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Abstract
For the market share of plug-in electric vehicles (PEVs) to continue to increase and reach 100% of the
market, adopters of the technology, who initially buy PEVs, will need to continue choosing them in
subsequent purchases. While much research has focused on the reasons for and barriers to initial PEV
adoption, less has been devoted to the reasons for discontinuance—abandoning a new technology after
first adopting it. Based on results from five questionnaire surveys, we find that PEV discontinuance in
California occurs at a rate of 21% for plug-in hybrid vehicle adopters and 17% for battery electric vehicle
adopters. We show that discontinuance is related to dissatisfaction with the convenience of charging,
having preferences for vehicles with lower energy efficiencies, being a later adopter, not having level 2
(220-volt) charging from home, and not being male.

1. Introduction
For any new product to achieve a 100% market penetration, early adopters must make initial purchases
and continue to purchase the technology whenever they replace their initial purchase or buy additional
products. Plug-in electric vehicles (PEVs), which include battery electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVs), have had a growing market share in many nations since 2012. In California, the
region of analysis in this study, PEVs reached 10% market share in 2019, and in Norway, the country with
the largest PEV market share, the vehicles reached over 50% in 2019. California, Norway, and several
other nations have goals of reaching 100% electric vehicle sales by 2025 (Norway), 2030 (Denmark,
Ireland, India), and 2040 (California, UK, France) [1]. These goals may become impossible to achieve, as
evidence from California indicates that some early adopters are discontinuing PEV ownership in favour of
conventional vehicles.
Most published research on PEV market penetration and consumer choice focuses on initial adoption
and characteristics of early adopters. To our knowledge, there are no published reports on PEV
discontinuance—i.e., when an adopter no longer owns or uses the technology they originally adopted [2].
The aim of this study is to understand why PEV adopters in California are discontinuing PEV ownership.
To do this we use results from five questionnaire surveys, conducted between 2015 and 2019. The first
four surveys are cohort surveys of PEV buyers, in the final survey respondents are recruited form the first
four surveys. We construct logistic regression models to assess the correlation of various factors with the
likelihood of discontinuing ownership of a BEV or PHEV.
Though the literature does not include studies on PEV discontinuance, insights on who is buying PEVs,
the barriers to adoption, and purchase motivations are still useful for this study. The decision to
discontinue PEV adoption could be related to the sociodemographic profile of consumers, their
perceptions of PEVs, and perceived barriers to PEV adoption. Early studies used stated preference
methods with surveys of general population to identify PEV adopters [3,4,13–18,5–12]. These studies
typically found that those most likely to purchase a PEV tended to be male and have a high household
income, a high level of education, and multiple vehicles in the household. More recent research gathered
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data from consumers who had purchased a PEV. Studies in Sweden, Norway, the United States, and
Canada are consistent in finding PEV buyers are mostly male, middle aged, with mid to high household
income, and highly educated [19–23]. Several studies [7,23,25–29] identified a relationship between proenvironmental attitudes and positive perceptions of PEVs. Having pro-technology lifestyles or identifying
as an innovator is also related to PEV adoption or adoption intent [25,29], as is having preferences for
vehicles with higher efficiencies [24].
Reasons for PEV purchase include environmental motivations [30–36] and low running and ownership
costs—especially related to refuelling, but also to maintenance costs [7,30,36,37]. The high performance
and rapid acceleration of PEVs can be a purchase motivator [38], especially among those who have
already adopted a PEV [35]. Reasons for adoption also include wanting to be the first to adopt a new
technology or novelty seeking [31,35,36], which is related to having pro-technology attitudes. PEV buyers
are also encouraged to buy the vehicles through direct incentives, such as grants, rebates, and tax credits
[40], and through indirect incentives, such as free or discounted parking, access to bus or carpool lanes,
and toll fee waivers [41].
Studies on barriers to PEV adoption, regardless of their region of analysis, seem to be consistent in
finding some combination of range, purchase price, driving range, model availability, and lack of
infrastructure are the most substantial barriers to adoption [4,34,42–48]. Some suggest limited driving
range is the largest barrier [4,46], while others suggest is it purchase price [43,45] or the availability of
charging [49].
The factors related to PEV adoption or non-adoption could be related to the decision to continue or
discontinue PEV ownership. We therefore use these insights from the literature to inform out study.

1.1. Introduction to Discontinuance
We investigate discontinuance among those who no longer own their original PEV and now own a newer
vehicle. We exclude those who still own their original PEV (unless they purchased the vehicle at the end of
the lease period). We exclude these households because they have not reached a decision point and may
or may not be planning to continue with PEV ownership. Leaving these out of the analysis is important,
as we do not know whether their attitudes, satisfaction with their vehicle, or any other factors are
representative of someone who is planning to abandon PEVs or continue owning one. If a BEV adopter
purchased a PHEV after owning a BEV initially (or vice versa) this qualifies as continuing PEV ownership.
Discontinuance occurs only when a BEV or PHEV adopter no longer owns any PEV and now owns an
internal combustion engine vehicle or hybrid electric vehicle.
Figure 1 shows the percent of PHEV and BEV adopters who discontinued PEV ownership in the sample
and the weighted percent (see Appendix 1 for weights). Figure 2 shows discontinuance between common
PEV makes in the sample. The highest rate of discontinuance is among those who adopted a Fiat PEV,
and the lowest is among those who adopted a Tesla PEV.
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2. Methods

2.1.Questionnaire Surveys
The five questionnaire surveys conducted between 2015 and 2019 include four cohort surveys and a final
survey where respondents are recruited form the first four surveys. We refer to responses to the first four
surveys as ‘survey 1’ since this was the first survey respondents took, we refer to responses to the fifth
survey as ‘survey 2’ since this was the second survey respondents participated in. The initial
questionnaire surveys were conducted in 2015, 2016, 2017, and 2018. These surveys recruited
households in California who purchased a PEV between 2012 and 2018. The California Air Resources
Board helped in recruitment by sending survey invites to households who applied for a California Clean
Vehicle Rebate. The final fifth survey was conducted in December 2019. Households who indicated at the
end the survey 1 that they are willing to participate in future studies were sent an email inviting them to
take this survey.
The first four surveys were mostly concerned with understanding PEV adopters in California [50], their
charging behaviour [51], and the impact of incentives on the decision to purchase a PEV [52]. The surveys
contained the following sections:
Household information including number of vehicles in the household, number of people in the
household, age and gender of household members, household income, home type (e.g., single family
home or multi-unit dwelling), home ownership.
Information on household vehicles including make, model, year of purchase, and odometer readings.
Electric vehicle charging behaviour, including location of charging (e.g., home, work, or public
charging station).
Travel behaviour questions, including home and work locations, which are used to determine
commute distance, and information on long-distance trips.
The importance of incentives in the decision to purchase a PEV, including the US Federal tax credit,
California Clean Vehicle Rebate, High Occupancy Vehicle (HOV) lane access, and other local
incentives (e.g., from utilities).
The final survey contained the same sections as previous surveys but added the following sections which
were designed to help understand subsequent purchase behaviour of PEV adopters. These included:
Questions on satisfaction with vehicle attributes for their previously owned PEV in the following
areas: safety, comfort, refuelling/recharging costs, performance, environmental impacts, vehicle
purchase price (including rebates, discounts, etc.), reliability, electric driving range, convenience of
charging, and driving assistance features.
Twenty-two lifestyle statements which are used to generate lifestyle factors (see Appendix 3).
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The final survey was sent to 14,128 household who had previously participated in one of the four original
surveys. Of these, 4925 started the survey, and 4167 completed it. Households who still own their original
PEV are not included in the study. This leaves 1842 responses who
no longer own their original PEV and either own a newer PEV or do not own any PEV. Discontinuance in
this sample of 1842 is 20.85% (384 households), while 79.15% (1458 households) continue to own a
PEV. Of those that continued with PEV ownership, 245 purchased their PEV at the end of the lease period,
and 1213 now own a different PEV. The 384 households who discontinued PEV ownership own no plug-in
vehicles in their household.

2.2. Attitudinal and lifestyle factors
Since attitudes and lifestyle have a relationship with PEV adoption [7,23–29], we included a section with
22 attitudinal and lifestyle statements with which respondents could strongly disagree, slightly disagree,
neither agree nor disagree, slightly agree, or strongly agree. We employ maximum likelihood factor
analysis as a data reduction technique to reduce these 22 variables to a smaller number of variables to
be used in regression analysis. Appendix 2 shows a table of these 8 factors and the factor loadings for
each of the 22 questions. The factors have the following characteristics:
Commuting in congestion, stressful commute: Having the belief that commuting is stressful, traffic
congestion is a problem, that commuting is time wasted, and disagreeing that their commute is
pleasant.
Like Suburban Living: Wanting to live in a spacious house, liking the idea of a large yard and plenty
of space between houses, and not desiring to live near transit.
Outdoor lifestyle: Enjoying having an outdoor lifestyle and travelling to outdoor destinations.
Enjoy shopping in stores: Preferring shopping in stores rather than shopping online.
Exercise not important: Belief that exercise isn’t important and the importance of it is overrated.
Pro-technology: Liking to be among the first to have the latest technology and liking to try new and
different things.
Having children means need a car, like routine: Belief that having children means you need a car and
liking sticking to a routine.
Congestion is a problem, try to make use of time travelling: Believing traffic congestion is a problem
and trying to make the best use of time spent travelling.

2.3.Binary Logistic Regression
We estimate four models to understand discontinuance, two for BEVs only, and two for PHEVs only. We
estimate separate models for BEVs and PHEVs because the vehicles are different in key areas, most
notably their driving range and refuelling/recharging requirements. This may mean the reasons for
Page 5/23

discontinuance of a BEV or a PHEV diverge. We estimate two model for each PEV type; one includes
PHEV or BEV electric driving range, and another that includes a measure of respondents satisfaction with
the driving range of their PHEV or BEV. For the results to be representative of the PEV market we weight
the model based on the proportion of PEV makes in the market for the years of the initial PEV purchase in
our sample (2012-2018). We do this because some automakers are underrepresented in the sample (e.g.
Tesla), while others are overrepresented (e.g. Nissan). The weights are shown in Appendix 3.
The models include socio-demographic variables that are commonly correlated with PEV adoption or
adoption intention [34,50]. We also include changes in some demographics since a change in a
household’s circumstances could be related to discontinuance, for example a change in the number of
people in the household. Lifestyle variables are included, as studies show attitudes and lifestyles (e.g.,
pro-technology attitudes), not just sociodemographic variables, are correlated with interest in PEVs. For
charging we include respondents’ access to charging at home, including the level they have access to as
a categorical variable (no charging, Level 1, or Level 2). For workplace charging we include a dummy
variable for whether they have access to any charging at work (Level 1, Level 2, DCFC). For public
charging we include a dummy variable for whether respondents have used level 2 or DCFC charging, we
exclude level 1 charging from this since the utility derived from charging at a Level 1 charger in public is
minimal. We include variables on how satisfied consumers were with their PEV across various attributes.
Vehicle attributes are common barriers to adoption (e.g., range) [4,30,46,47,31–34,42–45]. Year of PEV
adoption is included as prior studies have identified changes to PEV adopters over time [50,52]. Early
buyers of PEVs are more likely to be innovators compared to later buyers, which may have a relationship
with interest in continuing PEV adoption. The models contain the following variables:
Sociodemographic Variables: Age of survey taker, Gender (1 male, 0 other) of survey taker, Highest
level of education of survey taker, Vehicle Ownership (1 lease, 0 other), Change in number of people
(from Survey 1 to Survey 2), Home type (detached 1, other 0)
Charging variables: A categorical variable for whether respondents have charging at home (No
Charging, Level 1, Level 2), whether respondents have charging at work (1 yes, 0 no), whether
respondents use public Level 2 or DC Fast Charging (1 yes, 0 no).
Travel variables: Commute distance, Number in trips over 200 miles.
Household Vehicle Variables: efficiency of the second vehicle in the household (in EPA MPG), BEV (or
PHEV) electric driving range, Change in number of vehicles (from Survey 1 to Survey 2).
Respondent satisfaction with the following attributes of their PEV: Safety, Vehicle Purchase Price,
Reliability, Convenience of charging, Refueling/Recharging costs, and Electric driving range.
Pro-technology lifestyle factor.
Year the PEV was adopted.
We exclude several variables due to multicollinearity. We exclude the following: annual vehicle miles
travelled (VMT), since it is correlated with commute distance; 5 of the 10 vehicle satisfaction measures
(satisfaction with comfort, performance, environmental impacts, and driving assistance features are
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excluded); home ownership, since it is correlated with home type. We also only include one lifestyle factor
(pro-technology). Initially we had to exclude ‘Like Suburban Living’ and ‘Having children means need a
car, like routine’ as they correlated with the Pro-technology factor. This left 6 factors in the model, however
the only factor with a link with PEV adoption is the pro-technology one. Therefore, we include only this
factor in the model because we do not wish to retain any other factors as control variables.

3. Results
First we explore the sociodemographic profile of households that discontinued PEV ownership in
comparison to those that continued ownership, then we explore differences in their travel behaviour and
any differences in their satisfaction with vehicle attributes. We also discuss charging behaviour and
finally show the results for the models of BEV and PHEV discontinuance.

3.1.Sociodemographic profile
Table 5 (in Appendix 4) shows the number of people in the household, number of vehicles in the
household, age, gender, household income, highest level of education, home type, and home ownership
for those that discontinued or continued PEV adoption. Table 6 (Appendix 4) shows t-test comparisons
for continuous variables and Table 7 (Appendix 4) shows chi-square tests for nominal variables. Of the 8
socio-demographic variables tested 7 are significantly different: households that discontinued PEV
ownership have fewer people in the household, fewer vehicles in the household, are younger, have lower
household incomes, fewer are males, more of them rent rather than own their home, and more live in a
house that is not a single family home/detached house. Table 8 shows t-test results for respondents
travel behaviour. Two significant differences exist, those that discontinued PEV ownership have lower
annual vehicle miles travelled and shorter one-way commute distances.

3.2.Satisfaction with previous PEV
Survey respondents were asked to rate their previous PEV for 10 vehicle attributes. Figure 3 shows the
distribution of responses for those who continued PEV ownership (top row) and those who discontinued
PEV ownership (bottom row). We also compare the distribution of responses using chi-square tests (see
Table 1). Respondents appear to be mostly satisfied with their PEVs safety, comfort, refuelling/recharging
costs, performance, environmental impacts, purchase price, and reliability. Responses for electric driving
range, convenience of recharging, and driving assistance features are more widely dispersed. Electric
driving range is the only attribute where more respondents are dissatisfied than satisfied. The
distributions are significantly different for safety, refuelling/recharging costs, reliability, electric driving
range, and convenience of charging. For all of these attributes, those who discontinued adoption are less
satisfied than those that continued adoption.
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Table 1: Chi-square test results comparing the distributions in Figure 3 for those who continued PEV
ownership and those who discontinued PEV ownership (*=<0.1, **=<0.05, ***=<0.01).
N

DF

Pearson ChiSquare

p-value

Safety

1672

4

10.378

0.0345**

Comfort

1672

4

4.96

0.2914

Refuelling/Recharging costs

1672

4

11.954

0.0177**

Performance

1672

4

5.461

0.2432

Environmental Impacts

1672

4

9.104

0.0586*

Vehicle Purchase Price (including rebates, discounts,
etc.)

1672

4

6.857

0.1436

Reliability

1672

4

11.228

0.0241**

Electric driving range

1672

4

11.181

0.0246**

Convenience of charging

1672

4

63.701

<0.001***

Driving assistance features

1672

4

4.477

0.3452

3.3.Charging access
Figure 4 shows differences in access to charging between those who continue vs. discontinue PEV
ownership. Having no charging access at home is more common among respondents who discontinue
rather than continue PEV ownership (28% vs. 14%, Figure 4). Of those that continued ownership 50% have
access to level 2 (220-Volt) charging at home, compared to only 29% of those that discontinued PEV
ownership. Fewer households who discontinued ownership have access to charging at work. Of those
that continued owning a PEV, 43% have access to either DC Fast, Level 1, or Level 2 charging from work.
Of those who discontinued ownership of a PEV, 36% have access to DC Fast, Level 1, or Level 2 at home.
Of those that continued PEV ownership, 59% report no public charging, compared to 63% of those that
discontinued ownership. More households who continued PEV ownership report using only Level 2
charging, though fewer report using Level 2 in combination with DC Fast Charging. Chi-square tests
comparing these distributions shows workplace charging access and public charging use are not
significantly different. The distributions for access to home charging are significantly different, with fewer
households who no longer own a PEV having home charging, and of those that do have home charging,
fewer have Level 2 charging.
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3.4.Modelling BEV discontinuance
Table 3 shows the results for the two BEV binary logistic regression models. The first model includes the
variable satisfaction with BEV driving range, and the second includes the actual electric driving range of
adopters BEV based on the US EPA figures. The models show odds ratios for each variable, a value higher
than one is correlated with increasing odds of discontinuing BEV ownership, a value less than one is
correlated with decreasing odds of discontinuing BEV ownership.
In the model with BEV driving range, the change in number of vehicles in the household has an odds ratio
of 0.655, meaning a one unit increase in the number of vehicles in the household is correlated with 34.5%
lower odds of discontinuing BEV ownership. This could be explained by households being less willing to
own a BEV when they have fewer vehicles due to reduced flexibility from a limited range BEV compared to
a conventional vehicle. Gender has an odds ratio of 0.478 indicating the odds of discontinuing adoption
are 52.2% lower for male BEV adopters.
A 1 point increase in the satisfaction with the convenience of charging a BEV is correlated with a 15.8%
decrease in odds of discontinuing BEV adoption. Those that no longer own a BEV to have less favourable
attitudes to charging compared to those that continued ownership. A one unit increase in the MPG of the
second vehicle in the household is correlated with a 3.8% decrease in odds of discontinuing BEV
ownership. This could suggest that those who discontinue BEV ownership are less interested in energy
efficient vehicles in general. Commute distance has an odds ratio of 0.982, indicating a 1 mile increase in
one-way commute distance correlated with 0.18% lower odds of discontinuing BEV adoption. Those who
are discontinuing ownership have shorter commute distances than those who continue ownership. This
could be because those with longer commutes perceive a greater financial benefit of continuing
ownership of a BEV.
Having access to level 2 charging from home compared to level 1 charging at home decreases the odds
of discontinuing ownership by 51.1%. Having level 1 charging over no charging does not have any
significant relationship with discontinuing BEV ownership. This shows the importance of having higher
speed level 2 charging from home, over low speed level 1 charging. Level 2 rather than level 1 charging
gives drivers greater utility and maximises the amount of travel they can do in a BEV. Furthermore, the
installation of a level 2 charger at home is an investment that will not be used if BEV ownership were
discontinued. Access to charging at work or the use of public chargers has no relationship with
discontinuance. Finally, there is a positive relationship between the odds of discontinuing ownership and
later BEV purchase year. This could be a result of earlier buyers of BEVs being enthusiastic about BEVs
and later buyers being more pragmatic and perhaps being less willing to accept some of the differences
of BEVs in comparison to ICEVs.
The second model, with satisfaction with BEV driving range rather than actual range (i.e. EPA range),
finds the same variables to be significant with similar odds ratios. In this model BEV driving range is not
significantly correlated with BEV discontinuance, indicating that satisfaction with range nor actual driving
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range correlate with the decision to discontinue BEV adoption. Satisfaction with the convenience of
charging is no longer significant, showing that when controlling for EV range, the level of satisfaction
with charging has no relationship with the decision to continue with BEV ownership.

Table 3: Binary logistic regression models for BEV discontinuance (where 1 = discontinued BEV
ownership, 0 = continued BEV ownership). The table shows two models, one with Satisfaction with BEV
range as an independent variable, and a second with BEV driving range (*=<0.1, **=<0.05, ***=<0.01).
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Term

Range Satisfaction Model

EV Range Model

Odds
Ratio

Odds
Ratio

Std Error

Intercept

Prob>ChiSq

Std
Error

0.027**

Prob>ChiSq
0.024**

Age

1.007

0.010

0.469

1.007

0.010

0.461

Gender (1 male, 0 other)

0.651

0.162

0.085

0.655

0.163

0.088*

Education

0.963

0.161

0.821

0.965

0.161

0.829

Vehicle Ownership (1
lease, 0 other)

0.753

0.225

0.341

0.649

0.212

0.187

Change in number of
household vehicles

0.647

0.100

0.005***

0.645

0.099

0.004***

Change in number of
household people

1.032

0.130

0.802

1.020

0.127

0.875

Home type (detached 1,
other 0)

0.653

0.198

0.159

0.647

0.196

0.151

MPG of second household
vehicle

0.972

0.008

<0.001***

0.972

0.008

<0.001***

Year of PEV adoption

1.267

0.135

0.027**

1.274

0.136

0.024**

Commute distance

0.982

0.009

0.039*

0.982

0.009

0.045**

Number of long distance
trips in past year

0.991

0.015

0.537

0.989

0.015

0.488

Pro-technology attitude

0.813

0.109

0.123

0.813

0.110

0.124

Safety

0.865

0.106

0.237

0.883

0.110

0.317

Vehicle Purchase Price
(including rebates,
discounts, etc.)

0.942

0.103

0.584

0.926

0.103

0.488

Reliability

1.048

0.134

0.712

1.039

0.133

0.765

Convenience of charging

0.864

0.093

0.172

0.842

0.086

0.091*

Refuelling/Recharging
costs

0.987

0.138

0.924

0.981

0.137

0.889

Electric driving range

0.892

0.082

0.216
0.997

0.002

0.172

Satisfaction with vehicle
attributes:

Electric Driving Range
Home Charging Categories
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Level 2/ Level 1

0.467

0.081

<0.001***

0.489

0.086

0.006***

No Charging/ Level 1

0.734

0.128

0.417

0.749

0.132

0.450

No Charging/ Level 2

1.572

0.274

0.241

1.533

0.270

0.269

Work charging dummy (1=
L1, L2, DC, 0=none)

0.883

0.207

0.595

0.868

0.205

0.548

Public charging dummy
(1= L2, DC, 0= L1, none)

1.354

0.365

0.261

1.326

0.359

0.298

Log likelihood

282.68016

282.491

R-Square (U)

0.1415

0.1421

Observations (or Sum of
Weights)

726.83

726.83

3.5.Modelling PHEV discontinuance
Table 4 shows the results of the binary regression models for PHEVs. The model with PHEV range shows
that the dummy variable for gender (1 = male, 0 = other) has an odds ratio of less than one and the odds
of discontinuing PEHV adoption is 52.2% lower for males. This shows that non-male PHEV adopters are
more likely to discontinue ownership compared to male adopters. The dummy variable for home type
(1 = detached house, 0 = other) correlates with a 76.6% decrease in odds of discontinuing PHEV adoption.
This may be because those with a non-detached house are less likely to have access to charging at
home, especially those living in apartments or condos.
A one point increase in the variable that measures satisfaction with the convenience of charging
correlates with an 18.8% reduction in odds of discontinuing PHEV adoption. Satisfaction with
refuelling/recharging costs is positively correlated, showing 45.5% increase in odds of discontinuing
PHEV adoption for a one unit increase in satisfaction. This is counterintuitive but is perhaps explained by
those that continued ownership moving from a PHEV which they were less satisfied with to a more
efficient PEV. While those that discontinued PHEV adoption where satisfied with this attribute this was not
sufficient enough for them to continue with owning a PHEV.
Having no charging rather than level 2 charging at home increases the odds of discontinuing PEV
adoption by 2.193 times. No charging compared to level 1 charging has no effect. Having used public
level 2 public charging has an odds ratio of 0.549, showing that the use of public chargers decreases the
odds of discontinuing PHEV adoption. Those who discontinued owning a PHEV may have been less

Page 12/23

motivated to charge their vehicles, tending to drive them more as a hybrid without first using the electric
range.
The second model, where satisfaction with PHEV electric driving range is substituted with actual electric
driving range, finds that the same variables correlate with PHEV discontinuance. In this model driving
range is not significant, therefore neither satisfaction with range nor actual range are correlated with
PHEV discontinuance.
The results differ from the BEV models in a few areas. Only two variables are significant in both models,
discontinuance of PHEVs and BEVs is correlated with dissatisfaction with the convenience of charging
and not being male.
Table 4: Binary logistic regression models for PHEV discontinuance (where 1= discontinued PHEV
ownership, 0= continued PHEV ownership). The table shows two models, one with Satisfaction with
PHEV range as an independent variable, and a second with EV driving range (*=<0.1, **=<0.05, ***=
<0.01).
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Range Satisfaction
Term

Odds
Ratio

Std Error

Intercept

EV Range
Prob>ChiSq

Odds
Ratio

Std Error

0.118

Prob>ChiSq
0.152

Age

0.994

0.011

0.600

0.995

0.011

0.639

Gender (1 male, 0 other)

0.469

0.142

0.012**

0.478

0.146

0.016**

Education

0.886

0.165

0.516

0.877

0.164

0.485

Vehicle Ownership (1
lease, 0 other)

1.312

0.451

0.430

1.336

0.461

0.401

Change in number of
household vehicles

0.774

0.135

0.141

0.768

0.133

0.129

Change in number of
household people

1.014

0.164

0.932

1.029

0.166

0.859

Home type (detached 1,
other 0)

0.330

0.118

0.002***

0.334

0.120

0.002***

MPG of second vehicle

0.990

0.006

0.119

0.991

0.006

0.128

Year of PEV adoption

0.827

0.101

0.120

0.839

0.103

0.154

Commute distance

0.986

0.010

0.157

0.986

0.010

0.147

Number of long distance
trips in past year

1.008

0.014

0.592

1.007

0.014

0.600

Pro-technology attitude

0.979

0.167

0.902

0.968

0.167

0.848

Safety

0.934

0.147

0.664

0.928

0.146

0.636

Vehicle Purchase Price
(including rebates,
discounts, etc.)

0.834

0.105

0.149

0.850

0.105

0.187

Reliability

0.832

0.130

0.237

0.836

0.130

0.247

Convenience of charging

0.785

0.099

0.054*

0.812

0.095

0.075*

Refuelling/Recharging
costs

1.430

0.253

0.043*

1.455

0.258

0.034**

Electric driving range

1.092

0.128

0.454
0.999

0.006

0.876

Satisfaction with vehicle
attributes:

Electric Driving Range
Home Charging
Categories
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Level 2/ Level 1

0.697

0.127

0.230

0.700

0.129

0.240

No Charging/ Level 1

1.490

0.272

0.302

1.535

0.282

0.267

No Charging/ Level 2

2.137

0.390

0.073*

2.193

0.403

0.063*

Work charging dummy
(1= L1, L2, DC, 0=none)

0.910

0.255

0.735

0.897

0.251

0.696

Public charging dummy
(1= L2, DC, 0= L1, none)

0.549

0.176

0.061*

0.554

0.177

0.064*

Log likelihood

223.61826

223.6183

R-Square (U)

0.1083

0.1095

Observations (or Sum of
Weights)

462.92

462.92

4. Conclusion
Discontinuance will slow electric vehicle market growth and make reaching 100% PEV sales impossible.
In California, 17% of BEV and 21% of PHEV adopters who purchased their PEV between 2012 and 2018
discontinued PEV ownership. Factors associated with discontinuance of BEVs and PHEVs are
dissatisfaction with charging convenience, a lack of level 2 charging at home, and not being male;
additional factors associated with discontinuance of just BEVs but not PHEVs are having preferences for
vehicles with lower efficiencies and being a later adopter. The reasons why female PEV buyers are more
likely to discontinue ownership is not clear, similarly the reason why so few PEV adopters are female
remains unclear [53]. More research is needed on this topic to understand how to encourage female
drivers adopt and continue to own PEVs. Even after initially overcoming the barrier of the different
refuelling style, some adopters decided not to continue with PEV ownership for the same reasons many
do not purchase one in the first place. The fact that discontinuance is not correlated with vehicle range
but is correlated with access to charging and the convenience of charging intuitively makes sense. The
way in which a PEV is charged has not changed, whereas vehicle range has been increasing since PHEVs
and BEVs were introduced. PEV adopters have the option to purchase longer-range vehicles, whereas they
cannot yet purchase a vehicle that is charged differently (e.g., though inductive charging). Finally, the
increasing odds of discontinuing BEV adoption with later year of purchase is concerning. This trend is
occurring concurrently with more PEV adopters reporting they would not purchase their PEV without
incentives year on year [52] and with buyers’ socio-demographics changing each year, with more
moderate income buyers adopting a PEV [50]. This will mean the introduction of BEVs and PHEVs will
face more challenges overtime, will not get easier as some hope, and will still require policy support.
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Initial adoption of a PEV by a consumer does not ensure that they will continue ownership. Most existing
research investigates how to increase rates of first-time adoption of PEVs through incentives,
infrastructure, and other policies. We hope to encourage more research into understanding how to ensure
PEV adopters become permanent adopters and do not abandon a PEV for vehicles that are less energy
efficient.
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Figure 1
Percent of PHEV and BEV adopters who discontinued ownership in the sample (left) and the weighted
percent (see Appendix 1 for weights) of PHEV and BEV adopters in the sample (right) (n=1842).

Figure 2
Percent of PEV adopters who discontinued ownership by make of original PEV owned (note: we exclude
less common vehicles within the sample for this graph, see appendix 2 for a table of all vehicles in the
whole sample, and the percentage of each that discontinued PEV ownership) (n=1738).
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Figure 3
Satisfaction with previous PEV for those who continued PEV ownership (top) and those who
discontinued PEV ownership (bottom). The figure represents answers to the question “Thinking about
your {make and model previous PEV}, how satisfied were you with the vehicle for each of the below?” for
all 10 attributes shown in the chart (n=1672).
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Figure 4
Access to charging at home (blue) and work (red), including charging level, and whether respondents
report having used public charging, and the levels of charging they report using (green)—for those that
continued (top) and discontinued (bottom) PEV ownership.
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