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Preface

Creating Framework Conditions for an Automotive Industry that is Fit for
the Future

The automotive industry is a key pillar of prosperity and industrial strength in the EU,
Germany, and Bavaria today, however, currently the industry is under immense
pressure. It is important now to reverse the recent negative trend and fundamentally
improve the framework conditions for production.

The shift in powertrain technologies is leading to significant changes in value added and
employment. Our flagship industry actually got off to a good start in this transition, but in
recent years it has been facing massive challenges from factors such as market disruptions,
broken supply chains, geopolitical crises, and an increasing decline in the competitiveness
of our location. At the same time, EU fleet regulations are driving the transformation,
while the expansion of charging infrastructure is lagging behind in many regions and
alternatives to battery-electric mobility remain blocked.

We have therefore, together with Stidwestmetall and Gesamtmetall, commissioned the
Fraunhofer IAO to conduct the study ELAB 2040: Value Added and Employment in the
Automotive Industry. It examines how different options for EU regulation— also in combi-
nation with other framework conditions—would have an impact on the EU as a whole and
its Member States. The study reveals that "business as usual" would lead to a massive
decline in value added and employment in the EU. Technology-neutral regulation that
measures emissions reduction more broadly than with solely a tailpipe-oriented approach
would significantly slow down this decline. We must, however, use the time thus gained to
strengthen Europe’s competitiveness. Key areas of focus at EU level should include energy
costs, bureaucracy, and efficient protection against carbon leakage.

Our goal is to provide a well-founded basis for upcoming policy decisions. This applies
not only to the EU’s Automotive Package, but also to the Industrial Accelerator Act, the
European Emissions Trading System, and numerous additional factors that influence the
industry’s international competitiveness. It is not too late to flip the switch and create
framework conditions for an automotive industry that is fit for the future. This is impres-
sively underscored by the study —now it is up to decision-makers at European and
national levels to take action.

Bertram Brossardt
26. August 2026
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Management Summary

1 Management Summary

Technology neutrality and, most of all, competitive framework conditions
are crucial for the future of the automotive industry

This short study analyses the impact of different EU regulatory scenarios on value added
and employment in powertrain manufacturing in Europe up to the year 2040. For this
purpose, four baseline scenarios were modelled, each based on different regulatory
conditions and each reflecting a specific development of the powertrain mix. Baseline
scenario 1 reflects the EU Regulation currently in force, which bans the registration of new
CO,-emitting passenger cars from 2035 onwards — a requirement that, in effect, effectively
requires the complete electrification of the fleet. Baseline scenario 2 is based on the
current proposal put forward by the European Commission (the "Automotive Package"),
which envisages a 90 % reduction in CO, emissions and permits a small proportion of
conventional vehicles through compensation mechanisms (green steel or renewable fuels).
Baseline scenario 3 assumes a more technology-neutral form of regulation, under which
around 20 % of new registrations in 2040 would still be ICEVs/PHEVs. Baseline scenario 4
assumes a development of the powertrain mix in Europe that mirrors global market trends
(with ICEVs/PHEVs accounting for around 50 % of new registrations in Europe by 2040).

The central finding: all scenarios show a significant decline in value added in Europe

by 2035. This decline arises from the overlap of two effects: (1) a structural decline in
Europe's share of global vehicle sales (from around 24 % in 2025 to around 18 % in 2040) —
irrespective of powertrain technology; and (2) the fact that the value added newly gener-
ated by BEVs (including PHEVs) is not sufficient to fully offset the losses in the ICEV seg-
ment (-81 billion to -120 billion euros by 2040), amounting to only +18 billion to +21 billion
euros for electrified modules. However, the pace at which value added declines varies
across the scenarios. In the worst case — which, according to the analysis, would occur
both under the current regulation and if the Commission's proposal were implemented —
value added in powertrain manufacturing falls by 87 billion to 90 billion euros (-34 %

to 36 %) by 2035 compared with 2025, with workforce demand falling by around 660,000
jobs. By 2040, this equates to a loss in value added of approximately 95 billion euros
(-726,000 jobs). Scenarios 3 and 4 likewise show a linearly declining trend, but one charac-
terised by smaller losses in value added by 2040. In baseline scenario 4, the loss in 2035 is
considerably smaller, at -45 billion euros (-18 %). In baseline scenario 3, substantial losses
of -71 billion euros (-28 %) are likewise recorded in 2035, but, as in scenario 4, the decline
in value added and employment proceeds considerably more slowly. In the long term,
however, Europe's share of global BEV sales is lower in scenarios 3 and 4 than in baseline
scenarios 1 and 2, despite comparably high value added in this segment.

Building on the baseline scenarios, future changes and influencing factors are systemati-
cally varied by means of what are termed partial scenarios, in order to isolate, as far as
possible, the effects on value added and employment arising from various policy decisions.
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The partial scenarios show that political levers have a greater impact than fine-tuning of
regulation.

Productivity and innovation strength: a "systemic innovator" pathway (rapid uptake of
innovation, fast-track regulation, close integration of development and production)
could reduce losses in value added by 45 billion euros by 2030.

Policy and regulatory framework conditions: this is where the study identifies the
greatest scope for influence. A policy of "Focused Relief and Bureaucracy Streamlining"
(targeted relief for energy-intensive industry, approval periods of no more than three
years, reduced bureaucracy, automation) could increase value added by up to 90 billion
euros by 2030 and by up to 200 billion euros by 2035 — an effect considerably greater
than that achieved by innovation support alone.

Both partial scenarios assume that companies make proactive use of the improved
conditions and use the time gained to unlock value added potential.

Conclusion

Technological transition alone is not enough. The key lies in a combination of:

Technology-neutral regulation (allowing more time for adjustment),

Framework conditions for industrial competitiveness (energy costs, bureaucracy and
approval procedures, labour costs),

Reliable framework conditions (investment security),

Coordinated development of supply chains (for example, for renewable fuels),
Innovation programmes at both government and corporate level.

Without action, Europe risks becoming permanently dependent on third countries for key
technologies — yet strategic action can shape a competitive future rich in value added. A
broadly based technological foundation can help sustain existing production volumes for
longer and mitigate losses in value added and employment.
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2 Motivation and Objectives

The study sheds light on the consequences of regulatory decisions

The German and European automotive industry is currently under considerable pressure:
regulatory initiatives aimed at decarbonising transport, together with an increasing shift
of value added abroad, are profoundly changing the underlying conditions. At the same
time, technological disruption, new competitors and uncertain market developments are
increasing the pressure on manufacturers and suppliers to adapt. This applies in particular
to e-mobility. A number of studies (see Fraunhofer IAO, 2019; IAB, 2018; Prognos, 2024)
have previously forecast significant losses in value added and employment, which can
now also be observed in practice. Against this background, there is a need for a fact-based
analysis of the consequences of different development and regulatory scenarios — particu-
larly in the areas of transport decarbonisation and powertrain electrification — in terms of
their impact on industrial value added and employment, so as to provide a sound basis for
assessing industrial and location policy.

Under current EU legislation, automotive manufacturers are required to reduce the CO;
emissions of their vehicle fleet — measured at the exhaust — by 100 % relative to 2021,
from the year 2035 onwards. Given the current state of technology, this requires compa-
nies to convert their entire production to electric vehicles, since vehicles with an internal
combustion engine continue to emit CO> during operation®. If this target is missed, manu-
facturers are required to pay penalties for every gram of CO; emitted in excess of the limit.
This regulation therefore has a direct bearing on investment decisions, product strategies
and the long-term direction of European production sites.

Accordingly, the European Commission has put forward an updated proposal as part of
the Automotive Package in December 2025. Under this proposal, the CO; fleet limits for
new passenger cars and light commercial vehicles would require a 90 % reduction relative
to the EU fleet target for 2021 from 2035 onwards, which would still require the sale of
battery electric vehicles in substantial volumes. The remaining 10 % is intended to be off-
set by credits for low-CO; steel or renewable fuels. For fuel credits, the proposal allows for
a maximum of 3 % of the 2021 reference target to be credited, while credits for the use

of low-CO; steel manufactured within the European Union may be taken into account up
to a maximum of 7 %. This makes it possible for plug-in hybrids (PHEVs), range-extender
vehicles (REEVs) and mild hybrid vehicles, among others, to continue playing a role beyond
2035, without fundamentally undermining the fleet targets. This would, however, make
the regulation more technology-neutral in nature. Furthermore, the political debate also
includes proposals for further flexibility in fleet regulation that would be based on the
overall CO; footprint of vehicles, rather than measuring emission reductions solely at the
exhaust.

1 Fuel cell electric vehicles are not taken into account, owing to their comparatively low market penetration up to 2026 and be-
cause, according to current studies, they are likely to account for only a very small share even in the target year 2040.
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This distinction is of central importance for the industrial base of Europe and Germany as it
applies to powertrain manufacturing, an industry sector that has traditionally been firmly
rooted in Europe and Germany. While battery electric vehicles create new value added
potential, in particular in the areas of batteries, power electronics and software, many
components of the conventional powertrain are eliminated or become less significant.

This particularly affects those areas of the automotive supplier industry that are currently
strongly focused on internal combustion engines, transmissions, exhaust after-treatment
systems or fuel-related systems. Alternative powertrain concepts could therefore help
cushion this transition, preserve existing industrial capabilities for longer, and at the same
time create scope for investment in new technologies.

The impact of a shift towards battery electric vehicles at the expense of conventional vehi-
cles on value added and employment, particularly in the field of powertrain manufacturing
within the automotive industry, has already been analysed in numerous studies. What has
been lacking so far is a systematic comparison of the effects brought about by different
regulatory approaches. This short study examines and evaluates changes in value added
and employment based on the current EU Regulation, the current proposal put forward by
the European Commission, and model-based assumptions regarding an alternative design
of the current regulation.

The study is based on the Fraunhofer IAO's ELAB 2.0 study from 2019. Building on the
model-based methodology of ELAB 2.0, the employment-related effects of the transfor-
mation are analysed over the period to 2040, with a particular focus on the years 2030 and
2035, and are supplemented with findings on the impact on industrial value added. Among
other things, the study considers the role of PHEVs and REEVs in relation to value added
depth and product portfolios, international shifts in value added content, a changing land-
scape of market participants and rising competitive pressure, changes in sales figures in
Europe and worldwide, and the significance of regulatory initiatives for internationally
operating companies. The aim is to derive robust production, value added and employ-
ment scenarios that provide companies, associations and policymakers with a well-
founded basis for decision-making regarding strategic positioning within the powertrain
transformation. In particular, the study aims to demonstrate the industrial and employ-
ment policy consequences arising from different regulatory pathways, and to identify the
options for action available to combine climate protection goals, competitiveness and
employment security as effectively as possible.


https://publica.fraunhofer.de/entities/publication/dd906cb2-3a8e-45bc-ac15-393b0642034f
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3 Methodological Approach and Calculation
Model

Focus on powertrain production

This study examines the impact of different forms of EU fleet regulation on production-
related value added and the associated employment in the powertrain sector. The regions
considered are Europe (EU, EFTA and the UK), Asia (China, India, Japan and South Korea),
and North America (the USA, Canada and Mexico). For these three regions, with a particu-
lar focus on Europe and selected EU countries, the study examines developments up to
the year 2040 for those powertrain components that have to date accounted for the
greatest value added and employment.

The commissioning parties and project partners are aware that the development of value
added in the automotive industry is influenced by additional value-determining elements
and vehicle characteristics. Nevertheless, this study deliberately examines the effects of
powertrain electrification in isolation. This ensures that the effects identified can be clearly
attributed.

Methodologically, the analysis follows a scenario-based approach centred on value-added
modules (see Figure 1): first, the powertrain is broken down into 54 value-added modules
(see Appendix). In the next step, the extent of future demand for these modules by region,
the volumes in which they will be manufactured, and the resulting effects on value added
and employment are calculated based on different market development scenarios and
framework conditions. The analysis considers value-added modules for conventional
petrol and diesel vehicles (ICEVs), mild hybrid vehicles (MHEVs), hybrid vehicles (HEVs),
plug-in hybrid vehicles (PHEVs), range-extender vehicles (REEVs) and battery electric vehi-
cles (BEVs). For each module, the value-added contribution in euros and the associated
workforce demand for its manufacturing process are recorded. Scenarios are then used to
systematically describe the impact of changes in market structure, regulation and indus-
trial policies on value added and employment. Based on these scenarios, future demand
for the individual value-added modules in Europe, Asia and North America is derived.
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Figure 1

Methodological approach of the study

Value-Added Modules

Quantification of

value-added
54 Value-Added contributions/
Modules workforce demand for
each value-added
module
Scenarios System Dynamics Model

Formalisation of
interdependencies
and causal effect

Calculation Model

= Integration of value-added contributions

/ workforce demand with sales and
market projections

Calculated for each time period t:

WC=ZJI,- * Za,w * W
Vi

vjEi
Reference years: 2025, 2030, 2035, 2040

i =vehicle type
] = value-added module within the vehicle

¢ = region (EU, Germany, BW, Bavaria, ...)

n; = global sales velume of vehicle type i

w = value-added contribution / workforce
requirements of value-added module J invehicle
typei

a,,. = production share of value-added module j
for vehicle type i in region ¢

Analysis and Validation

Analysis of the simulation results

focusing on:

= ... regional shifts in value added

« ... the regional allocation of value-added
clusters by value-added module

= . the impacts of different scenarios

Interpretation and development of
recommendations for actions based on
expert interviews

The regional distribution and expected future development of the value-added modules
over time are simulated using a system dynamics model. Among other factors, the system
dynamics model takes into account productivity and cost advantages, technological com-
petencies, economies of scale, location-related frictions and proximity to markets, supple-
mented by regulatory conditions, trade policy barriers and proximity to sales markets, in
order to simulate shifts in value added using a structural competition approach based on
Anderson et al. (2003), Eaton et al. (2002), Forrester (1961), Head et al. (2013) and

Krugman (1991). As industrial structures do not change abruptly but rather with a time lag,
the system dynamics approach is particularly well suited to realistically capturing path-de-
pendent developments, investment cycles and adjustment processes. The parameterisa-
tion and plausibility testing of the model are based on current statistical data of the auto-
motive industry (including acea.auto, 2024; Leoncikas, 2025), on the market scenarios
presented in Chapter 4, on internal information provided by the associated companies
regarding staffing requirements, manufacturing processes and levels of value added, as
well as on dedicated expert interviews with specialists from business, academia and poli-
tics. To better delineate, illustrate and isolate the effects under consideration, the calcula-
tion model and the scenarios are based on consistent model boundaries and key assump-
tions (see reference table).

Model Framework, Premises and Key Assumptions

Scope of the Study

— The core markets considered are Europe (EU, EFTA, UK), Asia (China, India, Japan,
South Korea) and North America (USA, Canada, Mexico); the results are scaled accord-
ingly and should not be understood as a complete global market analysis.
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The analysis covers only the powertrain. For vehicles with an internal combustion
engine, this accounts for around 25 % of total vehicle value added and around 25 %
of total employment in automotive manufacturing; for battery electric vehicles,

it accounts for around 40 % of total vehicle value added and around 10 % of total
employment in the manufacture of motor vehicles and motor vehicle parts (see
e-mobil BW, 2023; Roland Berger, 2025a).

The analysis deals exclusively with production-related value added in the powertrain
area with respect to the 54 value-added modules listed (see Appendix; this covers
both the manufacturing process of components and their installation in vehicles).
Unlike in macroeconomic gross value-added accounting, intermediate inputs from up-
stream stages of the value chain are not deducted separately. Research and develop-
ment, central functions, and other value-added areas outside of manufacturing and
outside the modules listed are likewise not taken into account.

The units of analysis are geographical regions. This means that value added and
employment effects are reported for the geographical region in which they arise

(for example, Europe), even if one or more of the companies contributing to these
effects has its headquarters in a different geographical region (for example, Asia). If
products are exported from a given geographical region, the associated value added
and employment effects are attributed to the exporting region.

The model simulates shifts in value added between regions based on relative pro-
ductivity and cost advantages, location-related frictions and proximity to markets,
economies of scale and demand conditions, as well as dynamic adjustment processes
and path dependencies, and thus also takes regional shifts in production into account.

Model Assumptions

The effects are calculated based on the expected market development described in the
respective scenarios (see Chapter 4).

Current regulatory, economic, technological and political conditions are projected into
the future unless different assumptions are made in the respective scenarios.

Price developments and productivity changes are adjusted for, in order to allow the
structural effects of the powertrain transformation to be analysed in isolation.
Exchange rate fluctuations are not considered separately.

Regarding the registration of new CO,-emitting vehicles, the UK and EFTA are assumed
to apply EU law.

Penalty payments due in the event of CO; limits being exceeded, and the resulting
financial burden on companies, are not taken into account.

In all scenarios, it is assumed that the EU will strive to meet its CO, targets. Depending
on the scenario, this requires certain proportions of exhaust emissions to be offset
through compensation mechanisms, under which the use of low-CO, materials (includ-
ing steel) or the actual emission savings achieved through renewable fuels are credited
(see ec.europa.eu, 2025b; germany-representation-ec.europa.eu, 2025). For fuels, a
revised definition for determining zero-emission status could emerge, taking into
account the CO; footprint along the entire value chain or considering the entire life
cycle

Renewable fuels, or carbon-neutral fuels (CNFs), are assumed to be available in suffi-
cient quantities to meet the calculated demand of the vehicle fleet.
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— Fuel cell electric vehicles are not considered, owing to their comparatively low market
penetration up to 2026 and because, according to current studies, they are likely to
account for only a very small share even in the target year 2040.
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4 Qverview of the Baseline Scenarios

Design of the EU fleet regulation and its impact on the market shares of
individual powertrain technologies

The study is essentially based on four baseline scenarios, which reflect different develop-
ments regarding the share of powertrain types in European sales, driven primarily by
different regulatory approaches. The overall level of sales in Europe, as well as in Asia
and North America, is assumed to vary over time but to be identical across all scenarios.
Furthermore, all other geopolitical, economic, competitive and technological conditions
are held constant relative to today.

Building on these baseline scenarios, future changes and influencing factors are systemati-
cally varied by means of what are termed partial scenarios. The aim of this approach is to
isolate, as far as possible, the effects on value added and employment resulting from
various policy decisions, particularly in the area of fleet regulation.

Each of the baseline scenarios shows the shares of conventional, hybrid and battery elec-
tric powertrains in new registrations of passenger cars and light commercial vehicles, both
in Europe and across Europe, Asia and North America combined. A decline in registrations
is assumed for Europe, and an increase for Asia and North America. This applies across all
scenarios. Baseline scenario 1 ("Current EU Regulation", see Figure 2) assumes that no new
COz-emitting vehicles may be registered from 2035 onwards. BEVs then account for 100 %
of new registrations. Hydrogen fuel cell electric vehicles are not considered, owing to their
very low market share in 2026 and their likewise assumed very low market penetration up
to 2040.

Figure 2
Share of powertrain types regarding total sales in Europe, Asia and North
America under Baseline Scenario 1 — »Current EU Regulation«

Europe Europe, Asia, North America
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O
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Baseline Scenario 2 reflects the distribution resulting from the European Commission's
proposal of December 2025 (see Figure 3). This requires certain percentages of exhaust
emissions to be offset through two compensation mechanisms, under which the use of
low-CO; materials (including steel) or the actual emission savings achieved through
renewable fuels are credited, up to a defined maximum share (see ec.europa.eu, 2025b;
germany-representation-ec.europa.eu, 2025).

Figure 3

Share of powertrain types of total sales in Europe, Asia and North America
under Baseline Scenario 2 — »Current European Commission Proposal of
December 2025«
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In baseline scenarios 3 and 4, substantial numbers of registrations of CO,-emitting vehicles
remain possible even after 2035. Scenario 3 assumes a regulation with greater technology
openness, such that conventionally powered and plug-in hybrid vehicles account for
around 30 % of new registrations in 2035 and still around 20 % in 2040 (see Figure 4).
Scenario 4 is based on the powertrain distribution expected in the global market as a
whole, and assumes that, in addition to greater technology openness, there is no targeted
promotion of electro-mobility in the EU. This implies that battery electric vehicles will
spread in Europe at the same rate as in Asia and North America, such that conventionally
powered vehicles and plug-in hybrids account for around 65 % of new registrations in 2035
and still around 50 % in 2040 (see Figure 5). As the EU's climate targets remain in place in
each case, renewable fuels and/or green materials (or other instruments, such as compen-
sation mechanisms) are required to achieve compliance. In the case of renewable fuels,
the offsetting of exhaust emissions could be achieved by considering the CO; footprint
along the entire value chain or life cycle, provided that legislators adopt a corresponding
definition. The range of scenarios was deliberately chosen to examine a broad spectrum of
potential effects. Scenarios 3 and 4 serve here as reference scenarios against which the
currently applicable and currently debated EU Regulation can be compared.
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Figure 4

Share of powertrain types regarding total sales in Europe, Asia and North
America under Baseline Scenario 3 — »Reference Scenario I: Technology-
Neutral Regulation«
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Figure 5

Share of powertrain types of total sales in Europe, Asia and North America
under Baseline Scenario 4 — »Reference Scenario II: Eurpean Market
Development aligned with Asia and North America«
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Building on the baseline scenarios, partial scenarios were examined that reflect various
fields of action capable of influencing the baseline scenarios. The partial scenarios ad-
dressed in this short study cover government framework conditions for industrial competi-
tiveness, as well as measures to increase productivity and innovation strength. For each of
these areas of influence, several distinct variants are defined, which are combined with
the baseline scenarios and calculated separately. This makes it possible to trace how
strongly individual political or economic levers alter the outcomes of the baseline
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scenarios. Overall, this produces a multidimensional scenario space, of which eight model
configurations are addressed within this short study. Further partial scenarios were also
examined; however, compared with the partial scenarios discussed below, they showed

only negligible effects and are therefore not presented here. Chapter 5.4 summarises the
results.
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5 Results

It is essential to avert the threat of massive losses in value added and
employment

This chapter provides an overview of the key findings for the baseline scenarios. In addi-
tion, measures to increase productivity and innovation strength are examined within the
framework of the partial scenarios described, along with relevant aspects of government
framework conditions for industrial competitiveness. The aim is to provide a concise over-
view of the effects and interactions involved.

5.1 Development of Value Added in Europe, Asia and North America

The following section examines the effects on value added in powertrain production,
particularly in Europe, that result from the four variants of EU legislation modelled in the
baseline scenarios in the preceding Chapter 4. In each case, currently applicable conditions
are projected forward, in accordance with the premises set out (see page 5).

The results for the four baseline scenarios (see Figure 6) show a broadly consistent picture
in the long term, with only minor differences between the various regulatory approaches:
in all scenarios, a significant decline in value added is observed in Europe by 2040, while
North America records slight increases and, in particular, Asia experiences significant
gains. Despite differing timelines and forms of transformation, the scenarios largely con-
verge on a similar level in the end. For Europe, the calculations show similarly high losses
in value added for the target year 2040 under baseline scenarios 1, 2 and 3, of between 90
billion and 95 billion euros compared with the 2025 level. The reason for this is that, under
the assumptions made, the additional ICEV and PHEV volumes assumed in baseline scenar-
ios 2 and 3 remain too small to secure economies of scale in European production in the
long term. Only in Baseline Scenario 4, which is based on the powertrain distribution ex-
pected in the global, the decline significantly is smaller, at around 60 billion euros (-24 %).
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Figure 6
Value Added in powertrain production and regional shares of total vehicle
sales up to 2040 under the four baseline scenarios
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(For precise definition of market regions, see p.5)

In addition to the value added under each baseline scenario in Asia, Europe and North
America, Figure 6 also shows each region's respective share of total vehicle sales across
the three regions. Europe still accounts for around a quarter of the total vehicles sold
across Asia, Europe and North America in 2025. According to the model, vehicles sold in
Europe will account for only around 18 % by 2040 — less than a fifth, of vehicles sold across
Asia, Europe and North America. It is therefore already apparent that the decline in value
added is not caused solely by technological change, but is also influenced by a shift in mar-
ket conditions and by Europe's competitive position, owing to the diminishing importance
of its home market. This suggests that the decline in value added in Europe is not only a
consequence of the technological transformation of the powertrain, but is also an expres-
sion of a relative shift in market and competitive position vis-a-vis Asia and North America.

The following section compares the temporal development of value added in powertrain
production in Europe across the four baseline scenarios (see Figure 7). The comparison
shows that, for the period up to 2040, a decline in value added is recorded in all scenarios,
but that the pace of this decline differs. While value added in baseline scenarios 1 and 2
has already fallen close to its lowest level by 2035, in a technology-neutral legislation
(baseline scenario 3) this level is not expected to be reached until 2040. However, since
the development for scenarios 1 and 2 stabilise in the years after 2035, all three curves
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reach a similar level by 2040. In baseline scenario 4, which is based on the powertrain
distribution expected in Asia and North America, value added remains above the level of
the other scenarios up to 2040, but converges towards it in the period after 2040.

According to the calculations, Europe will lose around 48 billion euros in value added in
powertrain production by 2030 under both the current legislation (baseline scenario 1)
and the current European Commission proposal of December 2025 (baseline scenario 2),
and around 87 billion and 90 billion euros respectively by 2035 (see Figure 6). Under
technology-neutral legislation (baseline scenario 3), value added in Europe falls by
around 40 billion euros by 2030, three percentage points less than in baseline scenarios 1
and 2 (see Figure 6). By 2035, value added in Europe under baseline scenario 3 falls by
around 71 billion euros, eight percentage points less than in baseline scenario 1 and six
percentage points less than in baseline scenario 2. Expecting a market development in
Europe in line with that in Asia and North America (baseline scenario 4), value added in
Europe falls by around 31 billion euros by 2030, seven percentage points less than in base-
line scenarios 1 and 2. By 2035, value added in Europe with baseline scenario 4 falls by
around 45 billion euros, 18 percentage points less than in baseline scenario 1 and 16 per-
centage points less than in baseline scenario 2 (see Figure 7). Accordingly, the pace at
which value added declines can be slowed by the design of the regulation, provided there
is corresponding market demand such that a relevant sub-market for vehicles with an
internal combustion engine continues to exist in Europe in the future.



Study | August 2026
o o s 1

ELAB2040: Value Added and Employment in the Automotive Industry

Results

Figure 7
Value Added in Europe under the Baseline Scenarios
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A detailed analysis of the decline in value added in powertrain production in Europe across
all four scenarios shows that this decline is rooted in substantial losses in internal-combus-
tion-engine value added by 2040. It is true that new value added is also generated in each
case in the area of electric powertrains (including plug-in hybrids). However, the gains
achieved in this way consistently fall well short of the losses. This is due, on the one hand,
to Europe's competitiveness in these components, and, on the other hand, to the techni-
cally simpler manufacture of the powertrain in BEVs. This is illustrated below, by way of
example, for baseline scenarios 2 and 4 in Figure 8, which shows the change in value
added relative to 2025, broken down separately into the internal combustion engine
(losses) and the electric powertrain including plug-in hybrids (gains). While value added
from the internal combustion engine falls by 54 billion euros, 97 billion euros and 113 bil-
lion euros respectively under baseline scenario 2, only 6 billion euros, 10 billion euros and
18 billion euros respectively are gained from the electric powertrain. Under baseline
scenario 4, 41 billion euros, 62 billion euros and 81 billion euros respectively are lost from
the internal combustion engine, while only 10 billion euros, 17 billion euros and 21 billion
euros respectively are gained from the electric powertrain.
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Figure 8
Change in Value Added by powertrain type in Europe for internal com-
bustion engine and electric powertrains
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The large losses in value added in the area of the internal combustion engine are due, in
particular, to economies of scale and minimum demand thresholds. As demand for inter-
nal-combustion-engine components declines, economies of scale in Europe are lost, and
production capacity is relocated or reduced. Remaining global value chains in the area of
the internal combustion engine are increasingly being taken over by other regions, in par-
ticular Asia and, to some extent, North America. With regard to the electric powertrain
(including the battery), it should be noted that, according to the calculations, the current
European Commission proposal (baseline scenario 2) would not result in higher value
added compared with the other scenarios. However, under a modelled market develop-
ment in Europe in line with that in Asia and North America (baseline scenario 4), as well as
under the assumption of technology neutral legislation (baseline scenario 3), Europe's
share of overall BEV sales across the regions considered — Asia and North America — de-
clines more sharply than under baseline scenarios 1 and 2, which would result in a long-
term weakening of its competitive position. At the same time, the comparison of scenarios
makes clear that the regulatory path represented by baseline scenario 2 does not generate
sufficient industrial value-added momentum to establish a comparative advantage for
European value added in the field of electric powertrains.
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According to the analysis of the scenarios and their associated causal chains, the decline in
value added can essentially be attributed to two key effects:

1. First, part of the change in value added results from the technological substitution of
internal-combustion-engine powertrains by battery electric powertrains. In this process,
the build-up of new value added in the field of battery electric vehicles cannot compensate
for the losses in internal-combustion-engine value added (see Figure 8).

2. Second, a structural decline in Europe's share of the global sales market can be ob-
served. Against the backdrop of increasing geopolitical and trade-related tensions, as well
as a stronger regional orientation of value chains, local markets and production structures
are gaining in importance. At the same time, cost-driven location decisions and structural
framework conditions for industrial competitiveness mean that Europe tends to lose
global shares of value added, irrespective of the powertrain transformation. As Figure 6
shows, the development of value added in Europe closely tracks the development of its
share of global vehicle sales. A significant part of the decline in value added therefore does
not arise directly from EU legislation on the phasing-out of internal-combustion-engine
powertrains, but rather from the relative shift in global demand and production structures.
It becomes apparent that even under the comparatively strong baseline scenario 4, which
is based on the powertrain distribution expected in the global market as a whole, signifi-
cant shares of value added in the internal-combustion-engine powertrain migrate to other
regions.

When the effect of Europe's declining share of the world market is considered in isolation,
it becomes clear that the remaining structural changes in value added caused by the
powertrain transformation are considerably smaller. Against this background, a differen-
tiated picture emerges with regard to the effect of regulatory intervention: while less
restrictive scenarios lead to smaller losses in internal-combustion-engine value added in
the short term, there is at the same time a risk that potential in the field of battery electric
value added is not sufficiently realised. In this regard, a higher share of global BEV value
added strengthens Europe's industrial base in the long term. At the same time, it must be
taken into account that regulatory arrangements such as potential penalty payments —
which are not explicitly represented in the model — can further affect, and potentially con-
strain, companies' financial scope for investing in the transformation. Overall, the results
show that reliable, long-term predictable, and also competitive framework conditions
represent a key prerequisite for building up new value added in the field of battery electric
drivetrains, and for a successful transformation in general. Against this background,
Europe's competitiveness is strengthened by innovation-friendly framework conditions,
characterised by fewer penalties and bans and, instead, by greater incentives and sup-
portive structures.

Relaxing regulatory requirements alone therefore proves insufficient to counteract the
loss of value added. However, it can serve as a key enabling element of a forward-looking
overall industrial and employment policy strategy aimed at counteracting short-term
losses, provided it is accompanied by further measures to strengthen long-term com-
petitiveness. This overall strategy includes measures to strengthen innovation and
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competitiveness, as well as to improve framework conditions for industrial competitive-
ness. As shown and quantitatively analysed in the partial scenarios (below, chapter 5.4),
these should likewise be pursued with determination.

5.2 Distribution and Change of Value Added in Europe

The value added generated in Europe in powertrain production is not distributed evenly
across individual countries. In the simulation model, around 238 billion euros (95 %) in
2025 of the total value added within the EU (around 250 billion euros) was accounted for
by the following 14 countries: Bulgaria, Germany, France, ltaly, Croatia, Austria, Poland,
Portugal, Romania, Sweden, Slovakia, Spain, the Czech Republic and Hungary. Owing to
their signi-ficance for this short study, the following chapter focuses on these countries.
They are affected to differing degrees by the changes in value added discussed in the
preceding chapters.

Based on the developments identified under the current European Commission proposal
(baseline scenario 2), the calculations show a loss in value added for Germany of around
54 billion euros by 2040 compared with 2025 (-64 %), which is attributable in particular to
losses among internal-combustion-engine suppliers and to prevailing framework condi-
tions for industrial competitiveness (see e-mobil BW, 2026). The majority of this is
accounted for by suppliers (-80 %). For France and ltaly, losses of almost 17 billion euros
(-73 %) and almost 13 billion euros (-90 %) respectively are identified. This can be
explained by the product portfolio of the companies based in these countries, which is
concentrated mainly in the volume segment, and which, in line with developments in
other countries, is facing growing competitive pressure from manufacturers in Asia (see
GTAI, 2026). For Austria, the calculations show a loss of 13 billion euros. This can be ex-
plained by the country's dependence on suppliers specialising in the internal combustion
engine (see Roland Berger, 2025b). The calculated change in value added for each of the
countries listed above is shown in Figure 9.
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Figure 9
Change in Value Added up to 2040 in selected EU countries under Baseline
Scenario 2 — »Current European Commission Proposal of December 2025«
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The increase in value added of over 18 billion euros (+83 %) observed in Hungary can be
plausibly explained by the ongoing relocation of activity from Germany and other EU
countries, driven by attractive local framework conditions for industrial competitiveness
(see ungarnreal.de, 2026).

The majority of the countries are affected by losses in value added in powertrain produc-
tion by 2040 in baseline scenario 2. It should be noted that, in many EU countries, estab-
lished automotive manufacturers and suppliers had already experienced substantial losses
by 2025 (see clepa.eu, 2025; Leoncikas, 2025). For the remaining countries listed above,
the calculations show a combined loss in value added of around 12 billion euros by 2040.
However, since the absolute changes in each case amount to at most a single-digit figure,
they are not discussed in detail here.
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Considering a market development in Europe in line with that in Asia and North America
(baseline scenario 4), Germany is likewise projected to see a loss in value added by 2040,
but one that is 14 percentage points smaller than under baseline scenario 2, owing to
gains in the area of plug-in hybrid vehicles. In the EU countries listed, value added likewise
falls less sharply by 2040 under this scenario. Overall, however, the loss in value added for
Europe of around 60 billion euros, already reported in Chapter 5.1, still occurs.

5.3 Development of Employment in Europe

In the EU, a total of around 3.5 million people are directly and indirectly involved in the
manufacture of motor vehicles and motor vehicle parts (see ec.europa.eu, 2026). Of these,
50 % to 60 % work in the areas of chassis, exterior and body, interior, and electrics/elec-
tronics (see Roland Berger, 2025a). The remaining approximately 1.6 million people work
in the areas considered here, namely the powertrain and the installation of all powertrain
components in vehicles.

In line with the decline in value added, workforce demand for powertrain production in
Europe likewise falls in all four baseline scenarios. Regarding the current EU Regulation
(baseline scenario 1) and the current European Commission proposal (baseline scenario 2),
workforce demand in Europe falls by almost a quarter (-23 %) as early as 2030, equating to
around 375,000 jobs, and by more than two-fifths (-41 %) by 2035, equating to around
660,000 jobs. In the long term (2040), workforce demand in Europe falls most sharply in
the scenarios based on the current regulation and the current European Commission
proposal (-45 %, or around -726,000 jobs, by 2040).

In line with the effects observed for value added (see Chapter 5.1), workforce demand
in Europe falls considerably more slowly when battery electric vehicles are assumed to
spread in Europe at the same rate as in Asia and North America (baseline scenario 4).

A broadly based technological foundation can help sustain existing production volumes
for longer and mitigate the decline in employment. In this case, workforce demand
remains more stable and declines to a lesser extent even in the longer term (-24 %, or
around -380,000 jobs, by 2035; -31 %, or around -500,000 jobs, by 2040). Figure 10 illus-
trates these changes in workforce demand for baseline scenarios 2 and 4. To a lesser
extent, technology-neutral legislation (baseline scenario 3) likewise slows the decline in
workforce demand (-35 %, or around -560,000 jobs, by 2035; -43 %, or around -690,000
jobs, by 2040).
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Figure 10
Changes in workforce demand for powertrain production in Europe for
Baseline Scenarios 2 and 4

Estimated workforce demand for 2025: approximately 1.6m employees
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5.4 Partial Scenarios and Their Impact on the Decline in Value Added

The analyses presented so far relate to the baseline scenarios, which reflect variations in
legislation with regard to the phase-out of the internal combustion engine. Further over-
lapping measures that could influence these developments have not yet been taken into
account. In the following, partial scenarios are used to examine how value added under

a selected baseline scenario is influenced by various fields of action, and the results are
compared with corresponding analyses of the other baseline scenarios. In this short study,
the partial scenarios considered are adjustments to policy and regulatory framework con-
ditions aimed at promoting industrial competitiveness, and measures to increase produc-
tivity and innovation strength. The effects on a technology-neutral regulation (baseline
scenario 3) are examined. It is precisely the slower pace of the loss in value added com-
pared with baseline scenarios 1 and 2, and the time thereby gained, that creates scope for
planning and implementing the necessary actions.

5.4.1 Partial Scenario "Productivity and Innovation Strength"

The partial scenario "Productivity and Innovation Strength" examines the extent to which
Europe can translate its strong research base into new industrial value added in electric
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powertrains. This involves varying how innovations from early R&D phases or from aca-
demic research can be scaled up into manufacturing. Three variants are considered, which
differ in terms of R&D intensity, regulation (for example, innovation "sandboxes", fast-
track procedures), corporate mindset, and the degree of integration between develop-
ment and production.

In the scenario pathway "Status Quo Projection", Europe's scientific performance remains
strong, but is held back by complex regulatory processes, stringent liability and safety
requirements, and a risk-averse corporate environment. Innovation is predominantly
incremental, and while new technologies in the fields of electric motors, traction batteries
and power electronics are developed and trialled on pilot lines in Europe, large-scale series
production largely shifts to lower-cost regions with greater scale advantages (China, US-
MCA). Europe thus retains its strength in ICE, transmission and traditional supply modules,
as well as in early-series electric motors and power electronics but structurally loses series-
production value added in the future-oriented modules. The development of value added
corresponds to the underlying baseline scenario: the losses in internal-combustion-engine
value added cannot be offset by BEV modules.

The "Niche Innovator" scenario assumes that Europe deliberately concentrates its
strengths on selected high-end segments and creates innovation-friendly conditions

for this purpose (for example, regulatory sandboxes for safety, sustainability and premium
segments). Companies build up exploratory units alongside their core business and accept
that standard lithium-ion cells and volume BEVs will continue to be manufactured pre-
dominantly in Asia. Instead, they focus, for example, on highly integrated premium electric
motors, particularly efficient power electronics, safe and recyclable battery packs, and the
systemic integration of hardware and software. The simulation shows that, under these
assumptions, Europe can significantly increase its value added in a small number of tech-
nologically demanding modules. In total, the losses in conventional modules, forecast in
the baseline scenarios, can be significantly reduced; total value added in Europe falls by
only 20 % by 2040, rather than by more than 35 %. The decline in workforce demand up
to that year is likewise slowed by around 14 percentage points (around -480,000 jobs in
2040).

The "Systemic Innovator" variant depicts a highly progressive development pathway, in
which regulatory architecture and the speed of innovation are explicitly prioritised (for
example, EU-wide fast-track procedures, innovation guarantees), internal bureaucracy
within companies is reduced, and risk is actively managed. Development and production
are closely integrated; new technologies such as solid-state batteries, highly integrated
e-axles and software-defined powertrains are not only invented in Europe, but are also
industrialised in manufacturing clusters based in Europe as well as Central and Eastern
Europe (CEE), and scaled up into large-scale series production at an early stage. In the
simulation, this pathway allows value added in key modules of the electrified powertrain
(electric motors/e-axles, battery traction systems, power electronics) to be built up to such
an extent that the losses in ICE value added - reported in all baseline scenarios — can be
stabilised or even offset. According to the model, the losses calculated for the current
European Commission proposal are thus reduced by 45 billion euros by 2030. The decline
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in workforce demand is around 15 percentage points smaller (around -85,000 jobs in
2030). Figure 11 shows the development of value added under the three variants of the
partial scenario, using Baseline Scenario 3 as the reference case. Baseline Scenario 3
assumes a technology-neutral regulatory framework. The assumptions are deliberately
ambitious and presuppose proactive corporate action; nevertheless, they make clear
that the manner and speed of innovation implementation represent a key lever for
securing industrial value added and employment up to 2040.

Figure 11
Value Added under the three variants of partial scenario »Productivity and
Innovation Capacity« based on Baseline Scenario 3
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5.4.2 Partial Scenario “Framework Conditions for Industrial Competitive-
ness”

The partial scenario "Framework Conditions for Industrial Competitiveness" quantifies
the extent to which the design of framework conditions for industrial competitiveness
influences the losses in value added reported in Chapter 5.1. In this partial scenario, the
baseline scenarios are supplemented by three variants of industrial competitiveness pol-
icy, which differ in particular in terms of energy prices, approval times and labour market
flexibility. All scenarios assume that the advantages and degrees of freedom thereby
gained are consistently translated by companies into productivity gains. Accordingly,

the scenarios not only highlight the responsibilities of policymakers regarding the possible
adjustment of framework conditions, but also address the responsibility of companies to
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make use of the resulting potential (for example, in the form of an increase in innovation,
see Chapter 5.4.1).

In the "Status Quo Projection" variant, the current situation is essentially projected for-
ward: industrial electricity prices in Europe remain around 50 to 60 % above the level in
China and the USA (for Germany: around 60 % to 75 % above the level of China and the
USA); approval procedures typically take around one to several years (around 4-6 years
in Germany), and bureaucratic burdens and reporting obligations are not significantly
adjusted. Under these assumptions, companies relocate labour- and energy-intensive
standard manufacturing (including ICE engines, transmissions and standard power
electronics), particularly from Germany and Western Europe, to lower-cost regions (CEE,
Turkey, Mexico, China).

The "Focused Relief and Bureaucracy Streamlining" variant assumes a targeted improve-
ment in framework conditions for energy- and capital-intensive industries. In the model,
the energy cost gap relative to China and the USA is reduced to around 15 to 20 %, ap-
proval times are shortened to an average of one year, and this is supplemented by moder-
ate labour market reforms as well as in-house automation and a consistent reduction in
bureaucracy. In this setting, highly automated and technologically demanding production
lines (complex transmissions, electric motors, power electronics, parts of battery pack
manufacturing) remain in a small number of high-performance clusters in Europe, while
low-tech volume manufacturing continues to migrate to lower-cost regions. The simula-
tions show that, under these conditions, value added in Europe could already be around
30 % higher by 2030 than with a simple continuation of current framework conditions.
The expected increase by 2040 relative to 2025 amounts to around 130 billion euros,
depending on the baseline scenario; in certain high-tech modules (electric motors, power
electronics, battery packs), today's level is maintained or slightly exceeded. According to
the simulation, an increase in value added of up to 90 billion euros is achieved by 2030 —
an effect twice as large as that of innovation support alone. Workforce demand rises by
around 410,000 jobs in that year (around +25 %). By 2035, an increase in value added of
up to 200 billion euros is achieved - an effect five times as large as that of innovation sup-
port alone. Workforce demand rises by around 640,000 jobs in 2035 (around +40 %).

The measures implemented under the "Focused Relief and Bureaucracy Streamlining"
partial scenario also bring an increase in value added by 2040 in several EU countries. In
Germany, for example, value added from battery electric vehicles rises sharply, offsetting
the losses occurring in other areas. In France and Italy, where competitive conditions
compared to volume-segment providers from Asia improve, the losses are considerably
reduced — in particular through moderate labour market reforms, in-house automation
and a consistent reduction in bureaucracy. In Southern Europe and Central and Eastern
Europe, existing value added from conventional components is preserved and supple-
mented by value added from the battery electric powertrain, resulting overall in substan-
tial gains in value added.
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Figure 12 shows the development for the countries with the greatest value added in the
automotive sector.

Figure 12
Change in Value Added up to 2040 in selected EU countries under the
» Focused Relief and Bureaucracy Streamlining« variant of the partial

scenario » Framework Conditions for Industrial Competitiveness« based on
Baseline Scenario 3
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incurred by that date are included)
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The "Industrial Competitiveness Initiative" variant models an ambitious best case. Here,
industrial electricity prices in Europe move closer to competitive levels, standing only
around 10 to 15 % above the level in China and the USA; CO; costs are partially offset
through compensation mechanisms, and binding deadlines limit approval times to an
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average of under one year. At the same time, a broad automation and Al drive is assumed,
combined with far-reaching bureaucracy reduction, flexible working-time and employment
models. Under these assumptions, powertrain-related value added in Europe rises signifi-
cantly in the model: in combination with less restrictive regulatory variants regarding fleet
limits (baseline scenarios 3 and 4), an increase of around 94 % relative to 2025 is possible
by 2035. Workforce demand could rise by around 1.2 million jobs by that year (around

76 %). Figure 13 shows the development of value added under the three partial scenario
variants, based on baseline scenario 3.

Figure 13
Value Added under the three variants of the »Policy and Regulatory Frame-
work« partial scenario based on Baseline Scenario 3
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As the results show, improved framework conditions for industrial competitiveness can
create the conditions necessary for Europe to realise additional value added from several
sources in less regulated scenarios: from the longer preservation of existing ICE/PHEV
value added, a stronger export orientation, and the build-up or establishment of relevant
battery-related value added. However, the gains reported should be understood as ambi-
tious potential that can only be realised through precisely tailored framework conditions
and consistent implementation by companies. The partial scenarios presented assume
that companies make full use of these competitive advantages: external reductions in
bureaucracy take full effect within companies as well, through corresponding measures
implemented by those companies. Efficiency gains resulting from changed framework
conditions are fully converted by companies into productivity gains. Accordingly, these
scenarios place responsibility for implementation not only on policymakers, but also on
companies. Overall, the partial scenario thus shows that the design of framework
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conditions for industrial competitiveness constitutes a lever with a greater effect than
the differences between the baseline scenarios themselves, and is therefore decisive in
determining whether the modelled losses in value added and employment can merely be
dampened, or actually reversed towards stabilisation or growth.
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6 Summary and Conclusion

Consistent and swift action is required to make the transformation
successful

This study focuses on analysing the effects on value added and employment in the auto-
motive industry from 2035 onwards that would result from potential regulatory changes
to the current EU Regulation banning the registration of new CO,-emitting passenger cars
and light commercial vehicles. The subject of the analysis is value added and employment
in powertrain production. In accordance with the agreed premises, research and develop-
ment, central functions, and other value-added areas outside of manufacturing and out-
side the powertrain sector are not examined. This ensures that the effects identified can
be clearly attributed. The analysis considers the status quo (a 100 % reduction in tailpipe
CO; emissions relative to 2021), the current European Commission proposal of December
2025 (the so-called Automotive Package, a 90 % reduction in CO; emissions), and two
comparative regulatory variants under which a larger number of CO;-emitting vehicles
would still be permitted to be registered in Europe after 2035, while the EU's climate
target is maintained under all variants.

To analyse the effects of EU Regulation, baseline scenarios were developed showing how
the respective shares of conventionally powered vehicles, plug-in hybrid vehicles and
battery electric vehicles in registration figures could develop in Europe (EU, EFTA and the
UK), as well as in the relevant overall market (Europe, Asia comprising China, India, Japan
and South Korea, and North America comprising the USA, Mexico and Canada). Under the
current EU Regulation, only battery electric vehicles would be newly registered in Europe
from 2035 onwards (scenario 1). With the current European Commission proposal,
conventionally powered and plug-in hybrid vehicles would account for around 10% of new
registrations in 2035 and still around 5 % in 2040 (scenario 2). Furthermore, a scenario 3
was defined, which assumes greater technology-neutral regulation, under which conven-
tionally powered and plug-in hybrid vehicles would account for around 30 % of new regis-
trations in 2035 and still around 20 % in 2040. A further scenario 4 is based on the power-
train distribution expected in the global market as a whole, and assumes that, in addition
to greater technology-neutral regulation, there is no targeted promotion of electro-mobil-
ity in the EU. This assumes that battery electric vehicles spread in Europe at the same rate
as in Asia and North America, such that conventionally powered vehicles and plug-in
hybrids account for around 65 % of new registrations in 2035 and still around 50 % in
2040. To analyse the scenarios, a system dynamics market model was developed and im-
plemented, by means of which the individual scenarios could be simulated and compared
up to 2040, and the effects of potential measures and courses of action (so-called partial
scenarios) could be demonstrated. For the EU's CO; targets to be met even under more
technology-neutral regulation, corresponding quantities of low-CO, materials, renewable
fuels, or a combination of both, would be required, depending on the specific design of the
regulation. With this background, however, a tailpipe-oriented approach falls short for the
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more technology-neutral baseline scenarios. Instead, the definition of zero-emission status
follows a system that considers the entire CO; footprint.

Findings

According to the present analysis, the current European Commission proposal to reduce
the CO; for new registrations to 90 % is not sufficient to sustainably prevent the loss of
value added and employment in powertrain manufacturing in Europe's automotive
industry. In 2025, this industry sector generated value added of around 250 billion euros
and employed around 1.6 million people. Under the current European Commission pro-
posal, a decline in value added of around 50 billion euros (around -20 %) and a reduction
in workforce demand of around 375,000 jobs (around -25 %) can be expected by 2030; by
2035, these effects intensify to around 87 billion euros (-35 %) and around 660,000 jobs
(-40 %), representing only a slight improvement of around 3 billion euros compared with
the continuation of the current regulation (a loss of around €90 billion and around 660,000
jobs in 2035). Looking ahead to 2040, scenarios 1 and 2 would result in a loss in value
added of approximately 95 billion euros. This also shows, however, that the current Com-
mission proposal offers no long-term advantages for preserving value added. Rather, it
indicates that, irrespective of the specific regulatory design, a migration of value added
and employment must be expected as a result of Europe's position in global competition,
and that this must be addressed independently of the debate on powertrain technology.
Scenarios 3 and 4 likewise show a linearly declining trend, but one characterised by
smaller losses in value added and employment by 2040 (around -70 billion euros /
-560,000 jobs by 2035 under scenario 3, and -45 billion euros / -380,000 jobs under
scenario 4).

It becomes apparent that the design of the regulation can in particular influence the timing
of the losses in value added and employment that occur over the next decade. Losses in
value added and employment that would occur by 2032 under the Commission proposal
currently under discussion (scenario 2) would, in a more technology-neutral regulation
(scenario 3), not be expected until 2035. A comparative, theoretically calculated market
development in Europe modelled on that in Asia and North America (scenario 4) would
delay the decline in value added even further. In that case, the losses described would not
occur until 2040, although at the same time the share of electrified exports —and thus the
position in the future market for electrically powered vehicles for the period after 2040 —
would deteriorate noticeably compared with the other scenarios. It should be noted that
the European home market will lose relevance, with Europe's share of the global automo-
tive market under consideration falling from around 24 % in 2025 to around 18 % in 2040,
which means that an export orientation will remain crucial. More technology-neutral regu-
lation therefore cannot ultimately prevent a substantial loss of value added and decline in
employment, but, by significantly slowing this process, it can create more room for further
effective industrial policy and competitiveness-enhancing measures.

To prevent long-term losses in value added and job cuts, further levers are needed. In this
context, attention should be drawn to the changing pattern of value added in the automo-
tive sector: in future, software-defined vehicles, automated driving, digital platforms and
the data economies arising from them will represent significant sources of value added,
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while traditional powertrain components will decline in importance. These transformation
processes are taking place in parallel and are only marginally influenced by regulatory
decisions relating to CO2 emissions, but they can help keep European companies and their
products competitive in the global market, and thereby support exports and, in turn, the
domestic production of vehicles and their powertrains. This, however, requires timely,
long-term decisions by policymakers and companies on investment incentives, infra-
structure development, and education and training programmes. Framework conditions
for industrial competitiveness should be designed in such a way as to provide companies
with a framework that enables them to act quickly and effectively. In this way, it may be
possible to cushion the structural challenges posed by a European home market that is
shrinking relative to the overall market, through international exports, and to secure value
added and employment in the long term.

Simulations carried out within the supplementary partial scenarios of the model under-
lying this study show that an increase in value added of around 45 billion euros is possible
by 2030 if targeted measures are pursued to generate innovation in the powertrain and
its production. Additional potential can also be expected in further innovation fields men-
tioned above. However, this requires reliable political framework conditions, investment
security, and a coordinated ramp-up of value chains for materials and fuels. As a further
lever with an even greater effect in the model, the study has identified and quantitatively
examined the improvement of framework conditions for industrial competitiveness, (for
example, competitive energy costs) and a reduction in bureaucracy (for example, a signifi-
cant reduction in non-value-adding administrative tasks). If progress can be made here
towards becoming cheaper, leaner and more efficient, this could not only have a strongly
positive effect on preserving value creation, but, according to the simulations, could even
lead to an increase in value added and employment in powertrain manufacturing. In quan-
titative terms, this could result in an increase in value added of around 90 billion euros by
2030 and around 200 billion euros by 2035, thereby achieving an effect considerably
greater than the potential of a pure innovation drive in the powertrain sector alone, pro-
vided that the corresponding measures were to take effect immediately.

Framework conditions for industrial competitiveness are generally not subject to short-
term political or structural change, and companies have only limited influence, if any, over
them. Early, consistent and swift action by policymakers is therefore essential if the poten-
tial identified is to be realised, at least in the medium and long term. By creating frame-
work conditions for improved industrial competitiveness and systemic innovation, policy-
makers can contribute to the success of the industry despite structural shifts. The study
shows that a combination of more technology-neutral fleet regulation, competitive local
framework conditions, reliable investment policy, the coordinated development of renew-
able supply chains (for example, for materials relevant to the electric powertrain and for
renewable fuels), proactive action by companies, and the courage to innovate, can secure
the long-term international competitiveness of Europe's automotive industry.
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Glossary

BAT_TRAC = Traction battery

BEV = Battery Electric Vehicle

CCM = Carbon Credit Mechanism (CO; credit/certificate mechanism)
CEE = Central and Eastern Europe

CN = China

CNF = Carbon Neutral Fuels

EM = Electric machine

EU+EFTA+UK = The countries of the EU-27, the European Free Trade Association (Iceland,
Liechtenstein, Norway, Switzerland) and the United Kingdom

GB = Transmission (gearbox)
ICEP = ICE peripherals

ICEV = Internal Combustion Engine Vehicle (conventional vehicle with an internal combus-
tion engine)

ICE = Internal Combustion Engine (conventional internal combustion engine)
IN = India
MEX = Mexico

MHEV = Mild Hybrid Electric Vehicle (a conventional vehicle whose internal combustion
engine is supported by a small electric motor, and which is accordingly equipped, in addi-
tion to the 12V starter battery, with a small "traction/HV battery" of around 48V or similar)

NA = North America (USA, Canada, Mexico)
PE = Power electronics

PHEV / HEV = Plug-in Hybrid Electric Vehicle (plug-in hybrid vehicle) / Hybrid Electric Vehi-
cle (hybrid vehicle)

REEV = Range-Extended Electric Vehicle (a battery electric vehicle equipped with a small
internal combustion engine - a "range extender" - used solely to charge the traction/HV
battery)

RFNBO = Renewable Fuels of Non-Biological Origin

SRF = Sustainable Renewable Fuels

TR = Turkey

USMCA = United States-Mexico-Canada Agreement (successor to NAFTA)

VEEF = Vehicles Exclusively running on the Eligible Fuels (vehicles operated exclusively on
eligible fuels)
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Appendix

Overview of Value-Added Modules

ICE-B-01

ICE-B-02
ICE-B-03
ICE-B-04

ICE-B-05
ICE-B-06
ICE-B-07
ICE-B-08
ICE-B-09

ICE-D-01

ICE-D-02
ICE-D-03
ICE-D-04

ICE-D-05
ICE-D-06
ICE-D-07
ICE-D-08
ICE-D-09

ICE-Peri-B-01
ICE-Peri-B-02
ICE-Peri-B-03
ICE-Peri-B-04
ICE-Peri-B-05
ICE-Peri-B-06

ICE-Peri-B-07

ICE-Peri-B-08

ICE-Peri-D-01
ICE-Peri-D-02
ICE-Peri-D-03
ICE-Peri-D-04
ICE-Peri-D-05
ICE-Peri-D-06

Assemble ICE; forge connecting rods and manufacture connecting rod bearings;
cast/forge crankshaft, polish and harden; cast engine block, anneal, drill and mill
Manufacture valve train: valves (intake and exhaust), guide, tappet, springs
Manufacture cylinder head cover

Cast, harden, assemble and mill camshaft; punch and bond cylinder head gasket;
manufacture cylinder head; hone, press and polish cylinder liner

Deep-draw and paint oil pan

Cast, mill and polish pistons; manufacture piston pins

Balance shaft (for crankshaft)

Bend, harden and coat piston ring

Cast flywheel; forge and harden bearing

Assemble ICE; forge connecting rods and manufacture connecting rod bearings;
cast/forge crankshaft, polish and harden; cast engine block, anneal, drill and mill
Manufacture valve train: valves (intake and exhaust), guide, tappet, springs
Manufacture cylinder head cover

Cast, harden, assemble and mill camshaft; punch and bond cylinder head gasket;
manufacture cylinder head; hone, press and polish cylinder liner

Deep-draw and paint oil pan

Cast, mill and polish pistons; manufacture piston pins

Balance shaft (for crankshaft)

Bend, harden and coat piston ring

Cast flywheel; forge and harden bearing

Manufacture drive shafts, propeller shaft

Manufacture rear axle differential

Manufacture 48V starter-generator

Ignition system: spark plug, ignition coil, wiring

Manufacture injection system: control unit, injector, fuel pump (high pressure)
Manufacture exhaust system: sensors, catalytic converters, particulate filter, EGR,
silencer, SCR

Manufacture air supply system: intake module, filter, cooler, sensors, clean air
duct

Manufacture oil supply system

Manufacture drive shafts, propeller shaft

Manufacture rear axle differential

Manufacture 48V starter-generator

Ignition system: spark plug, ignition coil, wiring

Manufacture injection system: control unit, injector, fuel pump (high pressure)
Manufacture exhaust system: sensors, catalytic converters, particulate filter, EGR,
silencer, SCR
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ICE-Peri-D-07
ICE-Peri-D-08
Getr-01
Getr-02
Getr-03

Getr-04
Getr-05

Hybr-01

Hybr-02
Hybr-03
Hybr-04
Hybr-05
Hybr-06

EM-01
EM-02

EM-03

Batt-01

Batt-02

LE-01

ICEV-01
PHEV-01
BEV-01
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Manufacture air supply system: intake module, filter, cooler, sensors, clean air
duct
Manufacture oil supply system

Assemble transmission; manufacture multi-plate clutches: stamping, riveting;
manufacture shafts: turning, hardening, deburring

Manufacture transmission housing: casting, milling, drilling, grinding
Manufacture mechatronics unit

Manufacture gears: casting, hobbing, hardening, grinding

Manufacture torque converter (impeller: pressing and welding; turbine wheel:
pressing and welding; stator: pressing and welding; lock-up clutch: stamping and
riveting)

Assemble transmission; manufacture multi-plate clutches: stamping, riveting;
manufacture shafts: turning, hardening, deburring; manufacture dual-mass fly-
wheel: pressing, stamping, riveting; manufacture separator clutch: stamping,
riveting

Assemble hybrid electric motor

Manufacture transmission housing: casting, milling, drilling, grinding
Manufacture mechatronics unit

Manufacture gears: casting, hobbing, hardening, grinding

Manufacture torque converter (impeller: pressing and welding; turbine wheel:
pressing and welding; stator: pressing and welding; lock-up clutch: stamping and
riveting)

Transmission (assemble transmission)

Construction and assembly (fit bearing and stator into housing; insert rotor into
stator; inspect and measure winding; fit bearing; build stator: stamping, insulating,
winding, coating; fit magnets: bonding, balancing, encapsulating; stamp and stack
rotor)

Casting (cast housing, finish machining)

Assemble battery management controller; assemble battery system: insert mod-
ules into housing, etc.; manufacture battery housing: forming (e.g. deep drawing),
joining (e.g. welding), testing; assemble cell modules

Manufacture cell modules

Power electronics assembly: fix inductor module; assemble capacitors and control
electronics; close housing; cast control electronics housing; assemble power
module

Vehicle installation, ICEV
Vehicle installation, PHEV
Vehicle installation, BEV
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