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Key Points

e offer the most comprehensive analysis to date of global plug-in electric vehicle (PEV) subsidies.
We accomplish this by estimating vehicle choice models for 23 countries using 2010—2019 sales
data and using counterfactual simulations to assess the cost-effectiveness of PEV incentives.

We also provide the first-ever analysis of medium-run effects, finding that subsidies increase sales not
only in the year they are offered but also in subsequent years.

Incentive policies are expensive, costing between $14,857 and $62,443 per additional PEV sold
($11-$36 per additional gallon of gasoline avoided, considerably more than the price and social cost
of gasoline). However, when medium-run effects are factored in, most countries’ cost-effectiveness
improves substantially.

The cost-effectiveness of PEV subsidies was generally flat to improving over this decade, suggesting
that subsidies, though expensive, remain an important driver of PEV adoption.
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Introduction

he transport sector accounts for roughly 20%

of carbon dioxide emissions globally, over

one-third of which come from passenger
road travel (IEA 2019). Decarbonization of the
transport sector will be a necessary component of
many countries’ strategies to reduce greenhouse
gas (GHG) emissions and meet Paris Agreement
objectives (Axsen, Pl6tz, and Wolinetz, 2020; Pl6tz
et al., 2019). A recent Intergovernmental Panel on
Climate Change report stated, “Reducing global
transport GHG emissions will be challenging since
the continuing growth in passenger and freight
activity could outweigh all mitigation measures
unless transport emissions can be strongly
decoupled from GDP growth (high confidence)”
(Sims et al. 2014). To achieve this decoupling,
plug-in electric vehicles (PEVSs), including both
battery electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVSs), are widely regarded as
a crucial technology. The prospect for reducing
emissions through electrification is deemed
substantial (Liang et al. 2019), although this potential
is diminished if PEVs are acquired as secondary
vehicles in multivehicle households (Nunes,
Woodley, and Rossetti 2022).

To encourage adoption and meet policy goals, many
governments provide a variety of incentives for
purchasing and driving PEVSs, including rebates, tax
credits, and tax exemptions. PEV incentives may
remain important in increasing the market share for
these vehicles over the next decade, particularly
considering that PEVs are unlikely to achieve price
parity with internal combustion engine vehicles
(ICEVs) until 2035 (Chakraborty, Buch, and Tal
2021). In addition, the need for deep electrification—
up to 90% by 2050 according to some estimates in
order to close the “mitigation gap” (Milovanoff et al.
2020)—necessitates continued aggressive policy
support. For example, the USA’s recent Inflation
Reduction Act extends previously existing federal

PEV tax credits.' Furthermore, a survey of California
PEV buyers from 2010 to 2017 found that financial
incentives are becoming more important over time
(Jenn et al. 2020). This finding is consistent with

the diffusion of innovation theory, which posits that
as adoption moves beyond innovators and early
adopters to early- and late-majority consumers with
moderate incomes, additional price reductions may
be needed to encourage them to buy PEVs.

While an increasingly large body of literature on
PEV incentives exists, relatively few papers have
quantified incentive cost-effectiveness, i.e., the cost
per additional PEV sold under the policy. Most of
these studies focused on developed economies,
including the USA (Tal and Nicholas 2016; DeShazo,
Sheldon, and Carson 2017; Sheldon and Dua 2018,
2019; Xing, Leard, and Li 2021), Europe (Minzel

et al. 2019) and Canada (Azarafshar and Vermeulen
2020), whereas only Sheldon and Dua (2020)
examine a developing economy, such as China.
Most focus on a single year (Sheldon and Dua
2018, 2019, 2020), and two use stated preference
data rather than actual vehicle sales data (Tal and
Nicholas 2016; DeShazo, Sheldon, and Carson
2017). In general, these papers find that PEV
financial incentives are effective in spurring adoption
but expensive. Moreover, they examine only the
effect of current subsidies on current PEV sales,
and none examine the dynamic effects of current
subsidies in promoting future PEV sales, which

may vary due to spillovers (e.g., learning by doing),
economies of scale, and peer effects.

We fill this significant gap in the literature by
conducting the first-ever analysis of the medium-run
impacts of PEV subsidies. To accomplish this, we
first present an overview and comparison of new
vehicle fleets across 23 countries, including the price
elasticities of demand and PEV preferences. Using a
longer time frame and a larger number of countries
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than those examined in previous studies, we Together, these results provide useful information to
analyze PEV subsidies in countries that offer them,?2  policymakers worldwide in considering new vehicle
quantifying their effectiveness and cost-effectiveness fleet trajectories and future policies to decarbonize
both in the static short run and dynamic medium run.  transport.
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Methods

n this paper, we estimate vehicle choice

models using new vehicle registration data for

23 countries and identifying consumer
preferences for various vehicle characteristics
(e.g., fuel economy), including price elasticities of
demand. Quantifying the price elasticity of demand
(PED) for new vehicles can help in quantifying
the effect of financial incentives. Specifically,
we estimate an ordinary least squares (OLS)
instrumental variables (IV) logit, instrumenting
for vehicle price to address price endogeneity
concerns and including a partial adjustment factor
that allows us to estimate the long-run PED for new
vehicles (e.g., Paul, Myers, and Palmer [2009]).
Counterfactual simulations using the estimated
models allow us to investigate the impact of PEV
incentives over both the short and medium runs.
Further details of our data and approach are
provided in the Methods section and Supplementary
Information.

Vehicle Choice Model

Our base empirical specification is a logit model
with fixed effects, similar to those used by Chandra,
Gulati, and Kandlikar (2010), Gallagher and
Muehlegger (2011), and Azarafshar and Vermeulen
(2020). We start with a conventional discrete choice
model in which the utility of consumer n selecting
vehicle iin year tis:

Um't = I/it +gnit ’ (1)
where ¢ _, is the idiosyncratic independent and
identically distributed error term that follows the
standard Gumbel distribution. V, is a linear function

of the observed vehicle characteristics:

Vit = xl"tﬁ+ ﬁit ’ (2)

where x, is a vector of vehicle attributes and b

is a vector of marginal utilities. The probability of
consumer n purchasing vehicle iin year tis the
probability that her utility from that vehicle is greater
than that from any other available vehicle or the
utility of the outside option (not to purchase a new
vehicle):

7, =Prob(U, =U ) Vj=i. 3)

The market share for vehicle i is the integral over
the preferences of all individual consumers in the
market:

Sit = fI(Vnit - ant > gnit - gnj[ V]#I)f(s)dg, (4)

where the index I equals one if the inequality is
satisfied and zero if not. Following McFadden (1973)
and Berry (1994), we model the market share of
vehicle iin year t using the conditional logit model:®
B+
Sit - ?Xp(xttﬁ-'- It) . (5)
E exp(x. B+ )
].=1 Jt it

By dividing the market share of vehicle iin year t by
the share of the outside good, s, we can specify
the log-odds of purchasing vehicle iin year t with a
standard logit:

0t

In(i)= X, B+0,. (6)
S

Vector x, includes price (manufacturer suggested
retail price [MSRP] minus PEV incentives), fuel
economy, acceleration (maximum horsepower
normalized by weight), size (length, width, height),
and BEV, PHEV, diesel, and autogas (compressed
natural gas [CNG] or liquefied petroleum gas
[LPQ@]) indicators as well as year, body type, and
make fixed effects (&, 1,°7"*°, and 2,7#). Similar
to Small and Van Dender (2007), Hughes, Knittel,
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and Sperling (2008), Li, Timmins, and Von Haefen
(2009), and Tamm et al. (2007), we include a partial
adjustment process in the model to allow for gradual
changes in market share following policy changes
(e.g., changes in PEV subsidies). Specifically, we
include a one-year lagged dependent variable.*
This also allows us to estimate the long-run PED.
Equation 6 then becomes:

S
it | __ 1 7
In(—)— B,price, + B, fuel economy  + B.acceleration,
ot

+ B, length x width _+ B.height, + B .BEV, + fB,PHEV,

. bodytype make
+ By diesel, + Bjautogas, + 6, + A, + Al

5 + 1. (7)
0t-1

+yin (—S’“

Manufacturers could increase the MSRP after an
introduction of or increase in a PEV subsidy in
order to “capture” part of the subsidy. Although
there is evidence against this type of capture in
both the early hybrid and PEV markets (Sallee
2011; Muehlegger and Rapson 2018), we use an
instrumental variables approach to address the
concern that unobserved vehicle attributes may be
correlated with price. Specifically, we instrument
for MSRP with vehicle characteristics as well as
instruments in the style of Berry, Levinsohn, and
Pakes (1995) (BLP), which are common in the
vehicle choice literature (e.g., Grigolon, Reynaert,
and Verboven [2018]). BLP-style instruments
include sums of characteristics (fuel economy, size,
horsepower, weight, seating capacity, number of
doors, body type, powertrain/fuel type) of other
vehicles produced by the same firm as well as sums
of characteristics of other firms’ vehicles in a given
year. Our final empirical specification is as follows,
where p/riat is the predicted MSRP from the first-
stage price regression minus any subsidies for
which the vehicle qualifies:

s .
e | . .
In(—]— B, price, + B, fuel economy, + B,acceleration,
0t

+ B, length x width, + B_height, + B,BEV, + 3, PHEV

. bodytype make
+ B.diesel + B autogas, + 6, + A, + A

+ 9. (8)
SOt—l ‘

+ )/In(s"‘—‘1

Our standard errors are clustered at the make-
model-body type-powertrain-fuel type level and
estimated via bootstrap to account for measurement
error introduced by the first stage. We estimate
Equation 8 separately for each country to allow for
country-specific preferences.

Figure 1 displays estimated preferences for various
vehicle attributes by country. A full table of estimated
coefficients can be found in the Supplementary
Information. Consumers in European countries value
fuel economy most, especially those in France,
Spain, and Italy, followed by those in Germany,
Great Britain, and the Netherlands. Consumers in
Argentina, Canada, Indonesia, Mexico, Indonesia,
South Korea, Russia and the USA value fuel
economy least—not at all. Consumers in nearly all
countries, particularly Germany and Great Britain,
prefer larger vehicles and those with greater
acceleration.

All significant diesel preferences are negative
except in India, suggesting a preference for
gasoline vehicles in the majority of countries. The
diesel coefficients for France and Germany are
not significantly different from zero, suggesting
indifference to diesel in these countries and
reflecting their historically high market share.
Similarly, most countries have a negative and
significant indicator for autogas (CNG or LNG)
vehicles, though Italy and Japan have positive and
significant preferences.
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Methods

Figure 1. Estimated preferences for vehicle attributes by country
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Source: KAPSARC analysis.

Blue points represent estimated coefficients, and blue bars represent 95% confidence intervals. Fuel economy, acceleration, and
size coefficients are X-standardized, showing the impact of a 1-standard-deviation improvement in these variables on the log-
odds of choosing a vehicle. BEV, PHEV, and diesel are binary variables equal to one for vehicles with these technologies. These
coefficients show the impact of the respective technologies on the log-odds of choosing a vehicle.

Of the triple interactions in the model that capture
Chinese vehicle registration/ownership incentives,
none are statistically significant (see Methods and
Supplementary Information); i.e., the implementation
of the vehicle ownership lottery/auction policies fails

to show a significant effect on PEV sales. These
triple interactions are likely nonsignificant due to lack
of variation in the pre-period, as the policies were
introduced early in the sample, when PEV sales
were generally low.
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Data

e utilize annual data from JATO Dynamic

Limited on trim-level vehicle purchases

from 2010 to 2019 for 23 countries.
The countries include all Group of Twenty (G20)
members except Saudi Arabia.® Data include the
price, currency, make, model, fuel type, powertrain
type, maximum horsepower, seating capacity, size
(length, width, height), curb weight, carbon dioxide
emissions, and number of sales for each year in
the sample. We aggregate the data to the make-
model-body type-powertrain-fuel type level. Some
countries include sales by region or state. Price is
the MSRP, inclusive of national taxes and luxury
taxes where relevant. We calculate fuel economy
based on carbon dioxide emissions and conversion
factors.® For internal combustion vehicles (ICEs) for
which carbon dioxide emissions data are missing,
we utilize fuel economy values from alternative
sources, including the US Environmental Protection
Agency and the European Environmental Agency.
We collect additional data for BEVs and PHEVSs,
including electric range and battery size.” We
calculate the fuel economy of BEVs and PHEVs in
miles per gallon equivalent (MPGe), assuming a
utility factor of 0.5 for PHEVs.? To account for data
entry errors and outliers in the raw data, for each
country, we drop observations in the bottom and
top 5% of the distribution for price, curb weight,
maximum horsepower, size (length, width, and
height), and fuel economy. PEVs and HEVs are
excluded from the distribution and trimming based
on fuel economy, as they have very high fuel
economy by design. Summary statistics are shown
in the Supplementary Information.

Over half of the countries in our sample offered at
least one type of national- or regional-level incentive
for the purchase of PEVs. Some incentives, such

as Australia’s luxury tax reduction for PEVs, are
already captured in the price variable. However,
price does not include grants or subsidies. We
collect information on national-level direct financial

purchase incentives for PEVs from various publicly
available sources. For countries for which the data
include region/state, we also collect information on
regional/state direct purchase incentives. These
policies are summarized in the Supplementary
Information.

For the three countries in our sample that have
regional-level subsidies and for which our data
specify sales region (Canada, China, and the USA),
we calculate market shares by region (province
or state) and include region indicators as well as
region-by-PEV indicators in Equation 8 to allow
for different general sales and PEV sales trends
by region. For provinces in China with vehicle
registration/ownership incentives,® we include

a triple interaction between region, PEV, and a
postpolicy introduction indicator. Although these
policies are enacted at the city level, the cities
are large and likely to account for a large portion
of provincial-level sales. Nevertheless, the triple
indicator should be biased toward zero given that
not all observations in the province are treated.

In our estimation, we adjust price by any national or
regional direct financial incentives for which each
PEV qualifies. Given the geographic level of our
data, we are unable to account for any subregional
incentives (or regional incentives in some cases).
However, since we include BEV and PHEV
indicators in the utility function, these coefficients
should absorb the effects of any unaccounted-for
incentives. For example, if regional and/or local
incentives encourage more consumers to buy
BEVs, this unaccounted-for “popularity” of BEVs
will appear as a more positive estimated BEV
indicator.

We convert all prices and subsidies to USD using
average annual currency conversion rates.'® The

share of the outside good, s, in Equation 8 is the
number of households in the market that year that
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Data

did not purchase a new vehicle. We calculate the
number of households in each country and each
year by dividing annual, country-level population
estimates by average household size. Population
estimates are obtained from the World Bank."
Average household size by country is collected
from the United Nations and the Organisation for
Economic Co-operation and Development.'?

Figure 2 shows average fleet characteristics by
country across the sample. New vehicle fleets in
the USA and Canada have the lowest average fuel
economy and highest horsepower. Scandinavian

countries (Norway, Denmark, and, to a lesser
extent, Sweden) have the highest-priced and
some of the most fuel-efficient fleets. Most other
European countries have very fuel-efficient fleets
and similar horsepower but somewhat lower
prices than Scandinavia. India has by far the
least expensive and least powerful fleet but is
nevertheless quite fuel efficient. China, South
Korea, and Japan have similarly low-to-moderate-
priced new vehicle fleets, but the South Korean
fleet has significantly higher horsepower and the
Japanese fleet significantly higher fuel economy
than the other two.

Figure 2. Average new vehicle characteristics by country, 2011-2019
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Source: KAPSARC analysis.

Bubble sizes are proportionate to the average sale price (USD), which ranges from $13,932 (India) to $53,968 (Norway).
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Price Elasticity of Demand

We estimate PED for new vehicles over our
sample period (2010—-2019) by country, assuming
a vehicle price of $30,000 USD. The own-price
elasticity for a vehicle is equal to the estimated
price coefficient multiplied by price and by (1-s)
(Levin 2009), where s is the share of households
purchasing that vehicle among the total number of
households in that country. (1-s) approximates to 1,
given that the share of households purchasing

a particular vehicle among the total number of
households (including those that do not purchase
a vehicle) in a country is very low. The long-

run elasticities are found by dividing the short-
run PED estimates by (1 — ¥), where v is the
estimated coefficient on the lagged dependent
variable, as shown in Equation 8 (Barreto and
Howland 2006).

PEV Policy Counterfactual
Analysis

Using the results from estimating Equation 8, we
remove direct purchase incentives from BEV and
PHEV prices and predict sales in the absence of

these policies. We calculate policy additionality
as follows:

Additionality (%)=
PEV Sales w / Subsidy — PEV Sales w /o Subsidy
PEV Sales w / Subsidy
*100 9)

Additionality measures the share of PEV purchases
that were induced by the subsidy policy. Table 4
shows the predicted policy additionality by country
and by year for direct purchase incentives. Mean
incentive is the average incentive across PEV models.
The cost per additional PEV is calculated as follows:

Cost per Addt'l PEV =
Total Cost of Subsidies

PEV Sales w / Subsidy — PEV Sales w /o Subsidy

(10)

We explore medium-run impacts in a second
counterfactual analysis in which we include the
dynamic effects from the lagged dependent variable

(yln(:leJ from Equation 8). Specifically, we predict
0t-1

sales in 2011 and then feed predicted sales from that
year into the prediction for 2012 and so on. We do

so by first assuming subsidies in all years and then
assuming zero subsidies in all years and examine the

difference in PEV sales across the two scenarios.

The Dynamic Role of Subsidies in Promoting Global Electric Vehicle Sales 1



Results and Discussion

Price Elasticities and PEV
Preferences by Country

Figure 3 shows estimates of both short-run and
medium-run PED for new vehicles by country (i.e.,
sensitivity in demand to a change in price)." The
PED, or the consumer’s sensitivity to changes in
vehicle price, provides the basis for determining
the cost-effectiveness of PEV subsidies. In the
short run, demand for new vehicles is inelastic

in roughly half of the countries and elastic in the
rest, with most having nearly unit elasticity." In
the medium run, demand is elastic in all countries.
Germany and Great Britain have the most elastic

Figure 3. Estimated price elasticity of demand

demand for new vehicles, while Turkey, Mexico,
and Brazil have the least. In general, higher-income
countries tend to have more elastic demand.
Although this finding is counterintuitive,'s we offer
the following explanation. Higher-income countries
tend to have larger household fleets, with many
households owning more than one car.”® In contrast,
the average household in India or Indonesia likely
does not own a vehicle. This means that in higher-
income countries, the decision to purchase a new
vehicle is often the decision to replace an existing
car or add another car to the household fleet. In
contrast, the decision to purchase a new vehicle

in a lower-income country is often the decision to
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Source: KAPSARC analysis.

Estimated price elasticity of demand (PED) for new vehicles over the sample period (2010—-2019) by country, assuming a vehicle

price of $30,000 USD.
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become a vehicle-owning household. Thus, a new
vehicle purchase in a higher-income country could
be viewed as more of a luxury versus more of a
necessity in a lower-income country. Our estimated
elasticities are consistent with the PED being greater
for non-necessities.

While a large body of literature exists on the PED
for gasoline, there are relatively few estimates of the
PED for new vehicles, especially for recent years
and outside the USA. Nevertheless, our short-run
estimates fall within the range of existing estimates
for the USA, which, using aggregate data, range
from -0.8 to -1.63 (Hess 1977; Levinsohn 1988;
McCarthy 1996) and, using disaggregate data,
range from -0.51 to -6.13 (Lave and Train 1979;
Mannering and Mahmassani 1985; Mannering and
Winston 1985, 1991; Tay and McCarthy 1991).

Most countries have statistically significant
negative preferences for both BEVs and PHEVs.
This suggests that after price, incentives, and
other characteristics are controlled, consumers
prefer ICEVs on average. This could be at least in
part due to concerns about electric driving range,
charging infrastructure, high recharging time, etc.”
Consumers in Canada, Norway, South Korea,

and Sweden value BEVs the most (in that they
are indifferent to the choice between BEVs and
ICEVs). Consumers in the same countries also
have relatively stronger preferences for PHEVs.'
Consumers in France, Argentina, Turkey, Spain, and
Italy least prefer BEVs.

Electric Vehicle Policy
Effectiveness

To evaluate PEV policy additionality and cost-
effectiveness, we perform a counterfactual analysis
for all countries in the sample with direct purchase
incentives (e.g., rebates, tax credits) during

2011-2019. We calculate both additionality (share of
PEV purchases induced by the subsidy policy) and
cost per additional PEV induced by the policy.

Additionality is determined by the ratio of additional
to nonadditional consumers (i.e., those who would
purchase PEVs regardless of the subsidy). All else
being equal, larger subsidies increase additionality
because they increase the number of marginal
consumers. The degree to which they do so is also
influenced by consumer vehicle preferences. All

else being constant, additionality decreases with the
number of nonadditional or inframarginal consumers.

Table 1 shows the results of the counterfactual
policy analysis. Additionality in Japan is the

lowest among the countries examined at 1%—3%.
This is likely due to a combination of factors: a
relatively low price sensitivity means consumers
are less responsive to financial incentives, and

a more modest preference for fuel efficiency

and acceleration suggests lower value for key
characteristics of PEVs, which are highly fuel
efficient (in mpg equivalence) and tend to be
powerful with strong acceleration. The relatively
small incentive amounts of approximately
$1,000-$2,000 USD are likely not large enough

to be a key decision-making factor for consumers.
Despite the modest size of the incentive, since it is
given to all eligible consumers, the total cost of the
policy is quite high in terms of the number of dollars
spent to induce a PEV purchase, at approximately
$45,000 USD. A similar case can be made for India,
which has an additionality of 2%, though its cost per
additional PEV is smaller Japan’s because there are
relatively few nonadditional consumers, as the PEV
market in India is newer and smaller.

The greatest additionality is in South Korea, where
it peaked at 54% in 2014. Additionality is likely
high there because consumers are relatively price
sensitive, it is one of the few countries that does

The Dynamic Role of Subsidies in Promoting Global Electric Vehicle Sales
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Results and Discussion

Table 1. Policy additionality and cost-effectiveness of direct purchase incentives.

Country Sales Mean Additionality | Cost per Country | Sales | Mean Additionality | Cost per
year incentive (%) addtl PEV year incentive (%) addtl PEV
Canada 2011 $5,055 23 $25,262 India 2017 $678 2 $37,135
2012 $5,214 34 $25,639 Italy 2019 $2,437 9 $34,759
2013 $4,631 27 $24,972 Japan 2011 $1,250 3 $45,344
2014 $3,465 20 $24,541 2012 $1,250 3 $45,670
2015 $2,855 12 $23,960 2016 $1,329 2 $45,121
2016 $2,938 19 $23,964 2017 $1,492 1 $45,541
2017 $3,203 23 $24,364 2018 $1,486 1 $45,620
2018 $2,935 18 $23,850 2019 $1,657 1 $45,626
2019 $3,791 19 $24,512 South 2014 $7,125 54 $26,183
China 2011 $7,750 38 $20,362 Korea 2015 $3,300 51 $25,528
2012 $8,157 39 $20,513 2016 $3,440 42 $23,783
2013 $5,535 28 $19,278 2017 $6,853 45 $24,689
2014 $5,253 11 $19,423 2018 $6,424 42 $23,909
2015 $5,506 16 $19,275 2019 $5,497 33 $22,108
2016 $7,075 83 $22,361 Spain 2011 $6,950 32 $26,018
2017 $5,738 28 $19,984 2012 $5,676 23 $25,142
2018 $5,218 25 $19,583 2013 $6,610 28 $25,638
2019 $1,942 14 $17,741 2014 $6,734 29 $25,555
France 2011 $6,884 19 $32,555 2015 $5,251 23 $24,711
2012 $7,437 25 $33,782 2016 $427 7 $23,862
2013 $7,436 25 $33,873 2017 $154 4 $23,136
2014 $7,172 23 $33,348 Sweden | 2012 $5,732 23 $24,496
2015 $5,717 21 $32,800 2013 $6,160 25 $24,711
2016 $2,893 16 $32,701 2014 $5,840 24 $24,547
2017 $3,938 15 $32,511 2015 $4,760 20 $23,975
2018 $3,089 17 $32,757 2016 $2,897 12 $23,023
2019 $3,919 17 $32,589 2017 $2,730 12 $23,067
Germany | 2016 $3,331 24 $14,873 2018 $4,025 16 $23,982
2017 $3,317 24 $14,867 2019 $3,792 16 $23,982
2018 $3,205 26 $15,028 USA 2011 $7,850 32 $24,811
2019 $3,161 24 $14,857 2012 $6,244 25 $24,345
Great 2011 $4,010 43 $18,367 2013 $6,080 28 $24,672
Britain 2012 $6,849 35 $18,017 2014 | $6,978 28 $24,676
2013 $7,801 43 $18,234 2015 $6,839 30 $24,923
2014 $8,225 44 $18,492 2016 $6,859 29 $24,729
2015 $7,251 42 $18,145 2017 $6,927 31 $25,040
2016 $4,320 26 $16,451 2018 $7,009 33 $25,336
2017 $3,838 24 $16,304 2019 $7,178 26 $24,273
2018 $3,914 23 $16,303

Source: KAPSARC analysis.
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not have a statistically significant negative BEV
preference, and the incentives are large enough
(the largest on average out of all countries) to sway
consumers’ decisions.

Mean and median additionality across countries
and time in the sample are both 24%. Additionality
in the remaining countries mostly ranges near

the mean/median, from the high teens to the low
thirties. These estimates are roughly in line with
prior single-country and single-year estimates from
the literature. Tal and Nicholas (2016), using stated
preference data for 11 states in the USA, estimate
the additionality of the federal incentive of 30%.
Additionally, using stated preference data, DeShazo,
Sheldon, and Carson (2017) find that California
state rebates (not including the federal tax credit)
induced less than 10% of PEV sales at a cost of
approximately $30,000 USD per additional PEV. A
more recent set of papers use revealed preference
data. Sheldon and Dua (2019) estimate a federal
and state policy additionality in the USA in 2015

of 17% and a cost per additional PEV of $35,000
USD. Li et al. (2017) calculate an additionality

of 40% for the federal USA policy, though their
analysis includes feedback loops from charging
infrastructure. Sheldon and Dua (2020) find that
34% of PEV purchases in 2017 in China were due to
PEV subsidies, costing approximately $24,500 USD
per additional PEV purchase.

Miinzel et al. (2019) use a panel data regression
model on aggregate market share data for
European countries from 2010 to 2017, finding

that a 1,000 euro financial incentive yields an
approximately 5%—7% relative sales share increase.
Using a similar methodology, Azarafshar and
Vermeulen (2020) find that a $1,000 CAD increase in
Canadian provincial PEV incentives increased sales
by 5%—-8% from 2012 to 2016, with the incentives
accounting for 35% of PEV purchases over the

time period.

The cost per additional PEV is highest in Japan

for the reasons previously discussed. The cost

per additional PEV is lowest in Germany, at
approximately $15,000 USD. The incentive in
Germany is modest, but German consumers are the
most price sensitive and value both fuel economy
and acceleration relatively highly compared to
consumers in other countries. This suggests that the
policy achieves more “bang for the buck” and that
additionality could likely be increased substantially
with a larger incentive.

Note that while the cost per additional PEV is
approximately $25,000 USD in many countries,
additionality varies across these countries. For
example, though Canada has a cost per additional
PEV similar to that of the USA on average

across years ($24,563 USD v. $24,756 USD), its
additionality is approximately two-thirds that of the
USA on average (22% V. 29%).

Table 1 also shows that additionality has generally
been trending downward in most countries over
time. This trend appears to be driven by the
decrease in average incentives in most countries
over the time period, especially since the cost per
additional PEV has been flat or decreasing in most
countries. This suggests that while smaller subsidies
lead to fewer additional purchases overall, cost-
effectiveness is if anything improving over time.
Indeed, Jenn et al. (2020), using a comprehensive
survey of PEV owners, find that in California,
incentives became more important for potential PEV
adopters between 2010 an 2017.

Some countries, particularly in Europe, have indirect
purchase incentives instead of or in addition to direct
purchase incentives. Indirect purchase incentives
include various tax reductions and exemptions.

We perform a second counterfactual analysis on
these policies. For European countries, in the
counterfactual scenario, we subtract from price the
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Results and Discussion

average indirect purchase incentives for 2010—2017
calculated by Minzel et al. (2019). For China, we
subtract 10% of the base (pretax) price to account
for China’s sales tax exemption.”® Table 2 displays
the results. For countries with a direct purchase
incentive, we combine it with the indirect incentive
and calculate additionality and cost per additional
PEV based on the combined total incentive.

Additionality is highest in Great Britain and
Denmark. Norway has the highest PEV market
share of all countries in the study, at over 20% for
2010-2019. Our results suggest that nearly 40%
of PEV purchases in Norway over that time period
were due to purchase incentives. Denmark has the
largest indirect incentive, and though additionality
is high, the cost per additional PEV is the highest of
any country in our analysis. This is in part because
Denmark has the second-to-least price-sensitive
consumers of the countries examined.

Medium-Run Effects

Existing PEV subsidy effectiveness analyses,
including ours above, focus on short-run effects,

i.e., the effect of a subsidy on PEV sales in the
concurrent year. However, due to learning spillovers,
an increase in PEV sales in one year as a result of
a subsidy may in turn spur faster PEV adoption in
subsequent years. We explore such medium-run
impacts by performing a second counterfactual
analysis in which we include dynamic effects.°
Additionality incorporating the medium-run effects is
substantially higher than the short-run additionality
shown in Table 2, with the median year’s
additionality being 56% greater. On average, cost
per additional PEV is 43% lower when additional
sales from one subsequent year are factored in.
This indicates that when medium-run effects are
accounted for, PEV subsidies are substantially more
cost-effective than the short-run effects described in

the literature suggest. Detailed results can be found
in the Supplementary Information.

Caveats

We assume full uptake of direct purchase incentives.
In the policy simulations, we assume full uptake

of direct and indirect purchase incentives. In other
words, we assume that every consumer who makes
an eligible purchase receives the full incentive.

This likely overestimates uptake for three reasons.
First, some consumers may not be aware that their
purchase qualifies for an incentive. Second, many
incentives require some paperwork, which some
consumers may choose not to complete. We believe
lack of uptake for these two reasons to be minimal,
since dealerships typically help consumers with the
administrative process and it is irrational to leave
‘money on the table.”

However, in the USA, in particular, full uptake is not
always feasible. The federal incentive takes the form
of an income-tax credit. Buyers receive full credit
only if it is less than or equal to the amount of annual
federal income tax they owe. If the credit exceeds the
amount of income tax owed, the excess is not applied
and does not roll over to a future year. Although most
PEV buyers are high income and therefore likely to
pay more in income taxes and thus receive the full
credit, some buyers may not. However, many PEV
buyers prefer leasing, in which case the incentive
money goes to the lessor, who typically incorporates
the incentive into the lease agreement, thereby
allowing even buyers with lower incomes to benefit
from the tax credit. If incentive uptake is lower than
we assume in our analysis, then our additionality
calculations are overestimates. However, the effect
on cost-effectiveness would be ambiguous since the
total cost would be lower. We believe any such effect
would be very small given that uptake, if less than full,
is nevertheless probably quite high.
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Table 2. Policy additionality and cost-effectiveness of indirect purchase incentives.

Country Sales year Mean direct Mean indirect Additionality Cost per addtl PEV
incentive incentive (%) (including direct+indirect)
China 2014 $5,253 $3,834 25 $19,618
2015 $5,506 $4,694 32 $20,705
2016 $7,075 $4,119 45 $23,590
2017 $5,738 $3,459 40 $21,451
2018 $5,218 $3,074 37 $20,924
2019 $1,942 $2,688 27 $19,093
Denmark 2011 $29,123 47 $62,443
2012 $27,027 44 $61,189
2013 $27,865 45 $61,691
2014 $27,766 45 $61,638
2015 $23,173 39 $58,974
2016 $17,781 32 $55,844
2017 $14,678 27 $54,105
France 2011 $6,884 $3,505 29 $34,456
2012 $7,437 $3,260 33 $35,574
2013 $7,436 $4,193 35 $36,172
2014 $7,172 $4,361 34 $35,748
2015 $5,717 $3,703 30 $34,823
2016 $2,893 $3,774 26 $34,443
2017 $3,938 $4,337 27 $34,499
Great Britain 2011 $4,010 $3,061 55 $20,230
2012 $6,849 $2,841 47 $19,482
2013 $7,801 $3,317 59 $20,260
2014 $8,225 $3,447 57 $20,617
2015 $7,251 $2,877 53 $19,877
2016 $4,320 $2,877 40 $18,006
2017 $3,838 $2,782 38 $17,766
Norway 2011 $17,277 38 $45,119
2012 $15,505 35 $44,127
2013 $16,263 36 $44,590
2014 $15,417 35 $44,188
2015 $14,511 388 $43,837
2016 $17,204 38 $45,519
2017 $17,777 39 $45,949
Spain 2011 $6,950 $1,843 37 $27,067
2012 $5,676 $1,711 29 $25,974
2013 $6,610 $1,764 34 $26,591
2014 $6,734 $1,764 34 $26,530
2015 $5,251 $1,472 28 $25,499
2016 $427 $1,472 13 $23,895
2017 $154 $1,498 10 $23,226
The Netherlands 2011 $2,628 12 $22,489
2012 $3,759 16 $23,093
2013 $8,076 32 $25,490
2014 $8,016 32 $25,443
2015 $6,874 28 $24,861
2016 $8,596 33 $25,775
2017 $11,039 4 $27,155

Source: KAPSARC analysis.
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Results and Discussion

Only provincial- and state-level incentives in
Canada, China, and the USA are included in our
analysis. Some other countries (France, India, and
South Korea) have regional-level incentives, but
our data do not specify the region of sales. Many
of the countries have other city- and local-level
incentives that are not included in our analysis.
Our policy simulations do not capture the impact
of these incentives. However, since we include
BEV and PHEV indicators in the empirical model,
the indicators should absorb the average impact
of unaccounted-for incentives such that other
coefficients (e.g., fuel economy) are not biased.

Our counterfactual analysis assumes that PEV
prices remain the same if purchase incentives

are removed. One may argue that without strong
policy support, including purchase incentives,
industry investments might have been lower and
the competitive prices and product availability of
PEVs might have been less attractive. In this case,

there would be fewer nonadditional consumers, and
therefore, the incentive cost-effectiveness would be
higher than estimated in the paper.

Finally, in the medium-run additionality simulations,
we are unable to account for the pull-forward effect.
Specifically, the introduction of a new subsidy or
announcement of cancellation of an existing subsidy
may cause consumers who were planning to buy a
PEV in the next several years to buy it sooner than
planned. This would increase additionality for the
year of the policy change but decrease future sales
relative to the counterfactual. Our simulations do not
capture such a potential decrease in future sales. The
greater the policy uncertainty, the stronger the pull-
forward effect would be, as consumers seek to take
advantage of current incentives without knowing how
long they will last. However, since most countries in
our analysis have had consistent and multiyear PEV
subsidy policies, we doubt that the pull-forward effect
would be substantial in our sample.
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Conclusion

e assess PEV incentive cost-

effectiveness by calculating the

policy cost per additional vehicle
purchased with the incentive, as predicted by our
counterfactual simulations. We find that the cost-
effectiveness of direct purchase incentives is best
in Germany and worst in Japan, ranging from
$14,857 USD to $45,670 USD, with an average of
$25,544 USD. For indirect purchase incentives,
cost-effectiveness is best in Great Britain and worst
in Denmark, ranging from $17,766 USD to $62,443
USD, with an average of $33,117 USD. The cost
per additional gallon of gasoline reduction resulting
from the policy ranges from $11 USD (in Germany)
to $36 USD (in Denmark) (see the Supplementary
Information for details of this calculation). Within

each country, additionality has generally been
trending downward over time, driven in part by the
decrease in average incentives. Nevertheless, the
cost per additional PEV has been flat or decreasing
in most countries. Although smaller subsidies

lead to fewer additional purchases overall, cost-
effectiveness is, if anything, improving over time.
Furthermore, we offer one of the first analyses of
medium-run subsidy effects, finding that accounting
for spillover effects improves the additionality and
cost-effectiveness of subsidies by nearly 50%.
Combined with recent evidence that PEV adoption
incentives are more important for new adopters as
the market matures (Jenn et al., 2020), this finding
suggests that such incentives continue to play an
important role in fleet electrification.
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Endnotes

T Specifically, the Inflation Reduction Act eliminates the cap limiting credits to the first 200,000 PEVs sold by the
manufacturer, making Tesla and General Motors PEVs eligible once more. See https://www.nytimes.com/2022/08/12/
business/climate-bill-electric-vehicles.html.

2 Though approximately one-third of the countries in our sample do not offer financial incentives for PEVs,
characterization of consumer price elasticities and preferences could provide a rough proxy for the effectiveness of
subsidies, were they to be implemented.

8 The conditional logit model (Equation 5) from which our empirical model (Equation 8) is derived assumes
independence of irrelevant alternatives (IlA), which restricts substitution patterns. In the Supplementary Information,
we use a robustness check to show that our results do not change substantially when IIA is relaxed by estimating a
mixed logit with random parameters.

4 On average, 78% of the observations in our data for each country have a non-missing one-year lagged dependent
variable. For those missing lagged values, we impute them with mean make-body-year values. We drop observations
for which the lagged values are still missing (11% of observations on average). As a robustness check, we also
estimate the model without the lagged dependent variable. The results are shown in the Supplementary Information
(Tables SI12—-SI15).

5 Specifically, the G20 members are Argentina, Australia, Brazil, Canada, China, the European Union (EU), France,
Germany, India, Indonesia, ltaly, Japan, Mexico, Russia, Saudi Arabia, South Africa, South Korea, Turkey, the
United Kingdom, and the United States. We have data for all members except the EU as a whole. Note that France,
Germany, ltaly, Spain, and (prior to 2020) the UK are both G20 and EU members. We also have data for additional
EU member countries—Denmark, the Netherlands, Spain and Sweden, as well as Norway, which is not in the EU.
While we have data for Saudi Arabia, the majority of the vehicle characteristics are missing. As such, we are unable
to estimate the models for Saudi Arabia.

6 See https://fecoscore.be/en/info/ecoscore/co2 for details.
7 Sources include wattev2buy.com, chinaautoweb.com, and carnewschina.com.
8 See https://www.edmunds.com/fuel-economy/decoding-electric-car-mpg.html for details.

® Shanghai, Beijing, Guiyang (Guizhou Province), Guangzhou (Guangdong), Tianjin, Hangzhou (Zhejiang Province),
and Shenzhen allocate new vehicle ownership allowances via lottery (some joint with auctions) with exceptions

for PEVs. Shanghai’s policy has been in place since 1994. Beijing’s and Guiyang’s policies were enacted in 2011,
Guangzhou’s in 2012, Tianjin’s and Hangzhou’s in 2014, and Shenzhen’s in 2015 (Dua, 2021).

1© Sources include www.investing.com, www.macrotrends.net, and www.ofx.com.

" Provincial population data for Canada were obtained from https://www150.statcan.gc.ca. Provincial population data
for China were obtained from https://data.stats.gov.cn. State population data for the USA were obtained from https:/
WWW.CENSUS.goV.

2 Population estimates come from https://data.worldbank.org/indicator/SP.POP.TOTL. Average household size for
Denmark and Sweden can be found at http://www.oecd.org/social/soc/doingbetterforfamilies.htm. Average household
size for Saudi Arabia is taken from Salam et al., 2014. Average household sizes for the remaining countries were
obtained from https://population.un.org/Household/#/countries/840.

' These results are based on the estimated vehicle choice models using new vehicle sales data for 23 countries and
identifying consumer preferences for various vehicle characteristics (e.g., fuel economy), including price elasticities of
demand.
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* Note that disregarding the dynamic effect, as is common in the literature, results in higher price elasticities, as is
evidenced by Table SI13 in the Supplementary Information, where we perform a robustness check excluding the
lagged dependent variable. Absent the dynamic effect, elasticities are mostly greater than one and closer to the long-
run elasticities that we estimate. This suggests that disregarding the dynamic effect may result in overestimates of
short-run price elasticities.

s Unfortunately, we are unable to compare our estimates to the literature given the lack of empirical evidence on
cross-country comparisons of price elasticities of demand, not only for vehicles but also for durable goods. As such,
our estimates may be of broader interest.

6 According to the 2017 National Household Travel Survey, in 2017, the average American household owned

1.88 vehicles (https:/nhts.ornl.gov/households). While a comparable statistic is not readily available for other
countries, according to the US Department of Energy, in 2014, there were 816 cars per 1,000 people in the USA, 656
in Canada, 591 in western Europe, but only 206 in Brazil, 31 in India, and 82 in Indonesia (https://www.energy.gov/
eere/vehicles/fact-962-january-30-2017-vehicles-capita-other-regionscountries-compared-united-states).

7 Note that these are captured by the BEV and PHEYV fixed effects in Equation 8.

'8 In other words, these countries have smaller negative coefficients on the PHEV indicator variable from Equation 8
than other countries.

% https://news.bloombergtax.com/daily-tax-report-international/china-extends-rebates-for-electric-car-purchases-to-
revive-sales

20 Specifically, we incorporate effects from the lagged dependent variable in Equation 8.
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