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Abstract: Electric vehicles (EVs) continue to penetrate passenger vehicle markets worldwide. 

Most current EV markets remain in nascent stages, with buyers being categorised as early 

adopters or pioneers.  However, if electric vehicles are to successfully contribute to the 

decarbonisation of transportation, they must reach mainstream consumer segments. To 

investigate the underlying causes of EV interest and to determine the potential next wave of 

EV buyers, this study draws data from an original dataset (n = 5067) across the five Nordic 

countries of Denmark, Finland, Iceland, Norway and Sweden. A machine learning model, 

based on the k-means method, is used for the analysis, creating six consumer segments around 

prospective EV adoption. The study finds that three consumer clusters, that account for 68% 

of the (sampled) population, are primed for EV adoption and represent the near-term 

mainstream EV market. The findings corroborate that price is a main determinant in reaching 

these mainstream consumers, while suggesting that vehicle-to-grid can contribute to the 

attractiveness of EVs and their uptake. The study corroborates and stresses the importance that 

policy and industry decision-makers must create an equally competitive market place for EVs 

and develop strategies and policy that considers the characterises and interests of mainstream 

EV customers.  

 

Acknowledgements: The author is appreciative of Lance Noel and Benjamin Sovacool for 

guidance and support on writing this study paper. The Danish Council for Independent 

Research (DFF) Sapere Aude Grant 4182-00033B “Societal Implications of a Vehicle-to-Grid 

Transition in Northern Europe” has supported elements of the work reported here. Any 

opinions, findings, and conclusions or recommendations ex-pressed in this material are those 

of the authors and do not necessarily reflect the views of the DFF. 

 

Key words: Electric vehicles, consumers, buyers, machine learning, electric mobility, 

sustainability transitions, mainstream. 

 

 

 

 

 

 

 

 

mailto:gerardo.zarazua@btech.au.dk


 

1. Introduction & Background 

Electric vehicles (EV) coupled with a low carbon power supply have the potential to 

dramatically reduce transport emissions and contribute further to the decarbonisation of 

society1–5. This potential for decarbonisation is recognised globally where by 2016, fourteen 

countries had set national EV deployment targets between 2020 and 20306 with China aiming 

for 35 million by 20257. National efforts for decarbonisation of transport and support of EV 

technology have been further evidenced with Norway, France, the United Kingdom and India 

banning petrol and diesel vehicle sales as early as 2030, with China expected to follow in the 

near future8,9. At industry level, most automotive manufacturers have launched at least one 

BEV or PHEV model, with some traditional brands even indicating their production will only 

include EV models by the end of this decade10. At a retail level, the automotive market 

continues to see increases in the share of EV sales across many countries, with Norway still 

leading the way where 1 in 3 vehicles is fully electric11. However, EVs have historically had 

unmet high expectations around Battery Electric Vehicle (BEV) and Plug-in Hybrid Electric 

Vehicle (PHEV) technology12 and, in spite of the progress above mentioned, EVs accounted 

for only 0.2% of the total global passenger vehicle fleet in 20166, and have yet to succeed in 

displacing petrol- and diesel-based passenger vehicles.  

 

Many have explored the challenges and barriers electric vehicle face for wide-scale 

implementation 13–15. From the technical elements such as battery capacity and range16–20, to 

price and their economic comparison against internal combustion engine vehicles (ICEV)21–25; 

while, a plethora of studies have increasingly investigated EVs in relation with the power 

system3,26–30, as well as the optimal configuration for the EV ecosystem; particularly its 

recharging network31; and even exploring the social value of EV adoption32. Furthermore, it 



has been noted that the proliferation of EVs is currently deterred from the lack of availability 

of models for specific car segments, where EVs have not been able to compete at retail level 

with the well-established ICEV market 14. Such established automotive regime, led by the 

legacy of Original Equipment Manufacturers (OEMs), has also contributed to the development 

of social norms around cars, their essence and use, which represents a strong barrier for electric 

vehicles33. Recent research has also pointed at retail bottle necks across the automotive supply 

chain linking government and industry messaging to sales strategies by automotive dealerships 

34.  Other literature has explored the social, political and market aspects of EVs, from taxation 

and policy incentives35–37, to the consumer-focused studies that investigate the user related 

challenges, linked to charging infrastructure38 such as range anxiety39,40. Here the body of 

literature that explores the consumer acceptance of EVs and the determinants of purchase is 

large, with studies focusing on the profiles of EV owners and drivers behind EV purchases, 

such pro-environmental attributes41–44.  

 

Studies on consumer adoption of technologies have followed, and criticised, the popular 

framework of diffusion of innovations45, which categorises consumers into stages of adoption: 

innovators, early adopters, early majority, late majority and laggards 45–47. Specifically, for 

electric vehicles, studies have focused on the initial stages of innovation to identify the 

characteristics of early adopters and understand potential purchasing behaviours to foster EV 

deployment. Practically irrespective of geography, literature has identified early adopters of 

EVs as individuals of middle to high income and age, typically males, with graduate or 

postgraduate degrees, that can be technologically and environmentally inclined, as found in 

Austria48, Canada46, Germany47,49, Norway50, United Kingdom51, United States52,53 and 

Sweden41. Others have gone beyond and added further granularity in exploring early adopters 

by identifying them as high-end and low-end (early) EV adopters with differences in income 



and levels of education52. This, arguably, reflects the existing EV market with higher end 

products available like Tesla models and others from more traditional brands such as 

Volkswagen E-UP! or Nissan Leaf.  Table 1 presents a summary of the main literature around 

EV adoption, focusing on studies with empirical data sets, that looked into the characteristics 

and profile of electric vehicle adopters.  

Table 1: Summary of main EV adoption studies 

Author(s) 
Sample 

Size 

Sample 

Attributes 
Country/Region Early Adopters profile 

Axsen et al. 

(2016) 
1848 

94 EV owners 

and 1754 new 

vehicle buyers 

Canada 
High income, high education, male, 

middle aged, home owners. 

Campbell (2014) 

and Campbell et 

al. (2012) 

413 General Public United Kingdom 
High income, high education, multi-

car households. 

Hardman et al. 

(2016) 
340 EV owners North America 

Middle aged, male, high education, 

high income, multi-car households. 

Differentiation between high-end and 

low-end adopters. 

Carley et al. 

(2013) 
2302 General Public United States 

High income, high education, 

environmentally sensitive. 

Hidrue et al. 

(2011) 
3029 General Public United States 

Young to middle aged, high income 

and high education. 

Peters and 

Dütschke (2014) 
969 

92 EV users in 

sample of 969 

EV interested 

people 

United States 

Middle aged, male, multi-car 

households, higher willingness to pay 

for car (EV). 

Plotz et al. (2014) 210 

General public 

with high 

interest in EV 

Germany 

Middle aged, above average income, 

males, technical professions, multi car 

households. 

Vassileva and 

Campillo (2017) 
247 EV owners Sweden 

High income, high education, male, 

middle aged. 

Source: Constructed by Author 

 

Despite this depth and range of research, EV adoption studies have focused primarily on 

identifying current EV owners and buyers, their characteristics, interests and vehicle 

preferences. However, by definition early adopters (13.5%)45 represent a minority of the 

market, and currently even the global EV leader, Norway, only totals around 5-6% of EVs on 

its national passenger car fleet54. Therefore, research must be focused on identifying the 



dynamics and characteristics of the early to late majority automotive consumers to continue to 

push the transition to electric vehicles; particularly, if countries expect to use EVs to meet 

transportation decarbonisation targets.  

To the authors knowledge, one exception exists of a British Columbia-focused (Canada) study 

that goes beyond exclusively looking into early adopters and offers insights into potential early 

and late EV adopters46.  In this way, the study highlights that early and late majority consumers 

are relatively similar to each other, as compared with early adopters: for example, being less 

environmentally inclined or having lower earning incomes. Notably its shown that non-early 

adopters have relative low EV knowledge and are more likely to prefer a plug-in hybrid vehicle 

(PHEV) as opposed to a full-electric. However, while the study offers insight into the potential 

mainstream EV automotive market, it does not offer further granularity and identify specific 

consumer groups, their characteristics, preferences and how these fit within EV adoption; as 

well as being limited to a single region within a particular country. In consequence, research is 

needed to categorically identified different types of consumer segments and how these fit 

within potential EV adoption international markets. This with the purpose of develop an 

understanding of such consumers, their relation to EVs and potential for adoption, in order to 

create policy and strategies to reach the mainstream market. 

For this reason, this paper investigates the potential mainstream market for electric vehicles, 

focusing on mass-market consumers. It uses a machine learning method, k-means, to provide 

unique insight into demographic and socio-economic characteristics, vehicle and mobility 

preferences, and electric vehicle and vehicle-to-grid interests across five countries in the 

Nordic region (Denmark, Finland, Iceland, Norway and Sweden). Using an original data set of 

over 5,000 survey respondents, the model creates six customer clusters and analyses the 

potential for electric vehicle adoption of mainstream consumers. In addition, the uniqueness of 

the analysis is also substantiated by the inclusion of five distinct markets, with different tax, 



regulatory, commercial and social conditions on each country, as well as different stages of EV 

penetration.  For example, from the EV global leader Norway, to recent intermediate adopters 

in Sweden and Finland, and other less developed EV markets of Denmark and Finland. The 

study presents below the methodology, description of data and assumptions used to create the 

analysis of the study. It then moves to present and analyse the results based on the identified 

customer clusters and their relationship to EV adoption. 

2. Methods 

Data collection 

The primary method for data collection is a survey, that consists of 44 total questions divided 

into four parts (see Appendix): 1) Vehicle History & Background, 2) Vehicle Preferences, 3) 

Electric Vehicle Choice Experiment, and 4) Demographics. The choice experiment is not 

reported on this paper. The first survey section includes questions about the respondent’s 

vehicle background and the current mobility patterns, for example: driving patterns and 

prospective vehicle ownership. The second section included questions about vehicle and 

mobility preferences such as acceleration in a vehicle, or size and safety. This section also 

included questions about electric vehicles, particularly regarding attributes such as the 

importance of driving range, battery life and price. These features were answered in a five-

point Likert scale ranging from very unimportant/uninterested to very important/interested. 

The last section of the survey included questions of demographic information and attitudinal 

questions on the environment.  

The distribution of the survey was online and anonymous, available from September 2016 to 

November 2017. Prior to its launch, the survey was piloted with local populations and with 

several survey-design and topic-matter experts. Through this process, the survey made several 

improvements to its design, structure, and language. The survey was distributed both in a 



randomised sample and a non-random sample.  The random sample was collected by the survey 

consulting firm Qualtrics across the five countries, with the aim to be representative of the 

Nordic populations primarily in age, country and gender with a lower boundary that 

respondents had to be over the age of 18 years old.  In total the random sample includes 4,602 

completed responses with a nearly evenly distributed across the four countries (due to the 

difficulty of reaching respondents Iceland has slightly less respondents).  Moreover, the survey 

also included 1,292 non-random completed responses. Together, both sample totalled 5,894 

responses. Notably, many completed surveys were only partially filled in, particularly within 

the non-randomised sample and were therefore not considered in the analysis. This puts the 

total respondent number at 5,067, as shown in Table 2. 

Table 2. Survey distribution by sample and country 

 

 

 

 

 

 

 

 

 

Model analysis 

The survey was analysed using an unsupervised learning algorithm from machine learning 

called k-means clustering, which clusters data based on its similarity. Machine learning is a 

subfield of computer science and it can be categorised as an artificial intelligence method, 

which models data-relations even if the representation seems impossible55. The method of k-

means clustering involves vector quantization and aims for data-partition in (n) number of 

observations into (k) clusters. K-means is an unsupervised method meaning there is no 

Country 
Respondents 

(random) 

Respondents 

(non-random) 
Total 

Denmark 953 185 1138 

Finland 962 143 1105 

Iceland 496 214 710 

Norway 959 103 1062 

Sweden 952 100 1052 

Total 4322 745 5067 



particular outcome to be predicted, rather the algorithm tries to find patterns of data to be 

evaluated. Each observation of the data set is randomly assigned to a cluster and the algorithm 

finds the cluster’s centre. This is then iterated by 1) reassigning data points to the closest cluster 

and 2) calculating the new centroid. These steps are reproduced until the variation within a 

cluster cannot be reduced. The method works with Euclidian distances between data points and 

cluster centroids. Its equation can be summarised in Equation 1, where “S is a k cluster partition 

represented by vectors yi (i I) in the M-dimensional feature space, consisting of non-empty 

non-overlapping clusters Sk, each with a centroid Ck (k=1,2,…K)” (Kodinariya & Makwana 

2013, p.91). 

Equation 1: K-means equation 

𝑊(𝑆, 𝐶) =  ∑ ∑ ∥

𝑖∈𝑆𝑘

𝐾

𝑘=1

 𝑦1 −  𝐶𝑘  ∥2 

Source:  Kodinariya & Makwana (2013) 

The analysis was conducted using Rstudio Version 1.1.442. The data processing (cleaning) 

involved converting variables into the right classes (numeric), creating dummy variables for 

specific categorical variables and imputing specific observations. The selection of the clusters 

had a two-fold rationale. On one hand, a quantitative approach was followed to determine the 

number of k clusters to model, the elbow-method, as it is the most common and oldest method 

for determining the optimal number of clusters within a set56. This method resulted in six 

clusters as the optimal number. To validate cluster-selection applied to the topic at hand, 

electric vehicle adoption or diffusion, cluster selection was cross-referenced with qualitative 

analysis by comparing consumer groups against the theory of diffusion of innovations45. As 

noted above, the stages of adoption are categorised in five waves of consumers, however, this 

categorisation does not include a category for non-adopters. Referring to consumers that will 

not adopt the technology, in this case EVs. Thus, a sixth group is included for the likely non-



adopters. Therefore, the model was then run with six k clusters, using a parameter of 300 

iterations to find the optimal centroids. 

3. Results 

Our analysis created six customer clusters based on demographic and socio-economic 

characteristics, mobility and vehicle preferences, and stated electric vehicle and vehicle-to-grid 

interests. After analysis, these clusters have been labelled: Petrol Heads (Cluster 1), Blue-

collar Moderates (Cluster 2), Status Seekers (Cluster 3), Public Mobiles (Cluster 4), Sceptics 

(Cluster 5) and Greens (Cluster 6). We find that particularly clusters (2) Blue-collar Moderates  

and (6) Greens are the potential mainstream EV adopters, consisting of 48% of our total sample 

and representing the potential mass market entry-point to target for EV as other have referred 

to this group as early adopters41,46,48,49,57. This consumer group remains the most immediate to 

target considering that they own 70% of all EVs in our data set and have a 28% overall EV 

adoption rate. Cluster 4, Public Mobiles, in this case it is considered as a fourth cluster to target 

but it is not considered as near-term prospect for EV adoption, while the remaining clusters (1) 

Petrol Heads and (5) Sceptics will be the last to adopt EVs based on the below results. 

Demographics and context 

Table 3 summarises the demographic and context data from each of the EV adoption clusters 

across the entire Nordic region. The differences between clusters and characteristics are all 

significant at 95% confidence level. Early EV adopters, below categorised as Status Seekers, 

resemble the characteristics found in the literature of educated middle to high income and age 

individuals, typically males, with graduate or postgraduate degrees. In our sample this group 

has the highest annual income with the most number of respondents (18%) earning above 

90,000 euros/year. Status Seekers also show the largest gender gap of the group with 70% of 

the cluster’s respondents being male and the second oldest mean age (43 years old). The cluster 



also has 60% of the individuals as postgraduates with predominantly liberal political views 

(33%), followed by social democrats (20%). Despite Status Seekers did not rank environmental 

importance as high as other clusters (third highest), in reality this group shows the most 

investments in both solar PV and home energy efficiency measures, as well as ranking second 

highest among clusters in stated environmental behaviour by increasing recycling and reducing 

water consumption. Arguably such behaviour is more related more to the cost-signalling of 

new technologies rather than the environmental appeal58. 

Greens (cluster 6), is the group with the second highest annual mean household income (~€50-

70k). In contrast to Status Seekers, the Greens cluster shows the second largest gender gap with 

60% of respondents being female and shows the lowest mean age across all clusters (40 years 

old). This group has the second highest percentage of postgraduate educated individuals (50%), 

with 36% stating a Socialist Green political orientation. It is then not surprising that this cluster 

both values environmental importance the most and shows the highest stated environmental 

behaviour, having changed their diet, decreased water consumption and increased recycling 

efforts. The group however, ranks third on having invested in solar PV, which can derive from 

lower stated household income and a lower inclination for interests in new technologies as 

discussed in later sections.  

To some extent similar, the Blue-collar Moderates cluster is just below Greens on annual 

household income, percentage of students (22%) and mean cluster age (40.9). However, this 

cluster is not driven by an environmental lifestyle as these individuals ranked environmental 

importance the second lowest among all clusters, are the least likely to have invested in solar 

PV and second least likely to have decreased water consumption; which is arguably attributed 

to the lower stated household income (4th among clusters). Gender-wise, this cluster is more 

evenly spread with 53% of male individuals and 46% female. 



The Public Mobiles cluster has a female majority (60%) and the second lowest annual mean 

income, with 29% of the cluster’s individuals stating €10-30k household income a year. It has 

the largest percentages of retiree’s (19%) and unemployed (16%), with the third oldest mean 

age (41.6 y/o). The group has the second highest stated environmental importance across all 

clusters, however, in practice, Public Mobiles are the least likely to have invested in solar PV 

or energy efficiency measures, though this may be a result of the lower stated income.  

Nonetheless, they also are ranked comparatively lower (2nd and 3rd lowest) on stated 

environmental behaviour, implying a lack of pro-environmental action. This group has the 

largest percentage of urban settlers.  

Finally, the last two clusters Sceptics and Petrol Heads (no.1) relate to each other on the lack 

of environmental lifestyle ranking it as the lowest and second lowest among all clusters. 

However, the former cluster has the third most urban settles, whereas the latter has the second 

most rural. Age-wise, Petrol Heads has the highest mean age (45.5 y/o) with the most 

individuals over 55 years old, whereas Sceptics are ranked third oldest age (41.5 y/o). 

Educationally, the latter group has the least completed degrees among all clusters.  

Table 3: Comparing clusters demographics and context 

   Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 

Demographics and 
context 

Petrol 
Heads 

Blue-collar 
Moderates  

Status 
seekers 

Public 
mobiles 

Sceptics Greens 

Custer size (n = 5067) 12% 26% 20% 14% 6% 23% 

Gender***             

  Male 55% 53% 70% 37% 39% 39% 

  Female 44% 46% 29% 60% 55% 60% 

  Other 0% 1% 0% 1% 3% 1% 

Age (respondent)***             

  15-34 29% 42% 30% 42% 39% 43% 

  35-44 18% 16% 25% 17% 17% 21% 

  45-54 22% 18% 23% 16% 19% 16% 

  55-65 18% 14% 14% 16% 15% 12% 

  >65 13% 10% 8% 10% 10% 8% 

Household income (pre-
tax)*** 

            

  0-10k 7% 9% 2% 15% 12% 9% 



  10-30k 22% 25% 9% 29% 22% 24% 

  30-50k 26% 23% 22% 18% 13% 26% 

  50-70k 14% 12% 27% 8% 11% 14% 

  70-90k 8% 5% 17% 3% 4% 8% 

  >90k 5% 2% 18% 2% 4% 5% 

Occupation***             

  Other 3% 4% 1% 3% 4% 4% 

  Unemployed 6% 9% 2% 16% 13% 9% 

  Retired 18% 15% 8% 19% 14% 14% 

  Student 11% 22% 4% 21% 9% 23% 

  
Academic 
Institution 

8% 0% 0% 2% 3% 0% 

  NGO 6% 4% 6% 4% 6% 6% 

  Government 8% 9% 17% 9% 9% 12% 

  Private sector 34% 29% 60% 19% 24% 28% 

Education 
(completed)*** 

            

  Prefer not to say 14% 17% 5% 17% 30% 8% 

  Other 6% 4% 3% 5% 4% 5% 

  
Secondary (high-
school) 

16% 26% 8% 21% 18% 11% 

  Undergraduate 27% 28% 21% 25% 17% 26% 

  Postgraduate 37% 25% 63% 31% 31% 50% 

Living Area***             

  Rural 23% 18% 24% 17% 13% 17% 

  Sub-urban 47% 48% 48% 40% 48% 42% 

  Urban 29% 34% 28% 43% 39% 41% 

Political Orientation***             

  Prefer not to say 29% 39% 14% 31% 43% 17% 

  Other 8% 8% 4% 7% 10% 7% 

  Conservative 13% 10% 16% 7% 9% 5% 

  Socialist Green 9% 6% 12% 26% 12% 36% 

  Social Democrat 20% 21% 20% 15% 15% 21% 

  Liberal 21% 17% 33% 14% 12% 15% 

Environmental 
Importance*** 

            

  
Unimportant or 
very unimportant 

11% 7% 3% 4% 20% 0% 

  
Not important nor 
unimportant 

42% 39% 21% 23% 42% 7% 

  
Important or very 
important 

47% 54% 76% 73% 38% 92% 

Environmental 
behaviour***             

  
Installed energy 

efficiency 
33% 27% 73% 28% 26% 42% 

  
Invested in Solar 
PV 

5% 3% 31% 5% 14% 7% 

  Changed Diet 31% 36% 51% 53% 32% 72% 



  
Decreased Water 
Consumption 

38% 32% 51% 37% 30% 53% 

Note: Data source is Nordic Vehicle Preferences Survey 2016-2017. ***Differences 

indicated between clusters and variable samples using chi-squared analysis at 95% 

confidence interval. 

 

Mobility and vehicle interest 

In Table 4, the results for mobility and vehicle preferences are summarised for the six cluster 

groups. Vehicle ownership is led by the Status Seekers and Petrol Heads clusters with 97% and 

88% of ownership and a vehicle ratio of 1.81 and 1.42 cars per household. Next, the Blue-

collar Moderates cluster with 81% and 1.23 and (Greens with 71% and 1.00 vehicles per 

household. The last two groups, Sceptics and Public Mobiles, show <50% ownership and less 

than 1 car per household. These ownership rates, however, arguably are expected to change in 

the next five years, as it may be that the Blue-collar Moderates and Greens will join the Status 

Seekers with over 50% of respondents stating the likeliness of purchasing their next vehicle 

within the next 5 years. Expectedly, Public Mobiles and Sceptics stated less purchasing 

likelihood. 

In terms of expected money spend on the next vehicle purchase, our analysis shows that the 

majority of respondents are considering a vehicle of €30,000 or below, with only the Status 

Seekers having more than 20% or more of respondents expecting to spend more than €30k on 

their next vehicle. Clearly, for this cluster, the price of an EV poses less of a barrier and may 

explain the group interested in making substantial investments in EVs like Tesla. The Greens 

have the second largest expected spend with 25% their respondents willing to spend between 

€20k to €30k, followed by the Blue-collar Moderates (21%).  However, this puts them just 

under the average price of so-called “average” EVs like a Nissan Leaf (which average price in 

the Nordics in the mid €30k price range).  Consequently, these results show a potential market 



cut-off point for mass penetration of electric vehicles, that is, EVs should be placed at least 

within the €20-€30,000 bands in order to be adopted by mainstream consumers.  

The Petrol Heads and Status Seekers clusters show the most kilometres driven per day, with 

19% and 34% of their respondents stating to drive more than 50 km a day. On the other hand, 

while stating high vehicle ownership rates and short term purchasing intentions (even above 

the Petrol Heads), the Blue-collar Moderates and Greens clusters have their majority of 

respondents driving 20km a day or less. Moreover, 34% of the Greens reports that they do not 

drive, which may be attributed to their pro-environmental preferences of other modes of 

transportation. Notably, only the Status Seekers have more than 10% of respondents that stated 

they drive 80 km or more a day, meaning that in all other clusters at least 90% of respondents 

(and 83% of Status Seekers) daily driving requirements could be met with an EV even in harsh 

winter conditions.  

Table 4. Mobility and vehicle interests 

Mobility & Vehicle 

Interest 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 

Petrol  

Heads 

Blue-collar 

Moderates   

Status 

Seekers 

Public 

mobiles  
Sceptics Greens 

Vehicle ownership*** 88% 81% 97% 39% 48% 71% 

Vehicles (cars) per 

household*** 1.42 1.23 1.81 0.68 0.91 1.00 

When are you buying 

your next car***             

  Not sure don't know 22% 16% 4% 97% 66% 16% 

  

Don't expect to buy 

one 2% 2% 1% 3% 3% 3% 

  Within next year 16% 13% 23% 0% 4% 12% 

  1-5 years 47% 54% 60% 0% 18% 51% 

  5-10 years 12% 13% 11% 0% 7% 16% 

  >10 years 1% 2% 2% 0% 2% 1% 

How much are you 

expecting to spend***             

  Not expected to buy 8% 3% 1% 98% 55% 4% 

  €0-10k 25% 27% 7% 2% 15% 22% 

  €10-20k 33% 37% 20% 0% 13% 39% 

  €20-30k 16% 21% 28% 0% 10% 25% 

  €30-40k 9% 8% 21% 0% 2% 7% 

  €40-50k 5% 3% 11% 0% 1% 3% 

  >€50k 3% 2% 12% 0% 4% 1% 



KMs driven per day***             

  I don't drive 17% 23% 4% 69% 53% 34% 

  0-20km 33% 37% 20% 19% 17% 39% 

  20-50km 31% 29% 41% 8% 16% 21% 

  50-80km 10% 6% 17% 2% 8% 4% 

  80-100km 3% 2% 8% 1% 3% 1% 

  >100km 5% 2% 9% 1% 2% 1% 

Drivers licence***             

  I don't have one 7% 10% 1% 34% 40% 12% 

  Less than a year 2% 4% 4% 3% 2% 3% 

  1 to 5 years 10% 15% 11% 9% 9% 13% 

  5-10 years 9% 12% 10% 10% 5% 11% 

  >10 years 73% 60% 75% 44% 44% 60% 

Note: Data source is Nordic Vehicle Preferences Survey 2016-2017. ***Differences 

indicated between clusters and variable samples using chi-squared analysis at 95% 

confidence interval. 

Figure 1 shows the results of each cluster ranking importance of eight vehicle characteristics 

when thinking on their next vehicle purchase. Here it is found that Status Seekers are mostly 

driven by aesthetics and speed performance of a vehicle as well as the comfort and size 

implying interest in larger sports vehicles, noting that price is the least ranked attribute. These 

preferences are similar to the Petrol Heads, who are also attracted to speed and acceleration 

attributes of a vehicle and its comfort and size. Expectedly, this cluster has the least interest in 

fuel economy and on ease of operation. Thus, for both of these groups, the technical 

performance of the EV, particularly the potential to out-accelerate ICEVs, may be an important 

selling point.  

The Blue-collar Moderates cluster is the second most sensitive to the capital cost of vehicles, 

as well as second most interested in size and comfort.  However, they also show place moderate 

importance on fuel economy (3rd amongst clusters). Similar to Blue-collar Moderates, the 

Public Mobiles cluster is mostly interested in price (first among clusters) followed by in safety 

of vehicles, and fuel economy. Obviously, because Public Mobiles are unlikely to purchase 

vehicles, they would be least willing to pay for a product that they do not want.  The group 

shows the least interest in speed and acceleration, size and comfort, and design and style 

attributes of vehicles. 



On the opposite spectrum, the Greens have a distinct interest for fuel economy, technical 

reliability, safety and ease of operation. They are the fourth least interested on speed and 

acceleration, and design and style. Lastly, the Non-environmental show a distinctive stated 

disinterest on the attributes which can be in part tied to the reported inability to legally drive 

and therefore redundancy in buying a car, since 40% of the cluster’s respondents state to not 

have a driver’s licence.  

Figure 1. EV adoption clusters general vehicle preferences 

 

Note: Constructed by author. The figure does not include Cluster 5 (Sceptics), since this 

group sows a complete disinterest in all attributed (ranked at -2.5) which distorted the visuals 

of the figure. 

 

EV and V2G interest 

The Status Seekers cluster resembles the characteristics of what others have called early EV 

adopters, and on this study this group accounts for 70% of all EVs across the recorded sample, 

followed by the Blue-collar Moderates cluster with 16%.  For electric vehicles, Figure 2 shows 
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the results of EV interest compared against real EV ownership where remarkably the Greens 

cluster shows the most EV interest, being mostly attracted to government incentives and 

environmental profile, but the second least ownership ratio with only 1% of respondents having 

EVs. This can be explained as the cluster has most respondents (86%) with a stated purchasing 

budget of below €30,000 which is below most EV-available models of the previous 5 years. In 

turn, this reinforces the Norwegian success on EV adoption, and continues to stress the 

importance of government incentives considering that, through policy, the country placed EVs 

commercially below the €30,000 boundary. 

Figure 2. EV Interest vs. EV Ownership 

 

The Blue-collar Moderates cluster comes with both the third highest EV interest and ownership 

rate as this group is mostly interested on the financial savings as the low cost of operation, as 

well as the EV as a new technology. These can relate to the socio-economic profile of the 

cluster having the second youngest respondents interested in new-technologies but also their 

price-sensitivity, as shown in Figure 1 above. The Public Mobiles cluster shows a relatively 

high EV interest (4th highest) which is mainly attributed to their stated pro-environmental 
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behaviour and is corroborated as they rank the environmental attributes of EVs, as the second 

highest among clusters. On the opposite scale, Petrol Heads is the only cluster with a reported 

zero percent EV ownership, as well as having the least EV interests across groups. Their stated 

disinterest primarily focuses on lack of public infrastructure, battery charging times and the 

cost of ownership (capital) of EVs. Considering this group shows the current second most 

vehicle ownership ratio, with all owned vehicles being petrol or diesel, and the least EV 

interest, it might result the most difficult group to transition into electric mobility. 

In terms of characteristics specific to EVs, Figure 3 shows the vehicle profile as ranked by each 

cluster. Most evident is the stated environmental importance of EVs, where the Greens score 

this element with the most importance and the Petrol Heads with the least. These choices 

resemble the general environmental profile of the clusters, where Public Mobiles again comes 

as the second in ranking the importance of environmental attributes. Interestingly, Status 

Seekers are relatively stable across each attribute with perhaps the driving range as the most 

distinct one. However, they score the lowest in all three battery-charging related elements 

noting perhaps both their experience with EVs, but also the availability of other cars within the 

household. Curiously, this group is not driven by the environmental importance of EVs which 

could point toward the notion of having EVs as a symbol of status, but also to a disinterest of 

EVs as an environmental option as  recent findings have noted that (high-end) PHEV buyers 

only drive using the fuel option and not the electric34. 

Arguably, Figure 3, shows that all consumer clusters value EV attributes relatively equal, with 

the exception of the environmental importance, which points to the politicised nature of EV 

adoption and its direct link to the identity of each consumer and their relationship an 

environmental lifestyle. Therefore, EV adoption strategy should focus more on highlighting 

the technological profile of EVs instead of solely, with the exception of Tesla, their 

environmental attributes. This approach would allow EVs to appeal to a larger pool of 



consumers, as a technologically-driven vehicle. Moreover, its suggested that irrespective of the 

consumer’s identity towards environmentalism, all consumers have concerns towards battery-

related elements as they graded them relatively equal. Therefore, policy and strategy should 

also focus on improving consumers knowledge about EV specifications and real-life 

performance, as it has been noted above that EVs would meet the majority of consumers daily 

driving requirements even in harsh winter conditions.  

Figure 3. EV adoption clusters on EV preferences 

 

Note: Constructed by author. The figure does not include Cluster 5 (Sceptics), since this 

group sows a complete disinterest in all attributed (ranked at -2.5) which distorted the visuals 

of the figure. 

In addition, the study investigated the respondent’s and clusters knowledge and interest of 

vehicle-to-grid as shown in Figure 4. Status Seekers shows the most respondents with V2G 

awareness, which is perhaps not surprising considering this cluster has 70% of all EVs across 

the sample and also are technologically inclined. However, they ranked only fourth when it 

comes to placing the importance of V2G within the consideration of buying an electric vehicle. 

As such, it seems that education is not a barrier to V2G adoption for this cluster—instead, the 
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benefits of V2G (e.g. renewable energy integration and economic savings) would more likely 

interest other clusters.  For example, the Greens and Public Mobiles pro-environmentalism and 

the Blue-collar Moderates stated economic interests cause these clusters to rank V2G most 

importantly. These results show that V2G becomes an attractive element to those interested in 

environmental and financial attributes of vehicles and therefore V2G can contribute to make 

EVs more attractive to these mainstream consumers.  However, since early adopters are 

somewhat disinterested in economic savings and environmentalism, V2G is not seen as 

important to for first adoption.  

Figure 4. V2G knowledge vs V2G Importance 

  

 

EV adopters across countries:  an international comparison 

Figure 5 shows the breakdown of customer clusters on each of the Nordic countries. Excluding 

Iceland, the other four countries seem relatively stable across samples. Curiously, it is that 

Norway  is the country with the most respondents pertaining to Petrol Heads followed by 

Denmark and Finland, which points perhaps at the polarised automotive market in Norway 

where EV sales are around half of all new cars 59, meaning that there are still ~50% of the 

population is currently still purchasing petrol and diesel vehicles. This can point both at the 
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lifestyle argument where Petrol Heads identity has become stronger as a result of EV 

penetration but also it could note other elements driving range being more coveted due to 

Norway’s mountainous landscape and relatively lack of public transport interconnection 

between cities. Status Seekers on the other hand, are most present in Denmark and Norway, 

which may point to the countries higher perceived wealth per resident.  

Nonetheless, the most evident observable result is that despite the considerably great disparity 

across these countries current level of EV adoption (only Norway is nearing 30%), the cluster 

composition indicates that the potential market for EV adoption is relatively equal across 

countries. Given the same customer composition, the analysis therefore highlights both the 

success of Norwegian EV policy specifically, but also the lack of effectiveness of the other 

country’s governments in successfully integrate EV into national fleets. Moreover, it stresses 

the importance of policy-making to create a level-playing field for EVs, without favouring 

petrol and diesel options, as has been evidenced in other regional studies 34.  A clear implication 

is, thus, that consumers of the countries are not significantly different, and instead adoption 

appears to be primarily driven by the socioeconomic policy system put in place within each 

country.   

In addition, it highlights how current policy strategy for EV diffusion that has focused in 

increasing environmental awareness, putting EVs as the cleaner vehicle option asking 

consumers to, even perhaps, pay a premium for it, has not resulted in effective EV adoption. 

Instead, as this paper shows, consumers across countries are relatively similar and thus policy 

should focus in making EV accessible to consumers and communicate EV specification 

attributes as a technological-driven vehicle, to appeal to the larger consumer pool. 

 

 



 

 

 

Figure 5: EV adoption clusters across countries 
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for electric vehicle adoption. The adoption of EVs by these clusters would lead to EVs moving 
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represents the highest income earners, typically male, with a majority of respondents having 
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research41,46,48,49,57. Almost one third of Status Seekers already has an EV, the most across 

clusters, which still leaves 70% of this potential sub-market to be captured. These consumers, 

however, are more technologically driven than environmentally, and therefore EV strategies 

(i.e. promotion) aiming to reach this group should highlight the potentially superior 

technological attributes of EVs, such as newer technologies, acceleration and power efficiency.  

The next two clusters, Greens and Blue-collar Moderates, together accounting for 48% of the 

total consumer pool, are interested in EVs for disparate reasons – environmentalism and 

economics, respectively. Particularly the Greens group shares many characteristics with early 

adopters, such as having the second highest income earners and the second most postgraduate 

educated respondents. This group showed the most stated interest on EVs (Figure 2), has the 

most environmentally-inclined consumers, and 90% of its driving respondents state to drive 

<50km/day, implying high suitability for EV adoption. However, considering more than two 

thirds are expected to buy their next car within the next 5 years, EVs would need to decrease 

in price within 5 years for this cluster to adopt. This is because, despite their pro-

environmentalist and comparatively large dispensable income, this group currently has one of 

the lowest adoption rates which can be largely attributed at the current price of EVs, since 86% 

of these consumers expect to spend less than €30,000 in a car; and as seen in Table 5, only EVs 

like the Nissan Leaf in Norway and Iceland has been within this price to date. This apparent 

price sensitivity, however, is an interesting reaction considering Greens consumers show the 

second highest stated income but, unlike Status Seekers (21%), only 7% of consumers expects 

to spend €30,000-€40,000 in a vehicle, which is below even than the Petrol Heads and Blue-

collar Moderates Clusters. Arguably, this points at Greens being value-sensitive, where as 

shown in Figure 4, these consumers are some of the most concerned with EV range and battery 

attributes and may have not considered current EV offerings worth investing. Apart from price, 



this group is mostly concerned with public charging, which contrast with their low daily driving 

requirements.  

The second potential mainstream consumer group is the Blue-collar Moderates cluster, with an 

almost even gender gap and a lower earning income (4th among clusters). While this cluster is 

not environmentally driven, it showed the third most interest on EVs and has the current second 

highest adoption rate behind Status Seekers, mostly driven by the potential financial savings 

from the low cost of operation, as well as the EV as a new technology. Arguably these factors 

are related to the socio-economic profile of the cluster having the second youngest respondents 

interested in new-technologies but also their price-sensitivity, as shown in Figure 1 above. 

Price, however, is the main determinant for this cluster. More evidently, similar to the Greens 

cluster, 85% of its respondents consider a car of <€30,000. Therefore, unlike other studies that 

identified mainstream EV buyers as having low EV awareness46, the results of this study find 

that the potential mainstream EV adopters are the most interested on EVs however, price has 

kept these consumers out of the commercially available EV options.  

The next three clusters, Petrol Heads, Public Mobiles and Sceptics are not expected to make a 

transition to EVs within the short-term. However, for both the Public Mobiles and Sceptics, it 

is mainly attributed for the lack of interest in vehicle ownership and in driving, as 69% and 

53% of their respondents stated to not drive and over one third of each do not have a license. 

Considering, 98% of Public Mobiles and 55% of Sceptics are not expected to buy a new car at 

all, these groups are arguably continuing to move onto public modes of transport which 

inherently are also becoming full electric or hybrid (buses, trams, trains, taxis)60,61. In our 

sample however, these groups combined account only for one fifth of respondents. Petrol 

Heads, our results suggest that will be the last to transition to electric mobility. Particularly, 

this cluster shows the second highest vehicle ownership rate across all groups, with over two 

thirds of their respondents expected to buy a car in the next 5 years. However, it is the only 



group with current zero percent EV adoption rate and shows the least stated EV interest. 

Nonetheless, just like with Status Seekers, this group is mostly attracted to attributes of speed, 

acceleration, comfort and size. Therefore, strategies to reach these consumers should focus on 

the technical attributes of EVs, as opposed to only the environmental characteristics. 

Table 5. BEV and ICEV 2017 retail price and range comparison in the Nordic 

countries. 

Model 
Fuel 

Type 

Price (€) 
Range 

(km) 
Denmark Finland Iceland Norway Sweden 

Tesla S (75D) Electric 89,560 102,000 71,000 65,294 92,948 490 

VW e-Golf Electric 41,436 42,551 31,324 34,031 42,073 300 

Nissan Leaf Electric 34,765 35,900 27,676 25,615 35,927 378 

Skoda 

Octavia 
Petrol 30,336 23,418 26,566 28,958 20,813 1,020 

 VW Golf 

BlueMotion 
Petrol 34,093 25,246 26,963 32,656 24,885 1,020 

Peugeot 208 Petrol 17,448 15,996 20,143 20,719 15,302 1,022 

Source: Obtained from Noel, et. al, (2018) 62 

 

4. Conclusions 

The results from the customer clusters reveal three key elements regarding the price, the range 

and the environmental attributes of EVs and suggest a layered policy approach to EV adoption. 

First, that the mainstream market has yet to be reached due to the current price position of EVs, 

as this study has shown that, with the exception of Status Seekers (63%), between 84%-94% 

of respondents of each cluster expects to consider a vehicle of <=€30,000. To some extent, this 

indicates that mainstream markets will be soon reached as its commonly acknowledged that 

the price of EVs will continue to decrease, mainly due reductions in battery price but also in 

economies of scale63. However, until that point, it would behove national governments to 

subsidise EVs such that they are between €20,000 and €30,000.  Indeed, these governments 

may want to specifically consider decreasing subsidies such that the price of an EV is always 



around €25,000, even when battery prices decrease. Also, current EV adoption has arguably 

not been led by their environmental attributes and rather by the affordability and sense of status, 

considering that the Greens cluster is the most pro-environmental group and has the most stated 

EV interest but has yet to adopt EVs. This in turn suggests that current EV strategies should 

have been focused more explicitly on the technological attributes of vehicles, as opposed to 

solely their greenness, which is the case for EVs like Nissan Leaf. In turn, this study suggests 

that EVs like the Nissan Leaf have to-date missed on their prime markets with a vehicle that it 

is too expensive for the Greens and Blue-collar Moderates clusters (above €30,000), but it is 

not positioned with a technologically-driven profile to appeal to Status Seekers, as perhaps 

other like Tesla have done it.  

Moreover, for driving range requirements, our sample shows that with the except of Status 

Seekers (64%), up to 90% of respondents of other clusters state to drive <50kms/day, and up 

to 97% of the sample states to drive less than 80kms/day. Corroborating that even in harsh 

conditions, EVs would still meet the driving requirements of the majority of people, without 

needing to charge during the entire day. Despite the technical sufficiency of an average EV, all 

of the clusters placed a moderately high importance on EV range, which may inhibit adoption. 

In addition to this, and considering all clusters placed a marginal importance in battery-related 

elements, policy should focus to better EV range education campaigns to create awareness that, 

even on its current form, EVs are a real vehicle option for most consumers. While investments 

in public charging network should be approached with caution, as budget available should be 

initially directed to making EV accessible, policy should consider improving public (and work 

place) charging infrastructure. Considering, currently, it is mainly the capital cities, such as 

Oslo and Copenhagen with a substantial network developed. For the late EV adopters, such as 

the Public Mobiles or the non-driving consumers of the Greens cluster, policy should look at 



electrifying public modes of transport. Particularly as these consumers show a high interest 

towards environmental attributes without interest in vehicle ownership or even driving.  

Furthermore, the results show that V2G capability has the potential to increase the 

attractiveness of EVs to consumers, particularly those interested in environmental and financial 

attributes, which would comprise the mainstream consumers. As evidenced by the interest on 

V2G from the Greens, Blue-collar Moderates and Public Mobile clusters whose profiles are 

driven by environmental and financial attributes in vehicles and EVs. To-date most V2G 

commercial activity has remained within the fleets-space64, but our results shows there is 

potential for V2G to explore passenger vehicle markets, and in particular potentially contribute 

to increase EV uptake. Noting that, V2G will be particularly valuable for the next clusters 

adopting EVs, Greens and Blue-collar Moderates, and thus OEMs should consider including 

V2G capability on their commercially available EVs within the next 5 years, along with being 

below the €30,000 price boundary. 

Finally, the international comparison corroborates the critical role of governments and industry 

policy creating a space for EVs to operate and equitably compete against petrol and diesel 

options. Despite the large disparity of the current level of EV adoption across the Nordic 

countries, the cluster composition (Figure 5) shows that customers within these countries are 

remarkably similar. As such, the success (or failure) of EV adoption is primarily a result of 

national policies, not different compositions of consumers within each country. Therefore, 

these findings call for governments to re-visit transport policy in order to create a space in 

which EVs can operate competitively, if electric mobility is to be a key part of the 

decarbonisation of transport sector. 
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