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Executive Summary

We investigated which demographic groups in Sweden are lagging in battery-electric vehicle (BEV)
adoption and whether the deployed public charging infrastructure has contributed to reducing these gaps.
Using high-resolution national registry data, we analyzed vehicle-age-adjusted BEV and PHEV owner-
ship patterns across income levels, housing types, and access to charging. We found that low income and
living in apartments are the strongest barriers to adoption, and that public charging availability has not
significantly increased BEV uptake among apartment residents. Based on these findings, we recommend
policies that lower public charging costs, strengthen incentives linked to vehicle use, improve charging
access quality for apartment dwellers, and support retention of used BEVs in Sweden.

Keywords: Electric Vehicles, Consumer Behavior, Social Equity, Consumer Demand, Public Policy &
Promotion

1 Introduction

The European Union will ban the sale of new cars and vans with non-zero tailpipe emissions from 2035,
and targets net zero emissions by 2050. Under the EU Effort Sharing Regulation, Sweden is required
to reduce greenhouse gas emissions from domestic transport (excluding aviation), buildings, agriculture,
small industry, and waste by 50% relative to 2005 levels by 2030 [1]. Nationally, Sweden has committed
to a more ambitious 70% reduction in GHG emissions from domestic transport relative to 2010 levels
by 2030 [2]. A 25% reduction had been achieved by the end of 2024 and on the current trajectory, the
national target will not be met [3].

Global adoption of electric vehicles is accelerating, with zero tailpipe battery-electric vehicles (BEVs)
making up an increasing share of global car sales. BEVs have been the most popular powertrain for
new cars in Sweden since 2022, though Swedish sales of both BEVs and plug-in hybrid electric vehicles
(PHEVs) have remained largely unchanged for 2023 and 2024. A parallel slowdown in EV sales growth
in the EU suggests that structural barriers may be limiting further adoption by demographic segments
with lower EV uptake. Understanding which groups are likely to be late adopters is critical for designing
policies, vehicles and charging solutions that facilitate further decarbonization of road transport.

1.1 Related work

Global electric car sales maintain an upward trajectory. However, demand varies significantly between
different countries and cities. Several studies have attempted to identify factors that explain these differ-
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€nces.

For example, Chen et al. analyzed EV adoption in the Nordics and found car buyers were more likely to
choose a plug-in electric vehicle if they had higher income, were younger males, had a higher number of
children, had experiences with EVs, and generally held environmental values [4].

In contrast, another study found that in the EU, income, education levels, ownership of charging outlets,
and ages over 55 were positively correlated with the electric vehicle market share. US ownership of
charging outlets was also positively associated with the EV market share [5].

Through a review, Hardman et al. identified key challenges when trying to increase demand for electric
vehicles. Demographic groups including renters and lower-income households are currently underrepre-
sented among EV buyers. Incentives are therefore important but have mainly supported higher-income
new-car buyers and are now being phased out. Charging infrastructure meanwhile has insufficient and
uneven availability, poor usability, and is unavailable for some households [6]. While prior work has
shown the imfortance of access to private outlets for charging, the role of public charging is less clear.
Hardman et al assessed the research literature and concluded that the impact of public charging on PEV
sales, PEV purchases, or preferences is not yet clear [6].

A new trend is to conduct studies with high geographical resolution. This is probably needed to under-
stand better the influence of local factors on adopting electric vehicles. For example, Sinton et al. did
a study examining electric vehicle adoption at the postal code level in US states. They concluded that
geographic variations in sociodemographic and lang use measures influence adoption [7].

An important methodological issue is how public charging is measured. Often, the number of charging
points is used as the measure, but in one study, other metrics are also included, such as the total charging
capacity of all charging points in an area or the average charging capacity per charging point. The re-
searchers concluded that all three measures have a weak but positive association with EV adoption [8].

Our study focuses on the Swedish situation, which is characterized by having a relatively high number
of plug-in vehicles in the fleet (approx. 14%), but also by the fact that a relatively large proportion of
households (approx. 50%) live in multi-family dwellings. A study carried out by Kristoffersson et al.
analyzed Swedish registry data during 2019 found that access to private charging had a significantly
greater impact on EV adoption than did access to comparable public charging [9].

1.2 Contribution

This study extends prior work by focusing on causal relationships, rather than only identifying statisti-
cal correlations. We use mostly complete high-resolution public registry data to answer the following
research questions:

1. What combinations of observable demographic variables most strongly contribute to low rates of
BEV and PHEV ownership in Sweden? (Housing type and disposable income)

2. For identified late adopter groups, how strongly has access to public infrastructure for fast or slow
charging so far contributed to BEV adoption? (We cannot show a contribution)

3. To what extent can barriers to BEV adoption be eX£ected to persist over time? Are there structural
differences that must be addressed? (We believe they will persist and that the quality rather than
quantity of public charging must improve)

We conclude by discussing the strong implications of our findings for policy makers, vehicle manufac-
turers and charging infrastructure planners.

2 Methods

We perform quantitative analysis of data from the Swedish car, population, household, and income reg-
istries, extracted at the end of 2023. Registry data were complemented with records from a database of
public chargers. Our geographic analysis uses a subdivision of Sweden into 5985 demographic statis-
tical areas (DeSO) with between 700 and 2700 inhabitants. DeSOs are subdivisions of municipalities
that match demographic differences within the Swedish population relatively well, making this spatial
segmentation particularly suitable for analysis such as ours.

Swedish national registry data are nearly complete, with documented relationships between people,
households, cars, and buildings. A relatively small number of individuals with protected identities were
excluded. Only imputed values are available for annual driven distance for most cars below three years of
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age, as these do not require annual inspection. High-resolution data is not public data, which necessitated
preprocessing on a secure server provided by Statistics Sweden. Due to limitations in how data could be
exported from this secure server, we only present averages (as opposed to distributions) in some plots.

An immediate challenge with analyzing EV adoption patterns is that these age disproportionately new
vehicles — 80% of BEVs in the data are Iess than three years old. This makes BEV adoption strongly cor-
related with all demographic factors that are correlated with ownership and use of newer cars, including
higher income, higher education, older age, living in a wealthy neighborhood and greater household size.
As the novelty of EVs in the fleet is a transient phenomenon, most of our analysis looks at EV adoption
normalized by vehicle age. By first calculating the BEV and PHEV shares of the national car fleet for
each vehicle model year, we can calculate expected BEV and PHEV shares in any subset of vehicles
given the age distribution of those vehicles. A 100% age-normalized EV share implies that the set of
vehicles contains the same number of EVs as we would expect if EVs follow the same patterns of prop-
agation through society as cars have done in the past. If a demographic group has an age-normalized EV
share significantly below 100%, that group for some reason has lower incentives or faces greater barriers
to EV adoption than the general Swedish population.

For the purposes of this analysis, the main weakness of the Swedish data is that while individuals with a
taxable company car benefit (a benefit car for short) can be identified, it is not possible to identify which
company car is being used by which individual. By the end of 2024, approximately 28% of Sweden’s
BEVs were benefit cars, and approximately 23% of all benefit cars were BEVs.

We addressed this data quality problem by assigning a sample of company cars to users of benefit cars
based on income, car value, and biased towards local EV uptake of non-benefit cars. This assignment
was done as follows: 1) calculate the national shares of BEVs and PHEVs among all cars and among
company cars; 2) calculate the age normalized BEV and PHEV ratios per DeSO; 3) count the individu-
als with a taxable car benefit per DeSO; 4) assign a powertrain (BEV, PHEV or ICEV) to each benefit
car user, based on the national ratios among company cars scaled by the age-normalized ratios within
the DeSO; 5) rank all individuals within a municipality (one of 290 Swedish administrative regions) by
disposable income; 6) per powertrain, sample the desired number of company cars from comFanies with
presence in the municipality and rank these cars by taxation value; 7) assign cars to individuals matching
ranks. Note that our goal is not necessarily to assign the correct car to the correct user, but to compensate
for missing data that skews the distributions of powertrains differently in different locations depending
on the local predisposition towards benefit cars. Benefit cars are a subset of all company cars and com-
pany cars not assigned to a person were excluded from the analysis.

Data on public chargers were taken from the Nobil database, which contains information about sites,
number of chargers, maximum power per outlet and a registration date. The database is not complete
and registration dates of chargers in the database do not necessarily correspond to the start of operation
in the real world. Some cleaning was performed to flag dates on which unusually many chargers were
registered as unreliable. This flag is considered in the analysis of public charger impact on EV adoption.
While prior work suggests access to private charging is associated with EV adoption, we lack access to
any dataset that directly captures individual households’ access to private charging, or private parking
which is a prerequisite for private charging. In general, detached houses in Sweden have at least one
private parking space, with many suburban and rural houses having access to multiple private spaces.
Residents in detached houses are also typically free to install chargers if they wish. It is more complex
for apartment residents.

We have access to the construction years for all residential buildings and we know that access to pri-
vate parking for apartment residents in Sweden varies significantly by building age and area density.
Buildings constructed before 1950 usually lack private parking, with only municipal on-street parking
available. Due to population growth and urbanization, Swedish cities have expanded in size since then
and most older buildings are now in the city centers. High parking norms between approximately 1950
and 1990 mean that off-street parking is available for most residents in apartment buildings constructed
during this period. As cities have mostly grown outwards, these buildings are often located in subur-
ban areas. I§ocietal norms have now become more favorable towards active and public transport and
newer buildings (post-2010) have often been constructed with some off-street parking, but less than one
parking space per household. Regardless of construction year, residential buildings in high-density, high
land-price areas (e.g., city centers) are less likely to have access to private parking than are residents in
suburban and rural areas.

With regards to charging infrastructure, apartment residents may still depend on investment by a housing
association or landlord if they wish to have charger access at their reserved parking space. A Swedish
study recently showed that apartment residents are more likely to have an electric car if they live in build-
ings where the housing association has applied for and received public subsidies for installing chargers
[10]. The direction of causality for this association is however unclear — do subsidized chargers drive
adoption of EVs, or does a will to adopt EVs drive application for charger subsidies?
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Figure 1: Single-variable distribution plots for age-normalized (bars) and non-normalized (circles) BEV (a-1) and
PHEV (m-y) shares in the Swedish car population as of January 2024, segmented by twelve attributes previously
identified in scientific literature as associated with EV uptake. Bar colors are consistent with those in figures 2 and
3 (a-f). Subplots k-1 and w-x include only cars belonging to apartment residents.

3 Results

3.1 Single-variable association with EV adoption

We begin by verifying that findings from prior research are representative also of our Swedish dataset.
Figure 1 shows the distributions of non-normalized and age-normalized BEV and PHEV ratios for twelve
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Figure 2: DeSO map of Gothenburg, indicating the age-normalized BEV share. Colors are consistent with those
in figures 1 and 3 (a-f), with greens indicating greater than expected shares of BEVs, and purples indicating lower
than expected shares of BEVs.

demographic attributes identified in prior research as being associated with EV uptake: housing type,
housing construction Kear, opulation density, household size, number of children per household, num-
ber of cars per household, household disposable income, car owner age, car owner sex, annual driven
distance, and (for apartment residents only) access to nearby public charging infrastructure.

With regards to access to public charging, we tested segmenting the population by distance from the
household to the nearest public charger, by total installed charging power within [100, 250, 500, 1000,
2000] m radius from the household, and by number of public charging outlets within the same radius.
The figure includes total power within 100 m and 2000 m radius for BEV uptake and total power within
250 m and 2000 m for PHEV uptake, as these distributions showed the strongest separations between the
lowest and highest bins, though differences were likely not statistically significant.

All segmentations exhibit differences in EV uptake between groups. Differences of particularly great
magnitude can be seen for non-normalized BEV and PHEV uptake by household disposable income and
access to public charging within 2000 m; for age-normalized BEV uptake by housing type, household
income, household size and car owner age; and for age-normalized PHEV uptake by household income,
annual driven distance, and public charging access.

Normalizing EV uptake by vehicle age influences all distributions in subtle but important ways. For
instance, the association between low income and EV adoption becomes clearer, rural areas no longer
exhibit low EV adoption, and annual driven distance is no longer associated with BEV adoption but more
strongly associated with PHEV adoption. Threshold effects appear to be present for household dispos-
able income and annual driven distance.

Figure 2 presents a map of the city of Gothenburg, indicating how BEV adoption normalized by vehicle
age in each DeSO differs strongly by dominant type of housing. Nearly all DeSOs with more than 70%
of households in detached houses have normalized shares above 100%, while nearly all DeSOs with
more than 70% of households in apartments (owned or rented) have normalized shares below 100%.
The distributions look similar for other Swedish cities. Some regional differences in normalized BEV
adoption exist within the country, but the pattern that adoption is lower in urban centers with high shares
of households in apartments persists nationally. Unlike age-normalized BEV adoption, non-normalized
ratios are lower in rural areas of Sweden than in DeSOs with predominantly detached houses closer to
urban centers — i.e., non-normalized BEV uptake exhibits a donut pattern around cities, with low uptake

EVS38 International Electric Vehicle Symposium and Exhibition



both in city centers and in rural areas. Maps segmented only by disposable household income do not
show as clear separation of normalized BEV ratios as do maps segmented by housing type.

3.2 Factors that jointly predict EV ownership

Several of the demographic attributes exhibit strong mutual correlation. This means that a demographic
attribute can be highly correlated with BEV adoption without being a factor that drives adoption. For
instance, it is possible that household size has no causal impact on the choice of car powertrain, but cars
owned by larger families still tend to be electric if larger families more often live in detached houses and
if access to a private driveway facilitates BEV adoption.

Greedy forward selection of factors for training linear regression models was used to identify which of the
observed factors best predict age-normalized BEV and PHEV adoption at DeSO level. This methodology
iterates over all input variables — e.g., share of households in apartments, mean age, average household
size — and performs stepwise selection of the variable that contributes the greatest mar%inal improvement
to the model fit when added to the set of previously selected variables. By starting with an empty set and
adding input variables iteratively, minimal sets of variables can be identified that alone can explain most
of the variance in the entire dataset. Redundant variables are less likely to have a strong causal effect on
the output variable. The direction of causality is not determined by this method, but it can be reasoned
about. For instance, it is possible that a desire to own a BEV increases the likelihood of choosing to
live in a detached house, but it is not plausible that that a decision to buy an electric car changes the
buyer’s age or gender. It is also possible that selected observed variables are merely proxy variables for
unobserved factors with direct causal effect — e.g., housing type may correlate strongly with parking con-
ditions, which is the real factor driving BEV adoption but for which Swedish registry data is not available.

In our dataset with per-DeSO statistics, the full set of 33 observed variables could explain 55.9% of
the variation in age-normalized BEV share and 48.2% of the variation in age-normalized PHEV share.
The strongest predictors of BEV share were share of households in apartments (31.8%) followed by
mean (log-transformed) disposable household income (47.6%, +5.8%) and mean annual driven distance
(50.0%, +2.4%). The strongest predictors of PHEV share were disposable household income (37.9%),
share of households in rented housing (39.7%, +1.8%) and mean annual driven distance (41.6%, +1.9%).

Prior research suggested that access to private charging facilitates EV adoption. As discussed in Methods,
the best proxy variables we have for private charging access are housing type and building construction
year. Share of residents in apartments and share of renters were identlﬁec{) as variables with high pre-
dictive value, but average year of construction was not. It is however possible that the relationship with
construction year is too non-linear for the linear regression to pick up on it.

Figure 3 explores the interrelationship between these variables of special interest — year of housing
construction, household disposable income, age-normalized BEV and EV adoption rates, annual driven
distance, and local availabiﬁty of public charging at the time the current owner took possession of the
car. All 18 heatmaps (subplots a-i) share the same structure, with construction year on the horizontal axis
and household disposable income on the vertical axis. The heatmaps are organized in columns for each
of the three main housing types (rented apartments, owned apartments and detached houses). Heatmap
cells representing fewer than 500 cars are not shown.

Heatmaps a-f indicate the age-normalized BEV and PHEV share within each subgroup. Previously iden-
tified relationships now emerge visually — BEV adoption is high only with a combination of high income
and residence in a detached house, while PHEV adoption primarily requires a high income and housing
that is not rented. What does not emerge however is the expected negative association between on-street
parking and EV adoption. In fact, it appears that the least favorable housing from an EV adoption per-
spective was built between approximately 1940 and 1990 — when parking norms were the highest and
where cars are most likely to be parked in a private parking space.

There are possible explanations for why this pattern emerges, though these are only hypotheses to be
explored in future work. Private parking in a shared parking facility could be a short-term barrier to EV
adoption if during an early adopter phase charger access requires that all parking spaces are equipped
with chargers and such an investment is difficult to motivate while most cars are still ICEVs. It could
also be a long-term barrier if providing charging at all parking spaces raises the levelized cost per user
compared with if parking is flexible and several cars can share the same charger, as is typically the case
for on-street parking. It is also possible that decision making processes within housing associations are
a barrier to installation of chargers in the association’s shared parking facility. Neither of these hypothe-
ses offers any explanation for why EV adoption also seems to be lower in detached houses constructed
during the same period, at least in lower-income segments.

Heatmaps j-1 show annual driven distance per car tends to be significantly lower in households with lower
disposable income. There is no apparent association between annual distance and housing type, but a
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a Apartment, Rented b Apartment, Owned c Detached house
- GEJ o R 33% | 38% 72% 56% 48% 51% [EUIED
E S 250 RN 49% | 62% 87% | 85% | 75% [NLEAN 72% | 112% | 120%
o
¢c 500+ 61% 64% 84% 126% | 121% | 115% | 109% | 111% [SEELANSENL
3 4 1000 - 81% 96% 78% | 77% | 94% | 105% | 103% 133% 132% | 128% | 123% | 126% [RUULANSENL
]
wn
T35 2000 - 79% 83% 100% | 85% | 89% ‘ 87% ‘ 114% | 101% | 101% 128% | 124% | 126% | 121% | 121% 151%
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
S § §$ 2 8 88 8 8 3 8 88§88 8588 g 8 8 8 8
S 2 2 2 2 Q] 2 % 3 2 2 8 K 2 8 3 2 % ] %
Building year Building year Building year
PHEV share (age normalized)
d Apartment, Rented e Apartment, Owned f Detached house
- [ 0 64% 45% 35% 32 76% 31% 30% 35% 53% 60% 53% 53% 63% 93%
E § PEIWB 49%  53%  45%  47%  42% @ 52%  56% 58% 80% | 80% | 79% | 76% | 82% | 99% | 92%
S | >
35 500 - 83% 79% 73% 81% 81% 103% | 98% 84% 85% 93% | 107% | 105% 102% | 109% | 110% | 111% | 111% | 118% | 114%
g o 1000 - 107% | 103% | 87% 78% 87% | 105% | 78% 127% | 127% | 100% | 99% | 111% | 127% | 126% 116% | 133% | 130% | 124% | 126% | 123% | 120%
(2]
T35 2000 - 96% | 111% | 84% 74% IRPTRRYECE 120% [FECN 100% | 134% @ 134% 142% 166% 142% 144% 141% 147% 141%
T T T T T T T T T T T
o o o o o o o o o o o o o o o o o o o o o
s & & & & 8 8§ S & & & & 8 8 s & & & & 8 8§
— — — — — o~ o~ — — — — — o~ (o'} — — — — — o~ o~
Building year Building year Building year
Average annual driven distance [km]
j Apartment, Rented k Apartment, Owned | Detached house
- QE) 8000 7000 6000 6000 7000 8000 8000 8000 8000 7000 8000 9000
E [} 11000 11000 10000 11000 12000 10000 10000 10000 11000 11000 10000 10000 11000 13000
o
% .E 12000 12000 12000 13000 14000 12000 12000 12000 12000 13000 13000 12000 12000 12000 13000 14000
g Q_ 13000 13000 13000 14000 14000 13000 13000 13000 13000 14000 13000 13000 13000 13000 14000 14000
wn
T -5 12000 13000 12000 12000 12000 13000 14000 13000 13000 13000 13000 13000 14000
1 1 1
o o o o o o o o o o o o o o o o o o o o o
o o < O [e) o (o] o (o] < (%) [ee] o (o] o o~ < O © o o
2 2 2 2 2 8§ ] 2 2 2 2 2 R & 2 2 2 7 2 8 %
Building year Building year Building year
>3 kW within 100 m (at car purchase)
m Apartment, Rented n Apartment, Owned o Detached house
(9]
o€ 0
B ] 250
o c 500
gc
3 4 1000
T35 2000
1 1 1
o o o o o o o o o o o o o o o o o o o o o
o o~ < (] 0 o o~ o o~ < O o o (] o o~ < [t} o o o~
(=] ()] [} [} [=)] o o [} [} (=] ()] ()} o o [=)] ()] ()} [} [=)] o o
— — — — — o~ o~ — — — — — o~ [a\] — — — — — o~ o
Building year Building year Building year
>100 kW within 2 km (at car purchase)
p Apartment, Rented q Apartment, Owned
[} 0 34% | 46% | 42% | 36% 40% | 47% 61% | 34% | 29% | L/ 33% | 39% 7% | 8% | 6% | 7%
o o | -
g o 2504 44% 55% 52% 45% 39% 48% 54% 64% 67% 48% 40% 34% 42% 43% 11% 11% 9% 8% 7%
1%
3 = 500 - 51% 62% 58% 51% 49% 55% 55% 58% 50% 45% 53% 52% 17% 17% 12% 12% 9%
3 S 1000 52% | 69% | 63% | 55% | 55% | 62% | 61% 63% | 59% | 57% | 63% | 57% 25%  22% 15% 15% 11%
]
T35 2000 - 71% | 66% | 60% 66% 67% | 67% | 70% | 70% 25% | 17% 16% @ 12%
1 1 1 1 1 1 1 1 1 1 1 1
o o o o o o o o o o o o o o o o o o o o o
o o~ < [ 0 o o~ o o~ < O 0 o o~ o o~ < O o o o~
o o o o (o] o o (<)) o o o o o o o o o o (o)} o o
— — — — — o~ o~ — — — — — o~ o — — — — — o~ o~
Building year Building year Building year
Share of car population
g Apartment, Rented (17%) h Apartment, Owned (15%) i Detached house (63%)
S GE) 0+ 0% 0% 1% 1% 0% 0% 0% 0% 0% 1% 0% 0% 0% 1% ‘ 1% ‘ 1% 1% 0% ‘ 0%
©6 2504 0% | 1% | 2% | 3% | 1% | 1% | 0% 0% | 0% | 1% | 2% | 1% | 1% | 0% 2% 2% | 1% | 0%
<
(9}
@ c 5004 0% 1% 1% 2% 1% 1% 0% 0% 0% 1% 2% 1% 1% 0% 0%
v
3 8 10004 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 1% 3% 2% 2% 0%
T35 2000- 0% | 0% | 0% 0% 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% ‘ 0% ‘ 0% ‘ 0% ‘ 0% ‘ 0% | 0%
T T T T T T T T T T T T T T T T T T T T T
o o o o o o o o o o o o o o o o o o o o o
S & 3 & & 8 © S &§ 3§ & & 8 © S & 3 & & 8 ©
— — — — — o~ o~ — — — — — o~ (o'} — — — — — o~ o~
Building year Building year Building year

Figure 3: The Swedish car population segmented by type of housing, building construction year and household
disposable income. Distributions for six key factors are shown: age-normalized BEV and PHEV share; number of
cars; annual driven distance; and access to public charging within 100 meters and 2 km of the home at the time the
current owner took possession of the car. See the main text for discussion.

EVS38 International Electric Vehicle Symposium and Exhibition



weak association between annual distance and building construction year.

Heatmaps m-r indicate that when the current owners of the cars in the database took possession of their
cars, only a very small minority had access to public charging within 100 meters of the household.
Higher income households were more likely than lower income households to have access to charging
within 2 km — either because of the placement of public chargers, or because of slower turnover of cars
in low-income households. By the end of 2023, most households had access to more than 100 kW of
charging within 2 km, but few households still had public charging within 100 m. Visual inspection also
indicates that particularly PHEV adoption has been higher where public charging was available, even for
residents in detached houses. However, given that the earlier greedy forward selection of features did
not identify access to public chargers as predictive of PHEV adoption, we should be cautious to interpret
this association as a causal relationship. It is possible, perhaps even likely, that the association indicates
that chargers were first built predominantly where early adopters of EVs were located.

Finally, heatmaps g-i indicate where the greatest population of vehicles reside in the feature space. 95%
of Swedish cars are owned by residents 1n either apartments or detached houses, with detached houses
making up 63%. Clearly visible in these plots is that a large share of the current Swedish housing stock
was built between 1950 and 1970. The figure also highlights how disposable household incomes are
lowest in rented apartments and highest in detached houses.

3.3 Impact of public charging infrastructure on EV adoption
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Figure 4: BEV uptake is observed to be higher in apartment districts with greater availability of charging infras-
tructure (a). Within apartment districts, normalization by vehicle age does not change this pattern significantly
(b). However, the effect disappears after compensating for income differences (c), indicating that public charging
infrastructure has not contributed to increased BEV uptake among nearby apartment residents.

Figure 3 showed that in the snapshot of Swedish cars in use by the end of 2023, the owners took pos-
session of their cars when there was no public charging infrastructure available in immediate proximity
to the home (within 100 meters). However, charging infrastructure density improves rapidly. Has BEV
adoption been held back by public charger access and will BEV adoption accelerate due to increased
availability of public charging?

Figure 4 tries to answer this question. Swedish DeSOs with 70% of more of households in apartments
were filtered out and analyzed (n=1776). The sample was further segmented by average access to public
charging at the time of car purchase, into:

Low < 300 kW within 2 km and < 3 kW within 100 m, n=201,
Medium > 3000 kW within 2 km and < 3 kW within 100 m, n=524,
High > 3000 kW within 2 km and > 10 kW within 100 m, n=127.

As figure 3 indicated that there is an association in the data between income and charger access, the
data were resampled to compensate for this bias. For each sample (DeSO) in the Medium condition, the
sample with closest matching mean household disposable income was sampled from the Low and from
the High conditions, with replacement. This resulted in 524 samples in each condition, with 156 and 116
unique samples in the Low and High conditions.

Both with and without normalization by car age (subplots a-b), there is an association between BEV
uptake and availability of public charging. However, this association disappears when compensating
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for income differences. If income is kept constant, BEV adoption is not higher even in DeSOs where
apartments on average have public charging within 100 m than where charging is not even available
within 2 km. This indicates public charging has been built where car buyers are more likely to opt for
an electric car, rather than the other way around. Compensation for income differences also removes the
association between PHEV adoption and public charger access.

3.4 Persistence of demographic gaps in EV adoption

As seen from this analysis, a rapid recent increase in EV sales means that both PHEVs and BEVs are
currently reserved for users of relatively new cars. As the vehicle fleet ages, more used EVs should
become available and the current EV ownership distributions shown in figure 1 should converge towards
the age-normalized distributions presented in the same figure. While early EV adopters have primarily
been affluent residents in detached houses, expansion of public charging should ideally also enable late-
adopter population segments to transition to zero tailpipe emission cars. This section explains why
neither outcome can be taken for granted in Sweden — adoption is not yet spreading past detached houses,
and EVs remain inaccessible to users of older cars.

3.4.1 The gap between housing types

The missing causal relationship in figure 4 between construction of public chargers and nearby BEV
adoption should raise concern. This suggests that even if public charging is made available to all, the
stark differences we see in BEV adoption rates by type of housing and household income are likely to
persist. We also note that most Swedish apartment residents live in buildings where off-street parking
should be available, and that this in fact appears to make the situation even worse than for on-street
parked cars. Still, what could explain the observed differences in age-normalized BEV uptake between
detached houses and apartments if not the form of parking and access to charging? We speculate that
significant improvements will be needed in the quality of charging for apartment residents — not only
improvements in quantity — combined with strengthened incentives for BEV use in urban environments.

The incentive for switching to an EV is objectively weaker for low-income apartment residents than
high-income residents in detached houses and differences in charging contribute to this. We illustrate
this with a simplified calculation of operational costs.

Case 1 A high-income detached house resident with a premium SUV, driving 13 000 km per year. A
survey of the five most sold petrol and BEV models in Sweden during 2024 indicates that average
WLTP energy consumption is approximately 6.5 liter per 100 km for petrol models, versus 16.5
kWh per 100 km for BEV models. At approximately €1.5 per liter petrol and an average price of
€0.25 per kWh for charging — mostly at home — a switch from ICEV to BEV yields operational
savings of €840 per year. The BEV is fully charged every morning with a greater average range
than the partially fueled ICEV.

Case 2 A medium-income apartment resident with on-street parking and a basic model car, driving
11000 km per year. A survey of the five most sold lower-end petrol and BEV models in Sweden in
2024 indicates that average WLTP energy consumption is approximately 5 liter per 100 km, versus
16 kWh per 100 km. At approximately €1.5 per liter petrol and an average price of €0.5 per kWh
for charging — mostly public — a switch from ICEV to BEV yields an increase in operational costs
of {1=355 per year. The BEV is partially charged every morning with shorter range than the ICEV it
replaces.

The two cases are not representative of all residents, but they highlight how BEVs offer a greater marginal
increase in utility for demographics segments that currently see higher BEV adoption rates. Raising fuel
prices would strengthen the incentive for BEV adoption in both cases but would not affect the incentive
gap. Reducing the cost of public charging to €0.25 per kWh only partially closes the incentive gap, due
to differences in annual driving distance and differences in the relative reduction in energy consumption
going from ICEV to BEV.

3.4.2 The gap between income levels

Trends in the Swedish market for used cars raises further concerns that current gaps in BEV adoption
may not disappear with time. Figure 5 reveals how both PHEVs and BEVs have been exported at much
higher rates than ICEVs, resulting in national survival curves that are much steeper for EVs. It is unclear
to the authors why ICEV survival rates start off lower than BEV survival rates. Furthermore, annual
exports of BEVs have increased at approximately the same rate as new BEV registrations, with a lag
of around five years. As residents with lower incomes are more likely to be using older cars, the EV
adoption gap between income levels in the population will increase if this trend persists.
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Figure 5: Historical registrations and de-registrations of BEVs in Sweden (a) and resulting survival curves (b).
Data source: Swedish registry data.

We are not certain what causes this high rate of EV exports, but a logical explanation would be that
policies that favor utilization of EVs are stronger in neigh][;oring countries than in Sweden, which has fo-
cused on purchase subsidies for new cars and for installation of chargers. Such utilization-phase policies
may include differentiated vehicle taxes, parking fees or road tolls, zero-emission zones, access to bus
lanes, higher fuel prices, or public charging subsidies. Willingness to pay for used BEVs should increase
in countries with policies incentivizing BEV utilization, which would drive export out of markets with
weaker incentives. The objective gap in vehicle utility illustrated by cases 1 and 2 above also highlights

how Swedish buyers of second-hand cars may at present be less interested in EVs than buyers of new
cars.

4 Conclusions

Our results show that housing type and disposable income are strong structural barriers to BEV and
PHEV adoption in Sweden. Pul};ﬁc charging infrastructure deployment to date has not contributed to
closing the gap between apartment and detached house residents. We also find that Sweden’s domestic
supply of EVs for the second-hand market is not increasing, due to rising exports that keep pace with the
increase in new registrations. In the absence of further targeted interventions, these disparities are likely
to persist.

We recommend the following actions:

1. Systematically track real and age-normalized BEV ownership rates by region, household income
and housing type to evaluate the effectiveness of future interventions. Make existing statistical
public record data available at sufficient granularity to enable further investigative research into
cause and effect relationships.

2. Bring down the prices of public charging, e.g., through parking bans for non-EV cars and booking
systems that improve utilization rates, various peak shaving strategies to reduce grid-associated
costs, and reverse auctions for infrastructure concessions.

3. Explore wireless static charging and dynamic charging to reduce behavioral inconvenience and
leverage economies of scale as greater shares of traffic are electrified.

4. Investigate if individually reserved parking spaces in shared parking facilities are acting as a barrier
that prevents charging infrastructure access for early EV adopters in apartments with off-street
parking.

5. Strengthen incentives tied to vehicle use rather than purchase, to increase national retention of
used EVs. Establish a national strategy for how to phase out the ICEV stock, taking into account
that national supply of used BEVs may not meet future demand.

6. Encourage vehicle OEMs to develop and market BEV models targeted toward lower-income seg-
ments.
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7. Investigate strategies to reduce the cost and improve the market appeal of converting used ICEVs
in good condition to electric propulsion, both for domestic use and export. Increased retention of
domestically sold BEVs would reduce used-BEV supply for other countries.
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