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Abstract

The adoption of electric vehicles (EVs) has only been a matter of time since the first governments
proclaimed bans on combustion vehicles in the near future. As a new technology, however, EVs
face various adoption barriers that lengthen the process. Governments globally have aimed to
mitigate these by offering EV incentives. Even though the adoption of pure battery electric vehicles
(BEVs) and not hybrids is the ultimate goal, previous publications on the effect of EV incentives
focus on the joint effect on both BEV and hybrid adoption. The purpose and contribution of this
paper is to comprehensively evaluate the effect of government incentives on BEV adoption, and
to evaluate how that effect changes when considering socio-economic characteristics, in relation
to charging infrastructure, and over time. To examine this in an unbalanced panel of 23 European
countries between 2013 and 2019, I construct a novel dataset of BEV incentives. I further utilize
multilinear ordinary least square panel regressions with a time trend, country fixed effects and
various control variables. I identify a significant increase between 17.6% and 19.4% in BEV
registrations, per 1000 euros additional incentive, with an indication of a differing effect in small
markets. This result is robust to various controls and self-selection into the panel. This paper aims
to contribute to the discussion around EV incentives and adoption, as well as reinforcing empirical
results on the effects of incentives on BEVs specifically.
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1. Introduction

The European Commission has proposed the complete elimination of carbon emissions from
cars by 2035. This would effectively constitute a ban on the traditional internal combustion
engine vehicles (ICEVs) (Carey and Steitz 2021) and require a significant increase in electric
vehicle (EV) adoption (European Environment Agency 2022). Not just the EU, but countries
around the world push for EV adoption as part of the effort to reduce emissions and instate
incentives towards this goal. On the other hand, Elon Musk, the CEO of Tesla, which currently
sells the most popular EV model (Statista 2022a) has spoken up against the implementation of
EV incentives, saying “[...] I would just can this whole bill, don’t pass it.”, in response to a bill
by the Biden administration that budgets 7.5 billion USD to incentivize EV adoption (Quartz
2021). This begs the question: How do government incentives influence the effort of EV

adoption?

1.1. EV Market

Globally, the need for climate action and a reduction of emissions has been recognized. One
major contributor to emissions is the transport sector, which was responsible for 24.6% of
greenhouse gas emissions in the EU in 2018 (Ritchie and Roser 2020). Road transport
specifically was responsible for 11.9% of global greenhouse gas emissions in 2016 (Eurostat
2021k).

The evident and predominant solution to eliminating this substantial emissions share of cars are
emission-free EVs. For instance, US president Biden has announced his policy target that EVs
represent 50% of car sales shares by 2030 (The White House 2021). Several cities and countries
have even gone so far as to announce explicit bans on ICEVs (IEA 2020), among them the
aforementioned indirect ban of ICEVs in the European Union by 2035 (Carey and Steitz 2021).
Hence, the adoption of EVs is merely a question of time.

Even without any outright bans on ICEVs, however, EVs have enjoyed staggering popularity
in recent years. According to preliminary estimates, while the car industry faced another
challenging year in 2021, owing to the global semiconductor shortage, global EV sales more
than doubled in 2021, hitting 6.6 million units, up from just over 3 million in 2020 (Richter
2022), as shown in Figure 1 (IEA 2022). In Germany, for instance, the EV share of newly
registered vehicles increased by 83% from 2020 to 2021 making up 13.6% of new car
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registrations (Schmidt 2022). In fact, all net growth in worldwide car sales in 2021 can be
attributed to EVs (Richter 2022). Currently, China, Europe, and the United States account for
nearly 90% of worldwide EV sales. Additionally, McKinsey & Company (2021) projects for
the next decade that while China will remain the largest EV market in total numbers, Europe,
as a regulation driven market, will remain a global electrification leader in terms of EV sales

shares and therefore especially interesting to study.

Figure 1: Global EV Registrations by Region
and EV Market Share (IEA 2022)
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Countries around the world have instituted incentives to further EV adoption. In Europe, all EU
member states but Estonia offered monetary EV incentives in 2021 (ACEA 2021b). Norway
has the highest EV adoption rates globally and substantially subsidizes EVs, by waiving sales
tax, VAT, tolls and parking fees for them. This culminates in annual costs of nearly 19.2 billion
NOK (1.9 billion Euros) (Norwegian Ministry of Transport and Communications 2021) for the
country. Demonstrating continuous financial commitment to the incentivization of EV adoption,
just this February, US president Biden committed 5 billion USD over the next five years to
states’ EV infrastructure (CNBC 2022).

1.2. The Rise of BEVs

EVs are not a monolith. In literature, a variety of terminology is used to refer to the different
types of EVs. ICEVs are traditional internal combustion engine vehicles that use exclusively
diesel or fuel. EVs include a variety of car models (Figure 2). Battery electric vehicles (BEVS)
are electric vehicles relying solely on electricity as fuel. Hybrid electric vehicles (HEVS) are
electric vehicles with either a diesel or gasoline internal combustion engines. They are referred

to as plug-in hybrid electric vehicles (PHEVS) if their batteries may be charged externally and
2



self-charging HEVs otherwise. The sum of PHEVs and BEVs is referred to as plug-in electric
vehicles (PEVs). For the purposes of comparability and consistency, the above terminology and
categorization will be used throughout this paper, regardless of potential differences in

terminology in the quoted literature.

Figure 2: Types of EVs
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While PHEVs have dominated the market for a long time, there is a shift towards BEVs.
Norway, which is ahead of the curve in EV adoption has recently seen a substantial shift towards
BEVs. 84% of all newly registered cars in January 2022 in Norway are BEVs, while PHEVs
dropped to just 7% of new registrations (Kane 2022).

Furthermore, it is unclear whether the electric driving capabilities of HEVs are actually utilized
by drivers. Privately purchased PHEVs appear to electrify the same number of kilometers
annually as BEVs, due to BEV owners renting ICEVs for pre-planned long trips (Pl6tz et al.
2020; PlI6tz et al. 2017a). On the other hand, a large share of HEVs were purchased by
corporations as company cars at the disposal of their employees, commonly due to the favorable
taxation of low-emission vehicles in, for instance, Germany (Frahm 2019). It is assumed that a
HEV with a 50km electric range drives 75% of all distances using electricity, but since company
cars usually cover longer distances, the car emission may be underestimated by 50% to 75%,
exacerbated by the weight of the unused but heavy battery (Pl6tz et al. 2020). Furthermore,
German drivers of company car HEVs rarely bother to charge them, since employers can supply
fuel charge cards, making gasoline or diesel free while electricity costs of charging have to be

paid by the employees themselves.

The United Kingdom and Netherlands ended their incentives for HEVs for these reasons

(Frahm 2019). Germany’s government has announced intentions to only grant tax benefits to



PHEV owners if it can be proven that it drives in electric mode at least half the time (SPD et al.
2021).

1.3. Scope and Structure

This paper contributes to the literature on the effect of government incentives on EV adoption

in several ways.

First, by being the first to comprehensively evaluate the effect of incentives on BEV adoption
in an international sample. The majority of literature on the adoption of EVs examines PEVs,
as PHEVs have historically larger adoption rates than BEVs and thus provide more data to
exploit. However, since the ultimate goal of EV adoption is carbon neutrality, this can only be
achieved by the adoption of BEVs. There is reason to expect that the mechanisms of BEV
adoption differ from those of PHEV adoption. PHEVs still possess internal combustion engines
and can essentially be used as slightly heavier (due to the battery) and more expensive ICEVS.
BEVs, on the other hand, rely solely on electricity as the driving power and are exposed to more
adoption barriers, as a completely new technology entirely reliant on novel charging

infrastructure.

There is no known comprehensive analysis of the effect of BEV incentives in an international
setting. Yan (2018) examine the adoption of BEVs in an international 2 year data set but focus
solely on the cost-structure of BEVs compared to ICEVs to explain differences in adoption and
do not control for charging infrastructure, socio-economic, socio-demographic or vehicle
market controls. The remainder of known literature on the effect of BEV incentives is
comprised of just two papers: Mersky et al. (2016) and Clinton and Steinberg (2019). Mersky
et al. (2016) examine the effect of only non-monetary incentives on BEV adoption in Norway.

Clinton and Steinberg (2019) examine a US data set.

| also analyze the effect of a country sustainability indicator, as a socio-economic variable, on
an international BEV panel dataset, which has previously only been analyzed for cross-sectional
international PEV data by Sierzchula et al. (2014) and (Wang et al. 2019) both.

Second, | create a new data set on BEV incentives for my sample, to examine my BEV adoption
data. For this purpose, | cross-reference several tax indices, EV rebate and incentive data banks,
as well as previous publications on EV incentives with overlapping samples to find the
exhaustive set of BEV incentive policies. Since these policies typically utilize vehicle

characteristics and prices to determine the specific amount granted, | choose a representative
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BEV and ICEV, based on their popularity and representativeness of the respective markets as
a whole. | then use the representative BEV and ICEV to calculate the incentive value to the

average BEV consumer by differencing the government transactions for the two models.

Third, charging infrastructure is generally considered a vital necessity and strong predictor of
EV adoption. It stands to reason that charging infrastructure would be expected to influence the
effect of government incentives. This has until now only been examined by Rietmann and
Lieven (2019) for PEVs. | expand on their results by looking for a similar effect for BEVs with
a different methodology.

Fourth, several papers speculate on the temporal development of the effect of incentives on EV
adoption as well as the effect of this temporal development on their results (Sierzchula et al.
2014; Wang et al. 2019; Munzel et al. 2019). There does not appear to be an examination of

this temporal development, however, which | aim to address.

Fifth, 1 am the first look for a self-selection bias in EV data by exploiting the unbalanced panel
characteristic of my data for a robustness check. I examine whether countries with regular and
complete responses to the voluntary BEV adoption questionnaire may be more dedicated to
BEV adoption. This is very relevant for external validity and the transferability of results on
countries outside of the sample that do not partake in international data collection and

documentation efforts for BEVSs.
These motivations lead to the following research question:
What effect do government incentives have on the adoption of BEVs?

a. How important are socio-economic variables and vehicle market characteristics
to the adoption of BEVs? Do they influence the effect of government incentives?

b. How does the development of charging infrastructure and the effect of
government incentives interact to impact the adoption of BEVs?

c. How does the effect of government incentives change over time?

To answer these questions, | utilize the theoretical framework of a purchase decision model in
oligopolistic differentiated product markets by Berry et al. (1995) to explain the necessity and
mechanism of EV incentives. This understanding, along with further literature on EV adoption
factors and previous empirical results on the effect of EV incentives informs my choice of

control variables.



| construct a data set for 19 European countries between 2013 and 2019 of BEV registrations
shares, estimated BEV incentives, charging infrastructure as well as several more socio-
economic, socio-demographic and vehicle market controls. I estimate BEV incentives by cross-
referencing various sources to find the exhaustive set of incentives and then calculating the
difference in government transactions for a representative BEV and ICEV. After critically
comparing alternative methods, | choose multilinear ordinary least square panel regression with
country fixed effects and a time trend to estimate the incentive effect. Various checks are
performed using alternate controls and different sub samples to ensure the robustness and

transferability of results.

| find a statistically significant increase in BEV registrations between 17.6% and 19.4%
associated with an additional 1000 euros of monetary incentive. The effect is consistent through
the inclusion of various control variables and robust to panel self-selection and EU membership.
A robustness check, using only countries with vehicle stocks below 1 million finds a diminished
but still significant effect between 9.7% and 11.5% per 1000 euros one-off incentive. A positive,
but not statistically significant change in the effect of incentives over time is found. | find the
motorization rate, national median income and dwelling types to have a significant effect on
BEV adoption. | cannot identify a statistically significant relationship between charging stations

and EV adoption or a significant interactive effect of charging stations and incentives.

The remainder of the paper is structured as follows. Next, in Section 2, | will present an
overview of EV adoption literature in general and outline recent empirical findings on the effect
of EV incentives specifically. Section 3 expounds on the theoretical background of purchase
decision models and adoption barriers. Section 4 describes the process of selecting controls,
collecting data, as well as the construction of the incentive dataset. Section 5 discusses my
choice of empirical method and presents the model specifications used. My results and
robustness checks are presented and interpreted in Section 6 and discussed in Section 7. Policy
implications, environmental and social considerations are evaluated in Section 8. Section 9

concludes.



2. Literature Review

| will present a short overview of EV adoption literature in general, before moving on to a more
in-depth examination of the recent empirical literature on EV adoption and government
incentives. These can be categorized by both the region they focus on and the time frame they
examine. Finally, I will highlight studies that have examined not just the effect of government
incentives but also their interaction with other factors. Fuel price controls, for the sake of brevity,

refers to the inclusion of electricity, as well as diesel and/or gasoline prices.

2.1. General Overview

A comprehensive review of the most influential pieces of EV adoption literature is provided by
Kumar and Alok (2020), who review and analyze 239 articles, the majority published between
2010 and 2019. Almost a third of the studies focus exclusively on the United States of America
(US), while another third is international in nature. They also categorize 5 aspects of EV
adoption literature; barriers and motivators for adoption (this includes government incentives),
the effect of adoption, the mechanisms through which barriers and motivators influence
adoption, the factors influencing the strength of the mechanism, as well as socio-demographic

indicators typically related to EV adoption.

This field of research is actively growing (Kumar and Alok 2020) and a variety of effects on
EV adoption are examined. In one innovative study, Guo et al. (2020) examine the effect of air
pollution on EV adoption, using fixed effects panel regression on a dataset of 20 major Chinese
cities in monthly intervals between 2014 and 2018. They find a positive correlation of pollution,
measured as PM2.5 concentration, with EVs and BEVs but not HEVs total sales, for different

levels of EV model popularity and city-income both.

A majority of EV adoption publications are still survey-based stated-preference studies (Kumar
and Alok 2020; Liao et al. 2017; Rezvani et al. 2015), likely due to the yet early stage of
adoption and subsequent limited availability of data. Liao et al. (2017) summarize stated-
preference studies on consumer preferences involved in EV purchase decisions. They find that
while purchase tax and road tax reductions can be concluded to be effective, the consensus on
purchase price reductions is inconclusive. Meanwhile, reduced tolls and access to high-
occupancy lanes are commonly considered ineffective. It has also been suggested that in the
very first years of adoption, the main factors in the purchase decisions are emotional benefits
and the symbolism of EV ownership rather than the use of the EV (Rezvani et al. 2015).
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Nevertheless, the common attitude-action gap makes empirical studies crucially necessary to

gain a better understanding of EV adoption.
2.2. Empirical Findings on Incentive Effect

Empirical papers on EV adoption can be categorized by degree of regionality into international,
national and city-based papers. Since incentives for EV adoption are granted on different levels
of government and regionality, the chosen degree of regionality typically influences what
incentives are examined by a given paper. For instance, free parking granted as an EV incentive

by individual cities is difficult to take into consideration in an international comparison.
2.2.1 Cross-Country Results

A growing body of papers examines the adoption of EVs across countries. While studies on a
more granular regional level usually work with panel data, international studies use both panel
data (Munzel et al. 2019; Yan 2018; Pl6tz et al. 2017b) and cross-sectional data (Sierzchula et
al. 2014; Wang et al. 2019; Rietmann and Lieven 2019). Monetary incentives are the focus of
international empirical papers, while non-monetary incentives are less commonly considered,
since they are significantly more difficult to standardize across countries. With the exception
of Wang et al. (2019) all of these studies identify a significant positive effect of monetary

government incentives on EV adoption.

Miinzel et al. (2019) analyze the effects of PEV government policy in Europe using country
fixed effects and first difference panel regressions. Their models include fuel prices, country
fixed effects, a time trend, as well as socio-economic and charging infrastructure controls. They
conclude through a variety of robustness checks that the effect of monetary PEV policy is an
increase in the PEV share of vehicle registrations by 5-7% per additional 1000 euros in
incentives. They find all types of monetary incentives (recurring, one-time, value-added tax,
total), their trend estimator, the number of fast chargers per capita and in one specification two
controls (Gini coefficient and percentage of people living in houses) to be significant predictors

of PEV registration shares.

In a unique approach, Yan (2018) use European data from 2012 to 2014 on 10 specific pairs of
popular EVs and their ICEV counterparts to examine the effectiveness of incentives to reduce
total ownership costs of BEVS, increase BEV sales, and acquire environmental benefits. They
find an average 3% BEV sales increase per 10% increase in total tax incentives. They also find



that the price gap between BEVs and their ICEV counterparts is negatively correlated with the
BEV price. This price gap is further reduced with increased annual travel distance, in case of

strong preferential taxation for BEVs.

Plotz et al. (2017b) use multilinear regression to analyze the effect of monetary and non-
monetary incentives on annual PEV sales shares, for 30 European countries from 2010 to 2016,
with fuel price and income controls. They estimate 1000 euros in additional incentives to
increase PEV sales share by between 4% and 15.9%, depending on the inclusion of country or
country-year fixed effects. The total number of non-monetary incentives (e.g. use of special
lanes, car registration exemptions, toll exemption), also have a significant positive effect on

PEV sales shares. Income and fuel price controls are also significant indicators.

Sierzchula et al. (2014) were the first to examine EV adoption internationally and use fixed
effects ordinary least squared regressions to evaluate a cross-sectional data set of 30 European
countries in 2012. They use the sales market share of PEVs and control for fuel prices, charging
stations per capita, a sustainability index, socio-economic and vehicle market controls. Their
analysis finds that monetary incentives, charging infrastructure density and the local presence
of a production site or headquarter of an EV producing company are all significant predictors
of EV sales market shares. 1000 US dollars of additional monetary incentive are estimated to
increase EV sales market share by 0.06%. This is a relatively low estimated effect, which they
hypothesize may be explained by its early sample period. The authors similarly suggest that
socio-economic controls may not be significant due to EV adoption being limited to a small
portion of population and total EV adoption still being low, even if there may be a genuinely

strong connection to socio-economic indicators.

Wang et al. (2019) use multilinear regression to examine the effects of monetary and non-
monetary incentives on the market shares of PEVs of 30 countries from Europe, Asia and North
America in 2015. They use income, fuel price, an environmentalism indicator and charging
infrastructure diffusion as controls and find gasoline price, road priority and charging
infrastructure diffusion to have a significant positive effect. They cannot find a statistically or

economically significant effect of monetary incentives.

Rietmann and Lieven (2019) use a covariance-based structural equation model on a 2017
dataset spanning 20 countries from 5 continents to examine the influence of government
incentives and charging infrastructure, measured in stations per highway kilometer, on PEV
adoption. They find that charging infrastructure intensity and monetary incentives have a



significant, strong, and positive interactive effect. Since charging infrastructure typically
accumulates and should have experienced no decline in the first years of EV adoption, this hints

towards an increased effect of monetary incentives over time.

2.2.2 National Results

Compared to international studies of EV adoption, national studies allow for a more in-depth
analysis of the various factors in play due to limits on data availability and comparability when
examining multiple countries. Focusing on one country also allows for analysis of more
regional aspects that would be difficult to standardize across countries. Clinton and Steinberg
(2019) and Jenn et al. (2018) examine EV adoption in US states and find a significant positive
effect of monetary government incentives on adoption. Mersky et al. (2016) examine the effect
of government incentives in Norway, where monetary incentives are national and therefore not

subject to the regional comparison.

Clinton and Steinberg (2019) use panel regression on an unbalanced panel of model-state data,
in quarterly intervals from 2011 to 2015 of BEV registration data in US states. They control for
rebates and tax credits separately and in total, fuel prices, charging infrastructure, a green votes
index and socio-economic variables (age, gender ratio, education, income). They test pre-trends,
do not reject the inherent parallel trends assumption and their application of synthetic controls
confirms the existence of a significant positive effect of incentives. Finally, Clinton and
Steinberg (2019) find that an increase of 1000 US Dollars in monetary incentives is associated

with an 8% increase in EV registrations.

In their study of monthly PEV registration data from US states from 2010 to 2015, Jenn et al.
(2018) introduce a novel measure for consumer awareness of the government subsidies in the
EV market. Consumer awareness is proxied by the number of newspaper articles discussing the
topic, as evaluated with natural language processing. They utilize the total number of newspaper
articles in a state less the number of EV articles as an instrumental variable to avoid the
endogeneity of a higher number of EV newspaper articles following a high adoption rate of EV.
Jenn et al. (2018) find that the 2,6% increase in EV registration per additional 1000 US dollars
from their basic model, varies between a 0% and 62% increase under their statistically
significant knowledge model.

Mersky et al. (2016) utilize multilinear regression to examine the early stages of BEVs adoption
in Norway. They use micro-level data on all Norwegian BEV sales between 2000 and 2013,

aggregated on municipal and regional level and qualified by population, to examine the effect
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of non-monetary incentives (monetary incentives in Norway are national and thereby apply to
all sales). Additional controls are selected from the number of EV charging stations, dummies
for tolls and bus lanes and socio-economic indicators (dummy indicator for an area bordering
on major city, unemployment rate, median household income, average kilometers travelled per
vehicle) for each model for the highest predictive power. Due to the micro-level nature of their
data, they have the rare chance to differentiate between corporate and private purchases and run
separate regressions for all four mutations of corporate and private purchases and short range
(range below 121% of average Norwegian commute) and long-range vehicles. They find that

corporate purchases are much more dependent on the magnitude of charging infrastructure.
2.2.3 City-based Results

Several types of incentives are often offered on a city level rather than national or regional. It
is difficult to integrate these regionally available incentives into an international country-level
analysis. Therefore, several papers have also evaluated EV incentives and EV adoption
conditions on the city-level, typically using a selection of prominent cities based on data
availability and incentive schemes. Ajanovic and Haas (2016) review 10 cities and regions from
7 countries in Asia, Europe and North America, Guo et al. (2020) and Liu et al. (2021) evaluate

a selection of Chinese cities.

Liu et al. (2021) examine the impact of EV incentives on the per capita sale of PEVs in 61
Chinese cities from 2009 to 2018 using separate indicators for a city being part of the policy
treatment group and a policy being active in that year, as well as their interaction, in a
difference-in-difference estimation, which indicates whether a policy is active in a given year
and region. The indicator for a policy being active in that year and the policy being active in
that year and city, the interaction, are both positive and significant. Further controls are fuel
prices, population (density and absolute), presence of EV manufacturers, sulfur dioxide
emissions, motor vehicle road space per capita and disposable income, of which diesel prices,

local manufacturer presence and air pollution are significant for some models.
2.2.4 Conditional Effect of Incentives

Several previous studies have used interactive models to determine the ways in which

incentives may have different effects in the varying circumstances.
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In their examination of US car sales by model from 2000 to 2010, Jenn et al. (2013) include
interaction terms of a dummy HEV model indicator and an unemployment measure, lagged

model sales (their independent variable) and lagged gasoline prices respectively.

Zhou and Li (2018) instrument an interaction term of the number of supermarket stores and 3-
month lagged number of charging stations for the charging station network size to avoid
potential issues of endogeneity. They also include interaction terms of their socio-demographic

controls and their time trend as predictors of PEV adoption.

In her study of PEV adoption in the US, Wang (2020) includes interaction terms both of a
dummy indicating whether a state has a goal of 100% Zero Emission Vehicles by 2030 and a
dummy indicating whether a state has an emission target with both offered subsidies and an

index indicating public awareness of EVs via twitter activity.

To conclude, three of the studies explained in more detail above also considered interaction
effects. Clinton and Steinberg (2019) double all regressions with an interaction term of a Tesla
dummy indicator with incentives and all other controls. Liu et al. (2021) used an interaction
term to analyze the effects of a policy being active in any region at the time, a policy ever being
active in the given region and the policy actually being active in a given year and region.
Rietmann and Lieven (2019) find that charging infrastructure intensity and monetary incentives

have a significant strong positive interactive effect.

In summary, the majority of papers that examine the effect of government incentives find that
monetary incentives appear to have a significant positive effect on EV adoption. Results on the
various non-monetary incentives are more ambiguous. Due to the larger availability early on

and faster adoption of HEVs, there is more literature on PEVs than literature on BEVS.
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3. Theoretical Framework

3.1. Purchase Decision Model

To understand the mechanism of EV incentives, | present a stylized model of a vehicle purchase
decision. Berry et al. (1995) present a framework to analyze demand in oligopolistic
differentiated product markets using the example of the automobile market. They propose that
the basis of a purchase decision is the utility of a given model to the consumer as the function

of two vectors of model and consumer characteristics, such as this:
U(pr, ¢j, m;)

p is the vector of consumer characteristics for consumer k, (c,m) is the vector of vehicle

characteristics for model j. Consumer k then purchases model g if

U(pk, cg,mg) = U(pk, Cj, mj), for j=01,..,]

where j = 0 represents the choice to not buy a car and j = 1, ..., J represent the remaining

models.

Furthermore, examinations of vehicle demand functions by Gao et al. (2014), @stli et al. (2017)
and Gomez Vilchez et al. (2019) help to extend this model for more recent factors affecting
vehicle utility and several additional considerations that need to be made when considering
vehicles with differing engine types and fuel requirements. Then, personal characteristics of an
individual that may influence the vehicle purchase decision include personal values and beliefs,
self-image, societal values and perceptions, socio-demographic characteristics, transportation
needs (both regular and irregular), availability of alternative transportation, spatial environment
(rural or urban, parking space availability, etc). Vehicle characteristics include the cost of
ownership (acquisition, maintenance and running costs), applicable governmental regulations
(licensing etc., but also the EV incentives at hand), ease of fuel accessibility (charging or fueling
infrastructure), technical characteristics (e.g. engine type and power, transmission, emissions),
weight and dimensions (including number of seats and doors), visual design characteristics,
standard and supplementary equipment, model and brand image and prevalence, magnitude of

innovation, reliability.

Occasionally, market characteristics are considered a third dimension (Sierzchula et al. 2014,

Plotz et al. 2017b), however, these can typically be expressed as either consumer or vehicle
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characteristics within the model, as seen above with ease of fuel accessibility or personal spatial

environment.
3.2. Adoption Barriers and Incentives

The acceptance of BEVs is impeded by a variety of adoption barriers that decrease the utility
of purchasing a BEV. The most important barriers to BEV adoption are technology, the total
cost of ownership, the charging infrastructure and general aversion towards change (Kumar and
Alok 2020). The technology of BEVs is still being developed and limits the use of BEVs
compared to ICEVs, due to limited driving ranges and wait times during charging. The total
cost of ownership is higher for BEVs than for ICEVSs, their purchase price is significantly higher
for similar models and higher maintenance costs can be expected as well. Charging
infrastructure is another barrier to adoption as EVs, and especially BEVs are very much reliant
on an infrastructure that is only just being built. Consumers are very sensitive to this and a
disproportionate worry about a lack of charging infrastructure has been termed “range anxiety”.
Further barriers to BEV adoption include, for instance, a limited model selection, lower
performance than ICEVs, skepticism regarding the reliability of BEVs to the driver, risk to
pedestrian safety (due to lower noise emittance), environmental impact of the built-in batteries

as well as electricity load and distribution management.

EV incentives target different consumer and vehicle characteristics to increase the utility of
owning an EV over an ICEV and diminish adoption barriers. The vast majority of incentives
target the total cost of ownership of EVs, via tax waivers and rebates. Another class of
incentives are regulatory benefits such as access to restricted traffic zones or the use of bus
lanes on highways, intended to increase the everyday convenience of EV adoption. The
government driven installation of charging infrastructure may also be considered an incentive
toward EV adoption. However, since intentions to ultimately switch completely to EVs have

been announced, this is necessary infrastructure.

Understanding what factors may influence a consumer’s purchase decision and how incentives
interact with these helps to select an appropriate set of controls for my empirical analysis.
Furthermore, when considering EVs as a specific subset of models, connected by common
characteristics, for which 1 analyze the demand as a whole, vehicle characteristics are
complicated. Individual characteristics of models within the subgroup need to be generalized
to the whole group, by using representative sample vehicles, for example. Additional indicators

such as the number of models available in the subgroups (Sierzchula et al. 2014) may be
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included in the analysis as well. Observable consumer characteristics can be included through

aggregate socio-economic and socio-demographic indicators.

4. Data

| find my set of control variables by cross-referencing vehicle purchase choice model literature
(Gao et al. 2014; Berry et al. 1995; @stli et al. 2017; Gémez Vilchez et al. 2019; Jong 1990)
with EV adoption literature (Clinton and Steinberg 2019; Miinzel et al. 2019; Mersky et al.
2016; Sierzchula et al. 2014; Wang et al. 2019; Pl6tz et al. 2017b). First, | compile a list of the
control variables used in the EV adoption literature and identify 4 categories: incentives
(monetary, non-monetary), charging infrastructure, vehicle market characteristics (e.g.
motorization rate, size of vehicle market, presence of car manufacturer), as well as socio-
economic controls and socio-demographic controls (e.g. income, education, sustainability, age).
| choose the BEV registration share as my measure of BEV adoption, construct my data set on
monetary one-off incentives, and collect vehicle market, socio-demographic as well as socio-

demographic controls.

4.1. BEV Registrations

While both sales and registration data has been used to analyze EV adoption. registration data
is preferable over sales data since a significant part of the incentives tend to be applicable
through registration and not sale of the EVs. | use registration data on BEVs only. Previous
papers have more commonly used adoption or sales numbers for PEVs, which include BEVs
but also PHEVs, (Minzel et al. 2019; Jenn et al. 2018; PI6tz et al. 2017Db; Sierzchula et al. 2014,
Guo et al. 2020; Wang et al. 2019) than just BEVs (Clinton and Steinberg 2019; Mersky et al.
2016), especially so in studies with an international focus. Since HEVs are regularly used as
ICEVs only, analyzing them jointly with BEVs could muddle results and not correctly reflect
the circumstances and incentives that aid EV adoption with the intention of electric driving.
Therefore, | focus on BEV registration data. Additionally, past sales figures show that there is
a trend of consumers moving away from HEVs to BEVs (Rietmann and Lieven 2019), making

an examination of the driving forces behind BEV adoption even more relevant.

In the previous literature the number of sold or registered EVs has been used as such, scaled

per capita, and scaled as the share of total new sales or registrations. However, EVs per capita
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is dependent on the motorization rate and the total number of EVs on both the motorization rate

and the country’s total population size. Therefore, I use the BEV share of total registrations.

The data on new BEV registrations is available as an unbalanced panel for 27 countries during
the years 2013 to 2019, of which 23 countries were selected for my analysis (Eurostat 2021f;
The Society of the Irish Motor Industry 2020). Italy was excluded from the data set, due to only
one observation (2019) being available, making it unsuitable for most of my estimations, which
include fixed effects. Liechtenstein, Kosovo and Turkey were also excluded due to a significant
lack of data availability of control variables. There are 13 countries with complete observations
for all 7 years (Belgium, Germany, Estonia, France, Croatia, Cyprus, Lithuania, Hungary, Malta,
Romania, Finland, Sweden, Norway and Switzerland) and 11 countries with incomplete sets of
observations between 3 and 6 years (lreland, Spain, Latvia, Netherlands, Austria, Poland,
Portugal, Romania, Slovenia, United Kingdom). In total, the dataset contains 146 observations.
In line with our definition so far, the data defines EVs as “Battery only EV: road motor vehicle

using batteries to feed an electric motor for propulsion.” (European Commission et al. 2019).

| calculate the share of BEV registrations as the quotient of BEV registrations per total
registrations, BEV share. In my empirical analysis, | use the logarithm of BEV registration

percentages, Log(BEV), due to a right-hand skew in the registration data (Appendix, Figure 7).

Figure 3 presents a timeline of BEV registration shares by country in four groups. Countries
are grouped according to their maximum BEV registration share to improve reading
comprehension, with scales differing between graphs accordingly. The figure confirms an
overall positive growth trend for BEV registration shares in most countries that often seems to
be exponential in character. Three exceptions of negative growth rates of the registration share
occur either in small countries (Estonia and Latvia) or at relatively low registration shares
(Poland), so that this may be the result of singular bulk registrations from a company or
institution that caused this spike.
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4.2. One-off Incentive Estimation

Incentives, across countries, are based on a variety of factors and received during different
points in time. | will be focusing on monetary, one-off incentives. | construct my own BEV

incentive data set and present the process and assumptions of this approach.

Comprehensive, historical data sets on BEV incentives do not exist, | therefore create my own
data set. 1 use multiple annual reports on European automobile taxation by the European
Automobile Manufacturers' Association (refer to Table 1 for a complete list of references) as
the basis for a comprehensive list of EV incentives and taxation schemes that favor EVs. |
further cross-reference papers covering EV incentives with an overlapping sample that include
some indication of the magnitude of their incentive estimations, usually by visual presentation
(Minzel et al. 2019; P16tz et al. 2017b; Wang et al. 2019), to capture any further incentives and
ensure consistency in the literature. In addition to this, | cross-reference with the European
Alternative Fuels Observatory (2022a), which reports current incentives, and Wikipedia (2022),
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which reports some historical and current incentives for selected countries, to ensure my
collection of incentives is as exhaustive as possible. | use the Wayback Machine to access
articles and webpages that have been taken offline, since the incentives in question were

announced.

EV incentives can be categorized into monetary and non-monetary incentives (Figure 4).
Monetary incentives may either be received once, in relation to the registration or purchase of
the EV, or recurringly. Recurring incentives include waivers on circulation tax (also referred to
as car tax or road tax), company car tax, parking fees and tolls as well as an electricity subsidy.
One-off incentives may either be received directly in connection with the purchase and
registration of the EV or be claimed in the following tax declaration (income tax reductions and
special depreciations for companies). Immediate one-off incentives include rebates, waived
taxes (VAT, registration taxes and fees, import tax and pollution tax), scrapping bonuses and
charger subsidies. Non-monetary incentives include access to priority lanes (e.g. bus or carpool

lanes) and access to restricted traffic zones (e.g. inner cities).

Figure 4: Incentive Categorization
Incentives included in my measure of one-off incentives are presented in bold.
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Table 1: Data Sources

Data

Sources

Incentives

Other Variables

Incentives and Tax Rates

Indices

(ACEA 2013, 2014a, 2014b, 2015a, 2015b, 2016a, 2016b,
2017a, 2017b, 2018a, 2018b, 2019a, 2019b, 2021a; CMS
2022; European Alternative Fuels Observatory 2022a)

Supplementary Material (partially accessed through the
Wayback Machine)

Belgium (Statista 2022d; European Commission 2013b),
Croatia (European Commission 2013a), Netherlands
(Automotive World 2014), Germany (Bundesamt fir
Wirtschaft und Ausfuhrkontrolle 2016), Cyprus (Burke Bros
2020), United Kingdom (Guardian 2015; Next Green Car
2015), Hungary (Hungarian Ministry of Finance 2016;
HungaryToday 2020), Estonia (IEA 2019; Kredex 2014),
Spain (International Council on Clean Transportation 2019;
Ministry of the Presidency, Spain 2011), Romania (Romania
Insider 2016), Finland (The Association of Automobile
Importer in Finland 2018), Malta (Times of Malta 2016;
Transport Malta 2014, 2018), Austria (Wirtschaftskammer
Osterreich 2021)

Harmonized Index of
Consumer Prices
Number of charging
stations

(Eurostat 2022a)

(European Alternative Fuels Observatory 2022b)

Gasoline and Diesel
Prices

(European Commission, Directorate-General for Energy
2021; European Commission, Directorate-General for
Energy. 2013; European Commission. Directorate General
for Energy. 2018; European Commission. Directorate-
General for Energy. 2016)

Croatia (Statista 2021a); Switzerland (Statista 2022b);
Norway (Trading Economics 2021); Turkey (Statista 2022c¢)

Electricity Prices

(Eurostat 2021b); Switzerland (Statista 2021b)

Vehicle Stock

(Eurostat 2021g); United Kingdom 2015 (Department for
Transport 2016)

Population (Eurostat 2021h)
Gender Ratio (Eurostat 2021))
Gini (Eurostat 2021c)
Median Income in Cities  (Eurostat 2021d)
National Median Income  (Eurostat 2021e)
Education (Eurostat 20211)
Median Age (Eurostat 2022b)
Dwelling House (Eurostat 2021a)

Environmental
Performance Index

(Wendling et al. 2020; Wendling et al. 2018; Hsu et al. 2016;
Hsu et al. 2014)

Exchange Rates

(OzForex 2022)
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It is difficult to construct a comprehensive measure that combines immediate and recurring
incentives, since the holding period as well as the discount rate of private and corporate
consumers is likely to differ and there is no comprehensive data available on the consumer
group proportions. Considering immediate and recurring incentives separately should therefore
allow for consistent estimators. This does however assume that recurring incentives that are
nominally equal are equally meaningful in all countries, which is not self-evident, since
consumers’ expected benefit from recurring incentives depend on their expected holding period
of the vehicle and discount rate. While reliable data for all countries and years of the sample on
vehicle holding periods are not available, it is however clear that the holding period may vary
between countries in the sample as well, by as much as 80% (Autoalan Tiedotuskeskus 2021).
Furthermore, it is unclear how the holding period of EVs may differ from that of ICEV's, which
currently provide the basis for holding period estimates. Furthermore, the value of certain
recurring incentives such as waivers on parking fees or road tolls can be very difficult to
estimate annually, even if all necessary data were available. This is however typically not the
case, as these are commonly applied at local levels, similar to non-monetary incentives.
Therefore, | will be focusing my analysis on one-time incentives, received within a year of

registration.

The estimated incentive, One-off Incentive, for a given country and year is the difference in
one-off government transactions (taxes, fees, rebates, etc) for a BEV vs ICEV within the first

year, based on their difference in engine type and emissions.

Car characteristics such as prize, weight, engine size, engine power, length, etc. are commonly
required to compute the difference in transactions based on engine type and emissions. Due to
limited data availability, it is unfortunately not feasible to construct a comprehensive dataset of
EV model market shares across countries and years. Instead, | select a representative BEV and
ICEV counterpart to use as reference for technical characteristics (CO2 emissions, fuel
consumption, vehicle weight, battery capacity, battery range, electricity consumption) and
prices. The reference vehicles are chosen based on their popularity, representativeness of the
vehicle market as a whole and in the case of the ICEV counterpart, characteristics of likely EV
substitutes. The chosen representative vehicle models based on these criteria are the Nissan

Leaf and the Volkswagen Golf (refer to Table 2 for vehicle characteristics).

During my sample period, the Renault Zoe and Nissan Leaf are typically the most popular BEVS,

claiming large shares of the market, in Europe (CarSalesBase 2022), with the Renault Zoe being

slightly more popular overall. Since the Nissan Leaf is a 4-door car and in a higher price
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segment than the 2-door Renault Zoe, it is more representative of the remaining EV market as
a whole. The original Nissan Leaf was replaced by the second generation of Nissan Leaf in
2017, with a standard model and a plus model introduced in 2019 with larger battery and engine
power. The basic Nissan Leaf of the second generation (Nissan 2022) was chosen as an overall
representative, more specifically the Nissan Leaf Acenta, the second cheapest option, for price
data collection due to its widespread availability. Meanwhile, the most popular ICEV in Europe
has been the VVolkswagen Golf since 2008 (JATO Dynamics 2022), the VVolkswagen Golf 7 was
produced from 2012 to 2019. More specifically, | choose the ‘Golf 7 Comfortline 1,41 110 kW’,
a model that best matches the Nissan Leaf for direct comparison (Volkswagen 2022; Dynamic
Works 2022), with equal engine power, equipment level and a gasoline engine, since Gasoline
vehicles are most likely substitutes for EVs, if they are not available (Xing et al. 2021). Since
Volkswagen offers a variety of cars and the Golf 7 has since been discontinued, | use the closest
successor available in a given country for price data, most commonly the ‘Golf 8 Style 1.5 TSI
110kW”.

Table 2: Comparison of Sample BEV and ICEV Characteristics

Nissan Leaf VW Golf
Engine Type Electric Gasoline
CO2 Emission in 0 122
g/km
Fuel consumption 0 6,8
in I/km
Engine Power 150 150
Battery Size 39kWh n/a
Engine Size n/a 1.3951

| source list prices for both models directly from the manufacturers’ national websites,
preferably from price lists and alternatively from the sales websites, by manually excluding any
promotions to avoid biasing the prices with short term promotions. Prices for the sample time
period are then constructed using the Harmonized Index of Consumer Prices (HICP) for motor
cars, following the established example of Berry et al. (1995). Volkswagen price data was
unavailable for 5 smaller countries, due to supply chain interruptions and thus constructed as

the average of the geographic neighbor countries' prices, with weights according to BEV prices.
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Some countries posed specific restrictions on what models were eligible for rebates. Since these
always included the most common models and typically only excluded higher priced segments,
| consider these incentives in full. The German rebate introduced in 2016 is subject to

manufacturer participation, but all major EV manufacturers participated.

There are several more assumptions underlying the incentive calculation. In cases where VAT
is payable on waived taxes, the VAT amount is included in the calculated incentive. Incentives
were added in full, if available for at least 6 months of the year. As taxation often differs for
newly registered and second-hand EVs, another implicit assumption is that all registered EVs
are newly bought. This is reasonable since secondary markets for BEVs have largely not been
established or are still quite small due to the market yet being in the early stages of adoption
(Turrentine et al. 2018).

Incentives are often offered for both private and corporate purchases. This is commonly an issue
in the estimation of incentives, as there is no data available for what proportion of EVs in a
given country and year can be assumed to have been purchased from these parties for most
countries. It has been argued that private consumers will benefit from corporate incentives when
corporate EVs are sold on the second-hand market, since they will factor benefits to corporate
consumers into their willingness-to-pay and thus reduce their own purchase price, spreading
the corporate incentives to all consumer groups (Miinzel et al. 2019). Since | focus on one-off
incentives, this is not much of an issue, as these are mostly applied to all consumer groups.
Recurring incentives differ much more drastically across consumer groups. In my data set, there

were only two cases of consumer group incentive differences.

First, private consumers in Belgium receive income tax benefits. For these | follow the joint
collection approach of Munzel et al. (2019). Since a personal income and marginal personal
income tax rate need to be referenced, | use 146% of Belgium’s median income, based on 2019
data on socio-economic characteristics of EV owners from the US (Fuels Institute 2021; U.S.
Census Bureau 2021).

Second, Portugal and the United Kingdom offered special VAT deductions for corporate
consumers of BEV during the sample period. Instead of the common 18-25% first year
depreciation, both countries allowed for BEVs to be written off wholly in the year of acquisition.
This deduction represents a slight financial advantage since the corporate tax burden is moved
into the future. Since the tax burden is only shifted and interest rates have been low in Europe
in the past decade, | have chosen not to include an estimation of the value of this benefit.
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During the sample period France, Malta, Romania and Spain offered scrapping bonuses for the
decommission of old ICEVs in connection with the purchase of an EV. The scrapping bonuses
were always offered in connection with and lower than BEV or EV purchase bonuses. They are
conditional on the age of the decommissioned vehicle, requiring a minimum age of typically
12 to 15 years. The lowest minimum age is 7 years for a Spanish scrappage scheme. Since these
minimum ages are well above the respective average vehicle ages and EV consumers are
typically high-income (Fuels Institute 2021; Autoalan Tiedotuskeskus 2021), | assume that
these bonuses are not available to the majority of EV interested consumers and exclude them

from the analysis.

Figure 5 shows the development of the estimated incentive value by country in the same groups
as the BEV registration share in Figure 3. Note that scales differ in the individual graphs.
Different types of incentive developments can be observed. First, some countries, such as
Sweden or Spain, maintain nearly constant levels of estimated incentive throughout the entire
observation period. Second, countries, such as Norway or Belgium, maintain relatively constant
levels of incentives with slight variations that are typically the result of a consistent incentive
or tax break that is calculated via a tax or incentive formula with slight annual corrections.
Thirdly, big jumps in the estimated incentive are typically the result of the introduction or

abolishment of lump sum rebates or tax breaks, such as in Estonia in 2015 and Hungary in 2016.

Due to the international scope of my data, | focus on monetary incentives which have better
comparability across countries. Non-monetary incentives include the use of priority lanes (e.g.
bus lanes or carpool lanes) and access to otherwise restricted areas. The first two are excluded
from the analysis for two reasons: data availability and data reliability. Non-monetary
incentives are commonly offered at regional or city level and therefore subject to variation
within countries (Wang et al. 2019; Minzel et al. 2019). In order to reliably include non-
monetary incentives in the analysis, one would either have to limit themselves to only those
offered at the national level or have to determine the fraction of the population the incentive
was offered to. The data for the latter is unfortunately not reliably available for the majority of
our sample, due to the time span analyzed, with a 10-year gap between the sample beginning
and the start of the analysis and the data available on municipal, regional level or city level for
this.
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4.3. Controls

In addition to the BEV registration shares and the constructed data set of one-off incentives, |
collect and control for a number of vehicle market, socio-economic and socio-demographic
variables. | select these using purchase decision theory and previously published empirical
studies. In addition, | use the Yale Environmental Performance Indicator to construct my own
country sustainability dummy.

I control for charging infrastructure in all of my models, as it is considered a main decision
factor in EV purchases, correlated with EV incentives and bears omitted variable risk.
Heuristically, it is logical to suspect that countries that offer larger one-off incentives would
also invest more money in improving charging infrastructure. Table 4 also shows a positive
correlation of the two variables. Accordingly, not controlling for charging infrastructure risks
an upwards bias in the estimated effect of one-off incentives. However, the inclusion of
charging infrastructure bears inherent issues of endogeneity, as a spike in EV sales or
registrations may lead to a spike in installed charging infrastructure, due to higher demand for

the same. This is especially a concern due to the yearly frequency of observations. | avoid this
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by lagging charging infrastructure by one year. | consider both population and area as options
to scale the number of charging stations and ultimately settle for charging stations per capita,
since charging stations per area could be misleading due to very different population densities
within countries. For instance, in a country like Sweden, larger areas with low population
density and therefore presumably lower charging infrastructure may significantly skew this
measure. Hence, | select charging stations scaled by population and lagged by one year, Lagged
Charge. After examining a scatterplot of BEV registrations and lagged charging infrastructure
per capita, to ensure linearity (Appendix, Figure 8), | take the logarithm of the lagged charging
stations per capita, Log(Lagged Charge). Since 18 observations (12%) have zero charging
stations, | add one charging station before scaling by population to ensure that no observations

are lost.

The vehicle market indicators are the Motorization Rate (vehicles per capita), and an indicator
of fuel prices. Due to the high correlation of gasoline and diesel price data, including both
indicators in a regression would lead to collinearity. A variety of approaches have been taken
in the literature to include either of these indicators or a combination of them in the analysis. If
either is chosen, it is typically argued to be the one more likely to influence the purchase
decision of an EV based on the most likely replacement ICEV, were EVs not available. Fuel
price controls may also be summarized in one electricity and combustion fuel price ratio
(Minzel et al. 2019), calculated per mile driven (Clinton and Steinberg 2019) or calculated as

a weighted average based on gasoline and diesel use (Sierzchula et al. 2014).

| use annual gasoline price points in my estimation, as Xing et al. (2021) find, via the application
of a discreet choice model and market simulations without EVs available for purchase, that EVs
mainly substitute gasoline vehicles (79%) and typically with high fuel efficiency. Electricity
prices are the annual average by country for consumption between 2,500 kwWh and 5,000 kWh,
as the average annual EU electricity household consumption is 3,700kWh (Odyssee Mure 2021).

Furthermore, to save a degree of freedom in the regression, electricity prices and gasoline prices

are combined into a Fuel Price Ratio, as the ratio of this should be relevant to consumers.

Socio-economic controls include the Gini coefficient of equivalized disposable income
(indicator of the equality of the income distribution), Gini, and an education indicator

(percentage of the population between 15 and 64 with tertiary education), Education.

I consider controlling for both the median net equivalized national income in euros, National

Income, and the median net equivalized urban income in euros, Urban Income, as there might
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be differences in BEV adoptions depending on degree or urbanization. Ultimately, | control for
the national income only, and not for the median net equivalized urban income, since the
correlation coefficient with urban median income is 0.99 (Table 4) and the inclusion of both
variables would lead to collinearity as well as data on city income not being available for parts
of the sample. Furthermore, | use the logarithm of the national median income, Log(Income),
due to indications of non-linearity in a scatter plot with BEV registrations (Appendix, Figure
8).

Additionally, a dwelling type indicator, Dwelling House, representing the percentage of the
population living in houses, as opposed to flats or other arrangements, is used to proxy the

ability of people to charge their EVs at home, to supplement the official charging station count.

Socio-demographic controls are the ratio of women to men, Gender Ratio, and the median
population age, Median Age.

In order to examine the interactive effect of one-off incentives with charging infrastructure and
time respectively, | construct two interaction variables, the product of one-off incentives with
the time trend, Incentive*Time, and the logarithm of charging stations per capita, lagged by one

year, Incentive*Log(Lagged Charge).

A new country sustainability indicator, Sustainability, is created from the Yale Environmental
Performance Index to indicate the relatively most sustainable countries. While environmental
performance indices have been included in cross-section sample estimations to gauge the
sustainability of regions (Sierzchula et al. 2014; Clinton and Steinberg 2019; Wang et al. 2019),
no appropriate international measure could be found that is recommended for use across time

periods by the publishers.

The Yale Environmental Performance Index, commonly used to gauge countries’ sustainability
is published biennially with the most recent data for each indicator, typically up to two years
before the publication date. The country scores cannot be used as a time series since the
construction of the measure varies between years. | therefore construct my own country
sustainability indicator from the Environmental Performance Indices 2016, 2018 and 2020. |
rank countries according to their Environmental Performance Score in each report and use the
individual rankings for the time periods up to two years (one year for the 2020 ranking, since
the 2022 report is not yet published) before publication, due to the lag of incorporated data.
Hence, the 2016 performance index is used for the period 2013 to 2014, the 2018 performance
index is used for the period 2015 to 2016 and the 2020 performance index for the period 2017
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to 2019. The top 15 countries in each report are then considered sustainable. This measure
considers 9 countries to be sustainable at some point, leading to 54 country-year combinations
(37% of observations) to be sustainable (Figure 6).

The construction of a time-invariant country sustainability indicator (i.e. a country has to rank
consistently above a certain threshold to be considered sustainable), but time-invariant variables

are not possible in the fixed effects specifications used in this paper.

Figure 6: Countries' Environmental Performance Index
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Finally, Table 3 provides an overview of the basic summary statistics for untransformed
incentives and regressors. Table 4 shows the correlations (p) between transformed incentives
and regressors. Notably a lot of the control variables have a strong linear correlation with the
BEV registration share, especially one-off incentives, charging station density, income and Gini
coefficient (|p|>0.4). The only candidates for multicollinearity are the national and city focused
median net equivalized incomes, which I adjust for by controlling only for national median

equivalized income.

Summary Statistics for untransformed Incentives and Regressors

Mean Median Std. Dev. Min Max
BEV share 0172252  .0039316  .0520169  .0000257  .4190657
Incentive, k€ 4300527  3.770237  4.443381 0 17.2546
Charge 5001545 1417613  1.464179 0 13.41796
Lagged Charge .359021 1045548 9615196 0 8.604535
Fuel Price Ratio 8.051503 8.16203 1.806539  4.406324  11.32879
Motorization Rate 4829427 4925746  .0890505  .2244769  .6285329
Education, % .3002945 316 0697287 138 407
National Income, 19.49999 18 11.93091 2.327 50.961
1C{5€ini 29.75479 29.35 3.525025 22.7 37.9
Dwelling House, %  .6016507 625 1736087 331 952
Sustainability 4246575 0 4959924 0 1
Median Age 41.59863 41.95 2.11223 35.8 46
Gender Ratio 1.057096 1.043 .050927 .986 1.189
Observations 146
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Table 4: Correlation Matrix
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Log(BEV) 1

Incentive, k€ 0.582" 1

Log(Charge) 0.729™  0.430™" 1

Fuel Price Ratio -0.143 0.0869 -0.258™ 1

Motorization Rate 0.216™ 0.0735  0.355"™  -0.233" 1

Education, % 0.379™ 0.179" 0.455™  -0.307™" 0.450™" 1

Log(Income) 0.597"™  0.378™"  0.659™" -0.380™ 0.608™"  0.678" 1

National Income, kE  0.627™" 0.391™ 0.594™* -0.253™ 0.440™" 0.594™* 0.934™ 1

Urban Income, k€ 0.606™  0.396™  0.658™" -0.358™" 0.586™"  0.677"  0.996™  0.946™" 1

Gini -0.373™  -0.430™" -0.410""  -0.0312 -0.373™ -0.125 -0.544™  -0.504™ -0.556"" 1

Dwelling House, % 0.0666 0.414™ 0.0423 0.00836 -0.163" 0.113 0.138 0.127 0.155 -0.451" 1

Sustainability 0.429™ 0.336™  0.394™ -0.134 0.307" 0.327 0577 0.552™" 0.587™ -0.240™ -0.0791 1

Median Age 0.0212 -0.349™" 0.138 -0.00642  -0.0292 -0.362™" -0.130 -0.148 -0.146 0.0521 -0.489™" 0.0449 1

Gender Ratio -0.396™"  -0.483™" -0.3177" 0.221™ -0.315™ -0.131 -0.592""  -0.602"" -0.617"" 0.642"" -0.4177" -0.441™" 0.277 1

“p<0.05 "p<001, " p<0.0



5. Empirical Method

The previous section showed that the estimated one-off government incentives per vehicle and
other individual controls share a positive correlation with the registration share of BEVs. To
better approximate the true effect, I utilize multilinear ordinary least square panel regressions

with country fixed effects, a time trend and four different sets of control variables.

Two-way fixed effects, controlling for both fixed effects within subjects or groups and time
periods are a very common method to evaluate treatment effects (Chaisemartin and
d'Haultfoeuille 2020). Fixed effects or two-way fixed effects are also very commonly used for
the analysis of EV adoption, depending on the data-set dimensions (Sierzchula et al. 2014; P16tz
et al. 2017b). Two-way fixed effects are equivalent to the difference-in-difference estimator in
a setting with two subjects and two periods, with the same underlying assumptions of parallel
trends. However, two-way fixed effects in settings with more subjects and time periods also
require treatments effects to be constant between subjects and time periods for being unbiased
(Chaisemartin and d'Haultfoeuille 2021).

Alternative methods to fixed effects specifically, that are robust to heterogeneity, have so far
mostly been developed for cases with binary treatment and staggered adoption (Chaisemartin
and d'Haultfoeuille 2021). Due to the high variety in monetary, one-off incentives between
countries, it would not be appropriate to reduce the incentives to a binary treatment/non-

treatment classification.

Alternatives to time fixed effects, used in the literature, are for instance the inclusion of a lagged
independent variable (Jenn et al. 2018) or a trend variable (Miinzel et al. 2019). A lot of the
empirical studies are also cross-sectional, which does not allow controlling for country fixed
effects, even though this would be better suited for policy analysis (Minzel et al. 2019; Kumar
and Alok 2020).

The time trend variable models a constant growth factor rather than the time fixed effects’
independent shocks over the years. The use of a lagged dependent variable is not recommended
within fixed effects estimations (Angrist and Pischke 2009). Since EVs are a growing market,
| consider a time trend to be more appropriate. Therefore, | use country fixed effects in

combination with a linear time trend variable.
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Finally, I use the following five empirical models to answer my research questions.
(1) Basic Model

Log(BEV)y: = (Bo +ux) + B1 Incentivey; + B, Log(Lagged Charge);
+ B3 Timetrend; + &,

The basic model includes one-off incentives, charging infrastructure as the main control and a
time trend. k represents the country and t represents the time period ranging from 1 through 7
(representing each year 2013 through 2019). Log(BEV)y. is the natural logarithm of the
registration share of BEVs of all car registrations. 5, stands for the intercept, while u, is a
vector of unobserved country specific time constant fixed effects. Incentivey; represents the
estimated monetary one-off incentives in thousand euros by country and year and
Log(Lagged Charge)y; signifies the logarithm of the yearly number of charging stations per
capita for each country, lagged by one year. Timetrend,; is the linear trend over time, constant

across countries. Finally, g;; indicates the unobserved error term.
(2) Additional Controls Model

Log(BEV )k = (Bo + ug) + By Incentivey, + B, Log(Lagged Charge);
+ 3 Timetrend,; + y Controls,, + &gt

The additional controls model extends the basic model with a set of vehicle market, socio-
economic and socio-demographic controls. Controlsy, stands for the vector of additional
vehicle market and socio-economic controls by country and year, including Fuel Price Ratio,
Motorization Rate, Education (the percentage of the population between 15 and 64 with tertiary
education), Income (the logarithmized national median equivalized income), the Gini
Coefficient, Dwelling House (dwelling type indicator in percent), Sustainability, Median Age

and Gender Ratio.
(3) Additional Controls Model without Fixed Effects

Log(BEV)k: = Po + B1 Incentivey: + 2 Log(Lagged Charge)y: + B3 Timetrend,

+ y Controlsy, + &

The majority of variation in the vehicle market, socio-economic and socio-demographic
indicators is between and not within countries. In a specification with country fixed effects, a

lot of this variation is absorbed by them. Therefore, | present this model specifically without
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fixed effects as well, to better understand the effect of vehicle market, socio-economic and

socio-demographic indicators on EV adoption.
(4) Charging Infrastructure Model

Log(BEV): = (By + uy) + By Incentivey; + B, Log(Lagged Charge);
+ B; Timetrend; + f, (Incentives X Log(Lagged Charge))i: + &kt

The charging model extends the basic model with the interaction term (Incentives X
Log(Lagged Charge)), of one-off incentives and the logarithm of per capita charging

stations, by country and year.
(5) Temporal Development Model

Log(BEV)y: = (Bo +uy) + B; Incentivey; + B, Log(Lagged Charge);

+ B3 Timetrend, + & (Incentives X Time)y; + €t

The temporal development model extends the basic model with interaction terms to examine
the temporal development of the effect of one-off incentives. (Incentives X Time),; is the

interaction term of the one-off incentives and the linear time trend.

6. Results

Table 5 shows the main regression results from the five models presented in the last section. |
examine Q-Q-plots for normality and residual scatterplots for nonlinearities, outliers,
unbalanced residuals and heteroskedasticity. A modified Wald (1943) statistic for groupwise
heteroskedasticity in the residuals of a fixed effects regression, following Greene (2000),
indicates heteroskedasticity, which is already accommodated by using robust standard errors

clustered at the country level. Linearity is confirmed visually, as shown in Section 4.3.

All four regression models present statistically significant results. They explain between 70%
and 74% (adjusted R?) of the variance in BEV registrations, with the second model explaining
the most variance. The estimated time trend is positive and significant at the 1% level for all

five models, speaking to an endogenous EV market growth.
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Table 5: Empirical Results

(1) 2 3) 4) (5)
Basic Add. Add. Charging Time
Controls Controls
One-off Incentive, 0.169"" 0177 0.162"" 0.169™" 0.145"
k€ (0.0279) (0.0219) (0.0216) (0.0280) (0.0348)
Log(Lagged Charge)  -0.00628 -0.0135 0.0116 -0.00630 0.0140
(0.0560) (0.0492) (0.0454) (0.0559) (0.0564)
Time Trend 0.343™ 0.376™ 0.290™" 0.343™ 0.298™"
(0.0433) (0.116) (0.0424) (0.0438) (0.0723)
Fuel Price Ratio 0.0717 0.0423
(0.135) (0.0904)
Motorization Rate -7.471" -5.669™"
(2.394) (1.382)
Education, % 5.996 3.561
(4.745) (3.069)
Log(Income) -0.657 0.874"
(1.110) (0.369)
Gini Coefficient 0.0811 0.0356
(0.0645) (0.0488)
Dwelling House, % 8.721 -1.791%
(5.587) (1.044)
Sustainability -0.191 -0.0638
(0.124) (0.118)
Median Age 0.118 0.118
(0.254) (0.207)
Gender Ratio -2.697 -5.218
(22.08) (3.314)
Incentive* -0.0000628
Log(Lagged Charge) (0.00507)
Incentive*Time 0.00692
(0.00671)
Fixed Effects YES YES NO YES YES
R-Squared 0.708 0.758 0.758 0.708 0.711
Adj. R-Squared 0.702 0.737 0.736 0.700 0.703
Observations 146 146 146 146 146

Standard errors in parentheses
Standard errors are clustered by country.
*p<0.10, "p<0.05 " p<0.01, " p<0.001
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A 1000 euro increase in one-off incentives, is associated with a stable 17.6% (e%%%-1) to 19.4%
increase in the BEV registration share, significant at the 0.1% level, in models 1 to 4. The
inclusion of various control variables does not materially affect the one-off incentive effect
estimate. The average one-time incentive offered of 4220 euros would therefore be associated
with an increase in the BEV registration share between 74.3% and 81.9%, ceteris paribus,
compared to no incentive being offered. Model 5 estimates a slightly lower effect of one-off
incentives, but also a positive, albeit insignificant, change in the effect of one-off incentives
over time. The estimated effect, significant at the 0.1% level, is 15.6% and the estimated total
effect lies between 16.4% in 2013 and 21.3% in 2019. This total effect size is once again

consistent with the estimated effects in models 1 to 4.

The estimated effect of charging infrastructure is surprising. Across models, charging
infrastructure has an insignificant effect oscillating around zero. The interactive effect of
charging stations and incentives is negative, but insignificant in model 4. To examine whether
this may be a result of using the number of charging stations lagged by one year, | reevaluate
all models without the lag on charging stations. (Appendix, Table 6) The coefficients of
charging stations (including the interaction term of model 4) are then all positive, although still

very much insignificant.

Considering that charging infrastructure is considered to be an important barrier of BEV
adoption, it is surprising that no effect can be identified. | propose four possible reasons for this
effect. First, it is possible, that due to the early stage of adoption and technological development
in the BEV market, consumers were sufficiently served with their charging opportunities at
home and at their workplace. Essentially, since the driving range of BEVs was still quite low,
BEVs were mainly used to cover short distances and therefore, the number of public charging
stations is not as important. McKinsey & Company (2021) also finds that 80% of EV buyers in
2020 had access to private charging stations. Second, there is an observable threshold of
minimum number of charging stations that needs to be fulfilled in order for most people to
purchase a BEV. An increase in the number of charging stations per capita beyond that is then
irrelevant to BEV adoption. Third, since the number of charging stations is a self-reported
measure to the European Alternative Fuels Observatory (2022b), that is then cross-checked by
the European Alternative Fuels Observatory for accuracy and completeness, it is possible that
there are inconsistencies in the data. Fourth, charging infrastructure may be distributed

differently within the countries, and therefore have different effects in different countries.
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Unfortunately, a measure of the efficacy of the charging infrastructure distribution is very

difficult to construct.

In the model 2 and 3, with additional vehicle market and sociodemographic controls, the
significant estimators are the motorization rate, median net equivalized income, and the share
of people living in houses. The motorization rate is estimated to have a negative and significant
effect both with and without specification of country fixed effects. A possible mechanism
behind this is that BEV adoption is more common in countries with a lower reliance on cars as
the sole transportation option (and thus lower motorization rate). As expected, the use of fixed
effects soaks up between-country variation, leading to more significant estimators in model 3,
with no fixed effects. The logarithm of the median net equivalized income is then positively
associated with the BEV share. Due to the increased total cost of ownership of BEV compared
to ICEV it is unsurprising that high-income countries have higher BEV adoption rates. The
share of people living in houses is estimated to have a negative association with the BEV
registration share. This is surprising, since this indicator was used to proxy the ability to charge
at home and thus expected to be positively associated with BEV adoption. However, it is
possible it functions instead as an indicator of degree of urbanization, with urban areas having

fewer houses and higher BEV adoption.
6.1. Robustness Testing

In addition to the inclusion of further controls and the switch to non-lagged charging
infrastructure in the regression models, as described above, all models are rerun on three
different reduced samples to examine potential sources of biases and confirm the robustness of
regression results against them. First, | examine the nature of the sample as an unbalanced panel
and whether the differences in self-reporting between countries influence estimated effects and
suggest a self-selection bias in my sample. Second, | test whether vehicle markets exert a
leverage effect on estimated effects. Third, | test whether EU membership influences the

estimated effects, due to shared international carbon and climate legislature.

First, countries with incomplete observations are excluded from the sample to examine whether
voluntary international self-reporting of BEV adoption figures is associated with any systematic
differences in the countries. Essentially, 1 examine the possibility that countries with regular
and complete responses to the voluntary BEV adoption questionnaire may be more dedicated
to BEV adoption. This is very relevant for external validity and the inference of these results

on countries that do not record BEV registration data or do not partake in international data
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collection and documentation efforts for BEVs. Since only BEV registration data and almost
no other indicator was of limited availability, this is not a general bias in the recording and
sharing of data. The countries with incomplete time series that are dropped are Ireland, Spain,
Latvia, Netherlands, Austria, Poland, Portugal, Slovenia and the United Kingdom. The one-off
incentive effect estimates are not materially altered, although slightly higher between 18.1%
and 21.2%, compared to the full sample (Appendix, Table 7). Notably, the effect of tertiary
education on BEV adoption is positive and significant in both model 2 and 3. Hence, the
differences in voluntary, international BEV adoption self-reporting do not seem to affect the

effect of one-off incentives.

Second, small vehicle markets are excluded from the sample, to examine whether they exert an
undue leverage effect on the regression results of average incentive effect, since all countries
are weighed equally. Small vehicle markets are defined as countries with a stock of registered
vehicles below 1 million, including Cyprus, Estonia, Latvia and Malta. This modification
reduces the estimated coefficients of one-off incentives by about 5 percentage points per 1000
euros one-off incentives (Appendix, Table 8). An increase of 9.7% to 11.5% in BEV registration
share per 1000 euros one-off incentive is expected and is statistically significant. There are no
other notable changes in the regression results. Hence, it is possible that small countries do
drive up the estimated effect of one-off incentives, which will be discussed further in Section
7.

Third, non-EU countries are dropped from the sample to examine whether EU membership has
an effect on the regression estimates, due to common carbon and climate protection laws in the
EU. Liechtenstein, Norway and Switzerland are dropped from the sample. Notably all of the
excluded countries are also relatively wealthy, which may be an alternate motivation for a
possible change in regression estimates. However, the regression results are not substantially
altered (Appendix, Table 9). The estimated one-off incentive effect varies slightly more
strongly between 15.8% and 19.8%. Hence, EU membership is likely not biasing the estimated

incentive effect.

7. Discussion

My results show an increase of 17.6% to 19.4% in BEV registrations per 1000 euros one-off
incentives. This is slightly higher than the effect of incentives on EV typically identified in the

literature, which may be explained through the focus on BEV. The majority of papers finds an
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effect of a 1000 euros increase on EV registration or sales shares between 3% and 16% with a
concentration in the 5% to 8% area (Mersky et al. 2016; PI6tz et al. 2017b; Jenn et al. 2013;
Clinton and Steinberg 2019; Jenn et al. 2018). On the other hand, Wang et al. (2019) are unable
to identify a significant effect and Sierzchula et al. (2014) identify a significant but very small
effect.

However, the vast majority of literature, including all studies above, focus on PEVs rather than
BEVs. Since incentives are higher for BEVs than PHEVs in several countries and BEVs have
naturally more barriers to adoption than PHEVS, as they are further from the established
technology, it is not unreasonable to assume that the effect of incentives on BEVs may be higher.
In fact, Yan (2018), the only paper examining BEV adoption internationally, associate a 3%
increase in registration share with a 10% increase in monetary incentives. Since this is a relative
effect, it is not directly comparable, but within reasonable incentive changes, it predicts similar
increases in BEV registration share. In the US, Clinton and Steinberg (2019) find an 5%

increase in BEV registrations per 1000 US dollars monetary incentive.

Endogeneity of policy choices, could bias all empirical results to be at the upper bound of the
achievable incentive effect, as Gallagher and Muehlegger (2011) argue. Essentially, if the
countries in the sample are able to and have chosen the incentives most effective for themselves,
the estimated effect is likely only achievable for other countries, if they are able to do the same.
Since one-off incentives are mostly lump sum payments (either as taxes or rebates, mostly

applied at the time of purchase), it is unlikely that this would have a large effect in this case.

Regarding risks of reverse causality, there is no self-evident reason for policy makers to
increase incentives, because EV registrations are increased. However, several policies are
explicitly formulated to only be available to a certain number of vehicles or until a given budget
is spent. Hence, increased EV registrations may decrease granted incentives and therefore bias

the estimate downwards.

The transferability and external validity is facilitated by the application of country fixed effects
and a time trend as well as my robustness checks. My sample contains 146 observations,
covering 17 European countries with a variety of characteristics and cultures over 7 years. One
inherent source of bias is self-selection into the panel, which is examined in the first robustness

check by reapplying the models to countries with full observations. That this does not materially
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alter regression results, speaks towards the transferability of results towards countries that

choose not to record or report EV registration numbers internationally.

A leveraging effect from small markets in the sample is another possible source of bias. Since
| perform an unweighted panel regression, variation and correlation in small countries is
weighted equally to that in larger countries. A robustness check on countries with a vehicle
stock of at least 1 million cars finds a slightly lower effect than the full sample, albeit still
positive and significant. Hence, while there is evidence of a significant positive association
across countries, the magnitude of the effect may differ depending on country size. Since the
countries in question (Cyprus, Estonia, Latvia, Malta) are also relatively small countries in
terms of land mass, this may instead be an effect of smaller countries, for instance, because
smaller driving distances decrease EV adoption barriers, such as driving distance limits and

leverage incentives.

The inclusion of a time trend and explicit examination of a change in one-off incentives effect
over time speaks towards the temporal transferability of my results. While a sample covering a
longer time period would obviously be preferable, the data availability is limited by both the
recent emergence of the EV market and the publication period of data in a comprehensible
format internationally. It should be noted, however, that the EV adoption increased strongly
after the observed period, as can already be observed in individual countries. For instance, from
2019, the end of the observed period, to 2020 the number of newly registered EVs in Germany
increased by 207%, from approximately 63,000 to 194,000 (Gropp and Zaboji 2021). This is
30,000 EVs more than were cumulatively registered in the 7 years prior. In the face of such
drastic developments, it is possible that the underlying effects have shifted. It will therefore be
very interesting to further examine this development, when the necessary data becomes

comprehensively available.

The data and controls used in this paper come with some limitations.

First, this paper focuses on national aggregates of monetary one-off incentives and does not
evaluate variation at the regional level, recurring incentives and non-monetary incentives.
States and big cities have implemented additional (typically recurring and non-monetary) EV
incentives, which have not been considered here and may thus lead to an underestimation of
incentives, potentially skewing results. Especially charging infrastructure varies regionally and

has been found to have sophisticated effects at the regional level (Mersky et al. 2016). Papers
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focusing on individual countries and examining regional correlations do find incentive effects
by exploiting regional variations (Mersky et al. 2016; Clinton and Steinberg 2019; Jenn et al.
2018; Liu et al. 2021). However, consistent data sets on BEV registrations and incentives at
regional levels with international comparability are rare. An examination at a regional level
would likely be at least partially qualitative, making a generalization and quantifications across
countries very challenging. Non-monetary incentives are also usually applied below the
national level and were thus excluded from the examination. In the ideal case of complete data
availability, an international analysis on a regional or city level would be ideal to enable both
the exploitation of the variation between national factors and the complete consideration of
regional and city level incentives, benefits and regulations. For now, however, the results of

both types of analysis will have to be considered in complement.

Recurring incentives are also not considered, as the holding periods vary strongly across
European countries and are not yet predictable for BEVs. If recurring incentives are correlated
with one-off incentives and positively influence BEV adoption, this may lead to an

overestimation of the effect of one-off incentives.

Second, discrepancies in the local supply and model availability of BEVs may exogenously
limit the BEV registration share. A general increase in global supply and model availability is
included in the model through the time trend. However, since this could be a country and year
specific shock, it would not be filtered out by either the time trend or the country fixed effects.
While there was no evidence of limits in the local supply or model availability discrepancy for
the examined models in the collection of price data for this paper, there is no historical data

available to confirm this for the sample timeframe.

Third, this paper focuses on consumer incentives and does not consider potential manufacturer
incentives. There are no data sets that record such incentives, making them both very difficult
to analyze and an interesting avenue of future research. What may mitigate this bias, is that EV
manufacturers are largely global companies and a certain international diffusion of any granted

manufacturer incentive can be expected.

Lastly, there is an element of uncertainty, whether | have managed to capture all one-off
incentives, due to the lack of a truly comprehensive data set on EV incentives. In addition to
the various indices (see Section 4.2), | cross reference with papers covering EV incentives with
an overlapping sample that present some measure of their incentive estimations (Munzel et al.

2019; Pl6tz et al. 2017b; Wang et al. 2019) as well as European Alternative Fuels Observatory
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(2022a) and Wikipedia (2022). | additionally use the Wayback machine for inaccessible articles
to ensure maximum coverage. This cross-checking procedure has also made it clear that this is
in fact a potential issue in the literature. For instance, Munzel et al. (2019) do not consider or
mention an Estonian incentive policy worth 9 million EUR in effect from 2011 to 2014. This
shows that the literature and history of EVs would benefit from a comprehensive database

recording EV incentives.

There are two more underlying assumptions in the measure and calculation of the incentives:

reference vehicles and consumer behavior.

The calculation of incentives rests on the reference vehicles used, both their prices and technical
specifications. Sufficient data on model sales or registration data is not broadly available to
enable a model-based estimation across a variety of countries. Hence, in a similar approach to
previous papers, | have chosen two reference vehicles for BEV and ICEV respectively. While
individual incentives may deviate, the large market share and mid-prizing of the chosen BEV
should enable a representative estimation. While it is then additionally difficult to find a good
counterfactual ICEV vehicle, | base my choice on results from Xing et al. (2021), who examine
what the closest ICEV substitute for an EV is.

Another assumption is that consumers know of and claim all available incentives. Jenn et al.
(2018) find significant differences in the effect of incentives across US states by
instrumentalizing mentions of EVs in newspapers for public awareness of incentives. This
supports the intuitive assumption that public awareness of incentives does influence their effect
and provides an interesting opportunity for further research.

8. Policy Implications, Environmental and Social Considerations

My results, consistent with the majority of literature on the subject, show that policy makers
can expect one-off incentives to have a substantial positive impact on BEV adoption. However,
BEV adoption is not one-dimensional and the economic, environmental and social

consequences must be considered to successfully encourage and incentivize EV adoption.

The degree of efficiency is an important performance indicator for incentives, as they should
ideally reach those whose behavior they will affect. Xing et al. (2021) find that a large share
of US EV subsidies (70%) are received by households that would have likely bought an EV

regardless. Hence, a matter of importance to policymakers and interesting avenue of future
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research is the question of how EV incentives can be structured to target most efficiently those
whose behavior will be impacted by them. One obvious example would be the efficiency of
incentives for different personal income levels or vehicle characteristics, because these are
relatively easy to determine and address for policy makers in their legislation process.
Examining the effect of incentives on different consumer groups using micro-level data, is

therefore an interesting research opportunity.

The government budget implications of EV adoption incentivization are highly relevant to

policy makers and evolve over time.

First, the magnitude of granted incentives per vehicle that are dependent on the purchase price,
may autonomously increase over time. In recent years, the substantially higher priced Tesla
model 3 has taken over the spot of most popular EV from the Renault Zoe and Nissan Leaf
(Statista 2022a). As the market shifts toward more expensive models, granted incentives based
on price will automatically increase in value per vehicle, unless regulatory measures (such as

values caps) are taken.

Second, as EVs enjoy higher popularity, policy makers may naturally need to rethink the
subsidization of EVs as a whole. Norway is on the forefront of EV adoption and has recently
had EV registrations shares of 90.5% (Kane 2022). The country substantially subsidizes EVs,
by waiving sales tax, VAT, tolls and parking fees for them. This culminates in annual costs of
nearly 19.2 billion NOK (1.9 billion Euros) (Norwegian Ministry of Transport and
Communications 2021) and eliminates an important source of income for the Norwegian
government (Meaker 2021). Currently, a variety of taxes is being considered to be introduced
or reintroduced for EVs, including differential taxation for PHEV and BEV. While Norway
does have comparatively high incentives, it is clear that policy makers need to find a balance

between using incentives to encourage EV adoption and managing income flows.

Naturally, there are further limits and barriers to EV adoption that may hamper the effectiveness

of incentives beyond a certain degree of adoption.

First, policy action that targets the share of EVs on the roads, as opposed to the share of EVs in
new registrations is likely limited through cars’ holding period, which is currently 10,7 years

on average in the EU (Autoalan Tiedotuskeskus 2021).
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Second, EV adoption may be delayed or hampered due to production capacity limits. Since EVs
are a relatively new technology, a sufficient supply chain to satiate the increasing demand for
EVs has to be build. Should there be a significant acceleration of EV adoption, beyond current
projections, it is possible that the supply of vital batteries may not be able to keep up (McKinsey
& Company 2021), since batteries are especially susceptible to supply chain issues (The Oxford
Institute for Energy Studies 2019).

EVs are commonly considered to be zero-emission vehicles and are typically incentivized with

the underlying aim of reducing emissions, but this mechanism is not guaranteed.

It is insufficient to only evaluate the emissions of the vehicles themselves when evaluating EV
emissions, the emissions produced in the production of the EV and the production of electricity
that fuels the EVs must be considered as well. Ajanovic and Haas (2015) examine and compare
vehicles’ emissions intensity by summarizing the emissions needed to produce and scrap the
vehicle, the emissions needed to provide the vehicles’ fuel and the vehicles’ internal energy
efficiency. They find that EVs fueled with coal energy are more emission intense than
traditional ICEVs. Additionally, Xing et al. (2021) propose, based on US data, that the reduction
in emissions due to the adoption of EVs is typically overestimated by about 39%, since EVs
largely replace relatively fuel-efficient gasoline vehicles, which is not typically considered in
the calculation of emission reductions. Ajanovic and Haas (2018) also provide a review of more
estimations, with slight variations in the estimated emissions depending on assumptions such

as lifetime usage.

When incentivizing EVs with an aim of reducing emissions, it is therefore vital to consider the
local energy mix and its planned mid-term and long-term development to evaluate the true

emission benefits of EV adoption.

Furthermore, from a societal and political perspective, with the push towards EV adaptation,

the management and equity of the associated infrastructure are a topic of consideration.

Firstly, public chargers are needed for both long-distance trips and people without access to
private charging at home or their place of work. It naturally is important to consider how the

distribution of charging stations impact their effectiveness, city-planning and the equity of
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access to charging infrastructure, e.g. in remote areas. Alhazmi et al. (2017), for instance model

different charging station allocations, depending on battery capacities.

Secondly, EVs are expected to be responsible for 5% or Europe’s electricity demand by 2030
(McKinsey & Company 2021). Network load distribution and management, including the
mitigation of charging loads around peak hours are therefore another political challenge (The
Oxford Institute for Energy Studies 2019; Kumar and Alok 2020).

Thirdly, EV owners are currently particularly vulnerable to natural disasters that would displace

them from their familiar charging infrastructure or restrict electricity access for several days.

9. Conclusions

EVs have enjoyed a continuous rise in popularity over the last years. Governments have
supported and continue to support EV adoption by granting monetary and non-monetary
incentives in the effort to reduce carbon emissions. Although the market is currently dominated
by PEVs, the long-term goal is typically complete BEV adoption. The purpose and contribution
of this paper is to comprehensively evaluate the effect of government incentives on BEV
adoption, and to evaluate how that effect changes when considering socio-economic

characteristics, in relation to charging infrastructure, and over time.

Previous examinations of the effects of government incentives can be categorized into cross-
country, national and city-based studies, in accordance with the analyzed data. The
overwhelming majority of papers finds a statistically significant positive effect of government
incentives on EV adoption, with only individual studies finding insignificant results or very

small effects.

Effective incentives work by exogenously increasing the utility of the desired behavior, in this
case the purchase of an EV, to encourage choosing the desired option. EVs face a variety of
barriers to adoption, that decrease the utility of an EV purchase, such as higher total cost of
ownership, reliance on charging infrastructure or general aversion to change. EV incentives
mostly aim to decrease the total cost of EV ownership, but occasionally aim to improve ease of

use, e.g. by the use of bus lanes in crowded cities.

| collect data on BEV registration shares and vehicle market, socio-economic and socio-
demographic controls and construct my own sustainability indicator.. In addition to the
collected data, I construct a data set of estimated average one-off incentives. First, | find the
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pool of granted incentives and tax schemes affecting EVs by cross-referencing multiple sources.
Second, | use the policies and assumptions about representative vehicle characteristics and

prices to calculate an average incentive granted for each country.

| find a statistically significant increase in BEV registrations between 17.6% and 19.4%
associated with an additional 1000 euros of monetary incentive, by utilizing multilinear
ordinary least square panel regressions with country fixed effects and a time trend after critically
examining alternatives. The effect is consistent through the inclusion of various control
variables and robust to panel self-selection and EU membership. A robustness check, using
only countries with vehicle stocks below 1 million finds a diminished significant effect between
9.7% and 11.5% per 1000 euros one-off incentive. A positive, but not statistically significant
change in the effect of incentives over time is found. | cannot find a statistically significant
relationship between charging stations and EV adoption or indication of a significant interactive
effect of charging stations and incentives. Possible reasons for this are, for example, a reliance
on private charging options or data quality. | find the motorization rate, national median income

and dwelling types to have a significant effect on BEV adoption.

This result is within, but at the upper bound of effects previously estimated, possibly indicating
a stronger effect of incentives on BEVs than PEVs. There are also several potential sources of
bias and uncertainty, most importantly the examination of aggregate data on national level and

simplification assumptions in order to compute comparable incentive measures across countries.

Opportunities for future research are, for instance, the evaluation of incentive efficiency for
different consumer demographics via micro-level data and an examination of supply side
incentives. Work on the effect of EV incentives would likely benefit from a comprehensive,
accessible and transparent database of EV incentives, as this information is available but

currently not centrally collected.

The incentivization of EVs does not happen in a vacuum. Significant adoption of EVs carries
societal and infrastructure implications in addition to the obvious economic and environmental
effects that policy makers need to diligently consider to successfully reduce emissions in a

larger effort towards climate neutrality.

44



10. References

ACEA (Ed.) (2013): ACEA TAX GUIDE 2013. Available online at
https://www.acea.auto/files/ACEA-Tax-Guide-2013.pdf, checked on 3/13/2022.

ACEA (Ed.) (2014a): ACEA TAX GUIDE 2014. Available online at
https://www.acea.auto/files/ACEA-Tax-Guide-2014.pdf, checked on 3/13/2022.

ACEA (Ed.) (2014b): Automobile Industry Pocket Guide 2014/2015. Available online at
https://www.acea.auto/uploads/publications/POCKET_GUIDE_ 2014 FINAL_102014.pdf,
checked on 3/13/2022.

ACEA (Ed.) (2015a): ACEA TAX GUIDE 2015. Available online at
https://www.acea.auto/files/ ACEA-Tax-Guide-2015.pdf, checked on 3/13/2022.

ACEA (Ed.) (2015b): Automobile Industry Pocket Guide 2015/2016. Available online at
https://www.acea.auto/filessPOCKET_GUIDE_2015-2016.pdf, checked on 3/13/2022.

ACEA (Ed.) (2016a): ACEA TAX GUIDE 2016. Available online at
https://www.acea.auto/uploads/news_documents/ACEA_TAX_GUIDE_2016.pdf, checked on
3/13/2022.

ACEA (Ed.) (2016b): Automobile Industry Pocket Guide 2016/2017. Available online at
https://www.acea.auto/files/ACEA_Pocket _Guide 2016 2017.pdf, checked on 3/13/2022.

ACEA (Ed.) (2017a): ACEA TAX GUIDE 2017. Available online at
https://www.acea.auto/files/ACEA_Tax_Guide _2017.pdf, checked on 3/13/2022.

ACEA (Ed.) (2017b): Automobile Industry Pocket Guide 2017/2018. Available online at
https://www.scribd.com/document/412452862/ACEA-Pocket-Guide-2017-2018, checked on
3/13/2022.

ACEA (Ed.) (2018a): ACEA TAX GUIDE 2018. Available online at
https://www.acea.auto/files/ACEA-Tax-Guide-2018.pdf, checked on 3/13/2022.

ACEA (Ed.) (2018b): Automobile Industry Pocket Guide 2018/2019. Available online at
https://www.scribd.com/document/406990227/ACEA-Pocket-Guide-2018-2019, checked on
3/13/2022.

ACEA (Ed.) (2019a): ACEA TAX GUIDE 2019. Available online at
https://www.acea.auto/files/ ACEA-Tax-Guide-2019.pdf, checked on 3/13/2022.

ACEA (Ed.) (2019b): Automobile Industry Pocket Guide 2019/2020. Available online at
https://www.fahrzeugindustrie.at/fileadmin/content/Zahlen___ Fakten/Wirtschaftsfaktor_Auto
mobil/ACEA_Pocket_Guide_2019-2020.pdf, checked on 3/13/2022.

ACEA (Ed.) (2021a): ACEA Tax Guide 2021. Available online at
https://www.acea.auto/filessACEA_Tax_Guide_2021.pdf, checked on 3/21/2022.

ACEA (2021Db): Overview — Electric vehicles: tax benefits & purchase incentives in the
European Union (2021). Available online at https://www.acea.auto/fact/overview-electric-
vehicles-tax-benefits-purchase-incentives-european-union-2021/, updated on 11/24/2021,
checked on 5/11/2022.

Ajanovic, Amela; Haas, Reinhard (2015): Driving with the sun: Why environmentally benign
electric vehicles must plug in at renewables. In Solar Energy 121, pp. 169-180. DOI:
10.1016/j.solener.2015.07.041.

45



Ajanovic, Amela; Haas, Reinhard (2016): Dissemination of electric vehicles in urban areas:
Major factors for success. In Energy 115, pp. 1451-1458. DOI:
10.1016/j.energy.2016.05.040.

Ajanovic, Amela; Haas, Reinhard (2018): Electric vehicles: solution or new problem? In
Environ Dev Sustain 20 (S1), pp. 7-22. DOI: 10.1007/s10668-018-0190-3.

Alhazmi, Yassir A.; Mostafa, Haytham A.; Salama, Magdy M.A. (2017): Optimal allocation
for electric vehicle charging stations using Trip Success Ratio. In International Journal of
Electrical Power & Energy Systems 91, pp. 101-116. DOI: 10.1016/j.ijepes.2017.03.009.

Angrist, Joshua D.; Pischke, Jorn-Steffen (2009): Mostly harmless econometrics. An
empiricist's companion. Princeton, NJ: Princeton Univ. Press. Available online at
https://www.researchgate.net/publication/51992844 Mostly Harmless Econometrics_ An_E
mpiricist's_Companion.

Autoalan Tiedotuskeskus (Ed.) (2021): Average age of passenger cars in EU is 10,7 years.
Available online at
https://www.aut.fi/en/statistics/international_statistics/average_age_of passenger_cars_in_eur
opean_countries, updated on 2/28/2022, checked on 2/28/2022.

Automotive World (Ed.) (2014): Rotterdam introduces world’s best EV incentives to improve
air quality. Available online at https://www.automotiveworld.com/news-releases/rotterdam-
introduces-worlds-best-ev-incentives-improve-air-quality/, checked on 3/15/2022.

Berry, Steven; Levinsohn, James; Pakes, Ariel (1995): Automobile Prices in Market
Equilibrium. In Econometrica 63 (4), p. 841. DOI: 10.2307/2171802.

Bundesamt fir Wirtschaft und Ausfuhrkontrolle (Ed.) (2016): Elektromobilitat
(Umweltbonus). Available online at
https://web.archive.org/web/20160716180948/http://www.bafa.de/bafa/de/wirtschaftsfoerderu
ng/elektromobilitaet/publikationen/emob_zwischenbilanz.pdf, checked on 3/15/2022.

Burke Bros (Ed.) (2020): Cyprus Road Tax Changes. Available online at
https://burkebros.co.uk/cyprus-road-tax-changes/, checked on 3/15/2022.

Carey, Nick; Steitz, Christoph (2021): EU proposes effective ban for new fossil-fuel cars from
2035. In Reuters Media, 7/14/2021. Available online at
https://www.reuters.com/business/retail-consumer/eu-proposes-effective-ban-new-fossil-fuel-
car-sales-2035-2021-07-14/, checked on 2/25/2022.

CarSalesBase (Ed.) (2022): CAR SALES STATISTICS FOR ELECTRIC VEHICLES IN
EUROPE, UPDATED EVERY HALF. Available online at
https://carsalesbase.com/category/car-sales-europe/europe-by-segment/ev-segment/, checked
on 3/13/2022.

Chaisemartin, Clément de; d'Haultfoeuille, Xavier (2020): Difference-in-Differences
Estimators of Intertemporal Treatment Effects.

Chaisemartin, Clément de; d'Haultfoeuille, Xavier (2021): Two-Way Fixed Effects and
Differences-in-Differences with Heterogeneous Treatment Effects: A Survey.

Clinton, Bentley C.; Steinberg, Daniel C. (2019): Providing the Spark: Impact of financial
incentives on battery electric vehicle adoption. In Journal of Environmental Economics and
Management 98, p. 102255. DOI: 10.1016/j.jeem.2019.102255.

CMS (Ed.) (2022): CMS Expert Guide to electric vehicle regulation and law. Available online
at https://cms.law/en/int/expert-guides/cms-expert-guide-to-electric-vehicles, checked on
3/14/2022.

46



CNBC (2022): White House rolls out $5 billion funding plan to states for electric vehicle
chargers, 2/10/2022. Available online at https://www.cnbc.com/2022/02/10/biden-rolls-out-5-
billion-to-states-for-electric-vehicle-chargers.html, checked on 5/2/2022.

Department for Transport (Ed.) (2016): Vehicle licensing statistics: 2015. Available online at
https://www.gov.uk/government/statistics/vehicle-licensing-statistics-2015, updated on
3/11/2016, checked on 3/7/2022.

Dynamic Works (Ed.) (2022): VW Golf VII 1.4 TSI (150 PS) BlueMotion Technology.
Available online at https://www.angurten.de/is/technische-daten/VW-Golf+VI1I-
14+TSI+%28150+PS%29+BlueMotion+Technology-110-kW-150-PS-1360-13362.html,
checked on 3/18/2022.

European Alternative Fuels Observatory (Ed.) (2022a): Incentives and Legislation. (Country
selection). Available online at https://www.eafo.eu/countries/, checked on 3/15/2022.

European Alternative Fuels Observatory (Ed.) (2022b): NORMAL AND HIGH-POWER
PUBLIC RECHARGING POINTS (2020). Available online at
https://www.eafo.eu/alternative-fuels/electricity/charging-infra-stats, checked on 3/1/2022.

European Commission (Ed.) (2013a): Motor vehicles special tax act. Available online at
https://ec.europa.eu/taxation_customs/tedb/legacy/taxDetail.htmI?id=3222/1373445394 &taxT
ype=0ther%?20indirect%?20tax, updated on 3/15/2022, checked on 3/15/2022.

European Commission (Ed.) (2013b): Tax on the entry into traffic service (TES), Belgium.
Available online at
https://ec.europa.eu/taxation_customs/tedb/legacy/taxDetail.html;jsessionid=VVOGLDrgLJRK
Z9m48QaCQxGllabZArbgxWIDgq30WFDbdBukp-FFb!-
999756999?1d=38/1357119656&taxType=0ther%?20indirect%20tax, checked on 3/15/2022.

European Commission; Statistical Office of the European Union.; United Nations.;
International Transport Forum (ITF). (2019): Glossary for transport statistics, 2019:
Publications Office.

European Commission, Directorate-General for Energy (2021): EU energy in figures :
statistical pocketbook 2021. Available online at https://data.europa.eu/doi/10.2833/975418.

European Commission, Directorate-General for Energy. (2013): EU energy in
figures :statistical pocketbook 2013.

European Commission. Directorate General for Energy. (2018): EU energy in
figures :statistical pocketbook 2018: Publications Office. Available online at
https://data.europa.eu/doi/10.2833/279113.

European Commission. Directorate-General for Energy. (2016): EU energy in
figures :statistical pocketbook 2016.

European Environment Agency (2022): New registrations of electric vehicles in Europe.
Available online at https://www.eea.europa.eu/ims/new-registrations-of-electric-vehicles,
updated on 5/2/2022, checked on 5/2/2022.

Eurostat (Ed.) (2021a): Distribution of population by degree of urbanisation, dwelling type
and income group - EU-SILC survey. Available online at
https://ec.europa.eu/eurostat/web/products-datasets/-/ilc_lvho01, checked on 2/19/2022.

Eurostat (Ed.) (2021b): Electricity prices for household consumers - bi-annual data (from
2007 onwards). Available online at https://ec.europa.eu/eurostat/web/products-datasets/-
Inrg_pc_204, checked on 2/5/2022.

47



Eurostat (Ed.) (2021c): Gini coefficient of equivalised disposable income - EU-SILC survey.
Available online at https://ec.europa.eu/eurostat/web/products-datasets/-/tessi190, checked on
2/20/2022.

Eurostat (Ed.) (2021d): Mean and median income by degree of urbanisation. Available online
at https://ec.europa.eu/eurostat/web/products-datasets/-/ilc_dil7, checked on 1/28/2022.

Eurostat (Ed.) (2021e): Mean and median income by household type - EU-SILC and ECHP
surveys. Available online at https://ec.europa.eu/eurostat/web/products-datasets/-/ilc_di04,
checked on 1/28/2022.

Eurostat (Ed.) (2021f): New registrations of passenger cars by type of motor energy.
Available online at https://ec.europa.eu/eurostat/web/products-datasets/-/road_eqr_carpda,
checked on 1/5/2022.

Eurostat (Ed.) (2021g): Passenger cars, by type of motor energy. Available online at
https://ec.europa.eu/eurostat/web/products-datasets/-/road_eqs_carpda, checked on 2/1/2022.

Eurostat (Ed.) (2021h): Population and employment. Available online at
https://ec.europa.eu/eurostat/web/products-datasets/-/nama_10_pe, checked on 2/1/2022.

Eurostat (Ed.) (2021i): Population by educational attainment level, sex, age and labour status
(%). Available online at https://ec.europa.eu/eurostat/web/products-datasets/-/edat_Ifs 9904,
checked on 2/10/2022.

Eurostat (Ed.) (2021j): Women per 100 men. Available online at
https://ec.europa.eu/eurostat/web/products-datasets/-/tps00011, checked on 3/23/2022.

Eurostat (2021k): Shedding light on energy on the EU: How are emissions of greenhouse
gases by the EU evolving? Edited by Eurostat. Available online at
https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-4a.html, updated on 7/19/2021,
checked on 2/17/2022.

Eurostat (Ed.) (2022a): HICP - annual data (average index and rate of change). Available
online at https://ec.europa.eu/eurostat/web/products-datasets/-/prc_hicp_aind, checked on
3/17/2022.

Eurostat (Ed.) (2022b): Population structure indicators at national level. Available online at
https://ec.europa.eu/eurostat/web/products-datasets/-/demo_pjanind, checked on 3/10/2022.

Frahm, Christian (2019): Plug-in-Hybride in der Kritik: Die Mér vom sauberen Dienstwagen.
In DER SPIEGEL, 11/29/2019. Available online at
https://www.spiegel.de/auto/aktuell/elektroautos-plug-in-hybride-als-dienstwagen-sind-
klimasuender-a-1298710.html, checked on 2/23/2022.

Fuels Institute (2021): EV Consumer Behavior. Available online at
https://www.fuelsinstitute.org/Research/Reports/EV-Consumer-Behavior/EV-Consumer-
Behavior-Report.pdf, checked on 3/1/2022.

Gallagher, Kelly Sims; Muehlegger, Erich (2011): Giving green to get green? Incentives and
consumer adoption of hybrid vehicle technology. In Journal of Environmental Economics and
Management 61 (1), pp. 1-15. DOI: 10.1016/j.jeem.2010.05.004.

Gao, Yanan; Rasouli, Soora; Timmermans, Harry; Wang, Yuanging (2014): Reasons for not
Buying a Car: A Probit-selection Multinomial Logit Choice Model. In Procedia
Environmental Sciences 22, pp. 414-422. DOI: 10.1016/j.proenv.2014.11.039.

Gbmez Vilchez, Jonatan J.; Smyth, Austin; Kelleher, Luke; Lu, Hui; Rohr, Charlene;
Harrison, Gillian; Thiel, Christian (2019): Electric Car Purchase Price as a Factor

48



Determining Consumers’ Choice and their Views on Incentives in Europe. In Sustainability
11 (22), p. 6357. DOI: 10.3390/5u11226357.

Greene, William H. (2000): Econometric analysis. Harlow: Pearson.

Gropp, Martin; Zaboji, Niklas (2021): Der grof’e Sprung der Elektromobilitat. In Frankfurter
Allgemeine Zeitung, 4/11/2021. Available online at
https://www.faz.net/aktuell/wirtschaft/schneller-schlau/elektromobilitaet-die-neue-beliebtheit-
von-elektroautos-17285475.htmI?GEPC=s9, checked on 2/12/2022.

Guardian (Ed.) (2015): Plug-in car grant extended to 2018. Available online at
https://www.theguardian.com/business/2015/dec/17/plug-in-car-grant-extended-to-2018,
checked on 3/20/2022.

Guo, Jianfeng; Zhang, Xuemei; Gu, Fu; Zhang, Hanqi; Fan, Ying (2020): Does air pollution
stimulate electric vehicle sales? Empirical evidence from twenty major cities in China. In
Journal of Cleaner Production 249, p. 119372. DOI: 10.1016/}.jclepro.2019.119372.

Hsu, A.; Emerson, J.; Levy, M.; Sherbinin, A. de; Johnson, L.; Malik, O. etal. (2014): The
2014 Environmental Performance Index. Edited by Yale Center for Environmental Law &
Policy. New Haven. Available online at https://www.epi.yale.edu, checked on 3/10/2022.

Hsu, A.; Esty, D.; Levy, M.; Sherbinin, A. de (2016): The 2016 Environmental Performance
Index Report. Edited by Yale Center for Environmental Law and Policy. New Haven.
Available online at https://doi.org/10.13140/RG.2.2.19868.90249, checked on 3/10/2022.

Hungarian Ministry of Finance (Ed.) (2016): New government incentive for purchasing
environmentally friendly vehicles. Available online at
https://web.archive.org/web/20200807083414/https://www.kormany.hu/en/ministry-for-
national-economy/news/new-government-incentive-for-purchasing-environmentally-friendly-
vehicles, checked on 3/15/2022.

HungaryToday (Ed.) (2020): Gov’t Expands Electric Car Subsidy Scheme After Successful
First Scheme. Available online at https://hungarytoday.hu/hungary-electric-cars-support-
palkovics/, checked on 3/15/2022.

IEA (Ed.) (2019): EV support policy Estonia. Available online at
https://www.iea.org/policies/8557-ev-support-policy-estonia, checked on 3/15/2022.

IEA (Ed.) (2020): Global EV Outlook 2020. Paris. Available online at
https://www.iea.org/reports/global-ev-outlook-2020, checked on 2/25/2022.

IEA (2022): Global sales and sales market share of electric cars, 2010-2021. Paris. Available
online at https://www.iea.org/data-and-statistics/charts/global-sales-and-sales-market-share-
of-electric-cars-2010-2021, checked on 4/25/2022.

International Council on Clean Transportation (Ed.) (2019): SPAIN’S BOOMING HYBRID
ELECTRIC VEHICLE MARKET: A SUMMARY OF SUPPORTING POLICY
MEASURES. Available online at https://theicct.org/wp-
content/uploads/2021/06/ICCT_Spain_HEV_market_paper_20190524.1.pdf, checked on
3/16/2022.

JATO Dynamics (Ed.) (2022): VW’s Golf leads Europe in 2021, Peugeot’s 2008 is the best-
selling SUV, and Tesla’s Model 3 tops the EV rankings. Available online at
https://www.jato.com/the-golf-topped-the-market-strong-results-for-tesla/, checked on
3/16/2022.

49



Jenn, Alan; Azevedo, Inés L.; Ferreira, Pedro (2013): The impact of federal incentives on the
adoption of hybrid electric vehicles in the United States. In Energy Economics 40, pp. 936—
942. DOI: 10.1016/j.enec0.2013.07.025.

Jenn, Alan; Springel, Katalin; Gopal, Anand R. (2018): Effectiveness of electric vehicle
incentives in the United States. In Energy Policy 119, pp. 349-356. DOI:
10.1016/j.enpol.2018.04.065.

Jong, G. C. de (1990): An indirect utility model of car ownership and private car use. In
European Economic Review 34 (5), pp. 971-985. DOI: 10.1016/0014-2921(90)90018-T.

Kane, Mark (2022): Norway: BEV Share Hits Record, PHEVs Collapse In January 2022. In
InsideEVs, 2/4/2022. Available online at https://insideevs.com/news/565428/norway-plugin-
car-sales-january2022/, checked on 5/2/2022.

Kredex (Ed.) (2014): Grant for purchase of electric cars proved popular, admission period for
applications ends on 07 August. Available online at
https://web.archive.org/web/20140907073928/http://www.kredex.ee/kredex/news/grant-for-
purchase-of-electric-cars-proved-popular-admission-period-for-applications-ends-on-07-
august/, checked on 3/15/2022.

Kumar, Rajeev Ranjan; Alok, Kumar (2020): Adoption of electric vehicle: A literature review
and prospects for sustainability. In Journal of Cleaner Production 253, p. 119911. DOI:
10.1016/j.jclepro.2019.119911.

Liao, Fanchao; Molin, Eric; van Wee, Bert (2017): Consumer preferences for electric
vehicles: a literature review. In Transport Reviews 37 (3), pp. 252-275. DOI:
10.1080/01441647.2016.1230794.

Liu, Xiaoling; Sun, Xiaohua; Zheng, Hui; Huang, Dongdong (2021): Do policy incentives
drive electric vehicle adoption? Evidence from China. In Transportation Research Part A:
Policy and Practice 150, pp. 49-62. DOI: 10.1016/j.tra.2021.05.013.

McKinsey & Company (Ed.) (2021): Why the automotive future is electric. Available online
at https://mwww.mckinsey.com/industries/automotive-and-assembly/our-insights/why-the-
automotive-future-is-electric, updated on 9/7/2021, checked on 2/24/2022.

Meaker, Morgan (2021): Norway Is Running Out of Gas-Guzzling Cars to Tax. In WIRED,
11/18/2021. Available online at https://www.wired.com/story/norway-electric-vehicle-tax/,
checked on 5/11/2022.

Mersky, Avi Chaim; Sprei, Frances; Samaras, Constantine; Qian, Zhen (2016): Effectiveness
of incentives on electric vehicle adoption in Norway. In Transportation Research Part D:
Transport and Environment 46, pp. 56-68. DOI: 10.1016/j.trd.2016.03.011.

Ministry of the Presidency, Spain (Ed.) (2011): The Government approves subsidies for
purchase of electric vehicles. Available online at
https://web.archive.org/web/20121009234154/http://www.lamoncloa.gob.es/IDIOMAS/9/Go
bierno/News/2011/06052011ElectricVehicles.htm, checked on 3/16/2022.

Minzel, Christiane; Pl6tz, Patrick; Sprei, Frances; Gnann, Till (2019): How large is the effect
of financial incentives on electric vehicle sales? — A global review and European analysis. In
Energy Economics 84, p. 104493. DOI: 10.1016/j.enec0.2019.104493.

Next Green Car (Ed.) (2015): Extension announced for Plug-in Car Grant. Available online at
https://www.nextgreencar.com/news/7409/extension-announced-for-plugin-car-grant/,
checked on 3/20/2022.

50



Nissan (Ed.) (2022): NISSAN LEAF - DIMENSIONS & SPECIFICATIONS. Available
online at https://www.nissan.co.uk/vehicles/new-vehicles/leaf/dimensions-specifications.html,
checked on 3/17/2022.

Norwegian Ministry of Transport and Communications (2021): Norway is electric. Available
online at https://www.regjeringen.no/en/topics/transport-and-
communications/veg/faktaartikler-vei-og-ts/norway-is-electric/id2677481/, updated on
10/11/2021, checked on 5/11/2022.

Odyssee Mure (Ed.) (2021): Electricity consumption per dwelling. Available online at
https://www.odyssee-mure.eu/publications/efficiency-by-sector/households/electricity-
consumption-dwelling.html, checked on 2/14/2022.

@stli, Vegard; Fridstram, Lasse; Johansen, Kjell Werner; Tseng, Yin-Yen (2017): A generic
discrete choice model of automobile purchase. In Eur. Transp. Res. Rev. 9 (2), pp. 1-20. DOI:
10.1007/s12544-017-0232-1.

OzForex (Ed.) (2022): Yearly average rates. Available online at https://www.ofx.com/en-
au/forex-news/historical-exchange-rates/yearly-average-rates/, checked on 3/2/2022.

Plotz, P.; Funke, S. A.; Jochem, P.; Wietschel, M. (2017a): CO2 Mitigation Potential of Plug-
in Hybrid Electric Vehicles larger than expected. In Sci Rep 7 (1), p. 16493. DOI:
10.1038/s41598-017-16684-9.

Plotz, Patrick; Gnann, Till; Sprei, Frances (2017b): What are the effects fo incentives on plug-
in electric vehicle sales in Europe? In eceee Summer Study proceedings 2017.

Plotz, Patrick; Moll, Cornelius; Biecker, George; Mock, Peter; Li, Yaoming (2020): Real-
World Usage of Plug-in Hybrid Electric Vehicles: Fuel Consumption, Electric Driving, and
CO: Emissions. Edited by International Council on Clean Transportation. Available online at
https://trid.trb.org/view/1742037, checked on 2/24/2022.

Quartz (2021): Elon Musk criticized EV subsidies in WSJ interview—here's why. In Quartz,
12/7/2021. Available online at https://qz.com/2099485/elon-musk-criticized-ev-subsidies-in-
wsj-interview-heres-why/, checked on 5/9/2022.

Rezvani, Zeinab; Jansson, Johan; Bodin, Jan (2015): Advances in consumer electric vehicle
adoption research: A review and research agenda. In Transportation Research Part D:
Transport and Environment 34, pp. 122-136. DOI: 10.1016/j.trd.2014.10.010.

Richter, Felix (2022): Global Electric Car Sales Doubled in 2021. In Statista, 2/15/2022.
Available online at https://www.statista.com/chart/26845/global-electric-car-sales/, checked
on 2/22/2022.

Rietmann, Nele; Lieven, Theo (2019): How policy measures succeeded to promote electric
mobility — Worldwide review and outlook. In Journal of Cleaner Production 206, pp. 66—75.
DOI: 10.1016/j.jclepro.2018.09.121.

Ritchie, Hannah; Roser, Max (2020): CO: and Greenhouse Gas Emissions. Edited by
OurWorldInData.org. Available online at https://ourworldindata.org/co2-and-other-
greenhouse-gas-emissions, checked on 2/17/2022.

Romania Insider (Ed.) (2016): Romania increases subsidies for electric car purchases.
Available online at https://www.romania-insider.com/romania-increases-subsidies-for-
electric-car-purchases, checked on 3/20/2022.

Schmidt, Boris (2022): Mit Akku auf Hohenflug. In Frankfurter Allgemeine Zeitung,
1/17/2022. Available online at https://www.faz.net/aktuell/technik-
motor/elektromobilitaet/automarkt-2021-elektroautos-werden-immer-beliebter-

o1



17730523.html?premium=0xal759ec390fcdfc9d1laalfféeffc65a&premium=0xal759ec390fc
dfc9dllaalfféeffc65a&GEPC=s9, checked on 2/12/2022.

Sierzchula, William; Bakker, Sjoerd; Maat, Kees; van Wee, Bert (2014): The influence of
financial incentives and other socio-economic factors on electric vehicle adoption. In Energy
Policy 68, pp. 183-194. DOI: 10.1016/j.enpol.2014.01.043.

SPD; Biindnis 90/Die Grunen; FDP (2021): Mehr Fortschritt wagen. Bundnis fur Freiheit,
Gerechtigkeit und Nachhaltigkeit. Koalitionsvertrag zwischen SPD, Blindnis 90/Die Griinen
und FDP. Presse- und Informationsamt der Bundesregierung. Available online at
https://www.bundesregierung.de/resource/blob/974430/1990812/04221173eef9a6720059cc35
3d759a2b/2021-12-10-koav2021-data.pdf?download=1, checked on 2/24/2022.

Statista (2021a): Gasoline prices in Croatia 2021 | Statista. Available online at
https://www.statista.com/statistics/598120/unleaded-gasoline-prices-croatia/, updated on
5/6/2021, checked on 3/6/2022.

Statista (Ed.) (2021b): Industrial electricity prices in Switzerland from 2013 to 2020, by
customer type. Available online at https://www-statista-
com.ez.hhs.se/statistics/1278795/industrial-electricity-prices-by-consumer-switzerland/,
checked on 2/9/2022.

Statista (Ed.) (2022a): Best-selling plug-in electric vehicle models in Europe between January
and September 2021. Available online at https://www.statista.com/statistics/972845/electric-
vehicles-leading-models-europe/, checked on 3/13/2022.

Statista (Ed.) (2022b): Durchschnittlicher Preis fur einen Liter Super (Bleifrei 95) bzw. Super
plus (Bleifrei 98) in der Schweiz von 1985 bis 2021. Available online at
https://de.statista.com/statistik/daten/studie/661320/umfrage/jahresdurchschnittspreise-fuer-
einen-liter-benzin-in-der-schweiz/, checked on 3/7/2022.

Statista (Ed.) (2022c): Gasoline Prices in Turkey increased to 1.04 USD/Liter in January from
0.90 USD/Liter in December of 2021. Available online at
https://tradingeconomics.com/turkey/gasoline-
prices#:~:text=Gasoline%20Prices%20in%20Turkey%20averaged,Liter%20in%20December
%2001%201995., checked on 3/7/2022.

Statista (Ed.) (2022d): Population of Belgium from 2009 to 2021, by region(in millions).
Available online at https://www.statista.com/statistics/517196/population-of-belgium-by-
region/, checked on 3/14/2022.

The Association of Automobile Importer in Finland (Ed.) (2018): Purchase incentives for
battery electric vehicles. Available online at
https://www.autotuojat.fi/en/current_affairs/purchase_incentive_of_battery electric_vehicles#
:~:text=Purchase%20incentives%20for%20battery%?20electric,from%20the%20beginning%2
001%202018., checked on 3/15/2022.

The Oxford Institute for Energy Studies (2019): Electricity, Electric Vehicles, And Public
Policy: Eight Key Takeaways. Available online at
https://www.oxfordenergy.org/publications/electricity-electric-vehicles-public-policy-eight-
key-takeaways/, checked on 2/12/2022.

The Society of the Irish Motor Industry (Ed.) (2020): 2019 New Car Registrations Finish
Down 6.8%. Available online at https://www.simi.ie/en/news/2019-new-car-registrations-
finish-down-6-8, checked on 3/6/2022.

The White House (2021): FACT SHEET: President Biden Announces Steps to Drive
American Leadership Forward on Clean Cars and Trucks. Available online at
52



https://www.whitehouse.gov/briefing-room/statements-releases/2021/08/05/fact-sheet-
president-biden-announces-steps-to-drive-american-leadership-forward-on-clean-cars-and-
trucks/, checked on 2/25/2022.

Times of Malta (Ed.) (2016): Make hybrids more attractive, car industry tells government.
Available online at https://timesofmalta.com/articles/view/make-hybrids-more-attractive-car-
industry-tells-government.611741, checked on 3/15/2022.

Trading Economics (Ed.) (2021): Gasoline Prices in Norway increased to 2.10 USD/L.iter in
January from 2 USD/Liter in December of 2021. Available online at
https://tradingeconomics.com/norway/gasoline-
prices#:~:text=Gasoline%20Prices%20in%20Norway%?20averaged,Liter%20in%20December
%2001%202000., checked on 3/7/2022.

Transport Malta (Ed.) (2014): TM Launches New Grant Scheme on the Purchase of Electric
Vehicles. Available online at
https://web.archive.org/web/20160920064239/https://www.transport.gov.mt/news/tm-
launches-new-grant-scheme-on-the-purchase-of-electric-vehicles, checked on 3/15/2022.

Transport Malta (Ed.) (2018): SCHEMES FOR GREENER VEHICLES. Available online at
https://news.transport.gov.mt/schemes-for-greener-vehicles/, checked on 3/15/2022.

Turrentine, Thomas; Tal, Gil; Rapson, David (2018): The Dynamics of Plug-in Electric
Vehicles in the Secondary Market and Their Implications for Vehicle Demand, Durability,
and Emissions. Edited by National Center for Sustainable Transportation. Available online at
https://ncst.ucdavis.edu/research-product/dynamics-plug-electric-vehicles-secondary-market-
and-their-implications-vehicle, checked on 3/1/2022.

U.S. Census Bureau (2021): Income and Poverty in the United States: 2019. Available online
at https://www.census.gov/content/dam/Census/library/publications/2020/demo/p60-270.pdf,
checked on 3/1/2022.

Volkswagen (Ed.) (2022): Golf 7 Wissenswertes und Tipps. Available online at
https://www.volkswagen.de/de/besitzer-und-nutzer/vorgaengermodelle/golf-
vorgaengermodelle/golf-7.html, checked on 3/17/2022.

Wald, Abraham (1943): Tests of statistical hypotheses concerning several parameters when
the number of observations is large. In Trans. Amer. Math. Soc. 54 (3), pp. 426-482. DOI:
10.1090/S0002-9947-1943-0012401-3.

Wang, Ning; Tang, Linhao; Pan, Huizhong (2019): A global comparison and assessment of
incentive policy on electric vehicle promotion. In Sustainable Cities and Society 44, pp. 597—
603. DOI: 10.1016/j.5¢s.2018.10.024.

Wang, Shiying (2020): Are Electric Vehicles Incentives Effective? Evidence from the Fifty
U.S. States. Georgetown University. Available online at
https://repository.library.georgetown.edu/handle/10822/1059653.

Wendling, Z.; Esty, D.; Emerson, J.; Levy, M.; Sherbinin, A. de; et al (2018): The 2018
Environmental Performance Index. Edited by Yale Center for Environmental Law and Policy.
New Haven. Available online at https://epi.envirocenter.yale.edu/node/36476, checked on
3/10/2022.

Wendling, Z. A.; Emerson, J. W.; Sherbinin, A. de; Esty, D. C.; et al. (2020): 2020
Environmental Performance Index. Edited by Yale Center for Environmental Law & Policy.
New Haven. Available online at epi.yale.edu, checked on 3/10/2022.

53



Wikipedia (2022): Government incentives for plug-in electric vehicles. Available online at
https://en.wikipedia.org/wiki/Government_incentives_for_plug-in_electric_vehicles, checked
on 4/10/2022.

Wirtschaftskammer Osterreich (Ed.) (2021): Normverbrauchsabgabe (NoVA) — FAQ.
Available online at https://www.wko.at/service/steuern/Normverbrauchsabgabe (NoVA) -
_FAQ.html, checked on 3/14/2022.

Xing, Jianwei; Leard, Benjamin; Li, Shanjun (2021): What does an electric vehicle replace?
In Journal of Environmental Economics and Management 107, p. 102432. DOI:
10.1016/j.jeem.2021.102432.

Yan, Shiyu (2018): The economic and environmental impacts of tax incentives for battery
electric vehicles in Europe. In Energy Policy 123, pp. 53-63. DOI:
10.1016/j.enpol.2018.08.032.

Zhou, Yiyi; Li, Shanjun (2018): Technology Adoption and Critical Mass: The Case of the
U.S. Electric Vehicle Market. In J Ind Econ 66 (2), pp. 423-480. DOI: 10.1111/joie.12176.

54



11. Appendix

11.1.  Figures

Figure 7: Histograms of BEV registration shares
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11.2. Tables

Table 6: Charging Variable without Lag

1) (2) 3) 4) )
Basic Add. Add. Charging Time
Controls Controls
One-Off 0.168™" 0.175™ 0.162™" 0.1677 0.140™"
Incentive, k€ (0.0262) (0.0201) (0.0198) (0.0262) (0.0298)
Log(Charge) 0.0315 0.0102 0.0464 0.0340 0.0649
(0.0829) (0.0647) (0.0637) (0.0860) (0.0808)
Time Trend 0.324™ 0.363™ 0277 0.322™ 0.268™"
(0.0404) (0.116) (0.0396) (0.0429) (0.0577)
Fuel Price Ratio 0.0777 0.0389
(0.143) (0.0976)
Motorization Rate -7.440" -5.544™"
(2.429) (1.306)
Education, % 5.883 3.597
(4.607) (3.045)
Log(Income) -0.696 0.791"
(1.114) (0.384)
Gini Coefficient 0.0810 0.0389
(0.0637) (0.0510)
Dwelling 8.531 -1.816"
House, % (5.605) (1.083)
Sustainability -0.182 -0.0734
(0.126) (0.125)
Median Age 0.121 0.112
(0.256) (0.1112)
Gender Ratio -3.800 -5.534
(21.42) (3.472)
Incentive* 0.00162
Log(Charge) (0.00575)
Incentive*Time 0.00852
(0.00579)
Fixed Effects YES YES NO YES YES
R-Squared 0.709 0.758 0.759 0.709 0.713
Adj. R-Squared 0.702 0.737 0.738 0.700 0.705
Observations 146 146 146 146 146

Standard errors in parentheses

Standard errors are clustered by country.
*p<0.10, “p<0.05 " p<0.01, ™ p<0.001

57



Table 7: Robustness test without countries with incomplete time series

1) (2) 3) 4) )
Basic Add. Add. Charging Time
Controls Controls
One-Off Incentive, 0.175™ 0.189™" 0.192" 0.174™ 0.166™"
k€ (0.0274) (0.0164) (0.0163) (0.0253) (0.0353)
Log(Lagged 0.0347 0.0199 0.0464 0.0423 0.0416
Charge) (0.0479) (0.0506) (0.0445) (0.0490) (0.0497)
Time Trend 0.323™ 0.115 0.257"" 0.312™ 0.306™
(0.0461) (0.110) (0.0471) (0.0529) (0.0842)
Fuel Price Ratio -0.0245 0.00536
(0.0795) (0.0519)
Motorization Rate -4.770% -6.872"""
(2.222) (0.780)
Education, % 21.90" 5.406"
(8.841) (2.508)
Log(Income) -0.605 1.147™
(1.024) (0.241)
Gini Coefficient 0.103 0.0667
(0.0742) (0.0462)
Dwelling House, % 9.119" -1.150
(4.047) (0.786)
Sustainability -0.115 -0.0763
(0.172) (0.129)
Median Age 0.404 0.0748
(0.305) (0.0678)
Gender Ratio -33.96 -5.305"
(20.80) (2.791)
Incentive* 0.0176
Log(Lagged (0.0163)
Charge)
Incentive*Time 0.00264
(0.00787)
Fixed Effects YES YES NO YES YES
R-Squared 0.767 0.840 0.924 0.768 0.767
Adj. R-Squared 0.759 0.817 0.913 0.758 0.757
Observations 98 98 98 98 98

Standard errors in parentheses

Countries with incomplete time series dropped: Ireland, Spain, Latvia, Netherlands, Austria, Poland, Portugal,
Slovenia and the United Kingdom. Standard errors are clustered by country.

*p<0.10, "p<0.05 " p<0.01, " p<0.001
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Table 8: Robustness test without small vehicle markets

1) (2) 3) 4) )
Basic Add. Add. Charging Time
Controls Controls
One-Off Incentive, 0.0970™ 0.109™ 0.101™" 0.0974™ 0.0910"
k€ (0.0268) (0.0341) (0.0259) (0.0268) (0.0353)
Log(Lagged 0.0331 -0.000207 0.0366 0.0326 0.0386
Charge) (0.0461) (0.0531) (0.0421) (0.0461) (0.0542)
Time Trend 0.375™ 0.345™ 0.369™" 0377 0.364™"
(0.0429) (0.107) (0.0419) (0.0438) (0.0873)
Fuel Price Ratio -0.0401 0.0127
(0.0858) (0.0847)
Motorization Rate -6.245" -5.025™
(2.923) (1.782)
Education, % 5.330 0.332
(3.731) (2.712)
Log(Income) 0.0641 1.144™
(1.060) (0.309)
Gini Coefficient 0.0334 -0.0181
(0.0994) (0.0544)
Dwelling House, % 4.366 -2.240"
(6.024) (1.357)
Sustainability -0.230 -0.182
(0.161) (0.170)
Median Age 0.202 -0.0132
(0.260) (0.138)
Gender Ratio -8.018 -3.159
(19.82) (4.526)
Incentive* -0.00125
Log(Lagged (0.00330)
Charge)
Incentive*Time 0.00170
(0.00845)
Fixed Effects YES YES NO YES YES
R-Squared 0.776 0.809 0.826 0.777 0.777
Adj. R-Squared 0.771 0.787 0.806 0.769 0.769
Observations 119 119 119 119 119

Standard errors in parentheses

Small vehicle market countries with total vehicle stock below 1,000,000 are excluded: Cyprus, Estonia, Latvia,
Malta. Standard errors are clustered by country.

*p<0.10, "p<0.05 " p<0.01, " p<0.001
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Table 9: Robustness test without non-EU memberstates

1) (2) 3) 4) 5)
Basic Add. Add. Charging Time
Controls Controls
One-Off Incentive, 0.170™" 0.1817" 0.150™" 0.1717 0.138™
k€ (0.0278) (0.0217) (0.0282) (0.0281) (0.0470)
Log(Lagged -0.00340 -0.0101 0.0180 -0.00354 0.0159
Charge) (0.0582) (0.0486) (0.0431) (0.0583) (0.0585)
Time Trend 0.339" 0.377" 0.298™" 0.340™ 0.290™
(0.0509) (0.119) (0.0474) (0.0509) (0.0868)
Fuel Price Ratio 0.0791 0.0144
(0.148) (0.0886)
Motorization Rate -7.552™ -4.933™
(2.428) (1.769)
Education, % 6.280 1.323
(4.980) (3.045)
Log(Income) -0.416 0.974"
(1.419) (0.457)
Gini Coefficient 0.0694 0.0193
(0.0717) (0.0453)
Dwelling House, % 8.452 -2.075"
(5.842) (0.993)
Sustainability -0.202 -0.0776
(0.162) (0.157)
Median Age 0.0505 0.0954
(0.323) (0.0961)
Gender Ratio 2.407 -2.505
(26.21) (3.219)
Incentive* -0.00112
Log(Lagged (0.00486)
Charge)
Incentive*Time 0.00873
(0.0100)
Fixed Effects YES YES NO YES YES
R-Squared 0.698 0.750 0.706 0.698 0.701
Adj. R-Squared 0.691 0.725 0.677 0.689 0.692
Observations 132 132 132 132 132

Standard errors in parentheses

Non-EU member states excluded: Liechtenstein, Norway, Switzerland. Standard errors are clustered by country.

*p<0.10, "p <0.05 ™ p<0.01, ™ p<0.001
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