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Abstract: Road transportation is one of the largest emitters of greenhouse gas emissions. The EU
set the target to reduce overall transport emissions by 60% by 2050 compared to 1990. Electric
mobility is considered a proper means to achieve this goal. Battery electric vehicles (BEVs) are a
mature technology. The high investment costs, limited driving range and a charging infrastructure
that is not extensive yet are currently the main challenges. This work analyses how policies affect
the dissemination of BEVs in selected countries with remarkable market shares of BEVs. The core
objective is to investigate how policies affect BEV economics compared to conventional car economics.
Financial policies and their effects on BEVs for the major markets of China, the USA and Europe
were analysed. To do so, the total cost of ownership (TCO) was calculated for each country. The
major conclusions were: (i) The investment cost of a car had the most significant impact on the TCO;
(ii) Low TCO as an incentive was not enough to ensure successful BEV dissemination; (iii) Non-
monetary incentives such as access to certain zones and the usage of bus lanes for BEVs combined
with registration taxes, low electricity prices and high fuel prices were very favourable conditions.

Keywords: battery electric vehicles; emissions; electric mobility; policies; transport

1. Introduction

The transport sector causes around 30% of the greenhouse gas (GHG) emissions in the
EU; thereof, 72% is road transport. In contrast to other sectors (energy, industry, residential,
agriculture, forestry and fishing), traffic emissions have been increasing rapidly since
1990 [1].

Figure 1 shows the development of CO2 emissions in the transport sector (road, rail-
way, aviation, other) for selected EU countries, over the period of 1990–2018, in relation to
1990. In most of the countries, emissions had been continuously increasing until 2007. After
a financial crisis, emissions decreased in most of the countries. However, this decrease was
followed by an emission-increasing trend starting from about 2013. Significant differences
among countries could also be seen due to country-specific circumstances such as gross
domestic product (GDP) and national policy framework.

If the number of conventional vehicles with internal combustion engines (ICEs) could
be sharply reduced, the emissions from the transport sector would decrease. In contrast to
ICEs, electric vehicles (EVs), especially battery electric vehicles (BEVs) and fuel cell vehicles
(FCVs), have zero emissions at the point of use and could significantly contribute to the
reduction of GHG emissions in combination with electricity produced from renewable
energy sources (RES). In the best case, EVs could cause 75% to 90% lower GHG emissions
than ICEs [2]. Furthermore, in combination with electricity from RES, battery electric
vehicles (BEVs) could save about 65% to 70% in GHG emissions compared to plug-in
hybrid electric vehicles (PHEVs) [3].
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Far-reaching arguments against switching to EVs are high investment costs compared
to ICEs and technical limitations (e.g., limited driving range and charging infrastructure
availability) [5]. The investment costs of an EV are about one-third higher in comparison to
an ICE. Furthermore, the driving range of an EV is quite low, mostly about 130–250 km,
compared to the 700 km range of an average ICE [6]. A requirement for the successful
distribution of EVs is the availability of charging infrastructure. If this is not the case, range
anxiety occurs [7].

Politicians have at least two options to address these problems. On the one hand,
BEVs can be promoted directly by implementing monetary policies such as subsidies or
with non-monetary ones such as the use of bus lanes for BEVs and free parking. On the
other hand, BEVs can be pushed indirectly, e.g., through a CO2 tax on all fuels and higher
registration taxes on conventional vehicles than on BEVs. Another legal option is driving
bans for diesel and gasoline cars in cities or emission-free zones.

The core objectives of this paper are to analyse the current economic state of BEVs
in comparison to conventional cars and to identify proper policies to overcome the major
current barrier of high investment costs. Regarding economics, we investigated the total
cost of ownership (TCO), including existing national policy instruments such as fuel and
registration taxes as well as subsidies. The TCO was calculated for selected major countries
worldwide. The selection of countries was based on their relevance so far regarding market
penetration of BEVs such as the major BEV markets of China, California in the USA and
the most important European countries (Austria, Germany, The Netherlands and Norway).
For these countries, detailed economic analyses were conducted for two cases of cars, small
and large ones.

Regarding proper policies to overcome major current barriers, measures in different
dimensions (subsidies, standards, taxes and legal frameworks) and applicable monetary
and non-monetary incentives to promote BEVs (and reduce the number of ICEs) are elabo-
rated upon. Furthermore, fuel and electricity prices as well as BEV distribution in selected
countries (China, Japan, the USA, UK and some European countries (Austria, France, Ger-
many, Sweden and Norway)) are examined. Moreover, amounts of subsidies, exemptions
from taxes and non-monetary measures for the selected countries are elaborated upon.

The major new contribution of this paper is that a comprehensive and up-to-date
survey, discussion and assessment on all policies existing in major countries regarding
market deployment of BEVs—direct and indirect measures, monetary and non-monetary
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policies, technical and behavioural—is conducted and completed by a sound and detailed
economic analysis. Hence, it also closes the existing research gap regarding state-of-
the-art economics and the impact of promotion policies regarding BEVs. To the best of
our knowledge, no such comprehensive analysis exists. Of course, policies to support
E-Mobility have been investigated in several previous studies.

Rietman et al. [8] dealt with political measures and how they promoted E-Mobility.
The study investigated the effectiveness of measures in 20 countries. The authors stated that
cooperation between public and private sectors was essential to promote EVs. Moreover,
monetary measures, in combination with measures for the charging infrastructure, were
highly effective. Government measures suggested that government policies reflected
the preferences of consumers. Furthermore, countries with higher purchasing power
also had higher EV penetration. Cansino et al. [9] provided an overview of the most
important measures to promote E-Mobility in the EU-28. The authors concluded that
in addition to financial incentives for purchasing and supporting R&D projects, tax and
infrastructure measures were the most effective ways to promote EVs. In addition, they
found that in countries where CO2-based taxation had been introduced, penetration rates
were higher. Dijk et al. [10] examined the socio-technical development of E-Mobility. They
summarised that E-Mobility was suffering from high oil prices, carbon limits, car-sharing
and intermodality. Moreover, the EV market was mainly dependent on the progress of
batteries, measures to reduce CO2 emissions, new value propositions by companies and
the image of EVs. Held et al. [11] analysed mobility policies to increase adoption rates
of e-vehicles in 15 EU cities. They found that policies that had a more substantial impact
on the TCO of EVs, combined with incentives for installing charging infrastructure and
a public power grid combined with push factors that make the use of conventional cars
unattractive, led to beneficial effects. Incentives should always have been linked to de-
incentives; isolated measures were less effective. Gass et al. [12] analysed alternative
policy instruments to promote EVs in Austria in their 2011 study. They concluded that
up-front price support worked better than taxation systems. Moreover, significant learning
effects should reduce the cost of EVs in the future, which can be achieved primarily by
promoting research. Wang et al. [13] investigated incentive measures and their influence
on the market share of EVs. They examined which measures, other than highly effective
subsidies, could drive EV penetration. Charging infrastructure, fuel price, and access
to bus lanes for EVs were key factors in driving EV penetration. In summary, the most
important factor was not direct subsidies but road priority (access to high-occupancy
vehicle lanes (HOVs) and bus lanes). The study by Vilchez et al. [14] identified factors that
influenced the EV market in Europe. They concluded that the purchase price of EVs was
still a barrier. Consumers preferred government incentives. In addition, socio-cultural
characteristics of consumers also influenced purchase intentions. The impact of energy
policies on scenarios regarding GHG emission reduction in passenger car mobility in the
EU-15 was analysed by Ajanovic/Haas. The core message was that policymakers must set
clear and rigorous priorities to reduce CO2 emissions. The most important goals were to
improve energy efficiency and reduce energy consumption [5,15]. Cherchi [6] provided a
work about the measurement of the effect of informational and normative conformity for
EVs compared to ICEs. She summarised that social conformity effects such as advice from
non-experts to potential buyers were highly effective for the dissemination of EVs. Such
effects could compensate for low driving ranges of EVs or differences in the purchase price.
Furthermore, a combination of free/reduced parking fees with reserved parking spots
was highly effective in spreading EVs. Palmer et al. [16] showed the impact of ownership
costs on market share by calculating a TCO over a 16-year period. Among other findings,
they found that long-term government support was essential to promote the dissemination
of EVs.

In this article, an examination of how policies affect the distribution of BEVs and
ICEs in selected countries is provided. The methods of approach are given in Section 2. A
general overview of energy policy instruments in transport that affect the promotion of
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BEVs is given in Section 3. Recent developments of BEVs are stated in Section 4. Incentives
for BEVs in selected countries and a comparison of these is provided in Section 5. To see
how current policies affect ICEs’ and BEVs’ costs from an individual perspective, a TCO is
calculated for each of the selected countries; the results can be found in Section 6. Finally,
the conclusions and future perspectives for further developing BEVs are given in Section 7.

2. Method of Approach

One of the arguments against switching to BEVs is high investment costs [6]. To
compare the economic performance of an ICE with a BEV, a TCO was calculated. With the
calculation of a TCO, direct and indirect mobility costs could be shown from an individual
perspective. In this way, the effects of monetary measures and sales could be identified [17].
The aim was to identify the difference between ICEs’ and BEVs’ costs, considering the
capital costs, operating and maintenance costs and electricity/fuel costs.

To analyse the economics of the BEVs, the TCO was calculated in € per year. For the
calculation, 12,500 km per year was assumed [18]. The TCO in € per year was calculated
as follows:

TCO = CCap + CO&M + CE [€/year] (1)

CCap is the cost of capital for the vehicle including purchase subsidies, either ICE or
BEV [€/year]; CO&M is the cost of operation and maintenance [€/year], which includes the
insurance, maintenance and repair costs; parking tolls and road charges are not considered;
and CE is the cost of energy, either fuel or electricity [€/year].

The capital cost per year depending on the initial investment cost IC0 (including
subsidies τsub) and the capital recovery factor (CRF) α is:

CCap = (IC0 − τsub)× α [€/year] (2)

α describes the ratio of a constant annuity to the present value of this annuity’s receipt
for a given time. It is calculated using an interest rate z and a depreciation period n. With
the annuity method, the depreciation costs and annual capital costs are determined with
the same recovery factor. The depreciation period is assumed to be eight years, the same
as the lifetime of vehicles. This period also covers the warranty period for a battery for
driving distances between 80,000 and 24,000 km. An interest rate of 5% is assumed, as this
is a standard interest rate from a bank loan [19].

α =
z (1 + z)n

(1 + z)n − 1
(3)

The cost of energy depends on the price for the fuel or electricity pf [€/kWh or €/l],
the km driven per year vkm and the fuel intensity FI [kWh/km].

CE = pf × vkm × FI [€/year] (4)

The fuel price is the sum of the net price pnet; the value-added tax (VAT) τVAT, which,
in the EU, was in the range from 17% to 27% in 2020 [20]; CO2 based tax τCO2 and an excise
tax on fuels τExcise.

pf = pnet + τVAT + τCO2 + τExcise [€/kWh] (5)

In the following, we apply this method to calculate TCO for two specific cases (small
and large cars), wherein we compare the TCO for selected countries with some relevance of
BEVs as described in Section 4. This comparison was made to identify the current level of
the economics of BEVs compared to conventional vehicles. Note that all currently applied
policy instruments in our state of knowledge—taxes and subsidies—were considered and
included in this investigation.

The first case included a comparison of TCO for small cars, the Volkswagen (VW) Golf
and the VW E-Golf. We chose approximately the same type of vehicle to guarantee a valid
comparison. Comparability was given due to similar engine power (VW Golf–110 kW,
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VW E-Golf–100 kW) and similar weight (VW Golf—1211 kg, VW E-Golf—585 kg) of the
compared cars; see Table 1. In the second case, the TCO was calculated for bigger cars, an
Audi A5 and a Tesla Model 3. The comparability was also mad through similar engine
power (Audi A5—195 kW, Tesla Model 3—211 kW) and similar weight (Audi A5—1600 kg,
Tesla Model 3—1684 kg).

Table 1. Technical specifications for vehicles analysed.

Technical Specifications Case 1 Case 2

VW Golf 1.0 TSI VW E-Golf Audi A5 Tesla Model 3

Energy Source Gasoline Electricity Gasoline Electricity

Engine Power (kW) 110 - 195 -

Electric Motor Power (kW) - 100 - 211

Battery Capacity (kWh) - 35.8 - 50

Fuel Tank Capacity (litres) 50 - 58.9 -

Performance

Weight (kg) 1211 1585 1600 1684

Fuel Consumption (l/100
km) 4.3 - 5.9 -

Electricity Consumption
(kWh/100 km) - 12.7 - 15.3

Tailpipe CO2 Emissions
(g/km) 141 - 113 -

Driving Range (km) 1163 201 998 386

Purchase Price 18,640 € 16,540 € 34,220 € 29,870 €

In addition to the technical components, which show the comparability of the models,
the price difference between the models should also be discussed at this point. The price
difference between the two models in the first case (VW Golf: €18,640; E-Golf: €16,540)
was approximately €2100. In the second case (Audi A5: 34,220 €; Tesla Model 3: 29,870 €)
the difference was about 4350 €. Apart from that, the Tesla Model 3 was a more exclusive
model than the Audi A5. These factors should be taken into account.

Furthermore, a sensitivity analysis was performed to determine the impact of a change
in the interest rate or the depreciation time on the annual costs of a vehicle.

3. A Survey on Energy Policies in Transport

In this chapter, an overview of possible policies and measures to promote E-Mobility,
focusing on BEVs, is provided. First of all, it is shown which policies exist and on which
segment of the transport sector, e.g., mobility, they act. Figure 2 shows how mobility
and policy measures in different dimensions interact. It depicts the complexity and the
connections between policies and the service mobility itself. In the following examples,
policies related to energy, infrastructure and vehicles are given.

1. Energy

To reduce emissions from the transport sector, it is essential that energy used in vehi-
cles comes from low-carbon and renewable energy sources (such as sun, wind, biomass).
If this is not ensured, then the vehicles, both ICEs and EVs, are powered by fossil fuels.
With the promotion of renewable energy and renewable energy systems (RES), the vehicle
fleet could become more sustainable. With, for example, taxes on fuel, mobility with
conventional cars becomes more expensive. With standards and, for instance, a minimum
of fuel intensity, mobility becomes again more environmentally friendly.
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2. Infrastructure

The infrastructure can be directly influenced by allowing the use of bus lanes for BEVs.
Other examples are free and/or reserved parking spaces for BEVs or emission-free zones
where BEVs are permitted to access. However, most important is to develop the necessary
charging infrastructure.

3. Vehicle

For example, BEVs can be promoted directly with subsidies on the purchase price, on
the insurance or indirectly with a scrapping premium on ICEs. Exemptions from various
taxes like the registration tax, the import tax or the VAT are further promotion options
to push down vehicle prices. Furthermore, the total fleet can be promoted through CO2
regulations, for example, by setting a limit value in gCO2/km for fleet consumption.
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Figure 3 shows four dimensions, which are fundamental for energy policy interven-
tions in general. In principle, the promotion of BEVs can be affected in four different
ways, either financial through subsidies and taxes or regulatory through standards or legal
frameworks. Figure 3 also includes specific measures for BEVs in the four dimensions.
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As shown in Table 2, policy instruments that can be implemented can be divided
into monetary incentives and non-monetary incentives. Furthermore, the columns with
the terms “direct policies” and “indirect policies” describe whether the incentives affect
the BEVs directly or indirectly from an individual drivers’ perspective. These possible
incentives, in addition to specific measures implemented in countries, can be found in
Section 5.

1. Monetary Incentives

Subsidies: Often, the government grants money off the purchase list price of BEVs.
Other possibilities are discounts on car insurance or a so-called scrapping premium if the
old ICE car is scrapped and in the best case, a BEV is purchased instead. Furthermore, the
state can subsidise electricity prices, which affect the charging prices via the public loading
infrastructure or mainly for the infrastructure at home.

Tax payments: In almost all countries, there are exemptions from taxes for BEVs
(tax benefits). The proportion of tax to vehicle price/operation varies widely between
countries. The exemption from car purchase taxes and registration taxes such as the value-
added tax for BEVs is usual. Registration taxes are often based on the CO2 emissions of a
vehicle. Mostly, customers must pay a motor vehicle tax for car ownership; exemptions are
also common.

In comparison, ICEs are exempt from taxes if they fall below a specific CO2 or kW
limit. In addition, there are electricity taxes to pay. Indirect policy instruments that affect
BEVs monetarily are CO2 taxes on petrol and diesel or high registration taxes on ICEs.

Other: BEVs can often park free of charge. Furthermore, often exemptions/reductions
for tolls, congestion charging or low emission zone charging are given.

2. Non-monetary Incentives

Standards: Mandatory standards that affect BEVs’ spread are stipulating minimum
energy levels (energy efficiency standards) or maximum energy use levels (maximum
energy consumption) on vehicles [21]. On the other side, indirect standards are CO2
regulations (e.g., 95 gCO2/km within the EU) or standards on diesel concerning the
fuel intensity.

Legal: Furthermore, some laws/regulations allow EVs to use low/free-emission zones
or bus lanes. These permits also have an indirect effect, as they exclude ICEs from using
low/free-emission zones.

Other: Other non-monetary incentives are national EV sales targets. Because of the
objectives, governments need to offer incentives for EV dissemination. Reserved parking
spaces for EVs are common. Free parking for EVs is also indirect, as it excludes ICEs from
using them. In Scandinavia, EVs are sometimes allowed to travel free of charge by ferry,
and in some places, there are also free electric charging stations. Exemptions from road
charges can also be given.

Which of the policies will be applied is very dependent on regional differences and
country specific circumstances, such as GDP and national policy targets. Countries with
higher GDP are able to provide higher subsidies and tax reductions. For countries with
lower GDP, indirect monetary measures could be more attractive.
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Table 2. Policy instruments to promote E-Mobility [19,22–35].

Policy Instruments “Direct Policies” “Indirect Policies”

M
on

et
ar

y
In

ce
nt

iv
es

Su
bs

id
ie

s • E.g., vehicle purchase price
• Vehicle insurance
• Electricity prices
• Private charging infrastructure

• E.g., reduction of subsidies for fossil fuels
• Scrapping premium

Ta
x

Pa
ym

en
t

Exemptions

• E.g., car purchase and registration tax
• Value-added tax (VAT)
• Car ownership
• Motor vehicle tax
• Consumption of fuel/electricity
• Electricity tax
• Use of road infrastructure
• Import tax

Benefits

• E.g., company tax

• E.g., CO2 tax on petrol, diesel
• Registration tax on ICEs
• Fuel tax

O
th

er

• E.g., lower or no parking fees
• Lower or no tolls
• Lower no congestion charging
• Lower or no low-emission zone charging

• E.g., higher parking fees for ICEs

N
on

-M
on

et
ar

y
In

ce
nt

iv
es St

an
da

rd
s

• E.g., maximum energy consumption (negative)
• Minimum energy efficiency/energy efficiency

standards

• E.g., CO2 regulations (e.g., 95 g/km)
• Standards on diesel (fuel intensity)

Le
ga

l • E.g., use of bus lanes
• Low/free-emission zones
• Reserved parking spaces

• E.g., low/free-emission zones

O
th

er

• E.g., EV sales targets
• Good charging infrastructure
• Free parking
• Free fairy crossings
• Free charging
• Exemption from road charges

• E.g., parking spaces only for EVs

4. Recent Developments of BEVs

In this chapter, the BEV market share in selected countries—the USA, China, Japan
and some European countries—is highlighted. For the selected countries and the rest of
the world, global electric car sales are also stated. Furthermore, a comparison between fuel
and electricity prices is provided.

Figure 4 shows that Norway had the worldwide highest market share of BEVs. There
had been a rapid share increase in Norway since 2013. In 2010, the market share was only
0.3%, but it was already 45.6% in 2020. The rate increased by a factor of 152 in 10 years. It is
illustrated that The Netherlands, in second place, also had a rapid increase in BEV market
share rates in recent years. While in 2014, the market share in The Netherlands amounted
to only 0.7%, in 2019, it had increased to 15.2%. However, in 2020, the market share fell to
10.2%. As shown in Figure 5, Sweden also had a high market share, with only 0.8% in 2015,
but the market share increased rapidly to 7.9% in 2020. Throughout the EU, the market
share of BEVs was relatively low, at 4.2% in 2020. Similarly, China (3.9% in 2019), Japan
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(0.5% in 2019) and the USA (1.5% in 2019) in 2019 had very low BEV shares. The decline in
BEV market share in Japan from 0.6% in 2018 to 0.5% was mainly due to the high purchase
prices of BEVs. In addition, there were very few fast chargers that were publicly available
in 2019. Furthermore, there were very limited tax incentives for the purchase of BEVs in
Japan. [36]. Figure 5 was added to illustrate the developments in the markets in countries
with market shares below 6%.
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Figure 6 illustrates global electric car sales in major countries. As is shown in Figure 6,
China had the highest amount of BEV sales. In 2011, the sales amounted to 0.01 million.
Since then, the rate of EVs increased in 2018 to 1.18 million. In 2019, it was 1.10 million.
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The EU followed China with an amount of 0.01 million EV sales in 2011, 0.40 million sales
in 2018 and 0.59 million in 2020. The third key market was the USA, with 0.36 million EV
sales in 2018 and 0.22 million in 2019. Throughout the world, the EV sales amounted to
2.3 million with a market share of 3.2% in 2019. Preliminary numbers for global BEV sale
in 2020 are also depicted in Figure 6.
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In general, petrol prices are strongly related to the overall economic situation of a
country. Prices vary from country to country, sometimes considerably. The higher the GDP,
the higher the petrol and diesel prices. The USA is an exception to this with a high GDP
but very low taxes on mineral oil products. The average gasoline price worldwide was
1.05 USD per litre in 2020 [39]. The attractiveness of BEVs depends strongly on fossil fuel
prices and electricity prices. A good example is Norway, where electricity prices are very
low in relation to fuel prices.

Figure 7 illustrates electricity prices in comparison to fossil fuel costs in passenger
car transport in 2020. It can be said that regarding efficiency, one litre of gasoline was
comparable with 8.94 kWh and one litre of diesel with 9.97 kWh. The lowest electricity
price could be found in China, with 0.07 € per kWh, and in Norway, with 0.08 € per kWh.
The largest difference between the electricity price and the gasoline price was in Norway.
Germany had the highest electricity price, with 0.30 € per kWh, while the average price in
the EU was 0.21 € per kWh. The fuel prices were only lower in a few countries than the
electricity prices, e.g., in China and some European countries (both in Norway and diesel
in The Netherlands). The lowest fuel prices were in the USA, where one kWh of gasoline
cost 0.06 €. The highest costs for fuel could be found in the EU. In The Netherlands, a
kWh of gasoline cost 0.18 € and in Norway, 0.17 €. The average gasoline price within the
EU amounted to 1.14 € per kWh and the average diesel price to 1.12 € per litre. Usually,
gasoline prices were higher than diesel prices due to higher taxes on gasoline.
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5. Comparison of Incentives for BEVs in Selected Countries—EU, USA, China, Japan

In this chapter, a comparison of incentives for BEVs in selected countries—the USA,
China, Japan and some European countries—for the year 2020 is provided. It is shown
how different BEVs were promoted in selected countries. Note that especially all of the
non-monetary measures were quite generic. Just because one country offered free parking
for BEVs did not mean that BEVs could park for free at all parking spaces. Furthermore,
incentives are changing all the time. Incentives that were valid for 2020 can be replaced by
new ones or completely abolished in 2021.

As can be seen in Table 3, in all countries considered, except Norway, the customer got
a purchase subsidy on a new BEV list price. Furthermore, the exemption of different taxes,
like the VAT, registration tax (based on CO2 emissions, bonus/malus), consumption tax
and annual taxes (road and circulation taxes) was very common. Companies often received
company tax benefits when purchasing BEVs. There were non-monetary incentives in all
countries to make the purchase and the use of a BEV more attractive. Free parking and the
usage of bus lanes were the most popular measures.

In Austria, a purchase subsidy of 5000 € on the list price of BEVs and an exemption
from all car-related taxes was given [41]. Moreover, the promotion of 600 € for a home-
installed wallbox was granted. [31]. In France, there was a very high subsidy, up to
7000 €, on a BEV purchase price. Moreover, the exemption from VAT and registration
tax was guaranteed. The customer got tax credits for installing charging spots, and for
changing from an ICE to a BEV, a scrapping premium was given [42]. In Germany, the
purchase subsidy for a BEV amounted up to 6000 €, and there were the usual car-related
tax exemptions [43]. In The Netherlands, a 4000 € subsidy on the list price of a BEV was
guaranteed. The usual EU exemptions for BEVs were given [41]. Norway was unusual
because there was no purchase subsidy on BEVs. However, BEVs were exempted from
all car-related taxes. Furthermore, more non-monetary measures existed than in other
countries: for example, no charges on toll roads or ferries, a maximum of 50% of the total
amount on ferries and the usual measures like free parking and bus lane use [44]. Moreover,
the customer got 815 € support for home charging infrastructure [45]. Sweden guaranteed
up to 5700 € for a BEV. In addition to the usual exemptions from the taxes, a climate bonus
of 5961 € on Zero-CO2 emission cars was given [41].
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In China, the purchase subsidy was between 2400 € and 3300 €. Furthermore, exemp-
tion from VAT and the vehicle and vessel tax were given. In China, BEVs were excluded
from registration restrictions and driving bans and license plate quotas [46,47]. Japan
granted a subsidy with up to 3154 € on the BEV’s purchase price. However, BEVs were ex-
empted from all car-related taxes such as the automobile tax, acquisition and road taxes [48].
In the United Kingdom, the subsidy on the purchase price amounted up to 3322 €. There
were various tax benefits, and in London, BEVs got discounts/exemptions by entering
the Congestion Zone and Ultra Low Emission Zone [49]. In the USA, there were federal
subsidies of 2041 €; the local subsidies granted in the USA differed from state to state. For
example, in California, there were additional rebates of 2450 €. The VAT of 8.25% was low;
furthermore, the EV customer could get a federal tax credit between 2041 € and 6124 € [22].

Table 3. Incentives in selected countries in the year 2020 [12,21–30,43–45,50–52].

Monetary Incentives Non-Monetary Incentives *

Subsidies Tax Exemptions, Benefits/Other

A
us

tr
ia

5000 €

Tax Exemptions, Benefits

• VAT 20%
• Up-front fuel consumption tax
• Engine-related vehicle tax
• Registration tax (all cars below

118 g/km (2020))
• Ownership tax
• Company tax

Other

• 600 €/per wallbox, 1800 €/per
wallbox for an apartment-building

• Free parking
• Bus lane use

C
hi

na 3300 € (driving range over 400 km),
2400 € (driving range up to 400 km)

Tax Exemptions, Benefits

• VAT 16%
• Vehicle and vessel tax

• Free parking, reserved parking
• BEVs are not subject to

registration restrictions or
driving bans

• Exemption from license plate
quotes, new energy vehicle
(NEV) license (drawing lots,
competitive process)

• Exemption from traffic
restrictions

Fr
an

ce Up to 7000 € (list price under 45,000 €),
3000 € (price over 45,000 €),

Tax Exemptions, Benefits

• VAT 20%
• Registration tax (all cars below

138 g/km (2020))
• Company tax benefits

Other

• 300 € tax credit of purchase and
installation costs of charging
points

• Scrapping premium

• Free parking
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Table 3. Cont.

Monetary Incentives Non-Monetary Incentives *

Subsidies Tax Exemptions, Benefits/Other

G
er

m
an

y

Up to 6000 €

Tax Exemptions, Benefits

• VAT 19%
• Registration fees (26.3 €)
• Annual road tax
• Annual circulation tax (10 years

from the date of registration; after
that, 50%)

• Company tax benefits

• Free parking, reserved parking
spots

• Bus lane use

Ja
pa

n

Up to 3154 €

Tax Exemptions, Benefits

• VAT 10%
• Road tax, toll
• Exemption/reduction from

certain car-related taxes
(automobile weight tax, annual
automobile tax, acquisition tax)

• Free parking
• Priority/special lane use

N
et

he
rl

an
ds

4000 € (list price up to 45,000 €)

Tax Exemptions, Benefits

• VAT 21%
• Road tax
• Registration tax
• Extra benefits for leasing cars
• Company tax benefits
• Tax-deductible investments:

zero-emission cars and charging
points

• Free public charging points

N
or

w
ay

none

Tax Exemptions, Benefits

• VAT 25% (inclusive leasing)
• Registration tax
• Road taxes
• Purchase tax
• Import tax
• Reduction of circulation tax on

fuel
• Company tax benefits

Other

• 815 € for home
charging/infrastructure

• No charges on toll roads or
ferries

• Maximum of 50% of the total
amount on ferries

• Free parking
• Bus lane use
• Access only for BEVs

Sw
ed

en Up to 5700 € (not more than 25% of the
purchase price; linked to CO2
emissions)

Tax Exemptions, Benefits

• VAT 25%
• Registration tax
• Annual circulation tax (CO2,

weight) -> exemption first 5 years
• Company tax benefits
• Climate bonus for 0 g CO2 car

(5961 €)

• Free public charging points
• Free parking
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Table 3. Cont.

Monetary Incentives Non-Monetary Incentives *

Subsidies Tax Exemptions, Benefits/Other

U
ni

te
d

K
in

gd
om

Up to 3322 € (list price up to 45,144 €)

Tax Exemptions, Benefits

• VAT 25%
• Registration tax
• Company tax benefits
• Ownership tax (annual circulation

tax)

• Free entry to London
Congestion Zone and Ultra Low
Emission Zone (ULEZ)
(London)

• Free parking

U
SA

,C
al

if
or

ni
a

2055 € for purchase or lease; California:
additionally, 2466 € (Tesla Models and
General Motors exempted)

Tax Exemptions

• Excise tax
• VAT 8.25%
• Reduced vehicle registration fee of

30 €

Tax Benefits

• Company tax benefits
• Federal tax credits: 2058 €–6175 €

(Tesla Models 2020 exempted); per
manufacturer 200,000 (Tesla and
General Motors exempted)

• Free parking

All data apply to a vehicle purchased/used in 2020. * Quite generic, for example: Just because one country offered free parking for BEVs
did not mean that BEVs could park for free at all parking spaces.

6. Results: Economic Assessment

In this chapter, the focus is on the interpretation of the results from the TCO. It is
of particular interest to analyse the differences in the mobility costs between the selected
countries (China, the USA (California), and some European countries (Austria, Germany,
The Netherlands, Norway) for the year 2020. A look at the composition of an individual’s
expenses is given in detail. An examination of the differences between the cost composition
of ICEs and BEVs is stated, and a general look at the contrast of the chosen cars is provided.
In addition, a calculation of TCO of BEVs without subsidies on investment costs was done.
Furthermore, a sensitivity analysis was performed to determine the impact of a change in
the interest rate or the depreciation time on the annual costs of a vehicle.

First of all, the differences in the purchase price between ICEs and BEVs must be
mentioned. In Case 1, the acquisition costs for a VW Golf, exclusive taxes, amounted to
18,640 € in the selected countries. The purchase price for a comparable E-Golf was slightly
lower, at 16,540 €. Case 2 showed a larger difference between the purchase price for the
Audi A5 (34,220 €) and the Tesla Model 3 (29,870 €). As already discussed in Section 2, the
vehicles were comparable despite the price difference due to similar size and engine power.

Figure 8 (Case 1—Volkswagen Golf vs. Volkswagen E-Golf) and Figure 9 (Case 2—
Audi A5 vs. Tesla Model 3) shows the TCO per year of an ICE and a BEV in selected
countries. The costs include subsidies and taxes. A depreciation period of eight years and
an interest rate of 5% were assumed.

In Case 1 (see Figure 8), total costs per year for a VW Golf ranged from 2520 € in the
USA to 3960 € in Norway. For a VW E-Golf, the TCO per year ranged from 2650 € in the
USA to 2980 € in Norway.

In Case 2 (see Figure 9), TCO per year for an Audi A5 ranged from 3990 € in the USA
to 5960 € in Norway and Austria. For a Tesla Model 3, the costs were between 2760 € in
China and 4460 € in Norway.
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In both cases, the lowest prices for the ICE were in the USA and the highest in Norway
(Case 1) and The Netherlands (Case 2). The lowest costs for BEVs were in the USA (Case 1)
and China (Case 2). The highest costs could be found in Norway, Germany and the USA.
Case 2 shows the lowest price in the USA for the Tesla Model 3. However, the low costs of
the Tesla Model 3 in the USA was only because Tesla was exempted from subsidies.

The differences in the costs were due to the divergencies in the costs of capital (CCap),
operating & maintenance (CO&M) and energy (CE).

Figure 10 (Case 1) and Figure 11 (Case 2) illustrate the composition of costs in detail.
It also shows how high the costs would be without subsidies. Overall, the most significant
price factor was the CCap, followed by the CE. The CO&M had the lowest impact on the
total costs. In the following. detailed results for selected countries are presented.
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The Netherlands, Austria
As shown in Figures 10 and 11, The Netherlands and Austria had very similar TCO.

In The Netherlands, BEVs, per year, were slightly more expensive, and an ICE slightly
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less expensive than in Austria. The Netherlands had a VAT of 21%, and Austria, a VAT of
20%. A significant difference could be found in the amount of registration taxes. In The
Netherlands, registration taxes were almost four times higher than in Austria. Among
the countries considered, registration taxes were only higher in Norway. However, the
ownership tax in Austria was higher than in any of the other countries considered. Gasoline
prices in The Netherlands were the highest within the selected countries, but electricity
prices were in the midfield and lower than in Austria. Austria granted a 5000 € subsidy, The
Netherlands, a 6000 € subsidy for a BEV. The annual costs for the vehicles considered were
very similar. The costs of a BEV in The Netherlands had more impact on the BEV market
share than in Austria (in The Netherlands 10.2%, Austria 6% in 2020). The Netherlands
showed that the high cost for a BEV could be compensated for through high registration
taxes combined with subsidies and high gasoline prices.

Germany, China
In Germany and China, the annual costs of an ICE and BEV were approximately the

same. Germany granted the highest subsidies, with 6000 € for a BEV, among the countries
considered. In comparison, China granted 3000 € for a BEV. In China, the VAT, at 16%, is
rather low; in Germany, the VAT is 19%. In Germany, there are no registration taxes on
ICEs; the ownership tax is also very low. In addition, in China, the registration tax for an
ICE is very low. However, there was a lottery procedure there, so whether an ICE could
be registered at all was a random decision. In China, electricity prices were the lowest
within the selected countries (0.07 €/kWh); fuel prices were also low. Only in the USA was
the fuel price even lower than in China. In Germany, electricity prices were the highest
within the compared countries (0.31 €/kWh). The BEV market share in China was 3.9% in
2019; in Germany, it was 1.8%. An average level of subsidies and low registration taxes
in combination with low electricity prices thus seemed to have a higher impact than high
subsidies in combination with low taxes. China also strongly promoted BEVs with the
lottery process.

Norway
Norway is considered separately at this point. Norway had the largest BEV market

share worldwide, with 45.6% in 2020. Nevertheless, the annual costs for a BEV were very
high. On the other hand, ICEs were much more expensive than in the other countries
considered. This was due to very high registration taxes and high gasoline prices. Only in
The Netherlands was gasoline price higher. The costs of electricity, on the contrary, were
very low (0.08 €/kWh). Lower electricity prices in the selected countries existed only in
China (0.07 €/kWh). In Norway, there were no subsidies for BEVs granted. However, it
balanced itself out again. Nowhere else were so many monetary measures granted to BEVs
as in Norway. The VAT (25%) was, for the EU-average (21%), rather high. Norway showed
that monetary measures, combined with high registration taxes on ICEs, had a high impact
on disseminating BEVs.

USA (California)
The USA (California) had a unique position in terms of the cost of ICEs. The prices

were much lower than in the other selected countries due to the very low VAT of 8.25%.
Additionally, there were no ownership taxes on ICEs. Furthermore, the gasoline price
(0.07 €/kWh) was the lowest within the selected countries, and the electricity price was in
the midfield. For a BEV, there was a 5500 € subsidy granted; this was the second-highest
value within the compared countries. However, Tesla and General Motors were exempted
from the federal tax credit. In the USA, very few non-monetary measures were provided
for BEVs.

Apart from the individual situation in selected countries, there were differences
between the two cases that needed to be considered. As described briefly in the introduction
to this Chapter, this was due to the cars’ different purchase prices. The differences can be
explained as follows:

In Case 1, the TCO for an ICE and BEV was approximately equal. The purchase price
for a VW Golf in, for example, Austria amounted to 18,670 €, and for an E-Golf, 30,090 €.
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However, there were subsidies for the E-Golf in the amount of 5000 €. In addition, the VW
Golf price got higher because of the VAT (20%), registration tax and ownership tax on ICEs.
Nevertheless, the slightly lower electricity costs could not compensate for the higher fuel
costs. As a result, the E-Golf cost more than the VW Golf in Austria.

Case 2 showed large differences in the TCO of a BEV and an ICE. The net price of the
Audi A5 in Austria for example, amounted to 34,280 €, and of the Tesla Model 3, to 29,920 €.
The price difference between the cars was not as high as in Case 1. The Audi A5 cost more
than the Tesla Model 3. Austria guaranteed the same amount of subsidies (5000 €) for the
Tesla Model 3. On the other hand, the Tesla Model 3 consumed 0.16 kWh/km, which was
similar to the VW E-Golf.

The price margins between ICEs and BEVs were reflected in the final results. This
explained the large differences between costs of ICEs and BEVs when comparing the
two cases.

In the following, we would like to show cost composition, without taking subsidies
on the purchase price into account, using the examples of Austria, Norway and California.
Cost allocations without subsidies for all countries considered are implemented in Figure 10
(Case 1) and Figure 11 (Case 2).

In Austria, in Case 1, the annual costs of 2860 € for a VW E-Golf would amount to
3230 € per year without subsidies. The E-Golf would be cheaper than the comparable VW
Golf at 3530 € per year. Taking Case 2 into consideration, the annual cost of 2850 € for
a Tesla Model 3 would be 3220 € without subsidies. A comparable Audi A5 would cost
5950 € per year. Therefore, in this case, the EV without subsidies would still be even much
cheaper than ICE.

Norway was the only country considered where no subsidies were granted. Never-
theless, BEVs were much cheaper than comparable conventional cars. In no other country
considered was the difference between ICEs and comparable BEVs higher than in Norway.

In California, in Case 1, the annual costs for a VW E-Golf without subsidies would
amount to 3050 €. The VW E-Golf would be more expensive than the comparable VW Golf
with yearly costs of 2520 €. Case 2 showed a different situation. Without subsidies, the
Tesla Model 3 would cost 3040 € per year. Therefore, it was cheaper than the Audi A5, with
an annual cost of 3990 €.

This demonstrated that subsidies had a significant impact on TCO.
Sensitivity analyses were done to see how depreciation time and the interest rate

affected the costs. In the first step, the parameter for the depreciation time was changed.
Thus, a period of 6 years and a period of 10 years were used for the calculation. The interest
rate of 5% was not changed. In the second step, the interest rate parameters were changed
to 4% and 6%. The depreciation time of 8 years was not changed.

The following effects of the interest rate were found: If the interest rate was set to 4%,
the costs changed positively (the annual costs become lower). Conversely, an interest rate
of 6% had a negative effect on costs (annual costs become higher).

A change in the depreciation time had the following effects: If a depreciation time of
6 years was assumed, the costs changed slightly positively (the annual costs became lower).
Conversely, a depreciation time of 10 years had a slightly negative effect on costs (annual
costs became higher).

A change in the interest rate parameter had a stronger effect on the annual costs than
a change in the depreciation time.

In summary, the annual cost of an ICE was the highest in Norway, The Netherlands
and Austria. In the USA (California), China and Germany, the annual costs for an ICE
were the lowest. The high costs of conventional cars in Norway and The Netherlands were
mainly due to the very high fossil fuel prices and registration taxes. In contrast, fuel prices
in the USA (California) and China were very low.

In Norway, the high costs of BEVs were due to the lack of subsidies; in Germany, it
was due to very high electricity prices. The very high BEV market share (52% in 2020) in
Norway was explained by the fact that there were additional rebates for home charging



Energies 2021, 14, 2093 20 of 23

infrastructure and more non-monetary measures than anywhere else as well as the high
registration taxes on ICE.

In the USA (California), the annual cost of a BEV was the lowest. In Case 2, the high
cost of the Tesla 3 was an exception because Tesla, in particular, was exempt from subsidies.
Electricity prices were in the lower middle range; subsidies were quite high. Nevertheless,
the market share of BEVs was only 1.5%. Low annual costs for a BEV were also found
in China (market share 3.9% in 2019), which was due to very low electricity prices. This
demonstrated that low TCO was not enough to ensure successful BEV dissemination.

7. Conclusions

Current policy strategies have a much higher impact on the dissemination of BEVs
than pure private decisions [53]. It is essential to identify the most effective policies and
provide recommendations for policymakers.

Today, almost no electric passenger cars purchased without policy interventions can
be seen. The TCO analysis showed that investment costs of the vehicle itself had the most
significant impact on the TCO and hence, on the unfavourable economics of BEVs. As
demonstrated by the examples of Norway and The Netherlands, the number of BEVs
deployed was highest in countries where proper policy measures are installed.

Norway had the highest BEV market share worldwide. Nevertheless, the annual costs
for a BEV in Norway were very high. ICEs were also much more expensive than in the
other selected countries considered. It was shown that measures such as the increase of
prices for ICEs through high registration taxes and high fuel prices and non-monetary
incentives such as access to certain zones and the usage of bus lanes for BEVs were highly
effective. Furthermore, Norway’s electricity prices were very low. The Netherlands also
showed that the high cost of a BEV could be compensated for through high registration
taxes and high gasoline prices. In addition, high subsidies were granted on BEVs in The
Netherlands.

Low costs for BEVs alone did not ensure high EV dissemination. Nevertheless, the
high price of BEVs was still a barrier [14]. Non-monetary incentives, combined with
indirect policies such as high registration taxes and high fuel prices, are highly effective. In
addition, it could be identified that incentives such as low electricity costs should always
be linked to de-incentives such as high fuel prices [11]. All of these incentives are highly
dependent on policy intervention (but also on spatial conditions).

The analysis of the TCO also demonstrated that a change in the interest parameter
had a stronger effect on the annual costs of a vehicle than the depreciation time. It follows
that a reduction in the depreciation time will probably not lead to a remarkable reduction
in costs.

Other factors for the successful diffusion of BEVs that were not considered in this
paper are the high impact of charging infrastructure, the GDP and CO2-based taxes [8,9,11].
It is recommended that up-front price support works better than taxation systems [53]. In
addition, essential are the technological progress of batteries and the image of BEVs [6,10].

Finally, the following recommendations for policy makers to reduce CO2-emissions
are summarised. These must be clearly and rigorously prioritized [15]. Forcing electric
mobility in private passenger car transport requires policy interferences at least in the
following dimensions:

(i) Pushing the purchases of BEVs by providing remarkable purchase subsidies at least
for the next years to reduce the investment costs over time due to technological
learning effects;

(ii) Implementation of high registration taxes to push up the prices of ICEs even more;
(iii) Legislative measures for the introduction of emission-free transport zones and free

parking for BEVs would be helpful to disseminate BEVs, especially in urban areas;
(iv) Introducing CO2 taxes would support the economic performance of BEVs indirectly

by increasing the prices of petrol and diesel.

Further recommendations based on other studies:
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(v) Setting up the proper charging infrastructure: Along with all types of E-Mobility
goes infrastructure development such as constructing charging infrastructure for
BEVs [8,9,11]. Because this is a problem again concerning regulation, it means the
involvement of policymakers.

(vi) The relevance of the energy source for electricity generation: Regarding the envi-
ronmental performance of any type of E-Mobility, the most crucial question is from
which source the electricity used is generated and how this mix will develop in the
future [19]. With the promotion of renewable energy and RES, electricity becomes as
environmentally clean as possible, but again, this is largely a political decision.

Summing up, policy measures in different dimensions will be the major driving force
for increasing BEVs’ deployment in the future.
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