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Abstract

Electrification of the private passenger transport sector is a fundamental milestone

in reducing global carbon emissions. To reach this goal, several governments introduced

a series of incentive programs to encourage the adoption of battery-electric vehicles

(BEVs). Two of the most widespread policies to incentivize the adoption of BEVs

are discounts on the annual vehicle circulation tax and purchase rebates. This paper

analyzes the causal relationship between introducing these two policies and adopting

battery-electric vehicles (BEVs) in Switzerland. We also examine the effect of the

diffusion of rooftop solar PV on the adoption of BEVs. We find that purchase rebates

for BEVs positively affect their adoption, while the discount on the circulation tax

has a minor or no effect. However, the cost-effectiveness of both policies remains low

because of a free-riding problem, i.e. all buyers of a BEV are entitled to the incentives,

including those who would have bought a car even in their absence. The diffusion of

solar PV facilitates the adoption of BEVs.

∗ETH Zürich, Center of Economic Research, 8092 Zürich, Switzerland.
†Università della Svizzera Italiana, Faculty of Economics, 6900 Lugano, Switzerland.

1



1 Introduction

Electrification of the private passenger transport sector is a fundamental milestone in re-

ducing global carbon emissions. To reach this goal, several governments introduced a series

of incentive programs to encourage the adoption of battery-electric vehicles (BEVs). At

the same time, several countries in Europe and the rest of the world reported a substantial

increase in the market share of plug-in BEV.

Two of the most widespread policies in Europe to promote the adoption of battery-

electric vehicles are discounts on the annual vehicle circulation tax and purchase rebates

(ACEA, 2023). However, while the two policies have the same goal, their mechanisms differ

considerably. Vehicle circulation taxes are generally calculated automatically, and their

saving is spread over the vehicle’s life cycle. Instead, purchase rebates are applied once when

the car is bought.

Given the distinct characteristics of the two policies, their effectiveness may also be

different. For instance, the economics literature has underlined how automatic bill payments

are less salient than regular bills and that consumers tend to underreact, and in some cases

overreact, to non-salient taxes (Sexton, 2015; Morrison and Taubinsky, 2023; Taubinsky

and Rees-Jones, 2018). Furthermore, while the monetary benefits from purchase rebates

are relatively easy to calculate, tax discounts are often presented as percentage discounts to

the baseline circulation tax, which may depend on the characteristics of the specific vehicle.

Evidence that individuals are not fully informed about circulation taxes comes from Cerruti

et al. (2023), who find that only 42% of the Swiss population is aware of circulation tax

discounts for energy-efficient cars.

The economics literature has looked at the effect of government incentives on hybrid and

plug-in vehicles (Wee et al., 2018; Münzel et al., 2019; Clinton and Steinberg, 2019; Springel,

2021; Muehlegger and Rapson, 2022). However, these studies have been performed primarily

in the United States context and either focus on incentives targeted at hybrid cars and plug-in
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vehicles without considering the more recent policies exclusively targeted at BEVs, or they

do not distinguish between discounts on vehicle registration taxes and purchase rebates.1

Policies targeted only to BEVs and those targeted to both BEVs and hybrid electric vehicles

might not have the same effect, as hybrid cars can run on gasoline and diesel. Thus, hybrid

cars could look more appealing to consumers without the possibility of charging the vehicle

at home.

Further, it is important to consider that the adoption of BEVs could also be influenced

indirectly by policy measures that promote the installation of solar panels in the residential

sector. Indeed, during the last years, in the residential sector, and especially for households

living in single-family houses, we observed a diffusion of plug-in electric vehicles and solar

photovoltaics (PV). Households living in single-family houses may decide to buy an electric

car and eventually install solar panels to produce electricity for the utilization of the vehicle,

or they may install the solar panels first and then decide to buy an electric car. In this

context, a natural question is whether there are complementarities between the adoption of

these two technologies and, in particular, whether the adoption of solar PV facilitates the

adoption of plug-in electric vehicles or vice-versa. The analysis of the level of complemen-

tarity could also have interesting implications for policymakers, as subsidies for installing

solar PV, as mentioned above, might also produce positive spillovers for adopting electric

vehicles.

Some papers in the literature discuss the complementarities between solar PV and plug-in

electric vehicles, without however an econometric analysis of the causal relationship between

the two (Coffman et al., 2017; Kaufmann et al., 2021). For instance, Liang et al. (2022)

suggests that owners of solar PV and electric vehicles adapt the charging time of their cars

to charge with self-produced energy. Martin et al. (2022) show that in Switzerland, up to 56%

of the energy consumption of an electric vehicle could be technically fulfilled by electricity

produced by rooftop solar PV. Finally, Lyu (2022) analyzes the causal relationship between

1For instance, Clinton and Steinberg (2019) compare income tax credits and purchase rebates, but not
discounts on registration taxes.
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the diffusion of solar PV and electric vehicles in the United States, finding a mutual positive

influence.

The research objectives of our paper are twofold: the first is to measure the effect of two

different incentives, a purchase rebate and a circulation tax discount, on the market share

of new battery electric vehicles (BEV). The second goal is to understand the relationship

between the presence of rooftop solar PV and the adoption of plug-in hybrids (PHEV) and

BEV.

Our paper contributes to different streams of literature. First, we provide a new empirical

analysis of the impact of different types of monetary measures on the adoption of electric

cars. In particular, we can show the distinct effects of an up-front subsidy and an annual

circulation tax discount. Secondly, we provide new empirical evidence to the scarce literature

that analyzes the impact of solar panels on the adoption of BEV.

Our results suggest that introducing the purchase rebate increased BEV adoption by 1.0

percentage points, and the circulation tax discount increased it by 0.4 percentage points.

We also show that a purchase subsidy of 1000 CHF would increase BEV adoption by 0.6

percentage points and a tax discount of 1000 CHF by 0.1 percentage points, i.e., each CHF

of purchase rebate has the same effect as six CHF of tax discount.

When we consider the total cost of the two policies, we find that both are pretty expensive.

For instance, in 2021, on average, in a municipality, one would spend 24,000 CHF in rebates

to increase the adoption of BEVs by one unit. The corresponding average cost per tonne of

CO2 saved would be 1800 CHF for the rebate. These numbers are similar in magnitude to

those found in previous literature looking at the costs of rebates for plug-in electric vehicles

(Sheldon, 2022). The main reason for these high costs is the presence of free riders, i.e.,

people who benefit from the incentives but would have bought a BEV in any case. Thus,

these monetary incentives are appropriate in context with zero or very low baseline BEV

adoption.

The remainder of this paper is structured as follows. The next section will provide an
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overview of the cantonal policies favoring BEV. Section 3 presents our empirical strategy,

and section 4 describes the data. Section 5 shows the estimation results, followed by a

calculation of the costs of the incentives and a concluding section.

2 Cantonal policies targeting electric vehicles

Switzerland is a federal state with 26 regional governments (cantons) that are independent in

the definition of energy and transport policy measures introduced to promote the adoption

of BEV. Note that the role of the central government in the car sector is limited to the

implementation of emission standards and an energy label system. Therefore, the central

government doesn’t use fiscal incentives or subsidies to promote the adoption of BEV.

As in many other European countries, car owners in Switzerland must pay a vehicle

circulation tax each year. The amount of such circulation tax is noticeable, with the average

annual registration tax on a vehicle purchased in 2015 at around 435 CHF. The tax amount

typically depends on baseline vehicle characteristics such as weight, engine size, and power.

However, contrarily to other countries, in Switzerland, the exact amount of the tax is not

defined by the central government but by each of the 26 administrative units (cantons).2 As

a result, the amount to pay varies significantly across different cantons.

In particular, some cantons allow certain types of vehicles to enjoy a discount on the

baseline circulation tax if they satisfy specific requirements, typically based on energy ef-

ficiency and/or CO2 emissions; these discounts apply to both internal combustion engine

and alternative fuel vehicles. On top of that, however, certain cantons set up some specific

tax discounts targeted exclusively at BEV and/or hybrid electric vehicles (HEV). These dis-

counts typically allow a saving between 30% and 100% of the baseline circulation tax for the

first 3-4 years from the first vehicle registration. The discounts can apply to all HEVs and

BEVs or only to BEVs. Furthermore, some cantons have also introduced subsidy programs

2Switzerland is a federal state, with four different official languages and with three distinct levels of
government: Federal, Cantonal (26 cantons), and Local (about 2500 municipalities). Each cantonal and
local government is entitled to specific functions and considerable autonomy to impose taxes.
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that cover part of the purchase cost of a BEV, typically for a maximum amount per car

between 1500 and 5000 CHF.

Table 1 summarizes the purchase subsidies and tax discount cantonal policies for electric

vehicles from 2005 to 2021. We can notice a wide variation in the timing and category

of policies implemented: 11 cantons had a HEV and BEV tax discount, 12 had a BEV

tax discount, and 4 had a BEV rebate program.3 In particular, four cantons (Bern, Basel-

Stadt, Neuchâtel, Zürich) have introduced a BEV-only tax discount between 2010 and 2021,

while other four cantons (Schaffhausen, Thurgau, Ticino, Valais) have introduced a BEV

purchase subsidy between 2010 and 2021. Many cantons also have Bonus/Malus policies for

the vehicle registration tax. These measures offer discounts on the vehicle registration tax

to cars that fulfill certain requirements, for instance, a high energy efficiency rating or a low

rate of carbon emissions per km. Because these benefits do not apply exclusively to BEV or

hybrid vehicles, we do not consider them in our analysis.

3The cantons of Neuchâtel and Basel-Stadt first introduced a circulation tax discount for BEV, then
replaced it with a discount for low-emission cars in general, and then reintroduced the BEV discount again.
The canton of Geneva was not considered due to the lack of information on the type of vehicles benefiting
from a tax discount.
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Table 1: Summary tax discounts and subsidies from 2010 to 2021

Canton Discount HEV+BEV Discount BEV only Subsidy BEV
AG No No No
AI No No No
AR 2010-2017 No No
BE No 2013-2021 No
BL 2010-2013 No No
BS No 2010-2012, 2018-2021 No*
FR 2010 2010-2011 No
GL No 2012-2021 No
GR No No No
JU 2010-2021 No No
LU 2010-2016 No No
NE No 2010-2013, 2016-2021 No
NW 2010-2021 No No
OW 2010-2021 No No
SG No 2010-2021 No
SH No No 2021
SO No 2010-2021 No
SZ 2010-2011 No No
TG No 2010-2021 2019-2021
TI 2009-2013 No 2019-2021
UR No 2010-2021 No
VD No 2010-2021 No
VS No No 2021
ZG No 2010-2021 No
ZH 2010-2013 2014-2021 No

Notes: Description of main tax discounts and purchase subsidies for battery electric vehicles
(BEV) in place from 2005 to 2021. The canton of Basel-Stadt introduced purchase rebates
only for company cars, which was not considered in the analysis.
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3 Empirical strategy

The paper’s primary goal is to analyze the impact of government incentives on adopting

BEVs. Moreover, we also want to explore the role of the presence of solar PV in the adoption

of BEVs. From an empirical point of view, our preferred strategy is to analyze separately

the effect of government incentives and the impact of solar PV diffusion on the adoption of

BEVs. We hypothesize that the stock of solar PV influences the adoption of battery electric

vehicles: for instance, the presence of solar PV on the roof of a household home encourages

the purchase of an electric car due to the possibility of charging at home with self-produced

electricity.

To understand the impact of monetary government incentives and solar PV on the adop-

tion of electric vehicles, we use the following fixed-effect model:

yit = α + β1taxHEVit + β2taxBEVit + β3rebateBEVit + γ
PVit

Buildingsi

+ δXit + ηt + ξi + ϵit (1)

Where yit is the share of newly registered vehicles of a given type for year t and mu-

nicipality i. taxHEVit, taxBEVit, rebateBEVit are respectively a dummy for the presence

of a cantonal circulation tax discount for hybrid vehicles (both plug-in and non-plug-in),

dummy for the presence of a cantonal circulation tax discount for BEVs, and a dummy for

the presence of a rebate on the purchase of BEVs. PVit corresponds to either the number

of solar PV in a municipality or in a year or the related total installed power in kW, while

Buildingsi is the total number of buildings in a municipality (including those without solar

PV installed). The variable Xit is a set of time-varying controls at the municipality level:

yearly electricity price, the share of women, the share of people aged 0-19, the share of people

aged 65 or more, and the share of houses that are single-family houses. Municipality and

year fixed effects are represented by ηt and ξi, respectively.

Our estimation presents two identification challenges. First, while the econometric models
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described above are a standard difference-in-differences model for what concerns the subsidies

and the fiscal incentives for electric vehicles, the staggered adoption of the incentives by

different cantons produces biased estimates in case of heterogeneous treatment effects (Sun

and Abraham, 2021; De Chaisemartin and d’Haultfoeuille, 2020). For this reason, we report,

along with the standard difference in difference estimates, the average treatment effect on

the treated (ATT) and the treatment effects over time following the methodology proposed

by Callaway and Sant’Anna (2021).

Second, using the share of installed solar PV per building as an explanatory variable

presents a potential endogeneity issue related to reverse causality and omitted variable bias.

For the latter reason, there might be unobservable time-varying factors at the municipality

level, such as available income, environmental attitudes, or better information about new

technologies, influencing both the ratio of installed solar PV per building and the adoption

of electric vehicles.

To mitigate this concern, in Equation 1 we instrument the diffusion of solar PV with the

5-year moving average of the level of solar radiation in a municipality: we argue that solar

radiation has no impact on the decision to buy an electric vehicle, but it directly affects the

profitability of a solar PV and thus the decision to install one. The findings of Lamp (2023),

which show how sunshine weather plays an important role in the decision to install a solar

PV, corroborate such instrument choice.

While we have data on solar PV installation only starting from 2014, data on vehicle

registrations goes back to 2010.4 For this reason, we run our model using first data from

2014 to 2021 and then data from 2010 to 2021 while dropping the PV/building variable.

By doing so, we can include more pre-treatment periods for the cantons that adopted the

incentives, and we are able to include more cantons with both pre- and post-treatment

observations.

4There were very few models of BEV available on the market before 2010 in Switzerland.
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4 Data

As our outcome of interest, we calculate the share of new yearly registered battery electric

vehicles in each municipality using data from the Swiss Federal Office of Statistics from 2010

to 2021.

For the diffusion of solar PV, we use data from the installation of solar PV with operating

power of at least 2 kW between 2014 and 2021 from the Swiss Federal Electricity Commission.

We then calculate 1) the ratio of the total number of solar PV installed in a year in a

municipality over the total number of buildings in the municipality itself; 2) the ratio of the

new solar PV capacity installed in a year in a municipality over the total number of buildings

in the municipality itself. Similarly, we also create two variables measuring the stock of solar

PV: the average number of solar PV per building in each municipality in a given year and

the average total solar PV capacity per building in each municipality in a given year.

As for the other variables of interest, we obtain from cantonal legislation the years of

implementation of the circulation tax discounts for both HEVs and BEVs, the circulation

tax discounts only for BEV, and the purchase subsidies for BEV. From the Swiss Federal

Office of Statistics, we obtain at the municipality level the share of women, the share of

individuals from 0 to 19 years old, the share of individuals of 65 years old or more, and the

share of single-family homes. The Federal Electricity Commission also provides information

on yearly electricity tariffs in each municipality. Finally, we get annual average data on

surface solar radiation downwards from the ERA5-Land dataset, using the municipality

centroid to assign radiation value to each municipality.

Table 2 shows the summary statistics for the yearly adoption at the municipality level

of new battery electric vehicles and solar PV in the sample period 2010-2021 (2014-2021 in

the case of solar PV). We observe that the average share of battery electric vehicles is 4.7%

and that in more than a quarter of the observations, likely from the earliest sample years,

no new BEVs were registered. When looking at the adoption of new solar PV, we observe
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that, on average, a municipality has new installations of 0.47 solar PV plants for every 100

buildings and an additional installation of 9 kW for every 100 buildings. Also, in this case,

we observe considerable variation across years and municipalities.

Table 3 shows summary statistics referring to the yearly stock of electric vehicles and

solar PV at the municipality level. We observe an average penetration of battery electric

vehicles of 0.51%, substantially lower than the share of new BEVs. Regarding solar PV, on

average, in a municipality, we observe 2.6 solar PV for every 100 buildings and 60.2 kW of

capacity for every 100 buildings.

Finally, in Table 4, we look at other municipality characteristics: the average yearly

electricity price is around the Swiss average, with considerable variation depending on the

location and the year. Another critical factor to consider is the share of single-family homes,

which arguably facilitate the installation of solar PV and electric vehicle adoption (due to

private parking spaces). In most municipalities, their share is between 25% and 50%.

mean sd min p25 p50 p75 max
Share BEV 0.047 0.071 0 0 0.018 0.068 1
Share PV/Build 0.0047 0.0071 0 0.0017 0.0033 0.0057 0.25
Share kW/Build 0.090 0.30 0 0.018 0.046 0.094 24.2
N 13992

Table 2: Summary statistics for yearly new BEV and solar PV adoption

mean sd min p25 p50 p75 max
Share BEV 0.0051 0.0065 0 0.00085 0.0030 0.0071 0.14
Share PV/Build 0.026 0.033 0 0.010 0.019 0.031 1.05
Share kW/Build 0.62 0.96 0 0.19 0.40 0.74 24.8
N 16032

Table 3: Summary statistics for stock of BEV and solar PV
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mean sd min p25 p50 p75 max
elec. price 20.3 3.00 4.46 18.2 20.8 22.0 51.1
Population (1000s) 3.86 12.5 0.028 0.72 1.55 3.74 423.2
Share women 0.50 0.017 0.29 0.49 0.50 0.51 0.61
Share 0-19 0.21 0.035 0 0.19 0.21 0.23 0.44
Share 65+ 0.18 0.043 0.037 0.15 0.18 0.21 0.42
Share single house 0.36 0.15 0 0.25 0.36 0.46 0.94
N 25507

Table 4: Summary statistics for municipality characteristics

5 Results

In the following section, we first present in subsection 5.1 the results on the impact of

government incentives on adopting BEV. This set of results is based on the estimation of

Equation 1 using a dichotomous variable for the policy measures. We will then illustrate in

sub-section 5.2 the results obtained by estimating model 1 using instead continuous variables

for the amount of the incentives. Finally, in sub-section 5.3, we will discuss the results on the

effect of solar PV stock on the adoption of BEV and the impact of BEV stock on the adoption

of solar PV. We illustrate the econometric results obtained with and without an instrumental

variable approach to address the possible endogeneity of the BEV stock and solar PV stock

variables. This analysis is performed separately because, as discussed previously, due to the

limited availability of information about solar PV, the data used goes only from 2014 until

2021 and not, as in the previous analysis illustrated in sub-sections 5.1 and 5.2, from 2010

until 2021.

5.1 Effect of the incentives

In Table 5, we present the OLS results of Model 1. In columns 1-3, we use data from 2014

to 2021 and include the PV/building measure as control, while in columns 4-6 we use a

longer time frame from 2010 to 2021, but we do not include the PV/building measure as

control, because the information to calculate this variable is available only from 2014. We
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use three different specifications: one with only year fixed effects, one with year and canton

fixed effects, and one with year and municipality fixed effects. All specifications include a

set of time-variant socioeconomic variables at the municipality level.

All the results indicate an effect of the purchase rebates on the market share of BEV, with

an increase of 1.2 and 1.0 percentage points for our preferred specification with municipality

fixed effects (columns 3 and 6) in periods 2014-2021 and 2010-2021. The impact of tax

discounts for BEV is close to zero and insignificant when considering the 2014-2021 period,

while the analysis in the 2010-2021 period shows an increase of 0.4 percentage points in

BEV’s market share. The broader tax discount for hybrid vehicles and BEV has no effect

under the 2014-2021 and 2010-2021 samples.

Table 5: Regression results for Equation 1, baseline

2014-2021 2010-2021
(1) (2) (3) (4) (5) (6)

tax discount HEV+BEV 0.001 0.002 0.003 0.000 -0.001 -0.001
(0.002) (0.003) (0.003) (0.001) (0.001) (0.001)

tax discount BEV 0.006∗∗∗ -0.006 -0.007 0.004∗∗∗ 0.004∗∗∗ 0.004∗∗∗

(0.001) (0.008) (0.010) (0.001) (0.001) (0.001)
rebate BEV 0.008∗∗ 0.011∗∗∗ 0.012∗∗∗ 0.008∗ 0.010∗∗ 0.010∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
N 15462 15462 15462 24876 24876 24876
Year FE Yes Yes Yes Yes Yes Yes
Canton FE No Yes No No Yes No
Municipality FE No No Yes No No Yes
Municipality controls Yes Yes Yes Yes Yes Yes

Notes: Regression results from Equation 1. The dependent variable is the share of new BEVs per
municipality. In columns 1-3 we consider the period 2014-2021, including the PV/building regressor; in
columns 3-6 we consider the period 2010-2021, excluding the PV/building regressor. Standard errors in
parenthesis, clustered at the municipality level.

As mentioned in the methodology section, results from two-way fixed effect models might

be biased in the case of heterogeneous treatment effects. For this reason, we repeat our

analysis using the estimator of Callaway and Sant’Anna (2021) and derive the ATT estimate,
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along with the effect over time.5

Table 6 shows the average treatment effect estimates using the methodology of Callaway

and Sant’Anna (2021). Looking at the results using the 2010-2021 sample, we find an increase

in BEV share of 1.6 percentage points due to the BEV rebate and a rise of 0.7 percentage

points due to the BEV tax discount, both statistically significant. Both point estimates are

larger than those found in Table 5, but we still observe that introducing BEV subsidies was

more effective than BEV tax discounts.

In Figures 1 and 2, we also present a graphical illustration of the average treatment effects

per year of introduction of the rebate and the tax discount respectively, estimated with the

methodology of Callaway and Sant’Anna (2021). Figure 1 shows large positive estimates

for the years post rebate introduction, although not always significant, and generally not

significant effect pre-introduction, except two years. Figure 2 shows that the estimates

post-introduction of the BEV discount are small and generally not statistically significant,

consistently with the aggregate average treatment effects shown in Table 6.

One could be concerned that municipalities in treated and untreated cantons are not

directly comparable due to unobservable time-varying characteristics linked to the introduc-

tion of the incentives and the diffusion of BEV. To address this issue, we repeat the analysis

in Table 5 using only observation from municipalities at the border between a treated and an

untreated canton connected by a road network and with the same language. The assumption

is that these municipalities are more likely to have similar unobserved characteristics than

other municipalities, thus reducing the risk of bias from omitted variables correlated to the

introduction of the incentives. Results from table 7 still show a positive and significant effect

from the rebate, while a minor or not significant impact from the tax credit. Of course, we

should remember that the number of observations is limited.

5This methodological approach can be applied to the analysis of one policy measure. Therefore, we
run the estimator separately for the BEV rebate and the BEV tax discount, including the other policies
as dummy variables. For the cantons of Basel-Stadt, Neuchâtel, and Freiburg, where the tax discount was
dismissed and, in some cases, introduced again, we consider only the second introduction and we drop the
years of the first introduction. We do not run the estimator for the discount applicable for both hybrids and
BEV because we only observe dismissals of the measure in the periods considered.
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Table 6: Average Treatment effect on the Treated

2014-2021 2010-2021
(1) (2)
Panel A: rebate BEV

0.018∗∗∗ 0.016∗∗

(0.007) (0.007)
N 15451 24481

Panel B: tax discount BEV
0.008 0.007∗∗

(0.009) (0.003)
N 7613 17371

Notes: ATT estimates from the Call-
away and Sant’Anna (2021) estimator.
The rebate and tax discount coefficients
come from two different regressions. The
dependent variable is the share of new
BEVs. Standard errors in parenthesis,
clustered at the municipality level.

Table 7: Regression results for Equation 1, only border municipalities

2014-2021 2010-2021
(1) (2) (3) (4) (5) (6)

tax discount HEV+BEV -0.003 -0.012∗∗∗ -0.012∗∗∗

(0.002) (0.004) (0.004)
tax discount BEV 0.004 -0.021∗∗∗ -0.008 0.000 -0.000 -0.000

(0.004) (0.004) (0.028) (0.002) (0.002) (0.002)
rebate BEV 0.038∗∗∗ 0.038∗∗∗ 0.039∗∗∗ 0.036∗∗∗ 0.039∗∗∗ 0.038∗∗∗

(0.009) (0.009) (0.010) (0.008) (0.008) (0.008)
N 937 937 937 3899 3899 3899
Year FE Yes Yes Yes Yes Yes Yes
Canton FE No Yes No No Yes No
Municipality FE No No Yes No No Yes

Notes: Regression results from Equation 1. The dependent variable is the share of new BEVs per munic-
ipality. Only border municipalities at the border are considered. In columns 1-3 we consider the period
2014-2021, including the PV/building regressor; in columns 3-6 we consider the period 2010-2021, excluding
the PV/building regressor. In the 2014-2021 period, there was no variation in the HEV+BEV tax discount.
Standard errors in parenthesis, clustered at the municipality level.
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Figure 1: BEV purchase rebate, effect on BEV share by year
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Figure 2: BEV tax discount, effect on BEV share by year
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5.2 Results for effect size

So far, we have analyzed the effect of rebates and tax discounts by using dummy variables

and exploiting only the variation in the adoption of the incentives over time and across

cantons. However, even among cantons that adopted tax discounts and rebates, the size

of the incentives varies significantly. In particular, in the case of tax discount, the actual

amount saved depends on three factors: first, the percentage amount of the discount; second,

the baseline tax; and third, the characteristics of the BEV vehicle.

To consider these factors, we use the database of newly registered vehicles in Switzerland

to calculate and compare the incentive amount. For rebates, we use the maximum admissible

incentive per vehicle. For tax discounts, we calculate for each car the average difference

between the baseline tax discount and the effective tax, ignoring other bonuses and maluses

based on energy labels or carbon emissions. Then, we assume a time horizon of 10 years

and a 3% discount rate to calculate the expected discount’s net present value, assuming no

future policy change. Finally, we calculate both the unweighted average discount, based on

the types of BEV available in the market in a given year, and the average discount weighted

by the sales of a given vehicle model in each canton in a given year. In this case, the variation

comes not only from the introduction of the discount but also from changes in the size or

calculation method of the discount and the types of BEVs on sale.

In Tables 8 and 9, we present the results of the effect size both using the total sample and

using only municipalities at the cantonal borders. The point estimates show that, for each

1000 CHF in tax discounts, the increase in BEV registration is between 0 and 0.3 percentage

points, depending on the specification, while for each 1000 CHF in purchase rebates, we

observe an increase in BEV registration of 0.6 percentage points and 1.4 percentage point in

the entire sample and the border municipality sample respectively. To check the robustness

of the assumptions used to calculate the amount of the tax discount for the vehicle lifetime, in

Appendix A we present the results with the same model used in Table 8, but using different

assumption for vehicle lifetime and discount rate. The results are remarkably similar to
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those obtained in Table 8.

Table 8: Regression results for Equation 1, incentive size

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.001∗∗ 0.001∗∗∗ 0.001 0.000∗∗∗

(0.001) (0.000) (0.001) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24828

Notes: Regression results from Equation 1. Dependent variable is the share of new
BEV per municipality. The amount for the tax credit is calculated considering 10 years
of vehicle lifetime and a 3% discount rate. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.

Table 9: Regression results for Equation 1, incentive size, border municipalities

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.003∗ 0.003∗∗ 0.002 0.001

(0.002) (0.001) (0.002) (0.001)
rebate (1000 CHF) 0.013∗∗∗ 0.014∗∗∗ 0.013∗∗∗ 0.014∗∗∗

(0.003) (0.003) (0.003) (0.003)
N 1353 2072 1353 2060

Notes: Regression results from Equation 1. Dependent variable is the share of new
BEV per municipality. Only border municipalities are considered. The amount for the
tax credit is calculated considering 10 years of vehicle lifetime and a 3% discount rate. In
columns 1-2, we used the unweighted average of the discount and the rebate; in columns
3-4, we considered the average of the discount and the rebate weighted by registrations
in each canton. Standard errors in parenthesis, clustered at the municipality level.
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5.3 Effect of solar PV on the adoption of BV

In Table 10, we show the results for Equation 1 estimated using a fixed effects model (Column

1-3) and a fixed effects model combined with an instrumental variable approach using the

5-year moving average of solar radiation per municipality. In this case, we are interested in

estimating the impact of the presence of solar PV on the adoption of electric BEV using

data from 2014 to 2021. In the model specification, we utilize as a variable of interest the

total number of solar PV divided by the number of buildings (Panel A) or the whole solar

PV capacity divided by the number of edifices (Panel B).

We find a positive impact in terms of the effect of the number of solar PVs per building.

Still, in most cases, it is not statistically significant when using only one of the baseline fixed

effect models. The coefficient under the instrumental variable estimation is instead larger

in magnitude and statistically significant, suggesting that adding one solar PV every 100

buildings would increase the share of new BEV by 0.76 percentage points and that installing

10 kW of additional capacity every 100 buildings would increase the share of new plug-in

vehicles by 0.57 percentage points.

In Table 11, we show the first stage results for the instrumental variable estimation in

Equations 1. Results suggest a positive and significant effect of the 5-year moving average of

solar radiation on the total number and total capacity of solar PV per building. Importantly,

in all equations the F-statistics of weak instruments test reject the null hypothesis of weak

instruments.
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Table 10: Regression results for Equation 1, effect of solar PV stock

Panel A: Number of solar PV per building

FE FE FE FE-IV
(1) (2) (3) (4)

PV/building 0.054 0.069 0.056 0.763∗∗∗

(0.043) (0.045) (0.080) (0.250)
N 15462 15462 15462 15460
p-value F-test 0.0000

Panel B: Solar PV capacity per building

FE FE FE FE-IV
(1) (2) (3) (4)

kW/building 0.001∗ 0.002∗∗ 0.000 0.057∗∗∗

(0.001) (0.001) (0.002) (0.020)
N 15462 15462 15462 15460
p-value F-test 0.0000

Year FE Yes Yes Yes Yes
Canton FE No Yes No No
Municipality FE No No Yes Yes
Municipality controls Yes Yes Yes Yes

Notes: Regression results from Equation 1. Dependent variable is the
share of new BEV. Instrumental variable estimates are shown in column
(4). Standard errors in parenthesis, clustered at the municipality level.
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Table 11: First stage regressions for IV estimates

PV stock kW stock
(1) (2)

Solar MA-5 0.003∗∗∗ 0.044∗∗∗

(0.000) (0.007)
F-Test stat 129.37 35.27
p-value 0.0000 0.0000

Notes: First stage regression results for in-
strumental variable estimation. Dependent
variables: (1) Ratio of number of solar PV
over total number of buildings; (2) Ratio
of total PV capacity over total number of
buildings. Solar MA-5 is the 5-year moving
average for solar radiation; F-statistics and
p-values for weak instrument tests are re-
ported. Standard errors in parenthesis, clus-
tered at the municipality level.
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6 Calculation of costs of incentives

Both circulation tax discounts and rebates present a free-riding problem: all buyers of a

BEV are entitled to the incentives, including those who would have bought a car even in

their absence. Thus, similarly to other papers on this topic, in this section, we present an

exploratory back-on-the-envelope calculation on the total incentive cost to increase newly

purchased BEV by one and to reduce vehicle lifetime CO2 emissions by one tonne. We want

to simulate in a simple and straightforward way the costs for a representative municipality to

increase by one unit the number of newly registered BEVs through either a purchase subsidy

or a tax discount in 2021.

The representative municipality in our sample in 2021 had about 108 newly registered

cars, of which about 14.27% are BEVs. Using the regression results obtained from column

2 of Table 8, the introduction of an upfront purchase subsidy of approximately 1500 CHF

would increase in this representative municipality the number of newly registered BEVs by 1

unit, with the total number going from about 15 to 16 units. From a financial point of view,

in this municipality the corresponding cost of increasing the number of new registered BEVs

by one unit would be 24,000 CHF. This number is obtained by dividing the total cost of the

subsidy given to all new BEVs by the number of additional BEVs determined by the policy.

These calculations, referred to the year 2021, are reported in Table 12. The very high value

is due to the fact that the upfront subsidy would also be paid to consumers who would have

bought a BEV anyway.

Furthermore, the empirical results can be also used to analyze the average cost per ton of

CO2 saved. For this purpose, we assume a 10,000 km driven per year and a vehicle lifetime of

10 years. We also consider that an additional BEV would save the amount of CO2 generated

by the average new car. The cost for reducing 1 ton of CO2 using a 1,500 CHF rebate in 2021

is thus approximately 1,800 CHF (total cost divided by overall ton of CO2 saved), which is

exceptionally high. The parameters and results of this simple calculation are illustrated in
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Table 12.

We perform a similar analysis for the introduction of a yearly 925 CHF circulation tax

discount per 10 years in Table 12. Introducing such a discount would increase the number

of newly registered BEVs by approximately 1 unit, with the total number going from 15 to

16 units. Also in this case, the cost per additional BEV (148,000 CHF) and per ton of CO2

saved (11,384 CHF) are exceptionally high. To note, that such high values are due to the high

market penetration of BEVs in recent years (14% of new cars). The same rough calculations

starting from a situation with a very low baseline share of new BEVs will provide much lower

costs. Therefore, these monetary incentives can be useful to promote the purchase of BEVs

at the very initial phase of market adoption, but not afterward.

While the exact amount can change depending on the econometric specification and the

assumptions on the discount, these numbers are pretty similar to those found in the previous

literature on the effectiveness of incentives for plug-in electric vehicles, see Sheldon (2022),

and indicate that the presence of free-riders makes these policies very costly, except contexts

with very low BEV penetration.
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Table 12: Back on the envelope calculation of costs for 2021

Rebate Tax discount

Avg. total cars per municipality 108 108
Avg. BEV share per municipality 14% 14%

Overall subsidy per car 1500 9250
BEV increase 1 1

Estimated avg. BEVs (baseline) 15 15
Estimated avg. BEV with rebate 16 16

Avg. rebate total cost (CHF) 24,000 148,000
Avg. cost per additional BEV (CHF) 24,000 148,000

Avg. CO2 g/km new cars 130 130
Avg. km/year 10,000 10,000

Car lifetime (years) 10 10
Avg. tonnes CO2 per car 13 13

Avg. cost per tonne CO2 saved (CHF) 1,800 11,384

7 Conclusion

We study the causal effect of tax discounts, purchase subsidies, and the stock of solar PV

on the diffusion of battery electric vehicles (BEV). We first find that a purchase rebate

increases the market share of BEV by 1.0 percentage points and by 1.6 percentage points

by considering the corrected Callaway and Sant’Anna (2021) estimates. A circulation tax

credit on BEV also has a positive effect, albeit smaller, of 0.4 percentage points, and by 0.7

percentage points by considering the corrected Callaway and Sant’Anna (2021) estimates.

When considering the impact of the size of the incentive, we find that 1000 CHF of purchase

subsidy brings a 0.6 percentage point increase in the market share of new BEV, while 1000

CHF tax credit increases the market share by 0.1 percentage points or less. Thus, the effect

of one CHF spent on purchase rebates is approximately equivalent to 6 CHF spent on tax

discounts. These results are reinforced when comparing only municipalities at the border of

cantons with different treatment statuses; we find larger increases in BEV share from the
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purchase subsidy.

Our results support the hypothesis that purchase subsidies are more effective than tax

subsidies in promoting BEVs. A possible reason is that consumers are poorly aware of the

tax discount for BEVs. This explanation is supported by Cerruti et al. (2023), who show

that only a minority of Swiss consumers is correctly informed about the existence of these

types of tax discount. However, our explorative back-on-the-envelope calculations suggest

that both measures are a very expensive way to promote the adoption of BEVs and reduce

carbon emissions due to the presence of individuals who receive the incentive but would have

bought a BEV regardless. Therefore, policymakers should rethink the policies to promote

the adoption of BEVs, with the exception of the very early stage of BEV market adoption.

In the second part of the paper, using an instrumental variable approach, we find that

the stock of solar panels has a positive effect on the diffusion of BEVs, suggesting potential

spillover effects for government policies aiming to increase the adoption of rooftop solar PV

for residential buildings. Our results look in part similar to the findings in the United States

by Lyu (2022), who, similarly to us, finds a positive effect of solar PV on the diffusion of

plug-in vehicles.
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A Effect size specifications

Table 1: Regression results for incentive size, 7 years lifetime, 3% discount

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.002∗∗ 0.001∗∗∗ 0.001 0.001∗∗

(0.001) (0.000) (0.001) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24876

Notes: Regression results from Equation 1. The amount for the tax credit is calculated
considering 7 years of vehicle lifetime and a 3% discount rate. The dependent variable
is the share of new BEVs per municipality. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.

Table 2: Regression results for incentive size, 10 years lifetime, 1% discount

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.001∗∗ 0.001∗∗∗ 0.001 0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24876

Notes: Regression results from Equation 1. The amount for the tax credit is calculated
considering 10 years of vehicle lifetime and a 1% discount rate. The dependent variable
is the share of new BEVs per municipality. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.
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Table 3: Regression results for incentive size, 7 years lifetime, 1% discount

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.001∗∗ 0.001∗∗∗ 0.001 0.001∗∗

(0.001) (0.000) (0.001) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24876

Notes: Regression results from Equation 1. The amount for the tax credit is calculated
considering 7 years of vehicle lifetime and a 1% discount rate. The dependent variable
is the share of new BEVs per municipality. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.

Table 4: Regression results for incentive size, 10 years lifetime, 5% discount

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.001∗∗ 0.001∗∗∗ 0.001 0.001∗∗

(0.001) (0.000) (0.001) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24876

Notes: Regression results from Equation 1. The amount for the tax credit is calculated
considering 10 years of vehicle lifetime and a 5% discount rate. The dependent variable
is the share of new BEVs per municipality. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.
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Table 5: Regression results for incentive size, 7 years lifetime, 5% discount

Unweighted Weighted
2014-2021 2010-2021 2014-2021 2010-2021

(1) (2) (3) (4)
tax credit (1000 CHF) 0.002∗∗ 0.001∗∗∗ 0.001 0.001∗∗

(0.001) (0.000) (0.001) (0.000)
rebate (1000 CHF) 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
N 15462 24876 15462 24876

Notes: Regression results from Equation 1. The amount for the tax credit is calculated
considering 7 years of vehicle lifetime and a 5% discount rate. The dependent variable
is the share of new BEVs per municipality. In columns 1-2, we used the unweighted
average of the discount and the rebate; in columns 3-4, we considered the average of
the discount and the rebate weighted by registrations in each canton. Standard errors
in parenthesis, clustered at the municipality level.
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