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Abstract: Greenhouse gas (GHG) emissions from transport contribute significantly to climate change.
Some of the transport policies with the greatest potential to mitigate climate change are related to zero-
emission vehicles. This study aimed to analyse the different factors, and their importance, influencing
purchase decisions for battery electric vehicles (BEV). Experts” perceptions were collected with a
Delphi study consisting of a two-round survey to assess factors that would increase the probability of
a petrol- or diesel-car owner purchasing a BEV in Finland in the year 2025. Increasing the possibilities
for home charging and the provision of a purchase subsidy were seen as the most important factors.
Public fast charging and the difference in use costs between current technology vehicles and BEVs
were also recognised as important factors. Existing systems of financial instruments and policies
must be constantly evaluated and updated due to the evolving BEV industry.
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1. Introduction

One of the world’s most important global challenges is climate change mitigation.
The use of fossil fuels is the leading causes of global warming and climate change [1]. The
European Union (EU) aims to be a climate-neutral economy by 2050 to reduce emissions
by 55% by 2030 compared to the levels in 1990 [2]. In one EU member state, Finland, the
Climate Change Act was enforced in 2015 and updated in 2022 [3]. The Act aims to achieve
climate neutrality by 2035 and to reduce greenhouse gas emissions by at least 90% by 2050
compared to the levels in 1990 [3].

Transport accounts for 24% of global greenhouse gas (GHG) emissions [4]. Of the
total transport emissions, 72% originate from road transport [4] and passenger cars are
responsible for around 12% of total CO, emissions in the EU [5]. Global agreements, such as
the Paris Agreement [6] and the policies and targets at the EU, national, and local level, as
well as consumer awareness of climate change, have led the transport industry to transition
to fossil fuel alternatives [1]. Many policies have been adopted to mitigate the emissions
from road transport. Especially in the EU, the car industry has met tightening CO, emission
performance standards, and there are mechanisms to incentivise the uptake of zero- and
low-emission vehicles.

Finland, with 5.6 million inhabitants [7] and a car fleet of 2.7 million [8], aims to
raise the number of electric vehicles (EVs) on its roads to 700,000 by the year 2030 [9]. At
least half of the 700,000 EVs should be battery electric vehicles (BEVs) [9]. In March 2023,
the number of BEVs was 53,000 and there were a further 110,500 plug-in hybrid electric
vehicles (PHEVs) [8]. However, transformation towards an EV fleet will take time, with
an average age of cars in use in Finland of 12.6 years, and an average scrappage age of
22.0 years [10,11]. Currently, the rate of car ownership varies in Finland between regions,
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with the highest being 583 cars per 1000 inhabitants in South Ostrobothnia and the lowest
being 425 cars per 1000 inhabitants in Uusimaa [12].

Electrification of the car fleet and fleet renewal are expected to deliver the considerable
reductions in emissions that are needed to reach the goals for climate change mitigation. To
analyse the reduction in emissions that can be achieved through electrification of the car
fleet, estimations and predictions of future car fleet development are needed. In Finland, it
has been assessed that the CO, emissions of transport will reduce by about 40% by year
2030 compared to year 2020, assuming that the electrification of the fleet will progress, that
the average consumption of internal combustion engine (ICE) cars will decrease, and that
the share of renewable fuels will increase [13].

In [14], a model was developed to consider the driving powers of the future Finnish car
fleet. However, there are several issues affecting the electrification of the car fleet that need
to be considered in modelling. One of the critical issues is the motivation of a consumer
to switch from an ICE car and adopt an EV, especially a BEV. Consumers consider, for
example, the high purchase price of EVs, availability of charging infrastructure, the long
time needed for charging, range anxiety, and use costs when thinking about changing to
EVs [15]. However, these barriers can be overcome using properly targeted policies [16].
In this study, information regarding the different policies and their impacts on consumer
interest towards BEV adoption are produced to allow for a better understanding of the
electrification of the car fleet. This information can later be used to model changes in the
car fleet over time. For political decision-making, there is a need for up-to-date perceptions
on how the car fleet will change and what can be achieved with different policies that
support transition to reach the GHG emission reduction targets. However, given the rapid
development in the EV market in recent years, some of the early findings may not be
relevant anymore. For example, the development of both charging networks as well as
battery capacities may have alleviated range anxiety. On the other hand, new issues have
arisen, such as increased fuel prices, and the increased availability of BEV models.

In [17], it was found through a 2021 US-survey that rebate at the time of the car sale
was the most-favoured option for users when compared to benefits during the lifecycle of
the vehicle. The purchase price of an EV is one of the main concerns. However, purchase
prices are predicted to decrease over time due to a reduction in the price of batteries,
which is one of the most expensive components of an EV [18]. It is also predicted that this
reduction in the price of EVs would reduce the dependency of the consumer on purchase
subsidies offered by the government [18]. Another instrument that the government can use
to increase the market share of EVs is the use of CO, emissions-based taxation, where taxes
are levied based on the amount of CO, emissions produced by a vehicle [19]. This motivates
consumers to opt for low- or zero-emission vehicles [19]. One issue for a consumer is home
charging, as it may deliver a monetary advantage, with a decrease in the use cost of EVs
compared to public charging. On the other hand, it has been noted that when the number
of accessible public chargers rises, so does the share of EVs [20].

This research seeks to understand the factors that would affect the purchase of BEVs in
Finland in the year 2025. The timeframe of the year 2025 was chosen as the BEV market and
uptake of BEVs are currently in a rapid transition phase and it would be more difficult to
estimate effects for a longer timeframe. Additionally, the short timeframe was considered
to have policy relevance for current decision-making. The research questions of this study
are as follows:

RQ1: What are the factors that affect purchase interests towards BEVs?

RQ2: How do these factors affect purchase decisions?

RQ3: What are the most potent factors that affect purchase interests towards BEVs in
Finland in the year 2025, and what policies can be implemented in Finland, if there is a will
to support BEV adoption in future?

RQ1 and RQ2 are addressed through a review of previous research and different policy
documents issued by the government. The findings were then combined with a two-round
expert survey using the Delphi method to answer RQ3.
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This article is structured as follows: Section 2 presents the factors affecting the purchase
interest towards BEVs among consumers based on a review of the literature. Next, the
methodology of the Delphi study is explained (Section 3), and the analysis of the results
(Section 4) is presented. This is followed by the discussion (Section 5) and the conclusions
(Section 6) of this study, along with its limitations and avenues for future research.

2. Factors and Policies Affecting EV Adoption

The factors and policies affecting EV adoption were investigated through a search
of the academic literature. This literature study was a simple literature review of articles
from Scopus and Web of Knowledge databases. It was not a systematic literature review,
and no specific search query was used. Search terms included “electric vehicle”, “BEV”,
“charging”, “policy”, “subsidy”, “taxation”, “adoption”, and “barrier”. The search was
conducted using the ScienceDirect database. Additional material was also found through
reviewing the references in articles identified in the search. Section 2 presents an overview
of the factors and polies affecting EV adoption. When thinking of the different factors that
relate to EV adoption and can be guided by policies, two main factors related to costs and
to EV charging were considered. These are discussed in Sections 2.1 and 2.2, respectively.
In the literature, we found a mixed use of terminology and most of the studies were about
EVs in general, while some were focused more specifically on BEVs. Thus, the literature is
focused generally on EVs, even though there might be different experiences with EVs and
BEVs in reality.

In [21], it was found that consumer adoption of EVs is linked with alternative options,
costs, demographic factors, habits, lifestyle, long-term benefits, preferences, psychological
factors, situational factors, and social status. Positive factors that motivate consumers to
adopt EVs are government financial aid, reliability, independence from oil, reduction in
polluting gases, and improvement in air quality [15,22]. Factors that dissuade consumers
from buying EVs are range anxiety [23], long charging times [24], a lack of charging
infrastructure [23], high purchase prices [22], less concern for environmental protection [25],
increased use of individual transport [22], a lack of trust [21], lack of information [21], a
large number of charging events compared to refuelling events [15], unwillingness of
consumers to pay substantial premiums [26], safety concerns while charging [27], unknown
or lesser resale value [27], consumer confidence [28], environmental issues due to battery
disposal [29], uncleanliness of the electric grid [30], and the absence of an established used
car market [29]. Additionally, especially in countries like Finland [31] due to harsh winter
conditions, the batteries of electric vehicles are discharged more quickly because of the low
temperatures [31], thereby affecting the range of the vehicle [32,33].

The gap between the expectations of consumers and the reality of EVs is large [21].
Information should be readily, easily, and completely available. It should also be up to
date. There is a need for a centralized database with complete information on prices,
options for different EVs, incentives, parking, charging, and repair. This would lead to
an increase in trust and the confidence of consumers, and therefore, an increase in the
purchase motivation of consumers [1,26].

The other benefits of owning an EV, such as access to bus lanes or high-occupancy
lanes, or benefits in parking, are usually estimated to be an additional bonus and not a
clear motivator, as their effect is quite small. For example, in [34], it was noted that access
to high-occupancy lanes in Canada for EVs would only result in a 0.1-0.3% increase in the
number of EVs by 2040, as both the roads where those lanes exist and times when they
provide benefits are limited. In addition, in [35], it was noted that if EVs are given access to
certain lanes, it may reduce congestion on regular lanes. However, it is noted that when
the share of EVs increases, the action can become negative, with high-occupancy lanes
becoming congested.
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2.1. Factors Related to Costs

There are some general points to be noted when considering different factors that aim
to influence the car fleet through costs. In [36], it was stated that to gain the best results in
cumulative CO; reduction, faster policy effects are more advantageous, since the results
have a long-term effect. Additionally, it should be noted that there is no one-solution-for-all,
and targeted actions should be used to implement different policies for different groups [16].
In [37], it was identified that the best possible policy mixes, where fuel economy regulation
was found to be the most impactful, driver alone and EV mandates were found to be the
most cost-effective policies and the most useful in starting the diffusion of EVs when the
share is low.

2.1.1. Effect of Financial Incentives on EV Market Share

In a UK-based study [36], it was noted that pricing subsidies and clear feebates were
the most effective, as people tend to favour direct up-front savings more than lifecycle
savings. This was also supported by a 2021 US-based survey, where a rebate at the time
of sale was the most-valued option [17]. Research studying subsidies for EV purchases
available in Canada found a positive effect on the EV share [34]. It was estimated that a
6000 CAD subsidy per EV purchase would create a 15-20% point increase in the EV share
by 2040, if the subsidy was put in place for the whole 20 years [34]. In [38], it was found
that a 1000 USD increase in financial incentive would cause the EV market share to increase
by 0.06%. However, this study was conducted when the market was different, with only a
limited number of BEV models available, which likely affects its applicability in the current
market situation.

Lutsey et al. identified that price parity between BEVs and conventional cars could be
achieved in Chinese markets between the years 2026 and 2029, while shorter-range vehicles
could achieve parity in the year 2025 [39]. However, they note that, if fewer resources are
focused on technical advancement in this field in China, there could be a 1-3-year delay for
price parity. This is also supported by the results of [40], in which a possible price parity for
small vehicles in 2025 was indicated, suggesting that all BEV models will be competitively
priced against the regular alternatives at around 2030. In [18], it was estimated that a rapid
increase in the EV share would occur after the year 2029, when battery costs will reach their
lowest level. The decreasing price of EV batteries is linked with a reduction in the purchase
price of EVs, which would, in turn, affect the need for a subsidy.

2.1.2. Impacts of Fuel- and Use Cost Difference on the Rate of EV Adoption

Fuel costs and use costs are important factors that affect the total cost of ownership.
Increasing fuel prices make low-emission vehicles and EVs more appealing, since even
with larger up-front payments, the total costs of ownership could be lower. In a study on
Italian markets, it was found that the competitive pricing of BEVs would generate a twofold
market [41]. This study referred to a situation where there is a good charging infrastructure
that allows people who drive more to use EVs and gain benefits from lower use costs,
while people driving less often can use petrol cars and benefit from lower up-front costs.
It was also noticed that, even if there were no EV purchase subsidies in place by the year
2025, an increase in gasoline prices would make EVs favourable [41]. In a German study;
it was stated that a 25% increase in fuel prices would double the baseline EV-stock in
their scenarios [42]. Similar results are shown in a study where it was estimated that a
7-8% increase in gasoline prices caused by carbon pricing development would lead to 10%
increase in EV sales in Canada in 2040 [34].

2.2. Factors Related to Charging

Home charging is the most important charging related factor associated with BEV
uptake [34,43,44]. In [43], it is noted that charging at home is a financial benefit, as it allows
lower use costs for BEVs. In [44], it is stated that even though financial benefits are the major
reason for EV uptake, the possibility of charging at home is a critical factor. According
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to [45], households residing in both separate dwellings and in apartments belonging to a
housing complex prefer having access to private charging over using a communal charging
station.

In a study, it was shown that new building codes, which require EV charging to be
provided in residential and commercial buildings, could have a 1.5-4.5% effect in 2040
on new EV sales [34]. This study also found that, if the public charging network is raised
to 0.5 chargers per gas station from the current rate of 0.18, this would result in a 0.5-2%
increase in the new share of EVs in Canada in 2040 [34].

In [38], the relationship between socio-economic factors and electric vehicle market
shares in 30 countries were examined. The study found that an additional charging station
per 100,000 residents would increase the EV market share by 0.12%, which was found to be
twice as effective as a 1000 USD financial incentive at encouraging EV adoption. In [20], it
was observed that a 1% rise in the number of charging points led to the expectation of a
0.3% average rise in the BEV share in Swedish municipalities. This effect was greater in
urban municipalities than in suburban and rural municipalities [20].

3. Methodology

This study presents results from a two-round survey using the Delphi method. The
Delphi method uses a structured group communication process to solve a complex prob-
lem [46]. The process involves multiple rounds of communication between the researchers
and respondents, wherein the respondents answer a set of questions. After the researchers
analyse these answers, the analysis is reported anonymously to the respondents and a new
set of questions is proposed [46].

Traditionally, the Delphi method has been implemented in studies aiming to reach
expert consensus when studying a probable future [47]. However, in this study we chose
the Disaggregative Delphi approach, which aims to explore alternative futures [48]. This
was selected for our Delphi study as the aim was to explore experts’ views on the future
without the need to reach a consensus, embracing the versatility of perceptions. The process
of the Delphi study is shown in Figure 1.

.................................

| Factors affecting BEV
| adoption probability
Literature e
Review | :
¥
Delphi Study Delphi Study Reslt
Delphi study (st romnd) (2nd round) n
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Stakeholders) | findings | | Jindings |

Figure 1. The Delphi Study Process.

Respondents were transport experts and stakeholders of the EV Ecosystem from
Finland (details in Section 3.1, Table 1). Since all participants are experts, they will be
referred to as respondents throughout this paper. Data were collected using an online
tool called LimeSurvey. An online tool was used due to the COVID-19 pandemic and the
locations of the respondents. Since there was an interest in both the factors influencing
purchase interest in BEVs, and the effects of these factors individually and together, the
Delphi study was conducted in two rounds. The questionnaire for the second round was
constructed based on the analysis of the responses of the first round of the Delphi study. A
summary of the first-round results was shared with the respondents. Due to the iterative
nature of the study, some of the results from the first round of Delphi study are presented
in this methodology as the results were used to form the second round of Delphi study. To
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stress the importance of argumentation, the questionnaire of the Delphi study included
several open-ended text questions.

Table 1. Delphi study respondent details.

Organisation Invited

First Round Respondents Second Round Respondents
Type Experts
Number Number Share Number Share
Government 14 8 26.7% 5 26.3%
agency
Municipal 5 4 13.3% 3 15.8%
authority
Non-profit 7 3 10.0% 1 5.3%
organisation
Research
institute or 7 7 23.3% 4 21.1%
university
Private 13 7 23.3% 6 31.2%
company
Other 0 1 3.3% 0 0.0%
Total 46 30 100% 19 100%

The first round of the Delphi study ran from 26th of August to 9th of September 2021.
The focus was on identifying the factors related to BEV adoption and estimating their
effects in Finland in the year 2025. The second round of the Delphi study started less than a
month after the first round closed, and it ran from 5th of October to 3rd of November 2021.
It focused on the effects of the most important influencing factors identified in the first
round, individually, in different combinations, and their total combined effects. During the
second round, respondents were also asked to comment on the results of the first round of
the Delphi study.

Throughout our study, we followed the Finnish National Board on Research Integrity,
good academic practices, and the recognised norms of research ethics. The respondents
gave consent to participate in the Delphi study, and they had the opportunity to decline
and stop participating in the Delphi study at any time. Respondents were informed that
they were not required to answer all questions.

Since the responses were collected anonymously, the responses could not be removed
from the study data. No connecting information was collected for respondents, and thus,
it was not possible to link answers from the two rounds of the Delphi study. However,
given the small sample, there was a possibility to identify the actual respondent based on
their job title, organisation type and LimeSurvey’s respondent tracking tools. However,
this information was only present during data collection and not used during the analysis.
The respondent tracking was used to enable reminders to be sent to respondents, and this
concern was resolved through the research privacy notice (created according to European
General Data Protection Regulation) provided to the respondents. This notice and other
information regarding the Delphi study, such as reporting and use, were presented as a
statement to the respondents at the beginning of the Delphi study questionnaire.

The Delphi study questionnaire was available in both Finnish and English. Transla-
tions of the Delphi study questionnaire and results were developed by bilingual members
of the research team. The Delphi study questionnaire for the first and second rounds are
presented in the Supplementary Materials.
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3.1. Delphi Study Respondents

The Delphi study respondents were identified as transport experts and stakeholders
of the EV Ecosystem from Finland. The experts and stakeholders represented five differ-
ent organisation types, namely, government agencies, municipal authorities, non-profit
organisations, research organisations and universities, and private companies. The private
companies consisted of charging providers, car dealer organisations and consultant compa-
nies working in the field of EV development. For every organisation type, several persons,
either already known by the authors or considered relevant based on their job title, were
contacted by email. The experts were briefly presented with the research topic and the
aims of the study and were asked whether they would be willing to participate, or whether
they would be able to name another suitable expert from their organisation or field they
represent.

The number of Delphi study respondents, or the sample size, was based on factors
such as the availability of experts (which could be reduced due to other commitments
or disinterest in the next round), the research location in Finland (because the study is
pertaining Finland), and the ability of the researcher(s) to conduct a Delphi study [49].

The first round of the Delphi study was sent to 46 experts (Table 1) and 30 responses
were received (65.2% response rate). The second round of the Delphi study was sent out to
the same 46 experts, and 19 answers were obtained (41.3%). Table 1 presents a summary of
the experts by organisation type in the two study rounds. One expert is classified as ‘Other’
since the respondent had a long background in a government agency but was not affiliated
to the agency during the study.

3.2. First Round of Delphi Study

The first round of the Delphi study focused on the different factors that may influence
interest in purchasing a BEV by an ICE car owner when buying a new car in the year 2025.
The basic scenario was presented: When a person owning a petrol- or diesel-vehicle is purchasing
a new car in Finland in 2025, the person has a 10% probability to choose a BEV. This 10% is
defined as the baseline probability and refers to the situation in which no new measures have been
implemented that would affect the uptake of BEVs in Finland. The baseline probability of 10%
was estimated based on the trend during 2019-2021 in Traficom’s data [50] of new car sales
in Finland.

It was highlighted to the experts that the baseline probability of 10% does not refer to
the share of BEV sales in 2025, rather, it refers exclusively to a situation when a car buyer
considers a shift from a petrol- or diesel-powered car to a BEV. The actual share of BEV
sales is likely to be higher in the year 2025, since there is a greater probability that current
BEV and plug-in hybrid car owners will choose a BEV as their next vehicle [26,51,52].
Throughout the Delphi study, it was stated that while the 10% probability represents the
baseline, a minor shift referred to a 20% probability, a medium shift to 40% probability, and
a major shift to 60% probability of changing from a petrol- or diesel-powered car to a BEV.

In the first round of the Delphi study, the first questions asked about individual
factors that may affect the probability of choosing a new BEV instead of a petrol- or diesel-
powered car, and the effects these factors may have on purchase probabilities in the target
year of 2025. Factors were selected based on findings from Section 2. A summary of
factors is presented in Table 2. Additional background information (about the situation in
Finland) on the factors, provided to the experts during the Delphi study, is presented in the
Supplementary Materials, Part 3.



Future Transp. 2024, 4 74

Table 2. Background information on factors that affect BEV adoption probability.

Factor Background Information

Experts were asked to consider a situation where the provision of
Purchase subsidy for a new BEV purchase subsidy would not continue after December 2021 in Finland, as
there was no decision regarding year 2022 at the time of the Delphi study.

Current price difference informed to the experts was that a same-size
Annual taxation difference between a same-sized BEV  petrol-powered car pays about EUR 20 less annual tax than a BEV. The
and petrol-powered car calculation process is explained in the Supplementary Materials in
Table S1.

At the current price level, the cost of driving power of a medium-sized

car is estimated to be about 14 cents/km for a petrol-powered car and

3 cents/km for a BEV. This results in a 11 cents/km price difference in
Use cost difference for driving power per kilometre use costs between petrol-powered cars and BEV. The calculation process
between a same-sized petrol-powered car and BEV is explained in the Supplementary Materials in Table S2. The cost of

driving power for petrol-powered cars was used for calculating the use

costs difference, because they are more common in the Finnish car fleet

than diesel cars (1.88 million compared to 752,000 in the end of 2021 [53].

Home charging was defined as the possibility of charging at least 11 kW
and charging up to 50-60 kWh during the night in the vicinity of the
home. This would allow a BEV with a range of about 300 km to charge,
provided that the car’s battery capacity does not otherwise limit this. It
should be noted that not every car owner has a reserved off-street
parking space. Especially in larger cities, many car owners are using
residential on-street parking and cannot acquire their own home
charging point. For example, in the inner city of Helsinki, approximately
50% of car owners have a residential parking permit, indicating that they
probably do not have access to reserved off-street parking space [54]. In
other cities, the share of car owners using on-street parking is lower, but
there is no detailed data available. However, most of the car owners, who
are dependent on on-street parking, are living in multi-unit residential
buildings. In 2021, 47% of Finnish households lived in multi-unit
residential buildings [55].

Share of households that have access to at least 11 kW
home charging

A public basic charging point enables the transmission of electricity with
a power of up to 22 kW. The Directive 2014/94/EU on the deployment of
alternative fuels infrastructure recommends that there should be at least
one public basic charging point for every 10 electric cars (BEVs and
plug-in hybrids) [56]. In Finland, the ratio was 0.7 basic charging points
for every 10 electric cars in June 2021 [57].

Number of public basic chargers per 10 EVs

A public fast charging point enables the transmission of electricity with
an output of more than 22 kW. The Directive 2014/94/EU on the
deployment of alternative fuels infrastructure recommends that there
should be at least one public fast charging point for every 100 BEVs [56].
In Finland, the ratio was 6 fast charging points for every 100 BEVs in June
2021 [57].

Workplace charging refers to a charging point with a power of at least
11 kW and allows charging up to 50-60 kWh, during the working day.
This would allow a car to have a range of about 300 km, provided that

Share of commuters using passenger cars and also the car’s battery capacity does not otherwise limit this. According to the

having the ability to charge at their workplaces Finnish National Travel Survey [58], there is an estimated 750,000 daily
car commutes to work in Finland. It is assumed that charging at a
workplace is tax-free for the employee, as it is currently defined until the
year 2025 in Finland [59].

Number of public fast chargers per 100 BEVs

All questions asked whether each factor would enable a change in probability (from
the baseline of 10% to 20%, 40%, and 60%) in the interest in choosing a BEV, and what
value that factor should have to enable the specific change in probability. For example,
it was asked that “In your opinion, would it be possible to achieve a 20% probability of
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buying a BEV with the provision of a purchase subsidy?” If the expert answered “Yes”,
the expert was asked to present the value for the purchase subsidy likely to achieve the
change in probability. For each factor, similar questions were presented for the 40% and
the 60% probability. The expert was not asked to present any value if they considered that
the factor would not enable the shift in the probability. After the three questions related to
the probability changes, the experts were asked to give reasons for their answers related to
each individual factor. Experts were also asked to name any other factors that might affect
the adoption of BEVs in Finland by the year 2025, either positively or negatively. If these

‘other factors” were found to be relevant by the authors, they were then considered in the

second round of the Delphi study.

Next, the experts were asked about the baseline percentage, i.e., what is the probability
for a petrol- or diesel-vehicle owner choosing a BEV in the year 2025, if no additional
measures or changes in policies affecting the adoption of BEVs were implemented in
Finland. This question was set to find out whether the expert considered the baseline
probability to be different than the 10% stated in the prior questions. Answers to this
question were used to set a more justified baseline probability for the second round of the
Delphi study. In addition to asking about the baseline percent, the experts were asked to
give reasons or to otherwise comment on their answer. The responses varied from 10%
to 60%. The majority (59%) of the answers were between 20% to 40%, averaging to 31%
(n = 29). As such, a rounded figure of 30% was selected for the baseline probability for the
second round of the Delphi study. Based on the open comments, the main reasons for these
higher probabilities were lower battery prices that would lead to lower prices of BEVs as
well as development of the EV market, where more BEV models would exist due to both
EU regulations and general demand in the global markets.

The first round of the Delphi study asked the experts to prioritise the seven factors
named in Table 2, based on how great an impact they think the factors would have. Since the
second round of the Delphi study planned to focus more on the combinations of different
factors, the experts were next asked to choose two factors they thought would be the best
combination to increase the number of BEVs in Finland. Here again, the experts were asked
to give reasons for their views.

The final question was about the experts’ organisation type (mandatory) and job title
(optional to answer). These were used in reporting the respondents’ profiles. The Delphi
study questionnaire concluded with an open question where respondents could provide
additional feedback.

3.3. Second Round of Delphi Study

The design of the second round of the Delphi study was finalised based on the input
and the comments received in the first round of the Delphi study. The questions focused on
the same metric, i.e., the probability of a petrol- or diesel-vehicle owner choosing a BEV in
the year 2025 when buying a new car, but the way of setting the questions and the baseline
probability were different. In the first round of the Delphi study, the experts were asked for
the values related to the different factors in the three different probability changes. In the
second round, the values for the different factors were given based on the first round of the
Delphi study answers. The experts were asked about the effect, i.e., the probability that
the given value would have. Based on the results from the first round of the Delphi study,
the baseline of a 10% probability was changed to a 30% probability. Figure 2 presents this
change in baseline probability and the factors considered in the first and second round of
the Delphi study.
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Figure 2. Factors and questions considered in the first and second rounds of the Delphi study.

To begin the second round of Delphi study, key findings from the first round were
presented, and the experts were asked to comment on these. Next, the experts were asked
about five factors and their effects on the probability of choosing a BEV, when a petrol or
diesel car owner buys a new car in the year 2025, with the following values:

if EUR 5500 purchase subsidy is offered for a new BEV;

if 55% of car-using households have at least 11 kW charging capacity at home;

if 55% of car-using households have at least 3.6 kW charging capacity at home;

if there are at least 16 public fast charging points per 100 BEVs;

if there is a difference of 26 c¢/km in use costs between same-sized BEVs and petrol
cars.

Based on the results of the first round of the Delphi study, it was noted that annual
taxation, public basic charging, and workplace charging were not considered to have much
of an effect. Therefore, they were removed from the second round, but the purchase subsidy;,
use cost difference and public fast charging were kept. Home charging was presented as
having at least 11 kW power in the first round, but during the second round, home charging
was also asked to have at least 3.6 kW power based on the comments received in the first
round.

The experts were also asked about the level of importance of each factor in different
areas of Finland using a 5-point scale (very important, important, moderately important,
slightly important, and not important). The different area types provided were urban, semi-
urban, and rural areas, which follow the classes of Finnish urban-rural classification [60].

The next questions focused on combinations of factors affecting the probability of
purchasing a new BEV. There were three different pairings: purchase subsidy and home
charging; purchase subsidy and public fast charging; and purchase subsidy and difference
in use costs between petrol cars and BEVs. Purchase subsidy was presented in each of the
pairings based on the results of the first round of the Delphi study.

Following this, views on the combination of different factors were asked by presenting
pre-given probabilities. The experts were asked which of the factors should be put in
place to achieve a 40%, 60%, or 80% probability of purchasing a new BEV. For the 40% and
60% probabilities, the numerical values were based on the first round of the Delphi study
answers, i.e., the average value given to reach 40% and 60% probability, respectively. For
80%, no numerical values were presented. Instead, the experts were able to choose the
factors that would be needed as well as enter numerical values for those factors. For every
probability, the experts were also allowed to mention other influencing factors.
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Every set of questions in the second round included the option to provide open-ended
comments to elaborate on their answers. The final questions in the second round of the
Delphi study asked about the expert’s organisation type and job title and general feedback
on the study.

3.4. Analysis

For the analysis of the results, responses were first translated into English since most
of the respondents opted to respond to the Delphi study in Finnish. The number and the
percentages of responses, along with the descriptive statistics (average, standard deviation,
minimum and maximum) related to the different factors were calculated for every question
(as shown in the Supplementary Materials in Part 4. The number of responses for each
question varied as respondents had the option to not answer some questions.

3.4.1. First Round of Delphi Study

The positive and negative issues affecting the demand of BEVs in Finland by the year
2025 were ranked by frequency. Responses to the question on ranking the seven factors
(Table 2) were analysed to reveal the top four factors (purchase subsidy, home charging,
public fast charging and use cost difference) that affect the purchase interests towards BEVs.

The average values of responses obtained for the questions related to these four
factors were calculated based on the varying probabilities (20%, 40% and 60%) of the
achievement of buying a BEV. Additionally, the cumulative average values of every factor
were calculated. These values were used to frame questions for the second round of the
Delphi study.

Similarly, the answers to questions where two of the seven original factors were
combined were also ranked to understand the combinations of factors that would work
best to raise purchase interest in BEVs.

3.4.2. Second Round of Delphi Study

The level of importance of the factors (top four factors from the first round of the
Delphi study) to increase the probability of choosing a BEV in urban, semiurban, and rural
areas were assessed.

The questions, where the most important factor from the first round of the Delphi study
(purchase subsidy) was combined with the other factors, along with their average values
(also obtained from the first round of the Delphi study), demonstrated which combination
was preferred. The probabilities, provided by the respondents, were averaged, and the
combination with the highest probability was ranked the highest.

As explained in Section 3.3, the last set of combination questions in the second round
of the Delphi study were multiple choice questions. Respondents were required to choose
the factors needed to achieve at least a certain percentage of probability (40%, 60% and
80%) that, when a petrol or diesel car owner buys a new car in the year 2025, a BEV will
be chosen. In the analysis, the total number, and the averages of the responses (answered
as ‘yes’ or 'no’) were calculated to understand which factors would be the most important
ones to achieve a certain probability.

4. Results

In the first round of the Delphi study, the respondents were asked to rank the seven
factors from the most to the least impactful factor (Table 3). According to the respondents,
purchase subsidy to buy a new BEV, increasing home charging options, and measures
affecting car use costs were the most important factors. While formulating questions for the
second round of the Delphi study, other than the three factors mentioned above, we also
considered increasing public fast charging options as an additional factor (ranked fourth in
the first round of the Delphi study).
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Table 3. Impact ranking of the seven factors, which were discussed in the first round of the Delphi
study. (1 = greatest impact, 7 = least impact).

Number of Respondents, Who Ranked

Factor Average Rank Score Factor to Have the Most Impact
Increasn}g home charging 219 8
options (N = 26)
Purchase subsidy to buy a
new electric car (N = 25) 2.80 12
Measures affecting car use
costs (N = 24) 3.54 6
Increasing public fast 3.92 0
charging options (N = 26) '
Increasing charging options at 47 0
workplaces (N = 25) ’
Change in annual tax of
electric car (N = 24) 513 0
Increasing public basic 530 0

charging options (N = 25)

4.1. Cost-Related Factors

Figure 3 presents key results regarding purchase subsidy, use cost difference and
annual taxation. The results will be discussed in more detail in their own subsections.

Purchase subsidy Use cost difference Annual taxation
20% 40% 60% 20% 40% 60% 20% 40% 60%

Possible e e e e G @ G a e
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No answer (2] (3] o 0 0 ° e e 0

Figure 3. Deviation of results in purchase subsidy, use cost difference, and annual taxation. The
weights of the lines correlate to the number of respondents (mentioned in the circles).

4.1.1. Purchase Subsidy

According to 77% of the respondents (N = 30) in the first round of the Delphi study,
purchase subsidy is required to increase the probability of a person choosing a BEV. They
were also of the opinion that, for the probability of purchasing a BEV to be 20%, 40% and
60%, the average values of the purchase subsidy should be EUR 3326 (N = 24), EUR 5364
(N =22) and EUR 7750 (N = 16), respectively.

For the second round of the Delphi study, their average, EUR 5500, was considered as
the value of the purchase subsidy. The respondents for the second round of the Delphi study
opined that, with this value of purchase subsidy, the probability of a person choosing a BEV
would be 56% (average value) (N = 17). Additionally, purchase subsidy was considered
moderately important in urban areas, and important in semi-urban and rural areas. The
reasons provided were that urban people generally have more money to invest in a new
car, and the longer distances in rural areas would require vehicles with larger batteries that
are usually more expensive. However, some respondents questioned whether purchase
subsidies should vary by location. Respondents’ comments to the questions on purchase
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subsidy highlighted the importance of purchase price and the price difference between ICE
cars and BEVs:

“By the year 2025, the availability of different electric car models and price level of new
electric cars will have improved significantly. It is also assumed that the price difference
between an ICE car and a BEV will be much smaller in the year 2025 than it is now.”
(Comment from first round of Delphi study)

“The purchase subsidy of EUR 5500 is already a significant incentive to purchase a BEV.
In areas outside the metropolitan area, purchase subsidy is more important, because I
believe that people living in these areas, need longer range (= more expensive) BEVs.”
(Comment from second round of Delphi study)

Respondents also noted that although purchase subsidy may help to increase the pur-
chase probability of BEVs, it is not a long-term solution to increase the BEV adoption rates.

4.1.2. Use Cost Difference

In the first round of the Delphi study, 67% of the respondents (N = 30) indicated that
use cost difference (change in fuel price) per kilometre between same-sized petrol cars
and BEVs is an important factor that would cause a minor change in the probability of a
person choosing a BEV to 20%. The average value of use cost difference, as indicated by the
respondents (N = 21), was 16 cents/km. For the probabilities to change to 40% and 60%,
the average values of use cost difference were 25 and 36 cents/km (N = 18 and N = 15),
respectively. The respondents of the second round of the Delphi study said that, for an
average value of 26 cents/km use cost difference, the probability of a person choosing a
BEV would change to 62%.

Use cost difference was the most important factor in rural areas and was also important
in urban and semi-urban areas. The respondents’ comments highlighted issues related to
the use costs and the differences between ICE cars and BEVs:

“Fuel prices might be an effective factor, as it is a use cost every driver sees daily. Taxes are
paid only once a year and are easy to forget.” (Comment from first round of Delphi
study)

“Total cost of a BEV vs. an ICE car is a significant factor in choosing a new car if the
difference can be made transparent to the buyer. The importance is emphasized in rural
areas, where scepticism about BEVs is greatest.” (Comment from second round of
Delphi study)

4.1.3. Annual Taxation

Changing the annual taxation between a BEV and a petrol-powered car of the same
size was indicated to influence BEV adoption by 63% of the respondents (N = 19). For a
change in the probability of a person choosing a BEV to 20%, 40% and 60%, the respondents
suggested that the reduction in the annual taxation must be EUR 99 (N = 19), EUR 295
(N =8) and EUR 342 (N = 5), respectively. Annual taxation was not considered in the second
round of the Delphi study. The respondents’ comments highlight the relative unimportance
of the annual taxation:

“The differences in the current annual taxes on BEV's and petrol cars are so small that
they are irrelevant for purchase of a car. In other words, annual taxes on a petrol car
should be clearly higher if the taxes are to influence the situation when buying a car in
favour of choosing a BEV.” (Comment from first round of Delphi study)

“The annual tax is not the biggest expense. If it was removed entirely, I think some (people)
could be motivated to switch to BEVs. But if there was no other factor in place, I don’t
think it would do the trick on a large scale.” (Comment from first round of Delphi
study)
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4.2. Charging-Related Factors

Figure 4 presents key results regarding charging. The results will be discussed in more
detail in their own subsections.

Home charging Workplace charging
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Figure 4. The deviation of results in different charging related factors. The weights of the lines
correlate to the number of respondents (mentioned in the circles).

4.2.1. Home Charging

Respondents were asked how the probability of choosing a BEV would be affected
by the provision of home charging with power of at least 11 kW. Responses indicated that
the share of car-using households, that should have home charging possibility, was 39%
for a minor change (N = 22), 53% for medium change (N = 16) and 68% for major change
(N = 14). The overall average was 53%.

For the second round of the Delphi study, if 55% of car-using households were to have
home charging possibility with at least 11 kW of power, the purchase probability of 50%
was the average value given by the respondents (N = 18). If 55% of car-using households
were to have a home charging possibility with at least 3.6 kW of power, the average value
of the purchase probability given by the respondents (N = 18) was 47%. Related to the
differences between 3.6- and 11-kW charging power, some respondents highlighted that
offering faster (at least 11 kW) home charging on a large scale would be expensive.

Home charging was considered very important in urban areas and important in
semiurban and rural areas. Comments from the respondents highlight that in semiurban
and rural areas, where most people live in detached or row houses, home charging is usually
easier to realise, as people often have their own parking space and a power outlet. However,
it should be noted that charging power would be lower when using a regular outlet (max.
3.6 kW). In urban areas, one of the main issues is a lack of reserved parking spaces. Car
owners using residential on-street parking must rely on public charging stations, workplace
charging or charging points installed in on-street parking spaces. In addition, it is often
challenging to install charging points in parking premises owned or managed by housing
cooperatives. These issues can be related to technical issues, high infrastructure costs,
complex ownership issues and difficult decision-making processes. Comments related to
home charging by one respondent highlight these issues:
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“Supporting slow (and) smart charging is worth it, but what is the point of supporting
11 kW charging with 3-5 times higher prices? Society should enable transition to
electric transport, but 11 kW home charging is luxury, which should not be categorically
supported.” (Comment from second round of Delphi study)

“The biggest challenges are in cities and densely populated areas, because in addition to
the decision-making of housing cooperatives, the problems are e.g., technical constraints
(complex ownership of large parking garages, higher power requirements and thus higher
costs, lack of parking space, etc.). Supporting resident parking charging would be one way
to increase this if housing cooperatives do not have the possibility to organize charging.”
(Comment from second round of Delphi study)

4.2.2. Fast Public Charging

Respondents were asked about the provision of public fast charging (charging power
> 22 kW) and the number of public fast charging points that should be available for every
100 BEVs in the year 2025. The average number of public fast charging points for every
100 BEVs were 8, 15, and 25 fast charging point per 100 BEVs, for 20%, 40% and 60%
probabilities, respectively. For the second round of the Delphi study, an average purchase
probability of 44% was given for an average of 16 fast charging point per 100 BEVs in the
year 2025.

Two roles for public fast charging were identified by respondents. First, it enables
charging in urban areas for those who do not have home charging possibilities, and second,
it enables longer driving distances and relief from range anxiety. For this purpose, the
location of charging points is very important (e.g., near highways, transport hub locations,
locations near tourist destinations etc.).

“The locations of public charging stations must be selected according to a plan, at least on
network level.” (Comment from second round of Delphi study)

Additionally, the respondents were asked about the level of importance that the
provision of fast public charging would have in increasing the probability of choosing a
BEV in urban, semi-urban and rural areas. It was considered important in all three area
types. However, the importance of fast public charging was higher in urban areas, where
more people do not have the opportunity to charge at home.

4.2.3. Basic Public Charging

Respondents were asked if the provision of public basic charging (charging power
< 22 kW) would influence purchase decisions. If respondents considered that a change
would be possible, they were also asked about the number of charging points that should
be available for every 10 electric cars (BEVs and plug-in hybrids) in the year 2025 in order
to achieve the change. The average number of public basic charging points were 1.5, 3, and
5 per 10 electric cars for 20%, 40%, and 60% probabilities, respectively. The overall average
was 3 basic charging point per 10 electric cars.

The respondents did not consider public basic charging as important as home charg-
ing or public fast charging, because the availability of public basic charging is not usually
considered when buying an electric car. However, public basic chargers can relieve range
anxiety. Several respondents highlighted that the location of public basic charging points
is more important than the exact number of charging points, and one responded com-
mented that:
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“Perhaps a more important concern is where public recharging points are located: they
should be where people do business, but on the other hand also geographically widespread
enough for “backup power” to always be available. The role of public recharging points is,
in my view, more soothing to the consumer’s fears of running out of power, to which it is
difficult to give numerical value. However, the role is an important confidence builder.”
(Comment from first round of Delphi study)

Based on the results of the first round of the Delphi study, in which basic public
charging was not seen as an important factor, there were no questions related to basic
public charging in the second round of the Delphi study.

4.2.4. Workplace Charging

Next, the provision of workplace charging was considered. If respondents considered
change to be possible, they were also asked about the share of employees (using cars to
travel to work) who should be able to charge at their workplace to achieve the change
in probability. The share of employees using cars to travel to work who should have
workplace charging were 30%, 51%, and 62%, for probabilities of 20%, 40%, and 60%,
respectively, according to the respondents (N = 23, 14, 9). The total average was 43%.

Generally, workplace charging was seen as an important factor for those who do
not have a home charging possibility. It was also noted that the popularity of workplace
charging depends on the price of charging. In addition, if workplace charging is supported
financially, it could encourage the use of private cars for commuting. This would contradict
the aim of increasing the use of sustainable transport modes. Based on the responses from
the first round of the Delphi study, workplace charging was not seen as an important factor
in comparison to others; therefore, there were no further questions related to workplace
charging in the second round of the Delphi study. The following quotes highlight some of
the respondents’ thoughts:

“Workplace charging certainly has a role to play in making electric cars more attractive,
but perhaps it alone will not make a big difference.”

“Supporting the use of private vehicles as a factor runs counter to the goals of urban
mobility, which aim at increasing the use of sustainable transport modes.” (Comments
from first round of Delphi study)

4.3. Other Factors

Respondents were asked if there were other factors that could affect the adoption of
BEVs in Finland by the year 2025, either positively or negatively. One of the most frequently
mentioned factors was the power of setting an example, by, for instance, government
and municipalities focusing their car purchases towards BEVs whenever possible. The
respondents also mentioned a need for more specific information about the use and costs of
BEVs in general to support the purchase decision; information about upcoming policies that
might affect the pricing or availability; and easier solutions for charging. There are currently
many charging service providers; therefore, there are many apps and different forms of
payment. Related to charging, respondents also mentioned the need to continue to support
the development of the charging network to make it more widely available. Regarding
BEV prices, in addition to the new car purchase subsidy, there were various comments
regarding used car purchase subsidies and scrapping bonuses, which could be used for
second-hand BEV purchases. Additionally, the importance of continuing the taxation that
supports EV purchases was stressed. There were also some comments regarding the supply
of new cars, which may cause some challenges in the future, as well as comments about
the possibility of levying road charges for ICE cars to support BEVs in the future.

Unfortunately, since the other factors mentioned by the respondents in the first round
of the study could not be quantified, they were not included in the second round of the
study. Additionally, some of the other factors mentioned were neither specific to Finland
nor could they be addressed by Finnish policies (for example, supply of new cars), or
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would require a longer timeframe to be implemented than the year 2025 (for example, road
charges).

4.4. Combinations of Factors

The second round of the study also considered combinations of factors that would
affect purchase interest in BEVs. Table 4 indicates the values of the factors (purchase
subsidy, home charging possibility with at least 3.6 kW power, public fast charging per
100 BEVs, and price difference in use costs) chosen by the respondents to have 40%, 60%
and 80% probabilities of a petrol or diesel car owner choosing a BEV in the year 2025.

Table 4. Values of factors to achieve the probability of a BEV being chosen to replace ICE car.

40% Probability (n =17) 60% Probability (n = 17) 80% Probability (n =13)
Factor Value Number of Value Number of Value Number of
YES Responses YES Responses YES Responses
Purchase subsidy EUR 5400 12 EUR 7900 10 EUR 7111 9
Home charging possibility o o o
(at least 3.6 KW power) 55% 13 70% 11 84% 11
Public fast charging per 100
BEVs 15 6 25 7 18 7
Price difference in use costs 25 c/km 9 36 c/km 10 29 c¢/km 7

When given the option of a EUR 5500 purchase subsidy and 55% of car-owning
households that have home charging possibility of at least 3.6 kW, an average probability of
63% was obtained for an owner of a petrol or a diesel car purchasing a BEV when choosing
a new car in 2025. Similarly, when given the option of a EUR 5500 purchase subsidy and
16 public fast charging for every 100 BEVs, an average probability of 56% was obtained.
For the third option, a purchase subsidy of EUR 5500 and a 26 c/km difference in use costs
between petrol and BEVs, a 68% probability was calculated based on the responses.

4.4.1. 40% Probability of BEV Adoption with a Combination of Factors

Most respondents considered that a 40% probability was possible. Thirteen respon-
dents chose home charging, and 12 respondents chose purchase subsidy as important
factors to achieve the 40% shift. In most cases, these factors were both chosen by the
same respondents. Use cost difference was chosen by nine respondents and public fast
charging by six. However, it should be noted that when fast charging or use cost difference
were selected, no respondents selected only one or both without choosing either purchase
subsidy or home charging, as well. In most of the answers, use cost difference or public
fast charging were only chosen with both the purchase subsidy and home charging. Thus,
for the 40% probability, purchase subsidy and home charging are, together, the two most
important influencing factors, which can be partially backed by the other factors, such as
public fast charging or use cost difference.

4.4.2. 60% Probability of BEV Adoption with a Combination of Factors

Home charging and purchase subsidy were considered as the top influencing factors
by 11 and 10 respondents, respectively. Additionally, use cost difference was also seen as
an important factor, receiving 10 responses. Seven respondents chose public fast charging.
As with the previous question, home charging and purchase subsidy were mostly chosen
together (in eight responses), whereas fast charging was never the only chosen option
and the use cost difference was considered as the only factor only by one respondent. As
with the previous question about the 40% probability, use cost difference and public fast
charging were always chosen along with either purchase subsidy, home charging or both.
Based on the comments, one respondent acknowledged that instead of a 36 ¢/km use cost
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difference, a 26 c¢/km difference would be enough, just as in this case of the 40% probability
question. Another respondent argued that a 60% probability would not be possible to
achieve in this short timeframe.

4.4.3. 80% Probability of BEV Adoption with a Combination of Factors

For an 80% probability, the question was set differently, as the respondents were asked
about potential values that would be needed for achieving an 80% probability. Contrary
to the two previous questions, more respondents were unsure of their answers based on
the comments given to this question. Some commented that achieving an 80% probability
in the year 2025 would not be possible or a viable goal. On the other hand, respondents
who answered that the probability could be reached selected home charging as the key
factor. This factor was chosen by 11 of the 13 respondents. The average value of car-owning
households who should have a home charging possibility of at least 3.6 kW of power rose
from 70% (in the previous question) to 84%. The other key factor from the previous rounds—
purchase subsidy—was chosen by nine respondents. However, the average value was
lowered to EUR 7111 from EUR 7900. Both public fast charging and use cost difference were
chosen by seven respondents, and the values of these factors provided by the respondents
were lower than the values in the question related to a 60% probability.

In questions related to the three different probabilities, home charging was always the
factor most often chosen. Additionally, it was the only factor estimated to have a higher
value for reaching the highest probability (reaching 80% probability compared to 60%
probability). For lower probabilities, home charging and purchase subsidy were clearly the
most important factors, whereas higher probabilities would require a combination of all
factors. Based on the comments of the respondents, the actual selection of vehicles available
for purchase was also seen as one of the factors that would cause an effect:

“The most significant and clearest conversions of the factors to BEV's are achieved by
enabling home charging for everyone. Workplace charging could serve as a home-like
charging place on weekdays.” (Comment from second round of Delphi study)

“Much wider selection of BEVs, than what is currently available, would have a model
for every need (and at the same time, smaller selection of PHEVs)”. (Comment from
second round of Delphi study)

5. Discussion

The discussion is presented based on the results of the study. Sections 5.1 and 5.2
describe the outcomes and evaluation of the study conducted to understand the effects of
factors on BEV adoption, respectively.

5.1. Outcome of the Delphi Study

Based on the findings from previous research, correctly placed subsidies increase EV
sales. However, the size of the subsidies and their effects are varied in different studies and
in different study contexts (geographical area, time of study) [34,36]. Based on the Delphi
study, the purchase subsidy is seen to increase the probability of purchasing a BEV, and this
probability increases with the size of the subsidy. Subsidies higher than EUR 7000 were
suggested to reach high probabilities, which raises the question of how high the subsidy
should be and what is viable? Sweden has had a subsidy in place of up to EUR 7000 for
a zero-emission car [19]. This represents a EUR 5000 greater subsidy than Finland has
had and could represent a financial burden for the national budget, with several economic
constraints.

When discussing subsidies, future price development of BEVs and their batteries
should also be considered; therefore, the size of the subsidy could be lowered when BEV
prices decrease, since high subsidies would no longer be needed to make the price of
BEVs competitive. Based on the results, estimates of the effects of some levels of purchase
subsidy can be presented. However, as subsidies are not the only thing that affect purchase
decisions for BEVs, other factors should also be considered at the same time and holistically.
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This was also noticed in the feedback received while analysing the results of the first round
of the study. One comment especially noted the systemic nature of the transition:

“This shows that (the) transition to a sustainable system of mobility is not just about
replacing ICE vehicles with EVs. A very large part of the system needs to change.”
(Comment from second round of Delphi study)

Taxation that favours vehicles with lower CO, levels was also identified as a factor
that increases EV sales. In addition to taxation, it should be noted that other savings, such
as savings in use costs, are also considered as influencing factors [34,42]. In this study,
lowering annual taxation was not among the top four factors causing the most impact.
This may be because annual car taxation already favours low-emission vehicles in Finland.
However, currently, the annual tax for a mid-sized petrol-powered car is somewhat lower
than the tax of a similar-sized BEV, and there would be cost savings with lower annual
taxation for BEV owners in Finland. The annual tax for a BEV is paid based on the weight
of the car. Therefore, the heavier the BEV (larger size car, larger capacity of batteries), the
higher the annual tax. When the tax for registering a new car with zero emissions was
removed (cars registered from October 2021 onwards) in Finland, the future annual tax was
raised (EUR 65) to compensate for the fiscal situation of the Finnish state [61].

Lower use costs related to driving powers were seen to be more important than
changes in annual taxation in Finland. However, the use cost difference was not ranked
as a top factor but was instead seen as a factor that has a supportive role for car owners
when they make a purchase decision for a BEV. Based on the results, the effects of use
cost differences for the probability of choosing a BEV can be estimated, as can the use cost
difference in terms of differences in fuel prices. The current use cost difference between a
petrol-powered car and a BEV estimated and presented in the study was 11 cents/km, and
for a considerable effect on the purchase probability, the cost difference was 26 cents/km.
This would mean 3.4 euro/litre price for petrol if the electricity price remained at the
current level, calculated based on home charging instead of the usually more expensive
public charging. Related to fuel prices and the use cost difference, it should be noted that
this study was carried out in autumn 2021; since then, there has been steep rise in both fuel
and electricity prices in Finland, which affect, for example, the use cost difference between
ICE cars and BEVs. In spring 2022, there was a sharp rise in fuel prices due to the war in
Ukraine [62]. This rise in fuel prices has led to increased interest in BEVs globally and in
Finland [63,64].

The use cost difference in driving powers could be affected by changes in the taxation
of fuels and electricity. But with record-high prices, such as in 2022, there was no evidence
of political interest in affecting these in Finland. Because the income from fuel taxes is
very important for the Finnish state economy, it is not likely that the taxes will be lowered.
However, some countries, including Germany and Sweden, decided to lower their fuel
taxes because of the high fuel prices in spring 2022 [65]. In addition to differences in the
prices of driving powers, differences in use costs can be affected by, for example, favouring
policies for EVs in parking fees or by road user charges.

The results of this study indicate that the possibility of home charging is one of the
key factors when considering buying a BEV, as BEVs are most often charged overnight
at home. A noteworthy issue from the results was that providing 11 kW home charging
compared to 3.6 kW home charging would not notably increase the purchase probability of
a BEV in the year 2025. For most EV users, 3.6 kW home charging was considered sufficient,
and only a small share of EV users would benefit from a higher home charging power.
According to the results, the role of public charging and workplace charging is mainly to
enable longer driving distances with BEVs and provide relief from range anxiety. However,
public charging locations are essential for the BEV owners who do not have access to their
own home charging point. These findings seem to be consistent with earlier research, as
homes have been widely recognised as the most important charging location [44].

Regarding the regional aspects of the factors, use cost difference is a factor of the
utmost importance in rural areas, as car mileage per day usually tends to be higher there.
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In the case of purchase subsidies, there was not a large difference in the level of importance
in these areas, but the importance of a purchase subsidy was a little lower in urban areas.

In our study, it was estimated that there is a 30% probability for a petrol or diesel car
owner to choose a BEV when purchasing a new car in the year 2025 in Finland if there are no
changes in the factors or policies which affect the purchase decision. The probability could
be increased to 60% if a purchase subsidy of over EUR 7000 were to be put in place and if
over two thirds of the car-using households would have access to home charging. Some
advancements for both public fast charging and use cost differences would be needed as
well. The values of the factors mentioned in the 60% probability question were higher than
what was needed. This was ascertained from the values obtained from the respondents for
the 80% probability question, which were lower than those of the 60% probability question.
The reason for this could be that some of the respondents considered that reaching an 80%
probability would not be feasible to achieve by the year 2025. Of those respondents who
considered that that 80% probability could be achieved, most considered the ability to
charge at home and purchase subsidy to be the main factors influencing the purchase of
BEVs.

It should also be noted that there are several other factors that can affect people’s
decisions for choosing BEVs and these were not included in the Delphi study. They include,
for example, growing awareness of the technology, environmental concerns, improved
charging infrastructure and a larger portfolio of BEV models. Because of the large number
of factors, it is difficult to analyse the precise importance and role of the different factors
considered in the study and the effects of the other factors on the purchase interest towards
BEVs. As the market is developing rapidly and the policies are also changing in accordance
with the tightening climate change policies and the market development, the challenge of
making future projections is even larger.

5.2. Evaluation of the Study

There were 30 and 19 respondents in the first and second round of study, respectively,
resulting in response rates of 65.2% and 41.3%, respectively. Both response rates are sound,
although a larger number of responses and higher response rate would have been good
to highlight different perspectives related to the issues in the open-ended questions. The
respondents were active in writing their justifications and arguments, which provided a
good base for analysing the data. It is typical that the response rate drops in the second
round, as respondents who did not answer the first round of the study, are not likely to
engage in the study and there is some drop-out of respondents. Lower response rates
in Delphi studies have been associated with larger panels and studies with more items
included [66]. In this study, we focused on specific issues in the second round based
on the results of the first round of the Delphi study to limit the length of the study and
the items included. We also paid attention to the item order, length of time between the
rounds, length of time each round was open for responses, format of the feedback, and
details of reminders, which have also been recognised as the issues that affect the response
rates [66]. Notwithstanding the lower number of respondents, we were able to achieve a
good distribution among respondents from different types of organisations and a diverse
range of expert views.

The most common issue in the open comments of the first round of the Delphi study
was that the respondents felt that answering the questionnaire took more time than had
been indicated in the beginning, and that the types of questions presented (change of
probability) were challenging to answer. However, in general, the respondents commented
that the Delphi study questionnaire gave them enough information about the questions’
topics and the present state in Finland. In their comments, respondents also suggested that
providing a bit more background information would have been useful for some questions.
In general, the respondents felt that the second round of the Delphi study was challenging,
too. One specific comment mentioned that, in future, the aspect of price elasticity of
demand could be used.
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It was possible to recognise the most important factors that should be studied more
closely in the second round. However, based on this study, it is not possible to draw
conclusions about the uncertainty about the baseline probability, or about the precise value
for different factors, e.g., a purchase subsidy, which would be needed for a certain change
in probability to purchase a BEV.

There have also been new government decisions after the Delphi study, as the purchase
subsidy has been discontinued and the subsidies for charging infrastructure build-up have
been continued in Finland. As the BEV market is currently changing rapidly, the different
policies related to BEV adoption, such as the amount of the purchase subsidy and different
subsidies for the build-up of charging infrastructure, should be constantly evaluated. The
structured group communication process deployed in the Delphi method could be used
regularly to assess experts’ views related to the BEV adoption to support reaching policy
objectives related to climate change and electrification of transport. During the evaluation
of the results, it was observed that the data obtained were the views of the experts and the
stakeholders.

6. Conclusions

This paper presented a Delphi study regarding the effects of different factors affecting
the probability of a petrol or diesel car owner purchasing a BEV when choosing a new car in
Finland in the year 2025. As the process in the Delphi study was iterative, with two survey
rounds, the study presented in detail how the questions were developed and selected for
both rounds of the Delphi study.

The research questions in this paper were:

RQ1: What are the factors that affect purchase interests towards BEVs?

RQ2: How do these factors affect purchase decisions?

RQ3: What are the most potent factors that affect purchase interests towards BEVs in
Finland in the year 2025, and what policies can be implemented in Finland, if there is a will
to support BEV adoption in future?

The first two research questions were answered based on previous studies. The
literature review provided knowledge on which factors should be focused on for the Delphi
study presented in this paper. Based on the previous studies, the most important factors
affecting the adoption of BEVs are related to overall costs of the vehicles (such as purchase
subsidies and lowered tax rates) and the aspects related to charging the vehicles, with
home charging as the most important factor. Although there are many other factors, such
as information needed on electric vehicles and their service and maintenance stations and
lower parking prices, they are not particularly important, based on previous research.
Therefore, the specific focus of this paper is on cost- and charging-related factors.

In general, it was found that subsidies can increase the EV market share when placed
correctly. But it should be noted that changes in battery prices should be considered when
deciding on the amount of purchase subsidy. If the price gap between ICE cars and BEVs
decreases, there will be less need for subsidies to tackle BEVs” higher up-front costs. CO,
based taxation was seen to have an effect as well, though the consumers prefer measures
that provide immediate monetary benefits instead of overall lifecycle benefits. It was also
observed that an increase in fuel costs and other use costs of ICE cars would increase
the BEV share. With respect to BEV charging, home charging was seen to deliver both
convenience and financial benefits, thus, making it a critical factor. The main role of public
charging, on the other hand, is to give options to those who cannot charge at home or for
those on long journeys. However, public charging does not have a large effect on EV share
development. To conclude, the two most important factors were the purchase subsidy and
home charging availability.

The third research question focused on the Finnish perspective, and the results were
obtained from the two-round Delphi study. Home charging and purchase subsidies were
seen as the factors that would affect the purchase decisions towards BEV adoption for ICE
owners who are considering buying a new car in the year 2025. Lower use cost would
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have only a minor effect on interest towards BEVs. Although public fast charging would
alleviate range anxiety, it was not assessed as being important either.

Generally, the two main factors with a major effect on BEV adoption were home
charging and purchase subsidies, both in the literature and in the Delphi study conducted
in Finland. In the Delphi study, these two factors were also typically chosen together when
the respondents were asked to combine different factors that would allow for the higher
probability of a BEV purchase. The results indicate that, for developing policies, these
two factors should be considered together instead of choosing one over the other. Other
factors (such as factors that affect use costs or the development of public fast charging) are
important too, but they should be considered as supportive factors. These can increase in-
terest in BEV adoption and should be considered together with policies related to purchase
subsidies and home charging.

One limitation of the study is the fact that this study is based on the views of transport
experts; the public may have different opinions. Another point to note is that this study
was carried out in autumn 2021, after which the market has seen a rise in fuel and electricity
prices in Finland; additional BEV models entering the market; and a rising inflation and
interest rate level. In a study among Finnish citizens in June 2023, the number one factor
affecting the purchase of an EV was the higher purchase price, whereas the factor was
number four in a similar study in 2021 [67]. About half of the respondents estimate that
a purchase subsidy would affect their car choice, and of these, the estimated purchase
subsidy would need to be about 6000 euros [67]. These factors highlight that change in the
market is rapid, and follow-up studies are needed.

For future research, we plan to take this research forward by conducting the same
Delphi study with the public, to get their opinion. The results of this study will also be used
to estimate the development of the Finnish car fleet in the future under different policy
scenarios. As this study provides some information on what kind of change is expected
through a policy change, the complete effect of these can be assessed. Additionally, due to
changes in car fleet composition, changes in emissions can be estimated. Furthermore, the
financial effects, and thereby, the cost efficiency, of different policies can also be calculated.
Another possible future research study could be an analysis on perceptions of the differences
between BEVs and fuel cell electric vehicles (with hydrogen).

Supplementary Materials: The following supporting information can be downloaded at: https:
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and second rounds of Delphi study.
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