easily digestible informa-
tion on lower emissions and lower running costs of EVs compared to ICEVs. For this informa-
tion, it would be important to consider the whole lifetime of the vehicle instead of single point
in time. To alleviate concerns regarding charging, range and winter performance interventions
providing information and demonstrations on how EV charging works and how to effectively
manage range could be used. Interventions illustrating different EV's capabilities in relation to
the actual driving needs of the person, such as the one described by [36] could be utilized.
Additionally, increasing the visibility of the existing EV charging infrastructure might help to
alleviate worries regarding the availability of charging. High visibility signs at fuel stations,
shopping centers and other public spaces that have charging stations and are visited by ICEs
owners would make the existence of charging infrastructure more salient for potential EV
owners. Information campaigns including maps of the nationwide charging network would
also serve the same purpose. Additionally, disseminating information on how to set up a home
charging station for people living in detached houses would help alleviate concerns people
have about the availability of charging stations in their local area.

Personal experience was the most important predictor of interest in purchasing an EV in
the future. Therefore, providing personal experience with EV's to potential EV buyers could be
intervention that would increase the likelihood of EV adoption in the future. These sort of
experiences could be provided at events, by peers or by car sellers and could be part of inter-
ventions aiming to increase interest in EVs. Policymakers could increase such personal experi-
ences by promoting or even mandating driving schools to provide lessons with EVs both for
new students but also possibly during renewal of driving licenses.

The direct operating costs of EV's are lower than those of internal combustion engine vehi-
cles under optimal conditions. However, in public discussions considerable attention is given
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to rare battery issues and high service and insurance costs possibly lowering the purchase
intentions of potential customers due to the overestimation of the risk related to these prob-
lems due to high media visibility. While significant price reductions and increase of availability
of used EVs are partially addressing the availability of affordable EVs, the uncertainty and wor-
ries related to the quality of EVs could decrease uptake or even lead to a perceived 'market for
lemons’ problem. Available data does not provide insights into these contemporary challenges,
indicating a need for further research both on the actual running costs and prevalence of
expensive repairs costs vis-a-vis ICEs, as well as the impact of price and market uncertainty on
buying intentions.

The current study had some limitations that should be considered when interpreting the
results. First, the number of EV owners in the sample was relatively small, and they were not a
representative sample randomly picked from all EV owners in Finland. The modest number of
EV owners limited the study’s capabilities in LCA and Logistic regression. Second, the data are
based on surveys instead of more objective data sources and therefore the limitations of subjec-
tive reporting apply: participants may not have answered truthfully or accurately at all items.
Due to nature of the survey research, the estimation of the carbon footprint should also not be
interpreted as a precise measurement of household emissions and instead be seen as a rough
estimation to rank participants in relation to each other. Finally, the largest sample that is
drawn from the Kantar panel and which aims to be representative of the general population
may have a bias stemming from the fact it only includes people willing to take part in such
panel and the mean age of the sample is higher than the population mean in Finland.

In summary, based on these findings, the factors that could increase interest in these vehi-
cles include: financial incentives to lower the barrier for entry into EV ownership, providing
people with personal experiences of EVs and disseminating information on EV charging and
range management, low running cost and reduced emissions compared to ICEVs. However, it
is important to keep in mind that while EVs do produce less GHG emissions than ICEVs, they
still produce emissions and have a positive net effect on overall emissions only if they replace
driving done with ICEVs. It would be counterproductive if interventions aiming to reduce
emissions from transportation resulted in making EVs more attractive and steering people
who do not own a car to purchase an EV. It would also not be beneficial if resources used to
promote EVs would decrease resources used to support public transport and active commut-
ing. The results clearly show that the lifestyle with the least emissions is one without any type
of car, however, in situations where a car is the only viable option of transportation, such as in
sparsely populated areas with poor public transport, EV's are useful tool to reduce emissions.

Supporting information

S1 Table. Attitudes towards electric cars among participants with different degree of expe-
rience with electric vehicles.
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