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A B S T R A C T

This study evaluates Germany’s federal electric vehicle (EV) incentive package, analyzing its impact on the 
automotive market, consumer purchase decisions, and environmental outcomes. Utilizing data from the German 
Ministry of Finance, Federal Motor Transport Authority, and Federal Office of Economics and Export Control, the 
research assesses new EV registrations, as well as federal total, specific, and CO2 abatement costs from 2015 to 
2023. Results show the environmental bonus significantly boosted EV adoption, with a 250% increase in sub
sidized vehicles between 2020 and 2021 and battery electric vehicles (BEV) comprising 18.3% of new regis
trations by 2023. Fiscal analysis uncovers combined costs of tax revenue shortfalls and subsidies at 
approximately EUR 17 billion, underscoring substantial financial commitments. Nonetheless, the incentives have 
significantly fostered EV adoption and environmental goals, achieving CO2 savings of 3 million tons, excluding 
production emissions compared to assumed average petrol cars. Conclusively, Germany’s EV incentives have 
effectively promoted electric mobility despite fiscal and societal challenges. These findings inform policy design, 
advocating for a balanced approach to innovation and societal impacts on electric mobility’s progression.

1. Introduction

Within the partly contradicting landscape of environmental and 
transportation policies, the transition to electric vehicles (EVs) stands as 
a central strategy for defossilization and decarbonization. EVs play a 
crucial role in diminishing greenhouse gas (GHG) emissions from the 
transportation sector, positioning themselves as pivotal to worldwide 
efforts to reduce carbon footprints and tackle climate change. 
(Hausfather, 2019) However, such a shift towards EVs will only occur if 
governmental measures enforce such a development due to the highly 
developed and globally successful combustion-based transportation 
system. (IEA, 2023) Additionally, the path toward widespread EV 
adoption encounters numerous hurdles outside the “classical” trans
portation sector, such as heightened demands on electrical grids, 

capacity expansion of renewables, and a potential uptick in dependence 
on large-scale energy storage within a renewable electricity framework. 
(Exro, 2022).

In this complex environment, the impact of the government’s 
financial support for EV mobility, intended to contribute to GHG sav
ings, has not always yielded the expected results. To reduce GHG 
emissions within the transportation sector, the German federal govern
ment has progressively introduced a variety of incentives in recent 
years, including subsidies and tax breaks, specifically designed to 
encourage the adoption of EVs. (IEA, 2024; Ffe, 2023) Germany’s stra
tegic deployment of EV incentives over time has led to significant ad
vancements in market penetration and the development of a 
comprehensive charging infrastructure. By 2023, the adoption rate of 
battery electric vehicles (BEVs) in new registrations reached 18.4 %, 
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underscoring the effectiveness of these policy measures, but also raising 
questions about their long-term financial sustainability. (KBA, 2023).

1.1. Literature review

Demand-side fiscal policies are among the most used mechanisms to 
promote EV deployment. Several studies have indicated that while these 
policies can effectively boost EV adoption, they often entail significant 
financial burdens. (Sheldon et al., 2023; Langbroek et al., 2016; Sheldon 
and Dua, 2019; Baldursson et al., 2021).

For example, early evidence from light-duty vehicle markets in the U. 
S., Europe, and Canada suggests that promoting EV deployment through 
subsidies is costly, with high expenses associated with incentivizing the 
purchase of BEVs also called plug-in electric vehicles (PEV) within 
different studies. (Miess et al., 2022; Sheldon et al., 2023; Xing et al., 
2021; Sheldon and Dua, 2019; Bennett and Isaac, 2023).

Furthermore, research within the European Union underscores that 
financial incentives - such as purchase subsidies and tax exemptions - 
remain critical drivers for EV ramp-up and deployment. Notably, 
countries with more robust financial support and well-developed 
charging infrastructure, such as Germany, exhibit higher EV adoption 
rates. (Martins et al., 2023).

Previous studies have emphasized the substantial costs associated 
with EV subsidies. In the U.S., direct state and federal subsidies for EVs 
average $8,984 per vehicle over ten years. These figures are consider
ably higher when accounting for hidden subsidies and regulatory 
credits, suggesting that without nearly $22 billion in federal and state 
support, the average cost of owning an EV would be significantly higher. 
(Bennett and Isaac, 2023) Additionally, the total cost of subsidies for EVs 
and the necessary infrastructure, such as charging stations, is immense. 
For example, the costs in California alone could exceed $100 billion by 
2030. (Lesser, 2018).

Several studies suggest that the impact of regulatory credits and 
socialized infrastructure costs further complicates the economic assess
ment of EV policies. Regulatory credits, such as those associated with 
Corporate Average Fuel Economy (CAFE) standards and the socializ
ation of infrastructure costs, significantly reduce the apparent cost of 
EVs. (Bennett and Isaac, 2023; Martins et al., 2023; Audouin and Finger, 
2019) For instance, regulatory credits can provide approximately 
$27,881 in benefits per vehicle for EV manufacturers, while infrastruc
ture costs add an average of $11,883 in socialized costs per EV over ten 
years. (Bennett and Isaac, 2023) In Germany, significant purchase sub
sidies and tax benefits have rapidly increased EV registrations, with the 
market share of electric vehicles (including plug-in hybrids) reaching 
approximately 26 % by 2021, up from just 3 % in 2019. (Audouin and 
Finger, 2019) However, the high costs of existing federal subsidies, as 
observed in the U.S., raise concerns about their long-term viability, with 
the average cost per additional PEV purchase estimated at around 
$35,601. (Sheldon and Dua, 2019).

1.2. CO2 emissions and abatement costs

Still, EV incentive programs have had a positive impact on reducing 
emissions. In Germany, for instance, the incentive programs have led to 
an estimated reduction of approximately 1.2 million tons of CO2 emis
sions per year by 2021, contributing significantly to the country’s 
climate goals. (Sheldon and Dua, 2019) Recent studies also indicate that 
emissions in Germany’s transport sector were reduced by 1.8 million 
tons between 2022 and 2023, primarily due to the increased adoption of 
EVs in road transport. (Umweltbundesamt, 2023).

Several studies have also explored the abatement costs associated 
with EV subsidies. (Audouin and Finger, 2019; Sheldon and Dua, 2019; 
Sheldon et al., 2023) For example, in the U.S., the cost per gallon of 
gasoline saved through these subsidies was calculated at $5.11, high
lighting the economic burden of such incentive programs, especially 
when not targeted effectively. (Sheldon and Dua, 2019) In Germany, the 

cost-effectiveness of these subsidies is debated, with estimates suggest
ing that the cost per ton of CO2 abated ranges between €600 and €1,000, 
depending on the specific vehicle and usage patterns. (Audouin and 
Finger, 2019) This is relatively high compared to other countries like 
Norway and Sweden, where the cost per ton is lower due to more 
aggressive adoption rates and better infrastructure. A recent study 
examining 11 countries, including Germany, found significant variation 
in the (abatement) cost per ton of CO2 emissions avoided through EV 
subsidies, with costs ranging from $739 to $1,600 per ton. (Sheldon 
et al., 2023).

1.3. Research gaps

While prior studies have explored the costs and benefits of demand- 
side EV subsidies, several critical gaps remain unaddressed. Notably: 

• Many analyses focus on purchase subsidies and tax exemptions but 
fail to comprehensively account for supply-side costs, such as infra
structure investments, research funding, and tax revenue shortfalls. 
This limits the ability to fully evaluate the financial trade-offs of 
these policies and their long-term impact on public budgets.

• Temporal analyses of EV policy costs are limited, with few studies 
examining how these expenses evolve over time and how they in
fluence long-term policy effectiveness. Without this perspective, 
policymakers lack insights into whether current incentives can sus
tain market growth without disproportionately straining financial 
resources.

• The distribution of federal costs among different user cases, such as 
private versus company cars, and across drivetrain technologies, 
such as BEVs and plug-in hybrid electric vehicles (PHEVs), remains 
underexplored. This gap makes it difficult to tailor policies to specific 
market segments and ensure equitable distribution of benefits.

• Although (Bennett and Isaac, 2023) provides valuable insights by 
including tax revenue shortfalls, the lack of methodological trans
parency and U.S.-centric focus limits its applicability to Germany. In 
contrast, (Sheldon et al., 2023) provides a robust methodological 
framework but focuses narrowly on PHEVs and excludes BEVs and 
fuel cell electric vehicles (FCEVs).

1.4. Research Objectives

This research aims to provide a detailed assessment of Germany’s EV 
incentive programs from 2016 to 2023, focusing on: 

• Quantifying the federal costs associated with various EV incentives, 
including purchase premiums, tax revenue shortfalls, and infra
structure subsidies.

• Evaluating the environmental benefits of these programs, particu
larly CO2 emission reductions achieved during the study period.

• Calculating CO2 abatement costs to assess the efficiency and eco
nomic viability of the incentives.

Addressing the need for quantitative analysis, this research offers a 
foundation for discussions on EV incentives’ rationale, effectiveness, 
and financial implications. It scrutinizes the costs and outcomes of 
policy choices, aiming to clarify the debate on EV market expansion 
costs in Germany and potentially assist other countries in policy 
formulation. Structured to offer a clear pathway through the examina
tion of Germany’s EV incentives, the paper outlines the assessment 
methodology first, then analyzes the results and concludes with the 
study’s implications. It aims to rationalize the political and public 
discourse on EV incentives by providing a data-driven perspective on 
their costs, benefits, and wider impacts.

While this study focuses on the financial costs and CO2 emissions 
associated with EV incentives from a government perspective, it ac
knowledges that other critical dimensions, such as equity, accessibility, 

M. Schulthoff et al.                                                                                                                                                                                                                             Transportation Research Interdisciplinary Perspectives 31 (2025) 101435 

2 



and social acceptance, also play significant roles in the success of EV 
policies. These aspects, however, fall outside the scope of the present 
analysis and represent valuable avenues for future research.

2. Assessment methodology

The methodology employed in this study seeks to provide both a 
quantitative and qualitative evaluation of the costs associated with EV 
incentives in Germany. The analysis focuses on unit-cost allocation and 
the determination of CO2 abatement costs, employing a hypothetical 
substitution of petrol cars to estimate CO2 emissions. This approach 
facilitates a deeper understanding of CO2 abatement costs from a mac
roeconomic perspective, highlighting the role of governmental in
terventions in reducing these costs for consumers. The study aims to 
shed light on the broader economic effects of EV incentives, demon
strating their contribution to the reduction of CO2 emissions within the 
transport sector.

This study builds on the methodologies employed by (Bennett and 
Isaac, 2023) and (Sheldon et al., 2023), aiming to integrate their 
strengths while addressing their limitations. While (Bennett and Isaac, 
2023) incorporates a wide array of cost positions, such as tax credits, 
purchase premiums, and tax revenue shortfalls, it lacks transparency 
regarding the calculation methods. Furthermore, Bennett’s study is 
specific to the U.S. market, which does not fully account for the unique 
characteristics of Germany’s EV incentives. Nevertheless, the inclusion 
of major cost elements aligns with the scope of our analysis.

(Sheldon et al., 2023) offers a more detailed methodological insight 
and includes Germany as a study focus. However, it primarily concen
trates on plug-in hybrid electric vehicles (PHEVs), excluding battery 
electric vehicles (BEVs) and fuel cell electric vehicles (FCEVs), even 
though the latter plays a minor role in the current market. Additionally, 
(Sheldon et al., 2023) does not consider critical federal costs beyond 
purchase premiums, such as tax revenue shortfalls and other indirect 
costs.

This study seeks to combine the advantages of both approaches. 
Similar to (Bennett and Isaac, 2023), it incorporates the most relevant 
cost positions, while also presenting a comprehensive methodology 
tailored to Germany, as emphasized by (Sheldon et al., 2023). Our 
approach enhances granularity by leveraging detailed data on fleet 
composition, subsidies, and cost allocation. This includes differentiated 
analyses of charging infrastructure costs, tax-revenue shortfalls, and 
distinctions between private and company cars, as well as between BEVs 
and PHEVs. By addressing these gaps, this study provides a more 

nuanced understanding of the financial implications and effectiveness of 
EV incentives across different segments. Table 1 provides a compre
hensive overview of the methodological differences and strengths be
tween (Bennett and Isaac, 2023), (Sheldon et al., 2023), and the current 
study, highlighting their respective focus on market regions, methodo
logical transparency, and the breadth of cost positions considered.

2.1. Data

This study rests on comprehensive data collection, targeting several 
pivotal sources to construct a detailed picture of the EV incentive 
landscape in Germany. The primary data sources (BMF, 2015; BMF, 
2017; BMF, 2019; BMF, 2023; BMF, 2021a) provide in-depth data about 
the costs associated with various incentives. Additionally, registration 
data (KBA, 2015–2023) offering insights into the market uptake of EVs 
following these incentives. Data about the environmental bonus was 
retrieved from (BAFA, 2023). The study primarily utilizes publicly 
available data and individually requests data (BMI, 2005). The excep
tion is the microdata dataset (KBA, 2015–2023). Appropriate measures 
are being taken to ensure the confidentiality and ethical use of this data.

The research is primarily descriptive and analytical, focusing on 
evaluating the current state and impacts of EV incentives. The approach 
is inductive, relying on data collection and analysis to develop an un
derstanding of the effectiveness and economic implications of these in
centives. Therefore, it integrates quantitative analysis of subsidy costs, 
vehicle registrations, and environmental benefits with qualitative as
sessments of the broader economic and policy implications.

Another critical component of our data collection is the analysis of 
costs related to the environmental bonus, which is informed by inquiries 
made by political parties. This aspect is particularly significant, given 
the discrepancies often observed in data sources, especially concerning 
the costs for charging infrastructure and the environmental bonus. 
(German Bundestag, 2021; German Bundestag, 2022a; German Bun
destag, 2022b).

2.2. Assessment approach

The overall assessment approach, delineated in Fig. 1, focuses on 
examining and analyzing the transformational costs, or federal market 
ramp-up costs, arising from Germany’s incentive package for electric 
vehicles (EVs). This study aims to provide a macroeconomic analysis 
that highlights the broader impacts of EV incentives on federal expen
ditures, while differentiating this perspective from the microeconomic 
view typically adopted in customer-focused analyses.

From a macroeconomic perspective, the research quantifies all 
federal expenses tied to the identified incentives, drawing from the 
respective subsidy data (BMF, 2015; BMF, 2017; BMF, 2019; BMF, 
2021a; BMF, 2023). These costs are categorized into: 

• Explicit Subsidies, such as environmental bonuses, are provided 
directly to EV buyers.

• Market Enablers, including subsidies for e-mobility development 
and charging infrastructure, which are pivotal for supporting the 
adoption of EVs by building the necessary ecosystem for their 
operation and growth.

• Implicit Costs, such as federal tax revenue shortfalls resulting from 
tax exemptions and benefits for EVs.

Fig. 1 also illustrates the connection between macroeconomic and 
microeconomic perspectives. For example, subsidies for EV purchases 
appear as expenses in the federal budget balance sheet (macroeconomic 
costs), but the same subsidies represent cost reductions or income for 
eligible customers (microeconomic benefits). While customer-focused 
studies often adopt a practical perspective, treating tax credits or sub
sidies as incentives to lower individual costs, this study examines these 
measures as part of the broader economic landscape. This distinction 

Table 1 
Comparison of Methodologies for Evaluating EV Incentives.

Aspect (Bennett and 
Overcharged, 
2023)

Sheldon et al. 
(2023)

Our Study

Market Focus U.S. market Several 
Countries

Germany

Transparency 
of 
Methodology

Low (calculation 
details not 
provided)

Moderate 
(methodology 
partially 
detailed)

High (comprehensive 
methodological 
presentation)

Cost Positions 
Considered

Broad (e.g., tax 
credits, purchase 
premiums, tax 
revenue 
shortfalls)

Limited (focuses 
on purchase 
premiums)

Broad (e.g., tax 
credits, purchase 
premiums, tax 
revenue shortfalls, 
infrastructure costs)

Vehicle Types 
Included

BEVs and PHEVs PHEVs only BEVs, PHEVs, HEVs 
and FCEVs

Tax Revenue 
Shortfalls 
Considered

Yes No Yes

Relevance to 
Germany

Not relevant (U. 
S.-specific 
context)

Highly relevant 
(German 
context)

Highly relevant 
(tailored to German 
EV incentives)
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highlights the unique contribution of the macroeconomic lens in un
derstanding the systemic impacts of EV incentives.

Role of Market Enablers in Bridging Perspectives: Market En
ablers, such as subsidies for charging infrastructure and e-mobility 
development, play a critical role in connecting the macroeconomic and 
microeconomic perspectives. From a macroeconomic viewpoint, these 
investments are essential federal expenditures aimed at fostering the 
growth of the EV market by addressing structural barriers, such as 
insufficient charging infrastructure. From a microeconomic perspective, 
the availability of charging infrastructure reduces practical barriers for 
individual EV owners, indirectly improving the perceived value and 
utility of EV ownership. This dual impact underscores how market en
ablers bridge the gap between macro-level policy goals and micro-level 
consumer incentives, further highlighting their importance in the 
broader assessment of EV policies.

The methodology incorporates cost allocation methods, distributing 
cost shares across each vehicle according to registration year, power
train, and user type. This differentiation allows the study to analyze 
costs and benefits at both aggregate and segment-specific levels, dis
tinguishing between private and company-owned cars.

The analysis involves several key steps designed to incrementally 
build an understanding of EV incentives and their implications: 

• Identification of Federal EV Incentive Programs: The first step is 
to identify and categorize the various federal programs that incen
tivize EV adoption, including direct subsidies, tax incentives, and 
market enablers.

• Quantification of Federal Costs: The costs incurred by the federal 
government in implementing these incentive programs are 

Fig. 1. Scope of this study macro-economic approach compared to other micro-economic assessment studies in the field.
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quantified. This encompasses both direct subsidies provided and the 
shortfall in tax revenues due to these incentives.

• Analysis of EV Registrations: A critical aspect is to gauge the 
effectiveness of these incentives in promoting EV adoption. This is 
achieved by analyzing the number of new registrations and dis
tinguishing between subsidized vehicles and the total fleet in the 
German car market.

• Quantifiable Assessment and Cost Allocation: A quantifiable 
assessment of the federal costs per vehicle is undertaken, involving 
developing allocation keys for each cost position.

• Definition of Use Cases, Scenarios, and Assumptions: Scenarios 
are defined to estimate specific costs and CO2 abatement costs, 
building a robust framework for assessing the broader economic 
implications.

Additionally, the methodology encompasses a qualitative assessment 
of variables not directly quantifiable within the study’s scope, such as 
broader societal impacts and equity considerations. This qualitative 
analysis complements the quantitative data, broadening the under
standing of the incentives’ broader implications.

2.2.1. Cost allocation
The study advances to a quantifiable assessment and cost allocation 

phase, where it develops allocation keys to apportion federal costs per 
vehicle. This assessment involves a nuanced breakdown by registration 
year, powertrain technology, and user type (personal or company car), 
fostering a comprehensive understanding of the cost distribution. Thus, 
a matrix is created to examine four specific cases, delineating between 
private-owned and company-owned cars and further between PHEVs 
and BEVs and fuel cell electric vehicles (FCEV).

Equation (2–1) defines the Total Incentive Costs (TIC) as the aggre
gation of all Annual Incentive Costs (AICa) from the years 2015 to 2023, 
summing up the incentives per year. This equation provides a snapshot 
of the government’s expenditure on EV incentives over time. ICa are the 
Total Annual Incentive Costs further broken down based on equation 
(2–2), accounting for all powertrains, user cases, and incentives. It 
computes the total by summing the quotient of each applicable incentive 
(ICa,i,j) and its corresponding allocation key (AKa,i,j) (Table 5).

Total Incentive Costs: 

TIC =
∑2023

a=2015
AICa =

∑2023

a=2015

∑

i
ICa,i (2.1) 

Annual Incentive Costs: 

ICa =
∑

j

∑

i

ICa,i,j

AKa,i,j
(2.2) 

2.2.2. CO2 emissions
To assess the environmental impact of EV incentives in Germany, the 

CO2 emission savings are calculated. This is realized by a series of 
equations designed to quantify the reduction in CO2 emissions attrib
utable to the adoption of incentivized EVs.

Equation (2–3) delineates the method for calculating the total annual 
CO2 emission savings (ΔeCO2), aggregating the sum of annual delta CO2 
emission savings (ΔeCO2a ).

Total Annual CO2 Emission Savings: 

ΔeCO2 =
∑

a
ΔeCO2a (2.3) 

Building on this, equation (2–4) calculates the annual CO2 emission 
savings determined by contrasting the reference emissions (eCO2a,Ref ) 
from a hypothetical scenario involving substituted petrol cars with the 
actual emissions from incentivized EVs (eCO2a,EV ). This approach allows 
for a direct comparison between the emissions that would have been 
generated by traditional petrol internal combustion engine (ICE) vehi
cles and those from the incentivized EV fleet.

Annual CO2 Savings: 

ΔeCO2a = eCO2a,Ref − eCO2a,EV (2.4) 

Equation (2–5) outlines the calculation of annual CO2 emissions from 
vehicle operation (eCO2a,operation ). This equation factors in the number of 
subsidized vehicles by year and powertrain (NSVa,j), their average 
consumption (Conj), the transport power (TP), and the emissions factor 
of each power source (EFj), thereby providing a detailed account of 
operational emissions (also called tailpipe emissions).

CO2 Emissions
(Operation): 

eCO2a,operation =
∑

j
NSVa,j Conj TP EFj (2.5) 

Finally, equation (2–6) calculates the production emissions based on the 
multiplication of the number of subsidized vehicles (NSVa,j) by the 
average production emissions per vehicle for each powertrain 
(eCO2j,Production ) dived by the average lifetime of a vehicle (T). This equa
tion extends the scope of this assessment to include the CO2 emissions 
incurred during the manufacturing phase of EVs, offering a more holistic 
understanding of their total environmental footprint.

CO2 Emissions (Production): 

eCO2a,production =
∑

j
NSVa,j

eCO2j,Production

T
(2.6) 

2.2.3. CO2 abatement costs
In evaluating the efficiency of electric vehicle (EV) incentives, a 

critical metric employed is the CO2 abatement costs. This metric offers a 
macroeconomic perspective on the costs associated with reducing CO2 
emissions, distinct from microeconomic considerations such as business 
or personal abatement costs.

Equation (2–7) calculates the annual marginal abatement CO2 costs 
(MACCO2,a ), which quantify the reduction in CO2 abatement costs for 
consumers facilitated by federal subsidies and tax revenue shortfalls. 
This is determined by dividing the annual CO2 emissions savings 
(ΔeCO2a ,j) by the corresponding eligible incentives (ICa,i), aggregating 
across all powertrains (j) and incentives (i). This equation encapsulates 
the cost-effectiveness of the incentive programs in achieving CO2 
reductions.

Annual CO2 Abatement Costs:

MACCO2,a =
∑

j

∑

i

ΔeCO2a ,j

ICa,i
(2.7) 

3. EV incentive programs in Germany

The transition towards electric mobility in Germany from 2014 to 
2023 was significantly influenced by a series of market-based incentives 
aimed at consumers and as well as non-marked-based manufacturers 
(Schulthoff et al., 2022). Table 2 presents an overview of Germany’s 
various incentives for electric vehicles (EVs) by listing the various in
centives, their applicability, and their respective time limits for BEVs, 
FCEVs and PHEVs. Here, the incentives are subdivided into three main 
types: 

• tax revenue shortfalls (also known as net tax loss),
• subsidies, and
• market enablers.

Key aspects include significant long-term tax reductions for BEV and 
FCEV. Additionally, the table illustrates the substantial support for 
market enabling by developing charging infrastructure and funding 
research and development in e-mobility. The varying expiration dates of 
these incentives reflect the dynamic and adaptive approach of Ger
many’s policy landscape in response to evolving technological and 
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market conditions.

3.1. Tax reductions and tax revenue shortfalls

This chapter examines the German government’s implicit incentives 
for electric and hybrid vehicles, which occur as tax revenue shortfalls 
(TRS) and focus on tax reductions and exemptions aimed at promoting 
sustainable mobility and reducing environmental impact.

3.1.1. Company-owned car tax reduction
The tax reduction for company-owned cars is defined under the 

German Income Tax Act (EstG) (Bundesministerium für Justiz, 2020; 
BMF, 2023) reducing the taxable benefit for the private use of a 
company-owned car for BEV, FCEV, and PHEV. Starting from the 2019 
tax period, the taxation of private use of such vehicles has been signif
icantly lower compared to conventional vehicles. The taxable base being 
the gross list price of the vehicle is set at either a quarter or half, 
depending on the vehicle’s characteristics (BMF, 2023). This incentive 
has no planned reduction (degression) over time, although the minimum 
requirements for externally rechargeable hybrid electric vehicles are 
expected to increase gradually (BMF, 2020; BMF, 2023).

3.1.2. EV vehicle tax exemption
The EV vehicle tax exemption is governed by § 3d of the Motor 

Vehicle Tax Act (KraftStG) (Bundesministerium für Justiz, 2002). This 
tax exemption applies to newly registered pure electric vehicles (zero- 
emission vehicles) and those that have been converted to electric. For 
vehicles being first registered between May 18, 2011, and December 31, 
2025, as well as for conversions made between May 18, 2016, and 
December 31, 2025, the tax exemption is granted for a maximum of ten 
years, ending no later than December 31, 2030 (Bundesministerium für 
Justiz, 2002; BMF, 2023). Following the expiration of the tax exemption 
period, these vehicles are subject to a reduced rate of taxation (section 
3.1.3). This continued incentive ensures ongoing support for the use of 
electric vehicles beyond the initial exemption period 
(Bundesministerium für Justiz, 2002; BMF, 2023). The financial re
sponsibility for this tax exemption lies entirely with the federal gov
ernment bearing 100 % of the cost (BMF, 2023).

3.1.3. EV vehicle tax reduction
The EV vehicle tax reduction is a 50 % reduction in the motor vehicle 

tax for pure electric vehicles (zero-emission vehicles) 
(Bundesministerium für Justiz, 2002) paid to 100 % by the federal 
government (BMF, 2023). Newly registered and converted pure electric 
vehicles are also eligible for a time-limited tax exemption. However, the 

impact of this 50 % tax reduction has been somewhat limited so far 
because most electric vehicles currently in use are still benefiting from 
the full tax exemption outlined in section 3.1.2. Thus, the 50 % reduc
tion has not yet been widely applied.

3.1.4. PHEV vehicle tax exemption
The PHEV Vehicle Tax Exemption is legislated also under the Motor 

Vehicle Tax Act (KraftStG) and regulates tax exemptions for particularly 
emission-reduced passenger cars (PHEV), but not zero-emission vehicles 
(i.e., BEV and FCEV). This regulation is specifically designed for vehicles 
with a first registration date up until December 31, 2024 (Gesetze im 
Internet, 2002; BMF, 2023). This regulation is time-limited; it will expire 
/ phasing out on December 31, 2025. This tax exemption is fully 
financed by the federal government (BMF, 2023).

3.2. Purchase incentive: Environmental bonus subsidy

The environmental bonus program is primarily funded through the 
Federal Ministry for Economic Affairs and Climate Action (BMWK) 
(BMVU, 2021; BMF, 2023). Additionally, this program has seen co- 
financing from regional governments and/or the EU. Notably, the 
innovation premium doubling the federal share of the environmental 
bonus was a key measure within the German Recovery and Resilience 
Plan (DARP) between 03.06.2021 and 31.12.2022 (BMF, 2021b; BMF, 
2023). This subsidy is provided for the purchase and leasing of electric 
passenger cars and light commercial vehicles. This grant is only appli
cable when the automotive manufacturer offers a discount at least equal 
to the federal contribution to the net list price of the base model (BAFA 
list price). During the lifetime of this program, manufacturers matched 
the federal contribution by paying 50 % of the Environmental Bonus. 
During the Innovation Premium period, their share was reduced to one- 
third, partly to avoid penalties related to CO2 emission limits (European 
Commission, 2023; Ecomento, 2023b).

Initially established in 2016 as part of a package of measures to 
promote electromobility, the environmental bonus has undergone 
several changes. As of January 1, 2023, the program was planned to be 
limited until the end of 2024 and structured to decrease over time. 
Additionally, the subsidy for PHEVs was discontinued. However, due to 
a significant budget shortfall, on December 13, 2023, it was announced 
that subsidies for electric cars would be discontinued earlier than 
planned (ZDF, 2023; German Government, 2023).

Since 2020, the automotive industry has been subject to stricter CO2 
regulations, necessitating an expansion of electric vehicle offerings or 
facing penalties. The anticipated and observed surge in applications 
towards the end of 2022, spurred by the cessation of PHEV funding and 
the degressive design of the subsidies from 2023, resulted in a record 
number of nearly 230,000 applications in December 2022. Following a 
subsequent decline in January 2023, application numbers have been 
slowly but steadily recovering as of mid-March 2023 (Ecomento, 
2023b).

This subsidy program has played a crucial role in accelerating the 
transition to electric vehicles in Germany. The abrupt end of the funding 
in December 2023 due to budgetary constraints marks a significant shift 
in the government’s approach to incentivizing electromobility. The 
evolution of the environmental bonus is shown in Table 3.

3.3. Market-enabler incentives

Germany’s approach to accelerating e-mobility further contains 
several explicit incentives, such as direct subsidies, grants, development 
funds for car manufacturers, and deployment of infrastructure. These 
incentives function as a market enabler for the e-mobility market ramp- 
up and are additionally relevant to maintaining the car manufacturing 
industry within Germany.

Table 2 
Overview of federal incentives for e-mobility of cars in Germany and deadlines, 
based on (BMF, 2023; BMF, 2015; BMF, 2017; BMF, 2019; BMF, 2021a). Various 
deadlines occur if several incentive programs are summarized in a category.

Incentive 
Type

Designation BEV FCEV PHEV

Tax revenue 
shortfalls

Company Car Tax 
Reduction

− —————————— 31.12.2030 
− ——————————

EV Vehicle Tax 
Exemption

31.12.2025 31.12.2025 −

EV Vehicle Tax 
Reduction

Unlimited Unlimited −

PHEV Vehicle Tax 
Exemption

− − 31.12.2025

Purchase Purchase Premium 
(Environmental 
Bonus)

18.12.2023 18.12.2023 31.12.2022

Market 
Enabler

Charging 
Infrastructure 
Subsidies

− ———— various, max. 31.12.2025 
− ————

E-mobility R&D 
Funds

− ———— various, max. 31.12.2025 
− ————
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3.3.1. Charging infrastructure funds
The primary goal of these subsidies is to initiate the development of a 

comprehensive and demand-oriented charging infrastructure for electric 
vehicles across Germany. The foundation for these subsidies is laid out in 
various funding guidelines and legal frameworks outlined exemplarily 
below (Nationale Leitstelle Ladeinfrastruktur, 2023). 

• The funding directive for public charging infrastructure for electric 
vehicles initiated by the Federal Ministry of Transport and Digital 
Infrastructure was initially established in February 2017 and later 
amended in June 2017 (BMVI, 2021a).

• The funding directive “Local charging infrastructure” has been 
published in March 2021 (BMVI, 2021b).

• The funding directive for charging infrastructure at residential 
buildings was established in October 2020 (BMVI, 2020).

• The funding directive for publicly accessible charging infrastructure 
for electric vehicles has become into force in July 2021 (BMVI, 
2021a).

• The funding directive for non-publicly accessible charging stations 
for electric vehicles for businesses and municipalities has become 
valid in November 2021 (BMVI, 2021c).

These directives provide primarily grants. They are also recognized 
as EU aid, complying with the De-minimis regulation for certain di
rectives (BMF, 2023; BALM, 2022). The subsidies are categorized as 
productivity aids. The various directives have different expiration dates, 
extending from June 2021 for the earliest directive to December 2025 
for the latest one.

From an economic standpoint, the operation of charging 

infrastructure is not yet self-sustaining due to high investment and 
operational costs versus relatively low income from electricity sales 
during the currently ongoing ramp-up phase. This is attributed to the 
low number of vehicles and the resulting underutilization of the 
charging infrastructure. Against this background, the subsidies are 
designed to address this market failure in the nascent electric mobility 
sector (e.g., the average utilization of public charging infrastructure in 
Germany was 11.6 % in 2023, peaking at 25 % during high-demand 
times (BDEW, 2023)).

3.3.2. E-mobility R&D (research and development) funds
The overarching goal of these measures is to position Germany as a 

leading market and provider in electromobility. By 2030, the aim is to 
have 15 million fully electric passenger cars and 1 million public 
charging points. These ambitious targets are to be achieved through 
innovations in vehicle technology, an expansion of vehicle and infra
structure offerings, and the development of synergies between mobility 
and energy systems, including controlled and bidirectional charging. 
(BMF, 2023).

The legal groundwork for such R&D measures is established through 
various directives. 

• A joint funding initiative initiated in February 2021 by the Federal 
Ministry for Economic Affairs and Climate Action and the Federal 
Ministry for the Environment, Nature Conservation, and Nuclear 
Safety for research and development in the field of electromobility.

• Several funding calls from the Federal Ministry for the Environment, 
Nature Conservation, and Nuclear Safety to promote projects in 
electromobility, including the electrification of vehicle fleets in the 
health and social services sector.

• The technology competition “ICT for Electromobility” focuses on 
intelligent applications for mobility, logistics, and energy, as well as 
economic applications and infrastructures for electric commercial 
vehicles (BMF, 2023).

Evaluations of the electromobility funding directive have shown that 
the programmatic goals are being met. The “Erneuerbar Mobil” sub- 
program has been particularly successful, establishing itself as a viable 
construct within the electromobility funding landscape for addressing 
long-term research and innovation topics of societal and economic 
relevance (BMF, 2023).

These measures are part of the Climate and Transformation Fund of 
the German government and have various expiration dates, with some 
initiatives scheduled to end as late as June 2026. The initiatives are 
primarily financed through EU aid and are categorized as productivity 
aids (BMF, 2023).

4. Results and discussion

The following section presents the results of the analysis of the 
German car market, the cost analysis and allocation of subsidies and tax 
revenue shortfalls based on the methodology shown in section 2, as well 
as the incentives-induced CO2 emissions and abatement cost reduction.

4.1. German car market evolution

Below, based on the identified incentives, the evolution of the 
German car market is analyzed to assess the effectiveness of these 
measures. Therefore, new registrations and the number of subsidized 
vehicles by the environmental bonus are analyzed.

4.1.1. New car registrations
In the evolving landscape of the German car market, a significant 

shift is evident in the composition of new vehicle registrations, driven by 
changing consumer preferences and regulatory incentives. Fig. 2 pro
vides a detailed depiction of this shift, showcasing the relative shares of 

Table 3 
Evolution of environmental bonus subsidy in EUR (€).

Date Eligible 
Vehicles

Subsidy Amount Notes

18. May 
2016

BEVs, 
FCEVs, 
PHEVs

€ 2,000 for BEVs and 
FCEVs, € 1,500 for 
PHEVs

Introduction environmental 
bonus (BMVU, 2021; BMWK, 
2016)

1. Sep. 
2018

BEVs, 
FCEVs, 
PHEVs

€ 2,000 for BEVs and 
FCEVs, € 1,500 for 
PHEVs

Introduction WLTP Test 
Cycle 
Removing non-eligible 
PHEVIntroduction of subsidy 
for Acoustic Vehicle Alert 
System  
(DeWiki, 2024)

Nov. 
2019

BEVs, 
FCEVs, 
PHEVs

€ 3,000 for BEV/FCEV 
(≤€ 40,000)€ 2,250€ for 
PHEV (≤€ 40,000)€ 
2,500 for BEV/FCEV 
(€ 40,000 − € 65,000)€ 
1,875 for PHEV 
(€ 40,000 − € 65,000)

Raise of Environmental 
Bonus (DeWiki, 2024)

3. Jun 
2020

BEVs, 
FCEVs, 
PHEVs

€ 6,000 for BEV/FCEV 
(≤ € 40,000)€ 4,500€ for 
PHEV (≤ € 40,000)€ 
5,000 for BEV/FCEV 
(€ 40,000 − € 65,000)€ 
3,750 for PHEV 
(€ 40,000 − € 65,000)

Introduction of Innovation 
Premium (doubling federal 
subsidy) until 31.12.2022 
PHEV > 50 gCO2/km no EV 
range requirement 
PHEV < 50 gCO2/km EV 
range requirement: 2022: 
60 km, 2025: 80 km (
BMWK, 2018; DeWiki, 2024)

2023 BEVs, 
FCEVs

€ 2,250 (< € 40,000) 
and€ 1,500 (€ 40,000 −
€ 65,000) used Cars: 
€ 1500

From 01.09.2023, only 
private individuals can apply 
for the bonus. Small 
businesses and non-profit 
organizations might be 
exceptions.(DeWiki, 2024)

09. Sep 
2023

BEVs, 
FCEVs

No changes End of subsidies for company 
cars (German Government, 
2023)

18. Dec. 
2023

− ​ End of environmental bonus (
German Government, 2023)
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new registrations across different powertrain technologies as lines and 
the total registrations as a grey background.

Thus, hybrids, a combination of Hybrid Electric Vehicles (HEVs) and 
PHEVs have gained importance. PHEVs, in particular, receive separate 
attention due to their incentivization under various government pro
grams. Since the introduction of the environmental bonus in 2016, all 
incentivized technologies, including PHEVs and Battery Electric Vehi
cles (BEVs), have seen increasing shares, with a noticeable surge starting 
in 2019.

The period between 2015 and 2023 experienced a remarkable surge 
in the annual new registrations of BEVs, PHEVs, and FCEVs, rising from 
55,213 new registrations in the year 2015 to a substantial 2.51 million in 
the year 2023 (KBA, 2023; KBA, 2023; KBA, 2023). This significant 
growth is predominantly attributed to the various incentives imple
mented by the government, successfully catalyzing the adoption of 
alternative powertrain vehicles.

A declining trend is observed in conventional internal combustion 
engine (ICE) technologies, such as diesel- and petrol-powered vehicles. 
Diesel has consistently declined since 2015, partly due to stricter air 
pollution limitations in cities (particularly concerning NOx emissions) 
and fears of urban diesel bans. The VW diesel-gate scandal in the year 
2015 further tarnished the image of diesel-driven cars 
(Deutschlandfunk, 2021; Schweizer Tagblatt, 2019). Those circum
stances led to a shift from diesel to petrol, which peaked in 2018 with a 
62 % share in new registrations. However, since 2018, the share of 
petrol has steadily been replaced by hybrids and BEVs.

The introduction of stricter CO2 fleet limits for original equipment 
manufacturers (OEMs) has necessitated the adoption of alternative 
powertrains, initially leading to an increased market share of HEVs. The 
reform of the environmental bonus in the year 2019 catalyzed the 
market entry of both BEVs and PHEVs, further supported by tax benefits 
for these vehicle types. Interestingly, CNG and LPG vehicles no longer 
play a significant role in new registrations (European Commission, 
2023).

The shares of PHEV and BEV have been rising simultaneously and 
similarly since the year 2019. The motor vehicle tax reform in 2021 
based on tax assessments on CO2 emissions provided an even stronger 
incentive to move away from ICE vehicles. However, the end of the 
environmental bonus for PHEVs in the year 2022 led to a decrease in 
their shares, as the technology remains more expensive compared to ICE 
vehicles. In contrast, BEVs continued their upward trajectory, reaching 
an 18.4 % market share of new registrations by 2023, supported by the 
continued environmental bonus until December 18, 2023 (BMF, 2020; 
Zoll, 2020)

One key observation is the noticeable decrease in the absolute 

number of new vehicle registrations. This trend is significantly influ
enced by the COVID-19 pandemic. This profound impact on consumer 
behavior and the broader market led to a downturn in new vehicle 
purchases. However, amidst these challenging economic times, intro
ducing the innovation premium in June 2020 played a crucial role in 
bolstering the market. This incentive effectively counteracted the pan
demic’s negative impact by encouraging continued growth in the market 
share of electric vehicles, even during time periods of economic uncer
tainty. The cost of the innovation premium alone amounted to more 
than 2.7 Billion € between July 2020 and June 2022 (based on (German 
Bundestag, 2022a; German Bundestag, 2021)).

Finally, the enduring popularity of Hybrid Electric Vehicles (HEVs) is 
noteworthy. Despite the absence of a purchase premium for these ve
hicles, HEVs have remained a popular choice among consumers. This 
sustained interest can be attributed to their relatively lower prices 
compared to fully electric vehicles and favorable emissions ratings. 
Furthermore, HEVs offer a lower total cost of ownership (TCO) and al
leviates range anxiety concerns for consumers. Further, HEVs were also 
attractive to manufacturers as they helped to align with CO2 fleet limits.

4.1.2. Subsidized cars by environmental bonus
The left graph in Fig. 3 displays the annual new registrations of ve

hicles subsidized by the environmental bonus from 2015 onwards till 
November 2023. It reveals a significant increase in the number of sub
sidized vehicles, with a notable peak in the year 2022, when 820,368 
vehicles were subsidized, accounting for 30.9 % of all new registrations 
in that year. This peak can largely be attributed to the introduction of the 
innovation premium, which significantly boosted the number of subsi
dized PHEVs and BEVs.

The right graph offers insights into the share of vehicles subsidized 
by the environmental bonus in new registrations for each powertrain 
technology. Although the environmental bonus was discontinued for 
PHEVs in 2023, the BAFA received 478 PHEV subsidy applications. 
However, there are differences in the data time stamps of application, 
the approval, and the payment of these subsidies, resulting in a time shift 
of approvals and payments. This effect leads to subsidies of PHEV even 
after the formal termination of this program in 2023 (BAFA, 2023; BMF, 
2023).

A key observation for 2023 is the notable decline in the share of 
subsidized new PHEV registrations, dropping by 64 %. This decrease is 
primarily due to the discontinuation of the environmental bonus for 
PHEVs, resulting in a reduction in new PHEV registrations from 14 % in 
2022 to just 6 % in 2023 of the total car market. Furthermore, the 
termination of the innovation premium in December 2022 resulted in a 
reduction in new BEV registrations. However, the subsidy share for BEV 

Fig. 2. New car registrations in Germany 2014–2023 by powertrain(lines: relative; area: absolut) (KBA, 2023; KBA, 2023; KBA, 2023)
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remained relatively high at 78 %.
Interestingly, FCEVs have not seen significant registration numbers 

throughout this period, indicating that they have no substantial impact 
within the German market.

To sum up, the environmental bonus has been a key driver in the 
exponential growth with a 250 % increase in subsidized vehicles, 
particularly between 2020 and 2021, This growth trajectory underscores 
the effectiveness of the environmental bonus as a policy tool in pro
moting the adoption of electric vehicles and shaping consumer prefer
ences in the German automotive market.

4.2. Total federal costs of subsidies and tax revenue shortfalls

In the following, the costs of Germany’s EV incentives between 2015 
and 2023 are analyzed. This investigation is pivotal to comprehending 
the fiscal impact these incentives have exerted on public finances.

Fig. 4 offers a detailed overview of the costs incurred due to subsidies 
and funds from explicit federal incentives, alongside the tax revenue 
shortfalls from implicit federal incentives. The aggregate total of the 
expenses in supporting EV adoption during this period amounts to 
approximately 17.2 billion €, of which subsidies constitute approxi
mately 14.3 billion € and tax revenue shortfalls roughly 2.9 billion €. 
Fig. 4 traces the evolution of explicit subsidies and funds, revealing an 
initially modest fiscal impact from 2015 to 2019. This period, corre
sponding to the ’innovators phase’ in the bass diffusion model, was 
characterized by gradual market penetration of alternative powertrains 
(Ensslen et al., 2019; Fluchs, 2020). A notable increase in these costs 
ensued following the increase in the environmental bonus in November 
2019, which significantly supported purchases of incentivized vehicles. 
The subsequent years, marked by the COVID-19 pandemic, witnessed a 

doubling of the federal share of the environmental bonus (due to 
“innovation premium”). This intervention led to an explosive rise in new 
registrations of alternative powertrains. However, the removal of sub
sidies for PHEVs and the restriction of the environmental bonus to pri
vate consumers in the year 2023 will lead to a decrease in government 
spending in the future until spending on tax losses increases.

Concurrently, the growing number of EVs necessitated augmented 
subsidies for charging infrastructure. This trend is projected to continue 
into 2024 and the following years (BMF, 2023). Further, the trajectory of 
implicit incentives is increasing through tax revenue shortfalls. These 
shortfalls have been found to correlate directly with the number of 
eligible vehicles in the market. Consequently, as the registrations of 
eligible cars increased, so did the tax revenue shortfalls, with the 
company-owned car tax reduction emerging as a predominant driver of 
these costs. Post the expiration of each incentive’s registration period, a 
stabilization in associated costs is expected to manifest distinctly from 
2025 to 2030. Between 2015 and 2019, these costs were primarily 
driven by subsidies (mainly “environmental bonus”). As the shares of 
electric vehicles rose, the tax revenue shortfalls began to impose a more 
significant burden on the total costs. Meanwhile, the subsidies, partic
ularly those from the environmental bonus, were scaled back and 
refined to target specific vehicle types. In the forthcoming years, tax 
revenue shortfalls are projected to dominate the cost spectrum, while 
subsidies for charging infrastructure are expected to persist until such 
infrastructure becomes economically viable.

4.3. Specific federal costs per eligible vehicle

In the assessment of the fiscal impacts of EV incentives in Germany, a 
nuanced understanding emerges when dissecting the allocation of these 

Fig. 3. New registrations of EVs subsidized by environmental bonus from 2015 to Nov 2023 (left) and share of vehicles subsidized by the environmental bonus in 
new registrations (right). (Bafa, 2023; Ecomento, 2016; Ecomento, 2017; Ecomento, 2018; Ecomento, 2019; Ecomento, 2020; Ecomento, 2021; Ecomento, 2022; 
Ecomento, 2023; Ecomento, 2023).

Fig. 4. Relative and absolute costs of federal subsidies and tax revenue shortfalls between 2015 and 2023 in EUR billion (relative and absolute) (BMF, 2015; BMF, 
2017; BMF, 2019; BMF, 2021a; BMF, 2023).
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incentives across various user cases. This understanding is crystallized in 
Table 4 and Fig. 5 showing the distribution of federal incentive costs. 
Table 4 presents the incentives, their applicability to user groups, and 
their derived allocation key. Fig. 5 categorizes these costs within a 2x2 
matrix, considering the most pertinent user groups – company-owned 
cars (CC) and private-owned cars (PC) – and the principal powertrain 
technologies BEV and PHEV. This classification is pivotal for delineating 
the diverse impacts of EV incentives on the federal budget and for 
appreciating the specificity of cost allocation among different user 
groups and vehicle types.

A detailed analysis of Table 4 reveals the selective applicability of 
each incentive, contingent on the powertrain technology and user 
group. This differential applicability necessitates a bespoke allocation 
key for each incentive, ensuring an accurate reflection of the financial 
burden on the federal budget. The comprehensive allocation of charging 
infrastructure costs echoes this tailored approach. The underutilization 
of the existing charging infrastructure points to potential future cost 
reductions (although immediate allocations suggest otherwise (BDEW, 
2023)).

Fig. 5 extends this analysis by presenting a 2x2 matrix that juxta
poses user groups against powertrain technologies, revealing the specific 
federal incentive costs. This figure highlights the assumption of the in
centives listed in Table 4 are applicable to each case. For instance, CC 
PHEVs are not subsidized by the environmental bonus in 2023 anymore 
but still accrue benefits from tax incentives, translating to lower average 
costs for explicit and implicit subsidies. A striking observation is the 
higher subsidization of BEVs compared to PHEVs, primarily due to the 
tax exemption and a more substantial environmental bonus. Further
more, company-owned cars receive more significant subsidies than 
private-owned cars, especially due to the company-owned car tax 
exemption and the resulting tax revenue shortfall for the national 
household. The costs are annually allocated in the year they occur.

In examining private-owned cars, the environmental bonus emerges 
as the principal cost driver, with charging infrastructure costs also 
playing a significant role. As for company-owned cars, the environ
mental bonus remains a major driver, albeit with a relatively smaller 
share compared to privately owned cars. The company-owned car tax 
reduction, particularly since its peak in 2019, stands out as a notable 
cost component. Before 2019, e-mobility R&D costs as market-enabler 
were predominant, shifting later to the second-largest contributor.

4.4. CO2 emissions and abatement costs over vehicles

In the following, scenarios and assumptions are presented to calcu
late the CO2 emissions of subsidized e-vehicles and assumed substituted 
petrol vehicles. Furthermore, the cost analysis is used to calculate the 
CO2 abatement cost reduction for customers through government 
incentives.

4.4.1. Scenarios
In evaluating the efficiency of Germany’s policy package for EV in

centives, a critical metric employed is the CO2 abatement costs. The 

significance of these CO2 abatement costs lies in their utility as a 
benchmark for future governments contemplating similar e-mobility 
incentive packages. However, it is crucial to recognize that these costs 
are influenced by specific national contexts. For instance, Germany’s 
status as a “new car country” with a minimal import of used cars 
significantly shapes its vehicular landscape. This contrasts with coun
tries like Bulgaria or many African nations, where the import of older 
cars is more common (Held et al., 2021).

Table 5 establishes a framework for calculating CO2 abatement costs 
across three scenarios: base, minimum, and maximum. These scenarios 
are differentiated by the emission factors attributed to various energy 
sources, critical for determining CO2 emissions savings and abatement 
costs.

In this analysis, we assume an average annual transport distance of 
16,200 km for alternative vehicles (KBA, 2024b) with an estimated 
vehicle lifetime of 17 years (BMVU, 2017) for the German car market. 
For emission factors related to conventional fuels like petrol and diesel, 
the study draws from figures provided by the (Helmholtz Gesellschaft, 
2020). The base case reflects current electricity emission factors in 
Germany, offering a contemporary perspective (Electricity Maps, 2022). 
The maximum scenario envisions higher emission factors due to 
increased reliance on carbon-intensive energy sources, whereas the 
minimum scenario assumes a more optimistic shift toward lower emis
sion factors for both electricity and hydrogen.

A key variable in this analysis is the electric mode share for PHEVs 
which quantifies the proportion of kilometers driven in EV mode rather 
than using the internal combustion engine (ICE). This assumption is 
grounded in data from (Plötz et al., 2022), which covers both private 
and corporate PHEV users. The results of the CO2 emissions and abate
ment cost calculations across these scenarios, including production- 
related emissions, provide a holistic view of the environmental bene
fits and cost-effectiveness of Germany’s EV incentive policies.

4.4.2. CO2 emissions
Fig. 6 provides a depiction of annual and cumulative CO2 emissions, 

focusing exclusively on operational (tailpipe) emissions and thereby 
excluding vehicle production emissions.

The bars in Fig. 6 and Fig. 7 represent the base case scenario for each 
year. Specifically, the left bar for each year delineates the CO2 emissions 
attributable to a petrol substitute. This hypothetical case estimates the 
emissions that would have been produced if the fleet of alternative 
powertrain vehicles consisted of ICE petrol cars, serving as a compara
tive benchmark. Central to these figures is the stacked bar that shows the 
emissions from different alternative powertrains, namely BEVs, PHEVs, 
and FCEVs. The data for these emissions are derived under the as
sumptions outlined in Table 5, providing a detailed breakdown of 
emissions by powertrain type. Adjacent to these stacked bars, the right 
columns in each year’s segment display the annual CO2 savings achieved 
by adopting the alternative powertrains as opposed to the petrol sub
stitute scenario. Moreover, the figures include variation bars, repre
senting the total ranges for the minimum and maximum cases. These 
variations offer insights into the potential variability in emissions and 

Table 4 
Applicability of EV incentive cost allocation on different use cases.

Incentive Allocation Key Company-owned Car (CC) Private-owned Car (PC)
CC BEV CC PHEV CC BEV CC PHEV

Company Car Tax Reduction Subsidized CC x x ​ ​
EV Vehicle Tax Exemption TR BEV/FCEV x ​ x ​
EV Vehicle Tax Reduction TR BEV/FCEV (x) ​ (x) ​
PHEV Vehicle Tax Exemption TR PHEV ​ x ​ x
Environmental Bonus By powertrain (BAFA data) (01.09.2023) (31.12.2022) (18.12.2023) (31.12.2022)
Charging Infrastructure Funds TR EV x x x x
E-Mobility R&D Funds TR EV x x x x
CC: Company-owned Cars; PC: Private-owned Cars; TR: Total Registrations; EV: Electric Vehicle (incl. BEV, PHEV, FCEV); BEV: Battery Electric Vehicle; FCEV: Fuel Cell Electric 

Vehicle; PHEV: Plug-in Hybrid Electric Vehicle; BAFA: Federal Office for Economic Affairs and Export Control
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savings under different assumptions.
A continuous line across the figures tracks the cumulative CO2 sav

ings over time for the base case, offering a longitudinal perspective on 
these vehicles’ environmental impact. Accompanying this line is a 
background band that illustrates the spectrum of cumulative CO2 
emissions between the max and min cases.

Fig. 6 illustrates the trajectory of CO2 savings attributed to the 
increasing adoption of high-efficiency alternative powertrains, particu
larly BEVs and PHEVs. The CO2 savings observed each year are directly 
proportional to the growing presence of these alternative powertrains in 
the market. Notably, the annual CO2 savings escalate as the proportion 
of BEVs to PHEVs increases. This trend has been particularly prominent 
since the reduction of subsidies for PHEVs from 2019 onward and the 
expected further changes in September 2023. This shift has resulted in a 
higher uptake of BEVs, contributing to greater CO2 savings over the 
years. A significant increase in CO2 savings is discernible following the 
substantial number of vehicles subsidized in 2019, leading to an 

Fig. 5. Specific federal incentive costs per user group (PC & CC) and subsidized powertrain technology (BEV & PHEV). PC: Private Cars; CC: Company Cars [own 
calculations].

Table 5 
Assumptions and Scenarios for CO2 Abatement Cost Calculations.

Variables 
Operation

Unit Base Max Min Reference

Emissions 
Factor 

Electricity

kgCO2/ 
kWh

0.4 0.6 0.1 (Electricity Maps, 
2022)

PHEV 
Electricity 

Mode Share

− 0.2 0.2 0.2 (Plötz et al., 2022)

Emissions 
Factor H2

kgCO2/ 
kgH2

10 16 0 (Schmidt-Achert 
et al., 2023)

Variable 
Production

BEV PHEV FCEV ICE 
(Petrol)

​

Emissions 
Vehicle 

Production 
[tCO2eq]

17 13 15 10 (Umweltbundesamt, 
2021)

Fig. 6. Specific, annual, and cumulative CO2 emissions from alternative pow
ertrains, petrol substitute, and CO2 savings excluding vehicle production 
emissions (based on assumptions shown in Table 5).

Fig. 7. Specific, annual, and cumulative CO2 emissions from alternative pow
ertrains, petrol substitute, and CO2 savings, including vehicle production 
emissions (based on assumptions shown in Table 5).
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exponential growth in cumulative CO2 emissions savings up until 2023.
Fig. 7 extends the analysis of CO2 emissions to include the significant 

factor of vehicle production emissions, offering a more comprehensive 
view of the environmental impact of EVs. This inclusion is particularly 
pertinent for BEVs and PHEVs, which inherently possess a higher initial 
CO2 ’backpack’ due to the emissions involved in battery production. 
This necessitates these vehicles to ’catch up’ during their operational 
phase, offsetting the higher production emissions to realize overall CO2 
savings.

Consequently, when factoring in production emissions, the annual 
CO2 savings for BEVs and PHEVs are observed to be lower than what is 
represented in Fig. 6 only considering operational emissions. This leads 
to a reduction in the calculated cumulative CO2 savings. The variation 
bars in Fig. 7, representing the minimum and maximum case scenarios 
for each year, remain consistent with those depicted in Fig. 6, as they are 
influenced solely by operational assumptions.

However, the increasing market share of BEVs and PHEVs adds a 
layer of complexity. As these vehicles become more prevalent over time, 
their higher CO2 production emissions become more significant, 
partially diminishing the overall emission savings. This dynamic leads to 
a notable reduction in emission savings − 26 %/a lower cumulative 
savings on average compared to the cases that exclude production 
emissions.

The overarching analysis of CO2 savings derived from the adoption of 
alternative powertrains in Germany (Fig. 6 and Fig. 7) presents an 
optimistic environmental outlook. Despite the incorporation of vehicle 
production emissions in Fig. 7 notably reducing the extent of savings 
compared to the assessment of operational emissions alone, the CO2 
savings remain positive in both scenarios over time.

However, these CO2 savings are contingent upon the scope of the 
vehicle’s operation within Germany. If the scope were to be reduced, for 
instance, by considering the potential export of these vehicles and/or a 
lower overall traveling distance within Germany, the CO2 savings would 
still be realized but would no longer contribute to the annual German 
CO2 balance.

In comparing the results of our study with previous research, we find 
both alignment and noteworthy variations in CO2 emissions savings. For 
example (Sheldon et al., 2023) estimated that EVs saved approximately 
1.2 million tons of CO2 emissions annually by 2021. In comparison, our 
study found that, including production emissions, the CO2 savings 
amounted to 0.96 million tons, while excluding production emissions (i. 
e., focusing solely on tailpipe emissions), the savings reached 1.31 
million tons.

In a more recent study, the (Umweltbundesamt, 2023) reported 1.8 
million tons of CO2 savings in 2022. Our study found slightly lower 
emissions savings when production-related emissions were considered, 
with 1.56 million tons of CO2 saved. However, when excluding pro
duction emissions, our results exceeded those findings, with a total of 
2.1 million tons of CO2 saved.

4.4.3. CO2 abatement costs
Fig. 8 succinctly conveys the CO2 abatement costs arising from fed

eral incentives for alternative powertrains. Using stacked columns, these 
costs are depicted based on the base case assumptions from Table 5. A 
grey band within the graphics captures the range of potential outcomes 
under the minimum and maximum cases, providing a visual spectrum of 
annual CO2 abatement costs. The following graphics differ in the 
exclusion and inclusion of production emissions for the vehicles.

Fig. 8 showcases the CO2 abatement costs, excluding production 
emissions, drawing from the operational emissions data presented in 
Fig. 8. In this depiction, the average CO2 abatement cost for the base 
scenario is calculated at around 1,658 €/t of CO2. For the scenarios with 
varied assumptions, the average costs fluctuate, reaching up to 3,135 €/t 
in the maximum scenario and dropping to 915 €/t in the minimum 
scenario (averages of upper and lower grey band boundaries).

An analysis of the period between 2015 and 2019 highlights that the 

e-mobility R&D fund initially played a pivotal role in driving federal 
costs (see also Fig. 4). Over time, however, the share of this fund in the 
overall costs has gradually decreased. A significant shift occurs in the 
year 2019 with the increase in company-owned car tax reduction 
correlating with the rising number of eligible registered vehicles. In the 
year 2020, the environmental bonus emerged as the primary cost driver, 
a change attributed to an upsurge in vehicle registrations. The peak 
abatement cost is observed in the year 2021, reaching 3,135 €/t of CO2, 
predominantly due to the innovation premium introduced within the 
environmental bonus. As the share of electric vehicles (EVs) continues to 
rise, the costs associated with charging infrastructure subsidies also 
grow linearly.

Fig. 9 presents the analysis of CO2 abatement costs, including vehicle 
production emissions, extending the insights derived from Fig. 7. This 
figure offers a broader perspective on the broader environmental costs of 
EV adoption, considering the emissions from the production phase of 
these vehicles. Here, the average CO2 abatement cost for the base case is 
calculated at 2,254€/t of CO2, with a significant variation observed 
across different scenarios: as high as 4,298 €/t in the maximum case and 
as low as 1,235 €/t in the minimum case for the average costs (averages 
of upper and lower grey band boundaries).

From 2015 to 2019, like the trends observed in Fig. 4, the e-mobility 
R&D fund initially dominates as the main cost driver. However, the 
proportion of this fund in the total costs gradually diminishes over time. 
A notable shift occurred in 2019, when company-owned car tax reduc
tion became a significant factor due to the increasing number of eligible 
company cars, a trend that continues to rise until 2023. In the year 2020, 
the environmental bonus takes over as the primary cost driver, propelled 
by a surge in vehicle registrations. This shift is particularly prominent in 
the year 2021, where the peak abatement cost reaches 4,298 €/t of CO2, 
largely due to the innovation premium included in the environmental 
bonus.

Parallel to the increasing market share of electric vehicles, the 

Fig. 8. CO2 abatement costs per Vehicle, excluding production emissions.

Fig. 9. CO2 abatement costs per Vehicle, including production emissions.
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subsidies allocated for charging infrastructure exhibit a linear growth, 
reflecting the expanding need for EV charging facilities. It is important 
to mention that these CO2 abatement costs are high at introducing new 
technologies that require subsidies and will decline over time.

In comparison to the study by (Sheldon et al., 2023), which calcu
lated CO2 abatement costs ranging from 734 to 1,600 €/ton CO2 across 
11 European countries in 2017, with an average of 202 €/ton CO2 for 
Germany, several key differences in methodology arise. Sheldon et al. 
only considered purchase premium subsidies, such as the environmental 
bonus, while excluding other direct subsidies and tax revenue shortfalls. 
In contrast, our study, which focuses on the environmental bonus allo
cated in Germany, estimates CO2 abatement costs at 457 €/ton CO2 for 
2017. This higher cost is primarily due to differences in the cost allo
cation approach, particularly in accounting for avoided emissions or 
emission savings.

If we consider a vehicle lifetime of 250,000 km and assume that the 
vehicle remains in Germany for its entire lifetime, contributing fully to 
the country’s GHG balance, the CO2 abatement cost excluding produc
tion would average 363 €/ton CO2, with a range of 124 to 615 €/ 
ton CO2. When including production emissions, the average cost drops 
to 165 €/ton CO2, ranging from 64 to 308 €/ton CO2. However, this 
approach does not account for future tax revenue shortfalls from the 
fleet, which would likely increase the actual abatement costs. Therefore, 
these values should be interpreted as indicative, providing an order of 
magnitude rather than precise estimates, as more comprehensive data 
would refine these calculations.

Limitations and further aspects
In the context of assessing the CO2 abatement costs associated with 

EV incentives from a federal perspective, a crucial aspect of this study 
involves a qualitative assessment of the known limitations. This evalu
ation, detailed in The qualitative assessment presented in Table 6 is 
based on expert opinions and key mathematical formulas used in 
calculating CO2 abatement costs, particularly those accounting for 
emissions, energy source variability, and production-related factors. The 

combination of expert judgment and precise mathematical modeling 
ensures that the assessment reflects both theoretical rigor and practical 
insights into the limitations and impacts of EV incentives.

Table 6, delves into the impact these limitations have on the cost- 
effectiveness and overall efficiency of the EV incentives under investi
gation. The table serves as a critical tool for understanding the con
straints and challenges inherent in such policy assessments, offering 
insights into the areas where assumptions and external factors might 
influence the results. This qualitative assessment is essential for a 
comprehensive understanding of the study’s findings, ensuring a 
balanced and realistic interpretation of the data and its implications in 
the broader context of environmental policy and sustainable trans
portation initiatives.

The qualitative assessment presented in Table 6is based on expert 
opinions and key mathematical formulas used in calculating CO2 
abatement costs, particularly those accounting for emissions, energy 
source variability, and production-related factors. The combination of 
expert judgment and precise mathematical modeling ensures that the 
assessment reflects both theoretical rigor and practical insights into the 
limitations and impacts of EV incentives.

Another limitation of this study is the focus on macroeconomic and 
environmental impacts, which excludes an analysis of potential social 
and regional disparities associated with EV incentives. For instance, the 
purchase premium incentive inherently favors individuals who can 
afford new or nearly new vehicles, which may exacerbate social im
balances. Lower-income households, who are more likely to rely on 
older used cars, are often excluded from benefiting directly from these 
subsidies. This highlights a disparity in access to EV incentives, as 
higher- and middle-income individuals are more likely to purchase new 
cars or benefit from company car programs. It is noteworthy that com
pany cars account for approximately 67.5 % (Statista, 2024) of new 
vehicle registrations in Germany, compared to approximately 32.5 % 
(Statista, 2024) by private buyers, further amplifying this imbalance.

Additionally, regional disparities between rural and urban areas 
further complicate the equitable distribution of EV incentives. Urban 
areas, with greater infrastructure density and charging station avail
ability, are better positioned to benefit from these policies, while rural 
areas often face limited access to the necessary infrastructure. These 
regional differences may lead to uneven adoption rates and exacerbate 
the urban–rural divide in the transition to electric mobility.

5. Conclusion

This study delves into the impact of Germany’s EV incentive package 
on the automotive market, highlighting its role in influencing consumer 
choices and promoting technology adoption. Despite its significant ef
fects, evaluating the package’s effectiveness and efficiency reveals 
complexities.

Our methodology included identifying EV incentives, extensive data 
collection, and assessing the federal costs for EV market expansion in 
Germany. We adapted micro-level techno-economic assessment 
methods for macroeconomic analysis, focusing on cost allocation and 
CO2 abatement costs. This streamlined approach aimed to provide a 
clear understanding of the incentive package’s broader economic and 
environmental implications.

In assessing effectiveness, the study analyzed new registrations and 
vehicles subsidized by the environmental bonus. The implemented in
centives, especially the environmental bonus, significantly accelerated 
EV market entry, demonstrated by a 250 % increase in subsidized ve
hicles from 2020 to 2021. Additionally, the innovation premium’s 
introduction during the pandemic further boosted EV sales, proving its 
effectiveness in challenging times.

By 2023, BEVs accounted for 18.3 % of new registrations, while 
PHEVs reached their peak at 14 % in 2022. FCEVs, however, remained 
marginal in their market impact. Notably, 30.9 % of new registrations in 
2022 benefited from the environmental bonus, affirming its critical role 

Table 6 
Qualitative impacts of out-of-scope limitations of this study on CO2 abatement 
costs.

Limitation Effect

​ Decreasing CO2 abatement costs:
Higher average sale prices of EVs 

compared to similar ICE
Increased VAT tax revenue

Increased electricity demand for 
charging

Increased energy tax revenue

Renewable energy in EV production Decreasing production emissions
Low average usage of public chargers 

in Q1 2023 (11.6 %) (BDEW, 2023)
Indicates that todaýs infrastructure is 
overbuilt for market ramp-up purposes. 
Increases todaýs specific costs per vehicle, 
higher usage of existing infrastructure 
reduces costs

Scaling effects of charging 
infrastructure deployment

Reduction of cost resulting in reduced 
subsidies needed for business bases

GHG Quota certificate market Annual Income for EV Owners, which 
creates federal tax income

Full allocation of R&D Funds and 
Infrastructure costs

Underutilization of installed Infrastructure - 
higher capacity factors will reduce cost 
share.R&D also benefited other sectors and 
modes of transport

​ Increasing CO2 abatement costs
Less oil-derived products 

consumption
Energy tax shortfall decrease

Income Tax Benefit for private 
chargers

Income tax revenue shortfall

Average consumption data Consumers mainly bought cars with higher 
average consumption (PHEV/BEV) during 
the period

Multiple credits for electricity use in 
GHG certificate market

Reduce federal income from CO2 market

EV: Electric Vehicle; ICE: Internal Combustion Engine; VAT: Value Added Tax; 
GHG: Greenhouse Gases.
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in promoting EV adoption.
Efficiency evaluation of the incentive package reveals significant 

fiscal commitments and nuanced outcomes: The fiscal analysis shows 
that between 2015 and 2023, the combined costs of tax revenue short
falls and subsidies for EVs reached approximately EUR 17 billion, with 
costs peaking in 2023 at EUR 6.2 billion. The concept of economies of 
scale is evident, as seen in other sectors, where increased production 
volumes lead to decreased unit costs, enhancing the accessibility of 
technologies.

To analyze costs effectively, four cases were established based on use 
case and powertrain, facilitating the allocation of subsidies and tax 
shortfalls. Average subsidy values per vehicle across powertrains (BEV, 
PHEV) and use cases (private or company cars) were calculated: PC BEV 
at EUR 4,146, PC PHEV at EUR 3,330, CC BEV at EUR 5,177, and CC 
PHEV at EUR 4,361.

Concerning CO2 emissions, two scenarios were considered, one 
excluding and one including vehicle production emissions. The base 
scenario excluding production emissions resulted in savings of 3 million 
tons of CO2 between 2015 and 2023 with subsidized vehicles, while 
including production emissions saw savings of 2.2 million tons CO2 
when compared to average substituted petrol cars.

The CO2 abatement cost analysis illustrates the reduction of con
sumer costs induced by federal incentives. The federal CO2 abatement 
cost, excluding production emissions, averaged 1,658 EUR/tonCO2, 
with a range of 915 to 3,135 EUR/tonCO2 from 2015 to 2023. Including 
production emissions, the average rose to 2,254 EUR/tonCO2, with a 
range between 1,235 and 4,398 EUR/tonCO2 for the base scenario.

Assuming a vehicle lifetime of 250,000 km within Germany, the CO2 
abatement cost averages 363 EUR/tonCO2 excluding production emis
sions (ranges 124–615) and 165 EUR/tonCO2 when production emis
sions are included (ranges 64–308). These estimates provide an 
indicative magnitude but exclude future tax revenue shortfalls, sug
gesting actual costs could be higher with improved data availability.

EV incentives played a crucial role in mobilizing private capital, 
offsetting the higher average purchase prices, particularly through the 
environmental bonus. Companies, significant contributors to new reg
istrations, were effectively incentivized. This shift in purchase decisions 
provided more robust financing for car manufacturers for EV research 
and development, influencing OEMs’ equity and the allocation of federal 
subsidies.

Consequently, despite its initial high costs, the incentive package has 
proven to be an efficient and effective strategy for transforming the car 
sector in Germany. This transformation is not only reflected in the 
substantial CO2 savings achieved but also in the stimulated growth of the 
EV market, showcasing the package’s comprehensive impact on pro
moting sustainable mobility.

The German experience with EV incentives offers crucial insights for 
policy design, highlighting the delicate balance between fostering 
technological innovation and managing societal impacts. While the in
centives have undeniably accelerated EV adoption and contributed to 
environmental goals, their long-term effectiveness in creating equitable 
and sustainable transportation systems will depend on addressing these 
broader societal and market dynamics. As Germany and other nations 
continue to navigate the transition to sustainable mobility, these lessons 
will be invaluable in shaping future policies that are not only environ
mentally sound but also socially inclusive.

However, the landscape of EV incentives in Germany encountered 
pivotal changes in 2023. Decisions by the German Supreme Court, 
alongside adjustments introduced through the Climate Transformation 
Fund, which led to a EUR 60 billion budget shortfall, prompted a 
reevaluation of existing policies. These developments have particularly 
impacted the future of the Environmental Bonus, with its discontinua
tion slated for 2024, alongside shifts in the focus of battery cell research 
and development efforts (ZDF, 2023; Handelsblatt, 2024; Focus, 2024). 
These changes signify a critical juncture in Germany’s policy strategy, 
highlighting the need to balance environmental ambitions with fiscal 

realities. During the early adopter phase from 2024, future research 
should focus on developing the acceptance of EVs in Germany after the 
environmental bonus. Further, the methodology should be adapted to 
other countries’ incentives to create a broader picture of successful 
policymaking in this field.

Future studies could broaden the scope of analysis by exploring eq
uity, accessibility, social acceptance, and regional disparities in EV 
adoption. These dimensions are critical to understanding how EV pol
icies impact different social groups and regions, ensuring the equitable 
distribution of benefits. For example, examining EV accessibility for 
lower-income households or areas with limited charging infrastructure 
could identify adoption barriers and inform more inclusive policies. 
Similarly, investigating social acceptance and public perceptions could 
uncover behavioral and cultural factors influencing adoption rates.

Incorporating zonal analysis could further enhance these insights by 
examining how EV adoption varies across regions in Germany. Factors 
like urbanization, income levels, infrastructure availability, and 
commuting patterns significantly shape policy effectiveness. For 
instance, urban areas may see higher adoption rates due to dense 
infrastructure, while rural areas with limited access face greater chal
lenges. Such analyses would help policymakers optimize incentive 
programs, address disparities, and design tailored policies. By inte
grating these dimensions, future research could complement the mac
roeconomic and environmental analyses presented here, offering a more 
comprehensive evaluation of EV incentives.
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Bundesverband der Energie- und Wasserwirtschaft e. V., https://www.bdew.de/ 
presse/presseinformationen/2bdew-elektromobilitaetsmonitor/; 2023 [accessed 
January 16, 2025].

Bennett B, Isaac J. Overcharged Expectations. Unmasking the true costs of electric 
vehicles, https://www.texaspolicy.com/wp-content/uploads/2023/10/2023-10- 
TrueCostofEVs-BennettIsaac.pdf; 2023 [accessed January 16, 2025].

BMF. Gesetz zur steuerlichen Förderung von Elektromobilität im Straßenverkehr und 
Gesetz zur weiteren steuerlichen Förderung der Elektromobilität und zur Änderung 
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des Programms „Nicht öffentlich zugängliche Ladestationen für Elektrofahrzeuge – 
Unternehmen und Kommunen“, https://www.bundesanzeiger.de/pub/publication/ 
N5ethOxnnOnmn1PQAe6/content/N5ethOxnnOnmn1PQAe6/BAnz%20AT% 
2020.12.2021%20B4.pdf?inline; 2021c.

BMVU. Annual report on end-of-life vehicle reuse/recycling/recovery rates in Germany 
for 2017, https://www.bmuv.de/fileadmin/Daten_BMU/Download_PDF/ 
Abfallwirtschaft/jahresbericht_altfahrzeug_2017_en_bf.pdf; 2019 [accessed 
September 23, 2024].

BMVU. Förderung der Elektromobilität, https://www.bmuv.de/themen/verkehr/ 
elektromobilitaet/foerderung; 2021 [accessed January 17, 2024].

BMWK. Förderrichtlinie zur Umsetzung der Kaufprämie für Elektrofahrzeuge, https:// 
www.bmwk.de/Redaktion/DE/Downloads/F/foerderrichtlinie-zur-umsetzung- 
kaufpraemie-elektrofahrzeuge.html; 2016.

BMWK. https://web.archive.org/web/20180911054644/http://www.bafa.de/DE/ 
Energie/Energieeffizienz/Elektromobilitaet/elektromobilitaet_node.html, https:// 
web.archive.org/web/20180911054644/http://www.bafa.de/DE/Energie/ 
Energieeffizienz/Elektromobilitaet/elektromobilitaet_node.html; 11.09.2018 
(archived).

Bundesministerium für Justiz. Kraftfahrzeugsteuergesetz 2002 - § 3d Steuerbefreiung für 
Elektrofahrzeuge, https://www.gesetze-im-internet.de/kraftstg/__3d.html; 2002.

Bundesministerium für Justiz. Einkommensteuergesetz, https://www.gesetze-im- 
internet.de/estg/__3.html; 2020.

Deutschlandfunk. Die schleppende Aufarbeitung des VW-Diesel-Skandals, https://www. 
deutschlandfunk.de/dieselgate-und-die-folgen-die-schleppende-aufarbeitung-des- 
100.html; 19.04.2021.

DeWiki. Umweltbonus, https://dewiki.de/Lexikon/Umweltbonus; 2024.
Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Juli 2016), https:// 

ecomento.de/2016/07/25/elektroauto-kaufpraemie-neue-zwischenbilanz-rangliste- 
21-juli-2016/; 2016.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Januar 2017), https:// 
ecomento.de/2017/01/03/elektroauto-kaufpraemie-umweltbonus-zwischenbilanz- 
rangliste-januar-2017/; 2017.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Januar 2018), https:// 
ecomento.de/2018/01/03/elektroauto-kaufpraemie-neue-zwischenbilanz-rangliste- 
januar-2018/; 2018.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Januar 2019), https:// 
ecomento.de/2019/01/02/elektroauto-kaufpraemie-neue-zwischenbilanz-rangliste- 
januar-2019/; 2019.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Januar 2020), https:// 
ecomento.de/2020/01/02/elektroauto-kaufpraemie-zwischenbilanz-rangliste- 
januar-2020/; 2020.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Stand Januar 2021), 
https://ecomento.de/2021/01/18/elektroauto-kaufpraemie-zwischenbilanz- 
rangliste-stand-januar-2021/; 2021.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Stand Januar 2022), 
https://ecomento.de/2022/01/07/elektroauto-kaufpraemie-zwischenbilanz- 
rangliste-stand-januar-2022/; 2022.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Stand Dezember 
2023), https://ecomento.de/2023/12/06/elektroauto-kaufpraemie-zwischenbilanz- 
rangliste-stand-dezember-2023/; 2023a.

Ecomento. Elektroauto-Kaufprämie: Zwischenbilanz & Rangliste (Stand Januar 2023), 
https://ecomento.de/2023/01/12/elektroauto-kaufpraemie-zwischenbilanz- 
rangliste-stand-januar-2023/; 2023b.

Electricity Maps. Germany electricity emissions data 2022, https://www.electricitymaps. 
com/data-portal/germany; 2023.

Ensslen, Will, Jochem. Simulating Electric Vehicle Diffusion and Charging Activities in 
France and Germany. WEVJ 2019; 10(4): 73.

European Commission. CO2-Emissionsnormen für Personenkraftwagen und leichte 
Nutzfahrzeuge, https://climate.ec.europa.eu/eu-action/transport/road-transport- 
reducing-co2-emissions-vehicles/co2-emission-performance-standards-cars-and- 
vans_de; 2023.

Exro. Barriers to Electric Vehicle Adoption in 2022, https://www.exro.com/industry- 
insights/barriers-to-electric-vehicle-adoption-in-2022; 2022.

Ffe. Development and promotion of electromobility in Germany, https://www.ffe.de/en/ 
publications/development-and-promotion-of-electromobility-in-germany/; 2023.

Fluchs, S., 2020. The diffusion of electric mobility in the European Union and beyond. 
Transp. Res. Part D: Transp. Environ. 86, 102462.

Focus. „Ende der deutschen Batterieforschung“: VW & Co. schreiben Brandbrief an 
Scholz, https://www.focus.de/auto/elektroauto/news/ende-der-deutschen- 
batterieforschung-vw-co-schreiben-brandbrief-an-scholz_id_259602788.html; 2024.

German Bundestag. Wettbewerbsverzerrung und Förder− Missbrauch bei der 
Innovationsprämie, https://www.bmwk.de/Redaktion/DE/Parlamentarische- 
Anfragen/2021/07/19-31288.pdf?__blob=publicationFile&v=1; 2021.

German Bundestag. Gesamtausgaben Förderung elektrisch betriebener Fahrzeuge, 
https://dserver.bundestag.de/btd/20/030/2003008.pdf; 2022a.

German Bundestag. Umsetzung des Umweltbonus 2022 bis 2025, https://dserver. 
bundestag.de/btd/20/041/2004119.pdf; 2022b.
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Umweltbundesamt. Die Ökobilanz von Personenkraftwagen, https://www. 
umweltbundesamt.at/fileadmin/site/publikationen/rep0763.pdf; 2021.

Umweltbundesamt. Climate emissions fall by 10.1 per cent in 2023 – biggest decline 
since 1990, https://www.umweltbundesamt.de/en/press/pressinformation/climate- 
emissions-fall-101-per-cent-in-2023-biggest; 2024.

Xing, J., Leard, B., Li, S., 2021. What does an electric vehicle replace? J. Environ. Econ. 
Manag. 107, 102432.

ZDF. Die Bundesregierung im Haushaltsloch, https://www.zdf.de/politik/frontal/ 
haushalt-schuldenbremse-urteil-bundesverfassungsgericht-milliardenloch-100.html; 
2023 [accessed January 26, 2024].
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