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1 Executive summary

Reaching climate neutrality in the EU by 2050 requires ambitious emissions
reductions. This means an unprecedented transformation for the automotive industry
and its supply chain — one that will have a major impact not only on employment, but
also on consumer choice, the affordability of individual mobility, and EU
competitiveness. The face of the industry will change as a result of the transition to
electric powertrains, the use of renewable fuels and energy sources to power
vehicles, and the restructuring of production sites and the workforce. The products
that have been used for more than 100 years to move people and goods, and which
have successfully powered the EU economy, will be replaced by emerging
technologies. Traditional business models will have to evolve, and competencies
developed over decades will have to be transformed into something different,
something new. One imperative, however, will remain the same: The industry's
resilience and ingenuity will be needed to drive innovation forward.

Existing studies of the electric vehicle (EV) transition are mostly qualitative, or they
focus on individual European countries. Few, if any, have assessed the impact of this
transition across the region, or on the automotive suppliers as an industry segment.
But we believe that to help automotive leaders steer their efforts in the right direction,
a better understanding of the impact of the EV transition on Europe’s automotive
supplier industry as a whole and its employment forecasts, particularly from a
regional perspective, is of utmost importance to maximise the associated
opportunities and minimize the threats.

Therefore, the goal of this study is to paint a quantitative picture of the EV transition
in Europe in order to answer three questions:

1. What is the impact of different powertrain technologies and component
requirements on value-add! for automotive suppliers in Europe?

2. What is the corresponding effect on employment? for automotive suppliers in
Europe?

3. What would a mixed technology, EV-only, or a radical EV-implementation
scenario mean for climate targets, value-add, and employment in Europe?

The study’s methodology is complementary to previous studies as it models figures
from a value chain perspective.

1 “Value-add” in this study is defined as revenue minus material costs and describes the part of the company’s individual value
creation that directly contributes to the country’s economy.

2 “Employment” is defined as all direct and indirect labour contributing to the value creation, and Full-Time-Equivalent (FTE) is
interchangeable with headcount (HC) throughout the report. All value-add and employment figures refer only to the automotive
powertrain industry sector.



Data was gathered — supported by the European Association of Automotive
Suppliers (CLEPA), national associations, and companies — in an explorative survey
based on numerous questionnaires and validated with multiple expert interviews. To
realistically model commercial decisions, production capacities at shift level (typically
three eight-hour blocks) as well as country attractiveness, criteria have been
assessed to develop wind-down scenarios for internal combustion engine (ICE)
vehicle technologies and ramp-up scenarios for EV technologies.

The scope of the study covers the EU27 member states, the EFTA, countries and the
UK. Additionally, seven countries were analysed in detail: Germany, Italy, France, the
Czech Republic, Spain, Poland, and Romania.

The pace and the likely impact of the EV transition on suppliers were grouped into
three market scenarios: a mixed-technology scenario, an EV-only scenario, and an
accelerated radical scenario. The scenarios differ in carbon dioxide (CO3) target
setting and allowance of alternative fuels, EURO 7 emission legislation, and
governmental subsidies (COVID recovery plans).

Mixed-technology scenario

The mixed-technology scenario projects a 50% tailpipe CO:2 reduction by 2030,
compared to the 2020 95g NEDC passenger car target. This scenario assumes a role
for sustainable renewable fuels to achieve net CO2 reductions with hybrid and other
ICE-based technologies, hence meeting the Paris climate goals. The allowance for
alternative fuels amounts to 20g by 2030 and 30g by 2035. EURO 7 norms will in this
scenario facilitate a significant role for mild hybrid electric vehicles (MHEV) in
reaching CO2 emission reductions. The scenario assumes that governmental
subsidies are granted for battery electric vehicle (BEV) purchase incentives only, but
not for infrastructure. The 50% CO:2 reduction is 5% percentage points less than
currently foreseen in the European Commission’s (EC) Fit for 55 proposal, at tailpipe
level.

EV-only scenario

The EV-only scenario follows the STEP scenario, as proposed by the International
Energy Agency (IEA) in 2020 and is on par with the approach taken by the European
Commission’s Fit for 55 proposal. It projects a 60% tailpipe CO2 reduction by 2030
and a 100% reduction by 2035. This scenario assumes, with a 7g alternative fuel
allowance in 2030, a marginal role for sustainable renewable fuels. The EURO 7
norm is expected to be more restrictive and favour full-hybrid electric vehicles
(FHEV). Governments are assumed to be supporting BEVs with both incentives and
charging infrastructure funding that will help to create a network of around 1 million
public charging stations in Europe by 2024.

Radical EV-implementation scenario

The radical scenario projects a 100% tailpipe CO2 reduction by 2030, significantly
more stringent than the European Commission’s Fit for 55 proposal. This scenario
assumes highly restrictive EURO 7 emissions norms, which can only be met with
significant additional cost to meet with mild hybrid electric vehicles (MHEVS).
Governments are assumed to be supporting BEVs with incentives and charging
infrastructure funding that will help to create a network of more than 1 million public
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charging stations in Europe by 2024. City-wide bans for ICE vehicles will reinforce
the impact of national policy decisions.

Within the three market scenarios mentioned, various powertrain-related components
have been analysed each specifically for EV and ICE vehicles.

Of course, there are alternative CO2 reducing technologies that also have an impact
on Tank-to-Wheel (TtW) metrics. These technologies are predominantly powertrain-
related but also involve other vehicle components. Non-powertrain examples include
aerodynamic improvements such as grille shutters or air curtains and low-rolling
resistance tires or LED headlights. Powertrain options range from more efficient
alternators to stop-start systems. The other option when considering emissions
reduction is to look at Well-to-Wheel (WtW) metrics and focus on the fuel side, with
either synthetic or biofuels as part of the decarbonisation process.

So far, the European Commission’s COz2 legislation has only revolved around TtW,
but that does not give the full picture as CO:2 is only measured at the tailpipe. Fully
electric vehicles are therefore favoured with zero tailpipe emissions, although the
vehicle is rarely charged with fully renewable electricity. WtW is more comprehensive
but more complicated to measure since the amount of renewable energy varies.

The greatest potential TtW CO2 savings come from further drivetrain electrification

(in order of CO2 impact): mild hybrid, full hybrid, plug-in electric hybrid/range extender
electric vehicle, and full electric vehicle/fuel cell electric vehicle. As a result, drivetrain
electrification is the focus of our analysis in this study. There are also other techno-
logies on the market or technologies currently being researched for decarbonization
of the transportation sector (e.g., renewable fuels, green hydrogen, and e-fuels), but
these are not the primary focus here. Furthermore, there have been discussions and
research made in regard to volunteer WtW crediting for alternative fuels. The credit
system works as follows: alternative fuels are produced by a fuel supplier,
sustainability fuel credits are issued and entered into a database, original equipment
manufacturers (OEMSs) buy the credits from a fuel supplier, and finally the credits are
then calculated towards an OEMs CO:g target [1]. In the EC’s Fit for 55 package, full
battery electric vehicles and fuel cell electric vehicles are the preferred solutions.



The key results for the EV-only scenario are:

PROGNOSIS
Overall developmentin value-add and employment  Key changes in value-add (in €bn)
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1. Electrification puts powertrain employment3at risk (potential net loss of up to -
275k employees until 2040).
—In all, 501k jobs at stake in the ICE domain, without counting employment
opportunities created by electrification.

2. Majority of future value-add in EV powertrain technologies depends on EU
battery production (70% of value-add).
— Subsequently, European employment depends significantly on local battery
production.

3. A net reduction of 291k jobs is expected between the 2030 and 2035 timeframe

alone.
— A total of 359k jobs impacted in the ICE domain only, making the transformation
towards future needs necessary (e.g. software, electronics, infrastructure).

4. A mixed-technology scenario mitigates the impact on employment and creates
value-add until 2040.
— This would be driven by hybrid vehicles market share.

5. Western European countries will likely be best placed as strongholds in EV
production (+56.2 €bn value-add until 2040).
— By contrast, Central Eastern European countries will shape the run-down of ICE
vehicle production.

3 Powertrain employment only, no further social impacts considered
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Comparison of the three scenarios — mixed-technology, EV-only, and radical — in
value-add and employment of the time period between 2020 and 2040:

Value-add and employment change by scenario

PROGNOSIS
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One prerequisite of the study’s results must also be made very clear. All scenarios
and calculations have been made on the assumption that there will be a full battery
value chain based in Europe, from the processing of raw materials to the final battery
assembly. The battery accounting for 70% of the electric powertrain value share is
indispensable for employment in Europe. Based on the current public debate and
company announcements, this assumption appears fair: Chemical industry players
are positioning themselves in this huge market, and automotive suppliers as well as
OEMs deem the battery to be vital to driving performance. However, major obstacles
remain, such as local sourcing of critical minerals needed for battery cell production
and certainly timing remains a factor of uncertainty.

The auto industry is in a deep period of transition: 125 years of ICE development and
perfection must evolve into a very different business model for the sector in Europe to
remain successful for another 125 years. This study gives quantitative information on
the expected value-add and employment in European countries. The information
gathered in this study is suitable to support economic and entrepreneurial decision
making for Europe’s future, particularly given the corresponding context: Eastern
European countries are more likely to shape ICE vehicle run-down, while Western
European countries will play a key role in EV technologies. Net employment will
decrease significantly, mainly due to higher automation of EVs and less manual work
required. Additionally, depending on the Fit for 55 program and corresponding
regulation, the industry will have very limited time for shaping the transition. The
radical scenario will give the industry only five years to settle a completely new value
architecture changing the heritage of 125 years. There is hope for the auto industry to
stay relevant in European countries, but it will likely necessitate investments in new
capabilities and new employment scenarios that require significant reskilling,
particularly in the areas of IT/software, electrical engineering, and chemical
engineering. At the same time, technology openness toward green hydrogen and e-
fuels, among other sustainable options, will help ease transformation.
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2 Introduction: Current situation and challenges

There is strong evidence that CO2 and other greenhouse gas emissions (GHG) from
human activity are causing observable global climate change. Under the 2015 Paris
Agreement, GHG emissions must be cut by 95% by 2050 [6] in order to limit global
warming to 2°C. Currently, CO:2 regulations for passenger cars account for (see
Figure 1). about 51% of these transportation-related emissions,* which represents
around 12% of total global emissions. According to the IEA [7], GHG emissions from
Europe’s passenger car sector have increased by 20% during the last 30 years.
Despite substantial gains in fuel efficiency, the number of vehicles in operation, the
trend toward larger vehicles, the average age of vehicles, and the number of driven
kilometres by vehicle and year are all expected to increase.

PROGNOSIS
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Figure 1: EU CO- regulations for passenger cars in terms of NEDC [gCO2/km] [3]

Therefore, Europe will have to take measures to steadily decarbonise the mobility
sector. Consequently, Europe’s passenger car sector faces one of its greatest
challenges over the coming decades. Europe is one of three regions, along with
China and the United States, with the highest GHG emissions from passenger cars,
and significant reductions in GHG emissions are needed to achieve both global and
European climate goals.

More than a decade ago, the EU introduced its first regulations on the GHG tailpipe
emissions of passenger cars, which have subsequently been tightened. These
regulations aim to cut GHG tailpipe emissions from newly registered cars to 95g/km
in 2020 and to 80g/km in 2025 (see Figure 1) [8]. They are expected to be tightened
further to support efforts to reduce the EU’s emissions by 55% by 2030 (as noted in
the Fit for 55 package), and for the EU to be carbon-neutral by 2050 [9]. As well as
aiming to reduce road transportation—related GHG emissions, the EU is likely to
tighten regulations for pollutant emissions, e.g., nitrogen oxides, under the proposed

4 In this report, the term “passenger cars” includes light-duty vehicles up to 3.5t gross vehicle weight.
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EURO 7 emissions standards policy. Currently, alternative fuels are also in
discussion to replace today’s fossil fuels for ICE vehicles, but these alternative fuels
do not address tailpipe emissions though they do certainly help to reduce GHG
emissions. Moreover, alternative fuels are also considered for commercial, heavy-
duty vehicles. Alternative fuels also have the advantage of being able to directly
refuel a new ICE vehicle on the market today. Alternative fuels have so far not been
included in the EC’s latest Fit for 55 proposal for CO2 standards, but they offer a
potential solution for the existing ICE vehicle fleet now and in the future. Alternative
fuels have been discussed in the Renewable Energy Directive (RED), the Energy
Taxation Directive (ETD), and previous Fit for 55 drafts. But the current EC proposal
has so far only considered TtW and therefore alternative fuels are less relevant than
when WtW and existing vehicles are considered. Major investments will be required
to produce enough alternative fuels in the future and reduce the cost of production.

These regulatory efforts have resulted in increasing complexity in technology and
insecurity regarding consumer behaviour for car manufacturers — also known as
OEMs — and their portfolio of conventional and alternative vehicles and powertrains.
OEMs have reacted to these policies with even more sophisticated exhaust systems
for conventional vehicles with ICEs, while simultaneously ramping up production of
EVs, either hybrids that combine electric and combustion powertrains, or standalone
batteries or fuel cell EVs (e.g., BEVs and FCEVS).

This transition from an almost entirely ICE vehicle portfolio toward a more electrified
portfolio significantly impacts the current value-add structures of both OEMs and their
suppliers. The automotive supplier sector is a major employer across the EU, which
makes a substantial contribution to the competitiveness of the EU’s industrial base,
as measured by percentage of total employment, value-add, and other KPI metrics.
Understanding the impact of the EV transition on Europe’s automotive supplier
industry and its employment, also from a regional perspective, is therefore of utmost
importance to maximize the associated opportunities and minimize the threats for
competitiveness and employment.

In summary, the EV transition brings a series of uncertainties for automotive
suppliers in different areas (see Figure 2).

Areas of uncertainty for automotive suppliers

2"\ Regulatory What does future regulation hold regarding GHGs and pollutants?
h OEMs How do OEMSs adjust their portfolios in response to new regulation?
Speed How fast will the EV transition happen?

What is the risk that the EV transition will reduce value creation in Europe?

-
@'} Value-add What is the future value creation relationship between OEMs and suppliers?

How will employment protection agreements impact this relationship?

ﬂ Employment What will be the impact on employment in the automotive supplier industry in Europe?
@ Investments What investments are required BY automotive suppliers to manage the EV transition?

Figure 2: Areas of uncertainty for automotive suppliers

11



3 Purpose and scope of this study

3.1 Purpose

Existing studies of the EV transition are mostly qualitative or focus on individual
European countries. They have not yet assessed the impact of the EV transition
across the region, nor on the automotive supplier industry.

This study aims to show the expected impact on employment in the supplier industry
caused by an accelerating EV transition and is based on a quantitative approach to
answering the most relevant key questions, focusing on the following three areas:

e What is the impact of different powertrain technologies and component
requirements on value-add for automotive suppliers in Europe?

The focus of the study is the value-add that can be generated by the European
automotive powertrain industry. The study assesses whether the industry will see
a change in value-add or experience no change from the EV transition.

e What is the corresponding effect on employment for automotive suppliers in
Europe?

The study quantifies the expected effect of value-add changes to the employment
in European countries based on their competitiveness.

e What would a mixed-technology, EV-only, or a radical EV-implementation
scenario mean for climate targets, value-add, and employment in Europe?

Lastly, the study considers the potential impact on value-add and employment of
an accelerated EV transition impacted by policy and regulatory specifications due
to increased concerns about global warming and air quality.

3.2 Scope of this study

The study focuses on the automotive powertrain technologies of passenger cars and
light-duty commercial vehicles below 3.5 tons, exclusively. Europe as a whole is
covered, including the 27 EU countries, the four European Free Trade Association
(EFTA) member states, and the UK. In addition, the study focuses in more detail on
seven EU member countries, which together account for around 74% of Europe’s
automotive supplier revenue: the Czech Republic, France, Romania, Spain, Italy,
Poland, and Germany (see Figure 3).

12
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Figure 3: Scope of the study

The automotive powertrain industry is an extremely important sector in Europe.
Based on the latest ACEA fact book (2021), automotive manufacturing (vehicle and
components) represents 8.6% of EU employment in manufacturing. The automotive
industry also accounts for a significant share of the demand in adjacent industries
such as the manufacturing of bearings, electric motors, cooling and ventilation
equipment, and tyres. If those activities are included, the automotive industry’s
contribution to employment reaches 11.6%. In total, more than 60% of automotive
manufacturing jobs are within the automotive supplier industry.

Taking a look across countries, direct employment in automotive manufacturing
accounts for more than 10% of manufacturing employment in six EU member states.
In Romania and Slovakia, the automotive industry represents the highest share with
15.7% of manufacturing employment. Automotive suppliers alone employ tens of
thousands of people in individual EU member states as indicated by Eurostat data on
employment in manufacturing of parts and components, as shown below (see Figure
4). To ensure a consistent measurement across countries, this study relies on the
narrower defined category of employment in manufacturing of parts and accessories
for motor vehicles (NACE code C29.3). But this leaves out of scope employment in
adjacent industries. CLEPA'’s inclusion of these activities estimates employment by
automotive suppliers in the EU at 1.7 million FTE. Assessments by the Spanish,
Italian, and Portuguese automotive supplier associations also suggest that Eurostat
data could understate the direct employment by automotive suppliers, with national
estimates for direct supplier employment at 212,500 FTE, 158,000 FTE, and 61,000
FTE, respectively [2] [3] [4] [5].
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PROGNOSIS
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Figure 4: EU7 focus countries value-add and employment

The EV transformation forces powertrain suppliers to make conscious decisions that
will highly impact the future industry development, employment changes, and the
resulting GDP within the respective country.

At an overall European level, the study forecasts the expected effects of the EV
transition on value-add and employment at a powertrain component level (referred to
as “technology areas”). Prognoses for the seven focus countries are made at an
aggregated ICE vehicle and EV technology level.

A large proportion of automotive value-add is typically generated by suppliers, as part
of the industry’s highly complex value chain. These provide systems and modules,
components, semi-finished goods, or raw material. This study, however, focuses on
automotive powertrain suppliers and excludes raw material suppliers.

Finally, the study provides a comprehensive, long-term, and quantitative view of the
expected effects of changing market structures and regional distribution of value-add
and employment in the automotive powertrain supplier industry, covering the period
from 2020 to 2040.
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4 Methodology

This chapter explains the study’s methodology, covering four models: market
scenarios, technology segmentation, value-add forecast, and employment impact
forecast.
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Figure 5: Key steps of the study's methodology

4.1 Market scenarios

The pace and the likely impact of the EV transition on suppliers were grouped into
three market scenarios: a mixed-technology scenario, an EV-only scenario, and an
accelerated radical scenario.

Discussions about possible market scenarios intensified in July 2021, when EC
President Ursula von der Leyen announced the commission’s detailed proposals for
implementing the Green Deal targets for the mobility sector. Most notably, these
included proposing an end to the new registration of vehicles without zero emissions
at the tailpipe in 2035, while not even mentioning the previously much-discussed new
fleet emission limits for 2030.

For the purposes of the study, the regulatory scenarios were translated into
consistent market volume scenarios for annual new registrations of light vehicles
(comprising vehicle categories M1 and N1 by EU classification) across all the
European countries in scope. For this geographical area, both historical new vehicle
registrations as well as final vehicle assembly numbers were assessed at a
powertrain technology level and used as a common starting point to derive future
market volume scenarios.

All three-market volume scenarios share some overall prerequisites. Yearly new
vehicle registrations are assumed to remain governed by the same impact factors
they have been governed by historically, in particular, economic growth cycles.
Structural changes such as wide-ranging changes of mobility patterns or shifts in
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purchasing behaviour have not been considered. Therefore, the total market volumes
between the three scenarios remains relatively constant. It should be noted, however,
that sales volumes increased significantly over the 2020 base year due to catch-up
and recovery of the car market after short-term COVID-19 impacts.

Across all scenarios, there is no assumption of a significant push against removing
the existing older vehicle parc or an increased overall replacement pressure. This is
because a new car can be expensive, and some use cases will require an ICE
vehicle for a longer period of time. Furthermore, there is no assumption of any
increase in fossil fuel prices beyond the current CO:2 pricing plans or any change in
future electricity prices. Purchasing behaviour is also assumed to stay constant, as
well as general vehicle prices.

In the seven focus countries, the consideration of import and export volumes
concentrates on complete engines and transmissions, which are regularly shipped
between factories across different countries and regions, both within and between
corporate groups. Europe as a current net exporter of internal combustion engines is
assumed to remain so in the future with electric motors. With transmissions, Europe
is also a net importer today, and is expected to remain so in the future in the absence
of visible indications to the contrary.

The role of the aftermarket for ICE vehicle technologies is considered for all vehicle
systems in the study’s market scenarios model. But it is expected to shrink from 2020
to 2040, as more and more vehicles in the global fleet become fully electric. In 2040,
we expect many older ICE vehicle cars still to be in operation in the region, and
globally. Overall, we estimate aftermarket revenue will grow throughout the studied
period, when HEV and BEV parts are included. Spare parts have been assumed to
account for 10% of supplier production in 2020. Employment impact in the
aftermarket workshops are not included.

The overall current and future state of charging infrastructure in Europe has not been
included as a structural variable in the model. However, the number of publicly
available chargers is taken as an indicator of assumed overall support for electric
vehicles. The amount of assumed regulatory support for charging infrastructure also
has been indicated for each of the three scenarios. The mixed-technology scenario
has the lowest assumed external support whereas the radical scenario has the
highest assumed level (see Figure 6, which shows the EV-only and the radical
scenario assumptions in detail).

16



PROGNOSIS

R e

All scenarios I .
1209 COVIL Puiblic: BI101g Eurn 7 Euwra T
[ CO, targat | (new TA) (okd TA)

HEDC WLTP Recovery ACCEES
larget larged Plans cheargers

Mixed- I I I R
“ﬁhnum Only BEW << 1im Fagsible Feasible, =50% C Oy a-fuels Ca. 0%
support pubilic at dlan = 48iE0g -i0g | ICE wehicle/
scenarios acoess MHEV MHEV tarpat HEW {exg.)
changers a-fueds
-2y
EV-only I I — —
e ain +BEV M pubic Harsn Harsh 60% GO0, a0 gram
charging chargers (FHEV {FHEW =48] CO; target
targel mat Favored) Tawored) targat,  or new feat
a-fugis Wa-fueds
-Tg -10g
Radical I I I R T
scanario + |CE wehiche = 1m public Almosl Almosl 0 gram Explicit
cily bans access unfeasible, | unfeasibe, S0 larget and af
changers izl [[54]] Tof new ICE vehick
MHEW MHEW Rt EETS

Stratmgyh

Figure 6: Mixed technology, EV-only, and radical scenarios for market assumptions 2019 — 2040

Charging infrastructure and other state support: impact on the mixed technology,
EV-only, and radical scenarios.

For all three scenarios, a 15% CO2 reduction is expected by 2025, as this target has
already been set. All the cases also assume that the EURO 7 emissions norm will
come into force on 1 January 2026 for new type approvals, and one year later for all
remaining old type approvals.

Mixed-technology scenario

In this scenario, COVID-19 government recovery plans are only expected to include
some additional BEV support, with no forecasted government support for charging
infrastructure or city-wide bans on ICE vehicles. As a result, the mixed-technology
scenario projects publicly available vehicle charging stations in Europe by 2024.

The mixed-technology scenario is also based on the upcoming EURO 7 emissions
norm being more accepting toward ICE vehicles and mild hybrids than in the other
two scenarios (base and radical). It is assumed that meeting EURO 7 standards will
be possible with just MHEVS, and as a result, the scenario of BEVs is rather slower.
The mixed-technology scenario also assumes that ICE vehicle powertrains,
specifically MHEV, will still have a significant share by 2040.

The scenario projects a 50% CO: reduction by 2030, based on the 2020 95g NEDC
stricter passenger car target, rather than the EC’s previous 37.5% reduction target by
2030, from the 2020 level. This 50% CO:2 reduction is 5%-point less than the EC’s Fit
for 55 proposal. With a 20g offset, it's possible to meet the CO2 target with a 28%
COzreduction from electrified powertrains and the other 22% from the alternative
fuels. After 2030 there is no specific CO2 target assumed for this scenario. The focus
is instead on the entire vehicle fleet and using alternative fuels to reduce COa.

The mixed-technology scenario is, therefore, still stricter regarding CO2 reduction
than the previous EC target, with an allowance for alternative fuels making it possible
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to reach the more ambitious target while remaining less aggressive on electrified
powertrains than the other two cases. The allowance is a credit to avoid penalties
and the impact is considered at the tailpipe for the fuel burned.

EV-only scenario

The EV-only scenario follows the STEP scenario,® as proposed by the IEA in 2020
and is in line with the EC’s Fit for 55. The EV-only scenario assumes that as part of
their COVID-19 recovery programs, governments will support BEVs with incentives
and charging infrastructure funding that will help to create a network of around 1
million public charging stations in Europe by 2024, compared to the current number
of around 285,000. With a generally stricter view on ICEs, the EURO 7 emissions
norm is expected to be harsher and favour FHEVSs.

For the EV-only scenario, the 2030 CO: reduction target is only 10% stricter than the
mixed-technology scenario, but the alternative fuels allowance is drastically reduced
to just 7g. This 60% CO:2 reduction is 5%-point stricter than the EC’s Fit for 55
proposal. The 7g alternative fuels offset is, however, equivalent to 7.5% of the total
60% CO:2 reduction. By 2035, the CO:2 target is 0g with the alternative fuels
allowance increasing to 10g. By comparison, the Fit for 55 proposal contains a 55%
COz2 reduction target by 2030, without an allowance for alternative fuels.

Radical scenario

The radical scenario could also be called a “net zero by 2030” scenario and, thus, it's
the most aggressive. A100% CO:2 reduction, which it assumes, is 45%-point more
than the EC Fit for 55 proposal. It also assumes government COVID-19 recovery
programs that would incorporate BEV incentives, charging infrastructure support, and
city-wide bans for ICE vehicles. For these reasons, in this scenario, more than 1
million publicly accessible chargers will be available by 2024. The radical scenario
also has the most aggressive assumptions about the EURO 7 emissions norm, which
is projected to be almost impossible to meet with “just” MHEVs. The 2030 CO: target
of Og is five years earlier than in the EV-only scenario, and there is no alternative
fuels allowance. All ICE vehicle sales are assumed to have ended by 2035.

For production volumes in all three-market scenarios, EV technologies include BEV
and FCEV; ICE vehicle comprises of the rest. For value-add considerations, the
electric part of hybrids was considered within EV technologies.

Market scenario evolution 2020-2040

In all three scenarios, the base year for modelling was 2020. The 15% CO:2 reduction
target for 2025 is also consistent across all three scenarios with various outlooks
thereafter

In the mixed-technology scenario, there is a slow uptake of BEVs through 2025
because government incentives are limited to purchase incentives and do not cover
charging infrastructure. In this scenario, PHEVs remain an important powertrain for

5 The Stated Policies Scenario, or STEPS. It was proposed by the International Energy Agency (IEA) in 2020.
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efforts to reduce CO2. FHEVs peak in 2025 as they become more affordable. It is
only in 2030 that the volume of BEVs begins to slightly exceed PHEVs. Only the
mixed-technology scenario assumes that petrol and diesel vehicles will still be sold in
2030 without at least being MHEVSs, due to the more relaxed assumption for EURO 7
regulations.
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Figure 7: Mixed-technology scenario market scenario

As a result, the forecast NEDC CO: level in 2030 is 46g. WLTP is calculated at a
factor of 21% above this level. The alternative fuel allowance is increased to 30g in
2035, limiting the need for the retirement of ICE vehicle with MHEV technology. By
2040, the market is equally split between MHEV ICE vehicle and BEV/ PHEV. The
COz2 value falls continuously from 2020 but is still more than 25g in 2040, as seen in
Figure 7.

The EV-only scenario includes government incentives for BEVs and funding for
charging infrastructure, helping to increase the market share of BEVs by 2025. The
harsher EURO 7 regulation only allows for limited ICE vehicle offerings in higher
vehicle segments® and results in a quicker phaseout compared with the mixed-
technology scenario. PHEVs and FHEVSs are also both needed to fulfil EURO 7
requirements.

6 E segment and above
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Figure 8: EV-only market scenario

By 2030, the COz2 target of 38g at NEDC (or 48g at WLTP) is met, with an alternative
fuels allowance of 7g. The phase-out of ICE vehicle from 2035 onwards requires a
steep increase in BEVs and FCEVs from 2030. The retraction of ICE vehicle offerings
is almost complete by 2040, with a visible share of FCEV due to support for hydrogen
filling infrastructure and ample supply of green hydrogen.

The radical scenario envisages that support for BEV purchases and charging
infrastructure will be complemented by ICE vehicle city-wide traffic bans, accelerating
BEV sales through 2025. The CO: target of 48g is significantly exceeded by 2030
due to ZEVs gaining more than 90% market share, almost entirely through BEVSs.
Substitution of BEVs by FCEVs begins to occur from 2035, as the relative cost
becomes more competitive and battery capacity gets substituted by hydrogen-
powered fuel cells. The retraction of ICE vehicle offerings is therefore completed by
2040, with FCEVs claiming a growing market share due to widely available hydrogen
filling infrastructure and affordable green hydrogen.
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Figure 9: Radical scenario

4.2 Technology segmentation

To analyse the impact of electrification on a technical level, the study separates the
powertrain into five technology areas (TAs) at the level of technical functions. The
powertrain functions are:

I.  Energy storage

Il.  Energy distribution
lll.  Energy transformation
IV.  Energy transmission
V. Thermal management

Figure 10 shows the five TAs for both ICE and EV powertrain scenarios. Hybrid
vehicles are classified as ICE vehicles which also use technology areas from EVs.

Energy Energy Energy Energy Thermal
storage distribution transformation transmission management
ICE A“m ] \ [ :
vehicle .
‘ | @
& Fuel tank Fuel pumpifuel line Combustion engine ICE vehicle shiftable ICE vehicle thermal
transmission management
a ' 7 e
s N d
Va ;M < i o
HV battery/fuel HV wire harness Electric motor BEV single drive Electric thermal
cell system transmission management

Figure 10: Technology areas for ICE and EV
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Energy storage covers powertrain components that are relevant for storing the
energy required to move the vehicle forward. ICE vehicle powertrains carry either
gasoline or diesel, or in some cases gaseous fuels, such as LPG, that are stored in
the fuel tank. In EVs, the energy is stored in on-board high-voltage (HV) traction
batteries, while in FCEVs it is stored in hydrogen fuel tanks.

Energy distribution includes components relevant for distributing the energy from
power storage through the vehicle into power transformation. Within an ICE vehicle
powertrain, power distribution typically covers fuel lines and fuel pumps carrying the
liquid or gaseous fuel. In EVs, it covers the high-voltage wiring harness and in FCEVs
the hydrogen pipes.

Energy transformation transforms the stored energy into mechanical energy. Within
an ICE vehicle, a combustion engine converts the liquid or gaseous fuel into
mechanical energy (torque and speed), while in EVs and FCEVs, an electric traction
motor converts electrical energy into mechanical energy.

Energy transmission adjusts the mechanical energy into the right doses to move
the vehicle according to the driver’s preferences. Both ICE vehicles and EVs
commonly use a transmission. ICE vehicles have a multi-gear shiftable transmission,
while EVs typically apply a single- or double-gear drive.

Thermal management ensures an optimized temperature level for the other
powertrain TAs and covers cooling liquids, pipes, and heat exchangers for both ICE
vehicles and EVs with different levels of complexity.

4.3 Value-add forecast model

This section introduces the main rationale and methodology for creating the value-
add on a European and technology level perspective per market scenario, which
serves as the starting point and basis for the distribution of value-add in both the ICE
vehicle and EV forecast modules (see Chapter 4.4, employment impact forecast
model).

P Volume
] forecast
Cipticwr 1

Ciption 2

Oyption 3
Result

Estimated
[+T+] Value-add
® ) Revenue 4 ::Iaur:-:dd (3 forecast

BOM prices

2020-2040

Figure 11: Value-add forecast model
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“Value-add” in this study is defined as revenue minus material costs and describes
the part of the company’s individual value creation that directly contributes to the
country’s economy. Value-add includes the cost of production equipment, workers'
pay, sales and administrative costs, and profit.

Revenue is derived by multiplying relevant production volumes for the defined
technology areas based on the underlying market volume scenarios with the
respective bill of materials (BOM) prices over time (2020-2040). In addition, we've
applied the experience and expertise at PwC Strategy& to our analysis. Based on our
extensive market and R&D insights, the evolution of technology BOM price
development over time for powertrain-related systems, ranging from energy storage
(tank or battery) through power conversion (engine or motor) to traction distribution
(transmission, differentials, and shafts), is derived. Overall, a steady state is assumed
without significant changes for established vehicle systems. However, high-voltage,
lithium-ion-based battery systems will benefit from significant scale effects leading to
relatively lower value shares going forward.

PwC Strategy& analysis was further used to forecast the value-add shares per
technology area to 2040. The underlying value-add is calculated by multiplying
revenue with estimated value-add shares.

Looking first at costs, the cost of BEV-related components continues to gradually fall
as production and competition increases and economies of scale are generated. On
the other hand, ICE vehicle costs increase for exactly the opposite reasons, and with
stricter environmental regulations (e.g., EURO 7) to comply with. The main cost
driver for this development is the additional exhaust treatment technology.

The value-add was distributed and allocated to the seven EU focus countries (EU 7)
via an adjusted powertrain value-add per employee [10] and the corresponding ICE
vehicle and EV employee amount per country reported by the associations. The
yearly distribution of the value-add on a country level is also influenced by the
“attractiveness” of the respective country (see Chapter 4.4, point (i)).
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4.4 Employment impact forecast model

The chosen approach covers: 4.4.1 country-specific criteria for modelling a country’s
attractiveness for the replacement of ICE vehicle technology-related capacity and EV
technology-related investment and capacity expansion (attractiveness indices); 4.4.2
elasticity of value-add changes on employment figures; and 4.4.3. divestment and
investment forecast of employment for ICE vehicle and EV technologies.

o Country-specific attractivity indices for divestment o Employment-value-add elasticities
and investment case

Divestment and investment forecast of employment for ICE vehicle and EV technologies
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Figure 12: Employment impact forecast model approach

4.4.1 Country-specific attractiveness indices

Several criteria define a country’s attractiveness for integrating additional value-add
into production facilities as some ICE vehicle technologies facilities close down, or for
investing in additional EV technologies facilities to ramp up EV manufacturing. Each
criterion is weighted based on the conducted interviews and expert sessions
according to its importance to the overall attractiveness score. The selected criteria
and their respective weightings are as follows:

E Divestment case — EZ_/ Investment case —
| Attractiveness indices and respective weightings Aftractiveness indices and respective weightings

Degree of automation

Personnel costs Degree of automation

OEM EV
distribution FTLH
Investment

case

Divestment
case

Expert staff

Value-add Employee protection

Variable costs (energy,
personnel, CQ, footprint)
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Divestment case

e Employee protection (weighted 25%): This reflects the influence of labour
protection legislation. The higher the labour protection in a country, the less
attractive it is for OEMs to continue ICE vehicle production in the future and
absorb additional value-add that becomes available from other countries. This is
because ICE vehicle production is a decreasing business. Therefore, capacity
should be made available for new technologies that secure future employment
instead [6].

e Value-add (25%): This reflects the 2020 value-add baseline for ICE vehicle
technologies. The higher the 2020 value-add, the more attractive a country
becomes, because it suggests that future generations of value-add will be easier
to come by, due to existing business, customers, and partnerships [15].

e Degree of automation (25%): This reflects the 2020 baseline for reported degree
of automation. The higher the degree of automation, the more likely it becomes
that a country receives additional ICE vehicle value-add to minimize poor
utilization of machinery.

e Personnel costs (€/hour) (25%): This reflects average personnel costs. Countries
with less expensive employees are correspondingly considered more attractive.
[12]

Investment case

e Degree of automation (20%): This reflects expected investments in assets with a
higher degree of automation for EV technologies. This index will change over time
to reflect ongoing investments in automation technology and efficiency increases.

e Variable personnel (€/hour) and energy cost (€/kWh) as well as CO2 footprint
within a country’s production (in g/kWh) (20%): This reflects a country’s average
variable costs and carbon footprint. The lower the costs and carbon footprint, the
more attractive a country becomes [13].

e Skilled labour force, (20%): Reflects the availability of employees with automotive
powertrain production expertise being released due to the decrease ICE vehicle
production volumes. This index changes over time in line with annual releases of
employees in the divestment case.

e OEM EV production 2020 (40%): This reflects the current level of country-specific
EV vehicle production rates by OEMs. The higher the production, the more
attractive a country becomes for future supplier investments. This index changes
over time to reflect changing OEM production rates [14].

The overall country score is created by multiplying each country’s ranking per
criterion with its specific weighting (see above). The country’s annual attractiveness
score has a significant influence on the order in which it absorbs value-add. The most
attractive country is the first to absorb value-add, and so on.
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4.4.2 Elasticity of value-add changes on employment figures

The study assumes that employment figures are directly influenced by the plant’s
generated value-add and volume changes. It is assumed that the changes in value-
add have x-to-y relationship to changes in employment figures — so-called elasticity.
The elasticity effect is multiplied with the value-add change year-by-year to forecast
the annual employment change per country. Elasticities were calculated based on
company interviews conducted for this study and are the same across countries at
EV and ICE vehicle level.

4.4.3 Divestment (ICE) and investment (EV) forecast of employment for ICE
vehicle and EV technologies

For the divestment case, the study is based on the following assumptions:

Divestment case

Mo new invesiments in any business area are undertaken Investment

l|\. Value-add will decline annually due to declining ICE vehicle-related production

Freed-up value-add due fo plant closures will be distributed to plants/countries that siil have ICE vehicle Valuendd
capacity i}

‘Value-add can be absorbed from another country

Production facilities will shut down immediately when output falls below the minimum necessary shift scheme

Production

+,
Potential output per shift remains on 2020 level based on information from Online Survey
Figure 13: Assumptions divestment case

The distribution of ICE vehicle volume and value-add is mainly influenced by the
countries’ average minimum and maximum plant operation shift schemes (which
were collected via the PwC Strategy& company survey) and the attractivity score of
the individual countries (see ii). ICE vehicle production is being shut down in a
country its ICE vehicle production if its available volume is insufficient to utilize the
minimum production shift scheme.

If a country’s ICE vehicle production was shut down, its remaining value-add and
volume is distributed to the other countries. The countries are each ranked via an
attractivity index (see ii) and can only absorb a maximum value-add in accordance
with its maximum shift scheme include a 30% uplift.
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For the investment case, the study is based on the following assumptions:

Investment case

Market participants are wiling to increase investments for EV technologies

Investment

For EV technologies "greenfield” investments are undertaken

[:ﬂ Reported target 2030 degree of automation grows in a linear way each year and can not exceed a maximum Degree of
8 of 90% by 2040 autemation

Figure 14: Investment case assumptions

The distribution of increasing EV production volume and value-add is mainly
influenced by the countries’ individual yearly attractivity score (see ii). Based on this
score, newly generated value-add is distributed between the countries via a pre-
defined percentage rate (value-add distribution of 2020). The most attractive country
matches get the highest percentage of value-add.

The employment development within the divestment and investment case is
forecasted in accordance with the countries value-add development and an individual
elasticity factor (see iii) for ICE vehicle and EV technologies.

In addition to the individual focus country forecasts, the employment forecast was
expanded to cover Europe. (For this study’s definition of Europe, see section 3.2.)
That was done by scaling the forecast employment development between 2020 and
2040 at the focus country level up to the European level, on the basis that the focus
countries are generating 74% of the European-wide created value-add.



5 Data

The following section gives an overview on the underlying data input for the value-
add and employment forecasts.

5.1 Value-add model

Production figures (2020 to 2028) are based on IHS Markit and PwC Autofacts data.
For the years 2029 to 2040, a CAGR model with accelerators was used for modelling
and extrapolation. Input to derive a value-add prognosis for the defined technology
areas for both ICE vehicles and EVs was provided by senior automotive experts from
PwC Strategy&. This input can be divided into two categories.

The first category covers product costs for each of the technology areas for both ICE
vehicles and EVs. For each area, product costs of an average-specified vehicle-
powertrain (i.e., regarding power and range) are used, giving a bottom-up product
cost for a complete vehicle powertrain. As a result, the cost of an EV powertrain is
about three times as high as an ICE vehicle powertrain in the base year 2020, with
the EV high-voltage battery being the main cost driver. Approaching 2040, the overall
powertrain cost of ICE vehicles will increase by about 30% on average, mainly due to
more complex exhaust treatments to comply with new (pollution) emissions
regulations and lack in economies of scale. In contrast, the cost of an average EV
powertrain will decrease between 2020 and 2040 by 40%. The decrease applies
across all EV technology areas but is mainly down to the battery and can be
attributed to growing knowledge about new EV technologies helping to make the
production processes more efficient and use fewer inputs.

The second category covers the relative automotive supplier value-add per
technology area. For each of the two powertrain technologies, the overall product
costs were split into a share of material cost and a value-add share of automotive
suppliers. The material cost shares range in the ICE vehicle technology areas from
25% to 41% (e.qg., the fuel pump and line having the highest share of 41%), with a
cost-weighted average of 26%, indicating an average automotive supplier value-add
of 74% throughout the value chain. In contrast, the material cost range within the EV
technology areas range from 25% to 50% (e. g. electric traction motors having the
highest share of 50%), with a cost-weighted average of 31% and a respective value-
add of 69%. This indicates a higher share of material cost in an EV compared with an
ICE vehicle (e.g., more copper and less steel). Between 2020 and 2040, an average
EV powertrain has an overall higher product cost compared with an ICE vehicle
(about 45% higher in 2040). As a result, both the absolute material cost as well as
the absolute value-add of an EV always exceeds that of an ICE vehicle powertrain
(see Figure 17). For HEVs, a mixed set of prices from FHEV, MHEV, and PHEV was
taken to reflect the expected BOM price development, which is likely to represent the
powertrain type with the highest BOM prices by 2030 onwards compared to pure ICE
vehicle and EVs.
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Figure 15: Overview BOM prices ICE vehicle comparison ICE vehicle, HEV and BEV

Note: The relative material cost (e.g., the cost of copper) and wage costs (i.e., the
cost per hours) are kept constant until 2040 for simplification purposes.

5.2 Employment impact model

Underlying input data was collected via three different channels: 5.2.1 CLEPA and
other associations country data; 5.2.2 CLEPA PwC Strategy& online surveys; and
5.2.3 workshops and interviews with C-level European automotive suppliers as well
as automotive associations across the countries covered. The organisation,
stakeholder management, and contacting of participants as well as participation in
workshops and interviews were the responsibility of CLEPA.

5.2.1 CLEPA and other associations country data

The number of full-time employees (FTES) per country on ICE vehicle and EV level
for 2020 and turnover per country on ICE vehicle and EV level are the starting point
in the ICE vehicle and EV calculations for 2020-2040 (please refer to section 4d). In
short, approximately 440,000 employees are currently employed in the automotive
supplier powertrain business in countries within the scope of the study. The table
below sets out the results on a per country basis.
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Input data association surveys — Powertrain

ICE vehicle EV Total Market
Countries/Regions Total employees Total employees
Germany 132.6 179 150.6
Italy 729 1.1 74.0
Spain 70.0 2.0 T2.0
Romania 340 2.2 96.2

Poland 51.7 is 55.1
Czech Republic 370 a7 407
France 24.0 38 27.8
Total ~442.3 k =341k ~473.4 k

Figure 16: Input data received from CLEPA & other associations enhanced with EUROSTAT

5.2.2 PwC Strategy&’s company survey

In addition to the data provided from CLEPA and other associations, European
automotive suppliers provided their input via the PwC Strategy& Company Survey.
Questions about the following key data were included:

e Current, minimum, and maximum shift schemes

e Turnover

e Material costs

Manufacturing costs
e Asset value
e Direct and indirect FTE

e Estimated degree of automation

There were 199 operating plants that part in the survey, and 99 of the responses
provided all necessary information. Thirty percent of the respondents are currently
producing EV powertrain technologies and 70% are working on ICE vehicle
powertrain technologies.

5.2.3 Workshops and interviews with C-level European automotive suppliers
as well as automotive associations

In addition to the data previously mentioned, there were also interviews and
workshops for all technology areas and several countries to gain more insight into
individual plants, companies, and business models. These interviews and workshops
included general discussions on current and future business models as well as how
companies may adapt to ever-changing markets and to electric car production.

As a part of the interviews and workshops, company representatives got introduced

to the three market scenarios (please refer to Section 4b). Based on these market
scenarios, the effect of changes in value-add on employee numbers was elaborated.
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The outcome of the summary of all interviews and workshops is the basis for the
elasticity input explained in section 4d. The FTE-elasticity for ICE vehicles increases
with an accelerating EV transition while the FTE-elasticity for EVs rather decelerates,
indicating expected increasing over-proportional freeing up of FTEs at decreasing
ICE vehicle production as well as growing efficiencies in future EV production at
higher volumes.

Today (in million
Euro, in number FTE) Elasticity FTEValue-add

ez -
Mixed-technology
scenario (Delta) % 69% 68% m
- L ]

EV-only scenario

Bd% 65%

(Delta) %

Radical scenario

(Delta) % B3% 58%

Figure 17: Elasticities ICE vehicle and EV technologies

In total, 33 interviews and workshops were conducted, and ICE vehicle and EV were
discussed separately depending on the technology area the company was in at that
time. An overview of the technology areas in which interviews and workshops were
conducted can be found below:

Technical area Technical area

9 2 Fixed-drive powertrain

Shiftable powertrain 5 Interview! 2 Fuel pumpand line
workshop count

,f
Electric traction motor 3 . 3 Fuel tank system
ICE vehicle thermal
SR CRERA ... oo

Electric thermal management

Mo
%]

HV power management

Figure 18: Number of conducted interviews and workshops by technical area

31



»,Necessary workforce for
EV production will rapidly
decrease due to increasing
degree of automation”

» The aim should be
to reskill the current
base of employees*

,Currently a lot of EV
technologies are

imported from Japan
and North America*“

»Supply of electricity in
countries is critical — why
to sell cars in countries if
they cannot be used?*

Figure 19: Selected quotes of conducted interviews & workshops
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6 Results

The following chapter illustrates the study’s results on the sensitivity scenarios for the
mixed technology, EV-only, and radical scenarios for a) value-add forecast and b)
employment forecast, both for Europe as well as the seven specified focus countries
during the timeframe between 2020 and 2040. All scenarios have a value-add
increase in 2025 in common — driven by costly Euro 7 technology - and a wind down
until 2030 and beyond. Employment in Europe follows accordingly.

6.1 Focus countries and Europe view

6.1.1 Forecast value-add changes 2020-2040

EV-only scenario

The following graphs show the forecasted value-add for ICE vehicle and EV
technologies for EU27 + EFTA + UK:
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Figure 20: Value-add development EU+EFTA+UK 2020-2040

33



PROGNOSIS

Valus-add o Produttion velume
in EUR bn (+ 555 ) in units mn

a0

70

60

&0

40

an

2020 2025 2030 2035 2040

— Vahicke production (in #m) Bl Value-edd EV Il Vale-acd ICE vehick

Figure 21: Value-add development EU 7 2020-2040

ICE vehicle technologies: The EV-only market scenario forecasts a slight increase
in ICE vehicles and an increased sales of hybrid vehicles. Moreover, due to the
technical content in exhaust treatment for the ICE vehicle technologies, value-add
per vehicle will increase as well. This results in a value-add peak in 2025. However,
as electrification heavily progresses, a strong increase of electric vehicles and, thus,
a continuous downward trend in ICE vehicles is forecasted until 2040, showing a
sharp decrease after 2030. In total, the value-add is expected to shrink by
approximately 92% until 2040.

EV technologies: As described by the EV-only market scenario, the EV technologies
show a strong increase in volume from 2020 onwards (e.g., +13.6Mn) pieces until
2040 for the EURO 7 focus countries). This results in an increased value-add
prognosis from 2020-2040 of 1,100%. In addition to the volume increase it is
expected that the value-add share is increasing over-proportionally to the volume
until 2040 due to higher product costs in EV powertrain components. Increased
value-add is driven by high-voltage lithium-ion battery systems. The forecast
assumes a battery value chain industrialized locally in European countries. Moreover,
the EURO 7 market regulation will impact the value-add creation and, thus, the
employment development, as it accelerates the shift toward EV technologies.

Summing up, the increasing value-add per vehicle results in over-proportional growth
compared with production volumes. On a European level thee overall forecasted
change in value-add can be further broken down to the single technology areas, as
follows:
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Figure 22: Value-add Europe ICE vehicle technologies from 2020-2040
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Figure 23: Value-add Europe EV technologies from 2020-2040

For ICE vehicle technologies, the percentage decline from 2020-2040 is similar for all
technology areas. On top, the share of value-add contribution for the single
technology areas in 2020 remains constant. The same principle accounts for the
structure in employment for 2020 and 2040.

In comparison, for EV technologies, the structure of value-add changes until 2040
with HV batteries/fuel cells making approximately 70% of all created value-add in
2040 — respectively for the employment development.
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Figure 24: SEQ Figure \* ARABIC 25: Automotive battery value chain and value share

The automotive battery value chain can be broken down into five steps: (1) raw
materials and precursors, (2) processing of battery materials, (3) production of single
cells, (4) production of cell modules, and (5) assembly of battery system. Its
corresponding value shares can be split down by percentages according to Figure
25.

Sensitivity mixed technology and radical scenario vs. EV-only scenario

The following section compares the low and radical sensitivity scenarios with the
EV-only scenario. Key drivers are the underlying volume mix and its development
over time based on the specific assumptions of each of the market scenarios (see
section 4.1).

The graphs below show the forecasted value-add for both ICE vehicle and EV
technologies for Europe for the mixed-technology scenario.
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Figure 25: Mixed-technology scenario value-add change from 2020-2040 vs. EV-only

In comparison to the EV-only scenario, the mixed-technology scenario market
scenario assumes a technology openness and, thus, a longer demand of ICE vehicle
technologies, resulting in a higher share in 2040. This scenario also has the greatest
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share of PHEVs, which have a higher value-add due to the two powertrains. This
correlation is directly reflected in the respective value-add development. The overall
ICE vehicle value-add will result in about €60 billion with a peak of €70,6 billion in
2030.

The radical scenario indicates the other side of the spectrum, which assumes even
stronger market regulations toward ICE vehicles and therefore an even faster EV
transition. Here, the share of ICE vehicle technology value-add in 2040 is non-
existing, meaning that the complete value-add is generated by EV technologies.
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Figure 26: Radical scenario value-add change from 2020-2040 vs. EV-only

6.1.2 Forecast employment impact changes 2020-2040

EV-only scenario

Overall, the forecasted increasing value-add until 2040 does not result in an increase
in headcount. In fact, the forecast shows a net loss of powertrain employment of
~43% until 2040. Other business segments such as software or infrastructure might
offset the decrease in employment in the future. These segments are not part of this
study.

ICE vehicle technologies: An upward trend is noticeable in the number of
employees until 2025. After this, there is a strong decline until 2040 with
approximately 84% less employees compared to 2020. The reason for that
development is due to the slightly increasing forecast of ICE vehicle sales until 2025
and, in parallel, the increasing demand for hybrid vehicles and technical content until
2030.

EV technologies: Employment in EV technologies is expected to increase
significantly (+490%) until 2040. However, the increase in employment is under-
proportional to production volumes due to higher degrees of automation. Similar to
the value-add, the employment prognosis is also highly influenced by the assumption
that battery production is scaled up in European focus countries.
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The graphics below show comparisons of the change in employment for ICE vehicle
and EV technologies for the in-focus countries (EU7) as well as Europe from 2020-
2040.

PROGNOSIS

Employment in
thousands

a0 /E%‘ ;

T46.7 T

700

B00

500

400

300

200

100

Q-
2020 2025 2030 2035 2040

M Empicyment - EY Il Employment - ICE wehice

Figure 27: Employment change EU+EFTA+UK from 2020-2040
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Figure 28: Employment change focus countries from 2020-2040

On a European level, the overall forecasted change in employment can be further
broken down to the single technology areas resulting as follows:
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Figure 29: Employment change EU+EFTA+UK from 2020-2040 by ICE vehicle technology area
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Figure 30: Employment change EU+EFTA+UK from 2020-2040 by EV technology area

The overall development as well as key implications for the change in employment
are identical to developments in value-add, please see above for further illustration.

Sensitivity mixed technology and radical scenario vs. EV-only scenario

Subsequently, the impact of both the mixed technology and the radical scenarios on
European employment will be compared with the EV-only scenario. Looking at the
overall employment across Europe within the mixed-technology scenario, an increase
in the required workforce of about 120,000 FTE between 2020 and 2040 can be
observed, translating into an additional 20%. And compared with the EV-only
scenario, the mixed-technology scenario expects about twice as much employment
mainly due to an increase in electrified ICE vehicles (hybrids).
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Figure 31: Mixed-technology scenario employment change from 2020-2040 vs. base scenario

Looking at the overall employment across Europe within the push scenario, a
decrease of required workforce between 2020 and 2040 of about 400,000 can be
observed, translating into a decrease of more than 60%. Compared with the EV-only
scenario, the radical scenario expects about one-third less employment mainly due to
a phase out of both ICE vehicles and hybrids. Due to an earlier strong shift toward
EVs, the employment delta between EV-only and push scenario is largest in the
period around 2030.
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Figure 32: Radical scenario value-add change from 2020-2040 vs. EV-only
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6.2 7 focus countries deep dive

In the following charts, a comparative overview of all countries is provided, followed
by the value-add and the employment changes from 2020 to 2040 for each country
specifically.

6.2.1 ICE vehicle technologies

PROGNOSIS

Value-add - ICE vehicle (in €bn) 2020 2025 2030 2035 2040
Germany 16.6 201 15.0 1.5 1.5
Italy B85 92 08 08 08

France 31 33 0.3 03 0.3

Czechia 20 22 1.1 12 0.1

Spain 70 76 1.1 0.7 0.7

Paland 26 28 38 1.7 0.1

Romania 18 20 27 0.2 02

EU7 5 438 47.3 346 | 62 5 38

EU27T | 59.1 64.0 5 46.9 | 84 | 49

Figure 33: Value-add by country for ICE vehicle technologies from 2020 to 2040

PROGNOSIS
FTE - ICE vehicle (in #k) 2020 2025 2030 2035 2040
Germany 1327 1343 1053 105 105
Italy 729 73.8 6.6 66 66
France 240 243 21 2.1 21
Czechia 370 ars 25.4 333 169
Spain 70.0 70.9 9.0 65 65
Poland 51.7 52.3 68.8 497 253
Romania 54.0 54.7 7.2 46 46
EU7 § 442.3 447.8 378.4 | 113.2 § 72.5
Eu27 509.3 606.8 § 512.7 153.4 98.3

Figure 34: Employment by country for ICE vehicle technologies from 2020 to 2040:

The forecast shows a concentration of ICE vehicles powertrain production in selected
Eastern European countries with a focus on the Czech Republic and Poland in order
to guarantee scaled production effects. Nevertheless, a significant amount
(approximately 50%) of the remaining total ICE vehicle value-add is expected to be
transferred to other global regions outside Europe (after 2030). But this survey did
not analyse the potential regions that could benefit from that trend.
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6.2.2 EV technologies

EROGHOUIS]
Value-add-EV (in €bn) 2020 2025 2030 2035 2040
Germany ; 40 10.5 129 ; 186 ; 227
Italy § 02 12 19 § 33 § a9
France | 0.8 40 8.0 | 134 | 15.3
Czechia | 0.3 18 24 § 42 | 48
Spain § 03 65 18 § 18.1 § 196
Poland | 0.3 12 18 § 29 | 34
Romania § 0.1 14 20 § 30 § 34
EU7 § 6.0 26.3 38.8 § 63.6 § 73.1
Eu27 8.1 § 35.7 52.5 86.1 99.1

Figure 35: Value-add by country for EV technologies from 2020 to 2040

PROGNOSIS

FTE - EV vehicle (in #k) 2020 2025 2030 2035 2040
Germany ; 179 348 396 ; 50.4 ; 57.3
Italy | 1.1 a7 50 § 7.4 | 8.2

France § a8 12.0 15.7 § 210 § 204
Crechia § a7 18 15.2 § 217 § 239
Spain | 20 18.9 28.1 § ar4 | 30.4
Poland § a5 9.4 12.3 | 17.0 § 187

Romania § 22 13.2 16.8 § 22.1 § 24.0
EU7 § 341 103.3 1326 § 182.9 § 200.9
EU27 46.2 § 139.9 179.6 2479 2722

Figure 36: Employment by country for EV technologies from 2020 to 2040
Germany, Spain, and France are forecasted to ramp-up EV production faster than

other focus countries. Overall, the significant increase in EV powertrain volume
considers that European countries will build up battery production.
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6.2.3 Country snippets

EV-only scenario

Key results

Germany
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Figure 37: Key results in Germany

Italy

PROGNOSIS

AN Italy
2020 2020-2040

» Germany shows a slight increase in employment for ICE vehicle
technologies until 2025

Germany is prognesed to be the third country to close down ICE
vehicle production employment 2030 resulting in 105 thousand
exempted employees

+ Germany shows a slight increase in value-add for ICE vehicle
technologies until 2025

Due fo e.g., Germanys high employee protection regulations and
high personnel costs, it is seen as rather unattractive for a “last
man standing strategy”

EV employment development is mainly based on Germany's
current and prognosed OEM EV production as well as the available
experienced automotive production employment

EV-only scenario

Key results

Value-add pawertrain in EUR billion

020 225 200 XS MO
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Figure 38: Key results in Italy
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+ |taly shows a strong increase in value-add for ICE wehicle technolo-
gles until 2026. The EV market shows a steady increase until 2040

+ |taly is forecasted to experience only a slow ramp-up of EV
technologies because it only has very limited current and potential
OEM EV production in its country as well as a low degree of
automation and high "variable costs”

Only the improving score in available expert staff leads to Italy
slowly accelerating value-add prognosis

-

+ |taly shows a strong increase in employment for ICE vehicle
technologies until 2026

Based on the underlying survey results italy has a relatively low
degree of automation and high personnel costs therefore it is not
the most favorable country to stay in the ICE vehicle technology
area



France

PROGMNOSIS
12 e
2020 2020-2040 Key results

Value-add powertrain in EUR billion » France is expected to be the first to benefit from the short-term

% 3.8 €bn

BN Ev Il ICEwehick

0

increase of ICE vehicle technology volumes until 2025.
Mevertheless, it is forecasted o shui-down major ICE vehicle
production between 2025 and 2030

France is forecasted to be one EV technology profiteer with an
increase of value-add, France shows a potential highly positive
value-add development mainly due to its good CO, footprint based
on its mix of nuclear and renewable energy sources

+ The prognosis shows that France could be one of the only
countries to keep its current level of automotive powertrain
employment with the strong increase of EV technology production

Figure 39: Key results in France

Czech Republic

PROGNOSIS
s Czech Republic
2020 2020-2040 Key results
Value-add powertrain in EUR billion + The Czech Republic is one of two countries with longer

P B dependency on ICE vehicle technologies and therefore decreases
% 23 €bn : 2 s its ICE vehicle value-add share only Sightly
W : 4 38 3 . + The Czech Republic shows a strong increase of EV value-add.
\v | 23 156 2 s A Main drivers for this development are the relatively low personnel

2| = = and energy costs, as well as relatively good current and prognosed

1

20 22 T = QEM EV production rates

BN Ev [l ICEwehick

Erployment powertrainin thousands + It has a low average degree of automation and a corresponding

lower minimum shift scheme to keep production going, also the
560 personnel costs are comparably low to the other focus counfries

Figure 40: Key results in the Czech Republic
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Spain

PROGNOSIS
= e
2020 2020-2040 Key results

Value-add powertrain in EUR billion + Bpain is forecasied to increase ICE vehicle production until 2030
25 28

since it takes freed-up volume from other countries

Spain is expected to show great opportunities for EV technologies
amongst the focus countries. This is mainly due to an average
good DEM EV praduction coverage, a good “variable cosl” mix. as
well as degree of automation and available employees

% 7.3 €bn

+ Due to the high decrease in ICE vehicle volume between 2030 and
2035 Spain shuts down is production since the minimum average
shift scheme cannct be fulfiled any longer. The employment
develops accordingly

I £V [l ICEwehiclk 2020 2025 2030 2035 2040

Figure 41: Key results in Spain

Poland
PROGNOSIS
=m Poland EV-only scenario
2020 2020-2040 Key results
Value-add powertrain in EUR billion + Poland joins the Czech Republic as the second country with longer
6 = ICE technology dependency. Between 2020 and 2030, ICE vehicle

value-add increases slightly

Poland shows further opportunities in ICE vehicle technologies and
taking over value-add due to its low personnel costs

% 2.9 €bn

« Between 2020 and 2030, ICE vehicle employment increases
slightly

Due to the assumption of no further investments in ICE vehicle
related technology fields, companies will keep their existing
employment instead of investing in autormation, what explains the
employment development

W EV M ICEvahick 200 2025 200 2035 2040y

Figure 42: Key results in Poland

45



Romania

PROGNOSIS
L1 Romania EV-only scenario
2020 2020-2040 Key results

Value-add pawertrain in EUR billion + Romania slightly increases value-add until the forecasted shut

down of ICE vehicle production between 2030 and 2035

+ |tis expected to take over freed up value-add until its shut down
mainly due to its lower personnel costs

Romania shows a strong increase in EV value-add generation

% 1.9 €bn

-

Emplaymiant powsirainin housands + Romania slightly increases employment until the forecasted shut
w down of ICE vehicle production between 2030 and 2035
1
a' + Romania shows a slower increase in employment rates due fo
#Esk higher expected degrees of automation

I £V [l ICEvehiclk 2020 2025 2030 2035 2040

Figure 43: Key results in Romania

6.2.4 Sensitivity mixed technology and radical scenario vs. EV-only scenario
Compared to the EV-only scenario, the key driver shaping the mixed technology and
radical scenario sensitivity scenarios are the different underlying market volumes
defined within the market scenarios (see section 4a).
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Figure 44: Mixed-technology scenario vs. radical scenario Germany

In comparison with the EV-only scenario for Germany, the value-add of the mixed-
technology scenario indicates a relevant increase from 2030 onward, keeping the
value-add at an almost constant level of about €30 billion. This stabilizing effect can
be explained by Germany keeping the production of ICE vehicle components up until
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2040 in the mixed-technology scenario versus shifting ICE vehicle production out in
2035 in the EV-only scenario. Assuming an accelerated EV transition (radical
scenario), Germany would potentially see a similar value-add from 2035 onward,
compared with the mixed-technology scenario, however the delta of employment is
massive in the “hot transition phase” between 2025 and 2030.
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Figure 45: Employment mixed-technology scenario vs. radical scenario Germany

In comparison with the EV-only scenario for Germany, the employment of the mixed-
technology scenario indicates a small decrease from 2030 onward, keeping the
employment at an almost constant level of about 170k.

a7



Italy
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Figure 46: Mixed-technology scenario vs. radical scenario Italy

In comparison with the EV-only scenario for Italy, the value-add of the mixed-
technology scenario indicates a relevant increase from 2025 onwards keeping the
value-add at an almost constant level of about €11 billion. This stabilizing effect can
be explained by Italy keeping the production of ICE vehicle components up until 2040
in the mixed-technology scenario versus shifting ICE vehicle production out in 2030
in the EV-only scenario. Assuming an accelerated EV transition (radical scenario),
Italy would potentially see a similar value-add from 2035 onward, compared with the
mixed-technology scenario, however the delta of employment is significant in the “hot
transition phase” around 2025.
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Figure 47: Employment mixed-technology scenario vs. radical scenario Italy
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In comparison with the EV-only scenario for Italy, the employment of the mixed-
technology scenario indicates a small decrease from 2030 onward, keeping the
employment at around 77k in 2040.
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Figure 48: Mixed-technology scenario vs. radical scenario France

In comparison with the EV-only scenario for France, the value-add of the mixed-
technology scenario indicates a relevant decrease from 2035 onwards keeping the
value-add at a level of about 10bn. Euro. This effect can be explained by France
keeping the production of ICE vehicle components up until 2040 in the mixed-
technology scenario and not as intensively ramping up EVs as in the EV-only
scenario. Assuming an accelerated EV transition (radical scenario), France would
potentially see a similar value-add from 2035 onward, compared with the mixed-
technology scenario, however the delta of employment is relevant in the “hot
transition phase” around 2030.
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Figure 49: Employment mixed-technology scenario vs. radical scenario France
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In comparison with the EV-only scenario for France, the employment of the mixed-
technology scenario indicates a constant increase from 2020 onward, keeping the
employment at above 40k in 2040.

Czech Republic
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Figure 50: Mixed-technology scenario vs. radical scenario Czech Republic

In comparison with the EV-only scenario for the Czech Republic, the value-add of the
mixed-technology scenario indicates a relevant decrease from 2035 onwards keeping
the value-add at a level of about 4 billion euro. This effect can be explained by the
Czech Republic keeping the production of ICE vehicle components up until 2040 in
the mixed-technology scenario and is not as intensively ramping up EVs as in the
EV-only scenario. Assuming an accelerated EV transition (radical scenario), the
Czech Republic would potentially see a lower value-add in 2040 compared with the
mixed-technology scenario due to the phase out of ICE vehicle production by then.
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Figure 51: Employment mixed-technology scenario vs. radical scenario Czech Republic
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In comparison with the EV-only scenario for Czech Republic, the employment of the
mixed-technology scenario indicates a small increase from 2030 onward, keeping the
employment at above 50k.

Spain
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Figure 52: Mixed-technology scenario vs. radical scenario Spain

In comparison with the EV-only scenario for Spain, the value-add of the mixed-
technology scenario indicates a relevant slower increase from 2035 onward with a
value-add at a level of about €26 billion in 2040. This effect can be explained by
Spain keeping the production of ICE vehicle components up until 2040 in the mixed-
technology scenario and not as intensively ramping up EVs as in the EV-only
scenario. Assuming an accelerated EV transition (radical scenario), Spain would
potentially see a similar value-add from 2035 onward, compared with the mixed-
technology scenario with a significant increased value-add between 2025 and 2030
being a stronghold of the EV transition.
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Figure 53: Employment mixed-technology scenario vs. radical scenario Spain
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In comparison with the EV-only scenario for Spain, the employment of the mixed-
technology scenario indicates a constant increase from 2030 onward, keeping the
employment above 90k in 2040.

Poland
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Figure 54: Mixed-technology scenario vs. radical scenario Poland

In comparison with the EV-only scenario for Poland, the value-add of the mixed-
technology scenario indicates a relevant decrease from 2025 onwards keeping the
value-add at a level of about €4 billion. This effect can be explained by other
countries keeping the production of ICE vehicle components up and not shifting
capacity as intense to Eastern Europe as in the EV-only scenario. Assuming an
accelerated EV transition (radical scenario), Poland would potentially see a much
lower value-add from 2030 onward, compared with the mixed-technology scenario
due to the phase out of ICE vehicle production by then.
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Figure 55: Employment mixed-technology scenario vs. radical scenario Poland
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In comparison with the EV-only scenario for Poland, the employment of the mixed-
technology scenario indicates a slight decrease from 2030 onward, keeping the
employment above 60k in 2040.

Romania
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Figure 56: Mixed-technology scenario vs. radical scenario Romania

In comparison with the EV-only scenario for Romania, the value-add of the mixed-
technology scenario indicates no relevant increase from 2035 onward, keeping the
value-add at a level of about €3 billion to €4 billion. This effect can be explained by
Romania keeping the production of ICE vehicle components up until 2040 in the
mixed-technology scenario. Assuming an accelerated EV transition (radical
scenario), Romania would potentially see a similar value-add from 2035 onward,
compared with the mixed-technology scenario, however the delta of employment is
relevant in the “hot transition phase” around 2030 due to an earlier phase out of ICE
vehicle component production.
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Figure 57:Employment mixed-technology scenario vs. radical scenario Romania
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In comparison with the EV-only scenario for Romania, the employment of the mixed-
technology scenario indicates a constant level from 2030 onward, keeping the
employment around 68k to 69k.

6.3 Technology area deep dive

This section looks at the results on a European level for 2020, 2030, and 2040 for
each technology area.

6.3.1 Shiftable powertrain (ICE vehicle) <-> Fixed-drive powertrain (EV)
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Figure 58: Value-add change EU+EFTA+UK 2020-2040 Powertrain

The graph above compares the value-add for EU+EFTA+UK in 2020, 2030, and
2040 for shiftable powertrains (ICE) and fixed-drive powertrains (EV). The value-add
for the former falls by 90% between 2020 and 2040, whereas for the comparable EV
technology area — fixed-drive powertrain — it increases by the factor of 15. Overall,
the value-add for gear components falls by €12.8 billion (2020) to €6.4 billion (2040)
— a decrease of about 50%.
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Figure 59: Employment change EU+EFTA+UK 2020-2040 Powertrain

The above graph compares the expected employment change for the EU, EFTA, and
the UK in 2020, 2030, and 2040 for shiftable powertrains (ICE) and fixed-drive
powertrains (EV). The employment for the former falls by approximately 83%
whereas the employment for the latter rises by approximately 820%. Taking both
technology areas together to illustrate the transition from ICE vehicle to BEV, the
employment falls from the approximately 127,000 FTE to approx. 32,000 FTE in both
technology areas — notably, a 75% decrease.

This trend was confirmed by some patrticipants during the workshops and interview
sessions. Certainly, one contributing factor is the decreasing complexity in BEV
powertrain technology compared with the traditional ICE vehicle powertrain, resulting
in the need for fewer employees.

6.3.2 HV battery

PROGNOSIS

R.aw materials Processing of Produclmn of Production of Assembly of
and Precursors hatter:.r materials wngle cells cell madules battery system

1%

+ Main materials + Main matenals * Main processes « Main precesses + Main processes
- Cobalt - Active materials (e.g — Mixing and electrode — Stapling — Housing assembly
- Mickel WCM, graphite) coating - Electrical connection - Elecirical assembly
— Lihium — Electrohyte — Winding/stapling |power/signal) + Main sub-assemblies
— Graphite — Separatar foil — Electrofyte filing — Main sub-assemblies — HY contractor
- Salvenis - Cell housing - Sealing - Medule controller - BMS
— Formation and ageing — Cell connectors. - Module connectors

Figure 60: Automotive battery value chain and value share [11]
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Figure 54 shows the automotive battery value chain— from raw materials and
precursors, to processing battery materials, to the production of single cells, to the
production of cell modules, to the assembly of battery systems. The report assumes
industrialization of the battery value chain locally in European countries. Local
content is driven by optimized supply chain, carbon footprint, technical and physical
prerequisites, and limitations. European chemical industry players are currently
investing in the ramp-up of production facilities in processing of battery materials and
precursors.
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Figure 61: Value-add/ Employment change HV battery/ Fuel Cell system

The above graph shows the forecast value-add as well as employment change for
HV battery/fuel cell systems for the EU, EFTA, and the UK for 2020, 2030, and 2040.
Between 2020 and 2040, the value-add is projected to increase by 11 times, whereas
employment will increase by 5 times. This can be explained by an increasing degree
of automation and efficiency gains.

Each of the four relevant stages of the automotive battery value chain accounts for a
significant value share. Hence, that of the approximately €70 billion value-add in
2040, processing of battery materials, production of single cells, production of cell
modules, and assembly of battery system will each account for multibillion-euro
businesses and consequently large-scale employment opportunities. In order to
safeguard a relevant value-add and employment in European countries, it is essential
to secure industrial settlement along an integrated battery value chain.
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7 Conclusion

Five major conclusions about both the impact on value-add and on employment can
be drawn:

First, the overall value-add of the European automotive powertrain industry will
increase from an estimated €67 billion in 2020 to €104 billion in 2040, +55%. This
upward trend is partially due to the higher number of sold units and the replacement
of ICE vehicle with BEV (~+35%) but also thanks to a higher average value-add per
vehicle (~+25%). BEVs are more expensive than comparable ICE vehicles and
therefore currently often come with government sponsored incentives. The difference
in acquisition costs between BEVs and ICE vehicles will decrease over time. BEVs
also have the advantage of a lower total cost of ownership and the ability to recycle
or repurpose the battery.

Second, the value-add in mechatronic components will decrease significantly (e.g.,
power transformation and power transmission from ICE vehicle from an estimated
~€50 billion in 2020 to ~€15 billion in EVs in 2040).

Third, the value-add for ICE vehicle technologies will most likely migrate to Eastern
European countries with only two countries left (known as the “last man standing”)
producing mainly aftermarket products. While the ICE vehicle value-add by European
automotive suppliers will increase in the short term (2025) in some regions (e.g.,
Germany and Spain), some European automotive suppliers will potentially phase out
ICE vehicle production over the mid-term (e.g., Italy in 2030) while others ramp it
down over the long term (e.g., France and Germany in 2035).

Fourth, the majority of EV value-add is expected to happen within batteries (~€70
billion in 2040), followed by electric motors (~€10 billion in 2040), which together
make up about 80% of EV value-add by 2040. Finally, the majority of value-add for
EV technologies should accumulate in the EU, EFTA, and the UK (nhamely in
Germany, Spain, and France) because those areas have a head-start in EV
production, and they have available talent to employ.

We now turn to which countries and technology areas we think will benefit the most
from the EV transition, which ones will be hit the hardest, and which will be left largely
untouched.

The biggest winner in terms of technology areas for value-add and full-time
employees will be EV batteries, which generate more than €70 billion and more than
200.000 FTE respectively. In addition, electric motors are expected to contribute
significantly, at about €10 billion and roughly 30.000 FTE. Looking at this on a
country level, most of the EU7 focus countries will increase their absolute value-add
— most significantly France and Spain. France benefits the most with more EV FTE
in 2040 compared with ICE-related FTE in 2020. Interestingly, the Czech Republic
and Poland will be able to increase their overall employment until 2040 in the industry
thanks to their stronghold position in ICE-technologies.
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The shift to EVs is expected to have a strong effect on ICE-related mechatronic
components, with combustion engines and transmissions showing the most
significant absolute decrease in value-add (-€ 45 billion) and -450.000 FTEs across
Europe. Further, the relative decrease in value-add and thus employment is expected
to be significant in fuel pumps and tank systems, ending the period in 2040 at about
€200 million. and 3.500 FTEs. Countries with currently almost no EV production,
limited employment, and limited green energy will see an overall decrease in
technology areas between 2020 and 2040. Italy, for example, is expected to lose
about 45% of its value-add and 90% of its FTEs between 2020 and 2040 under the
chosen modelling assumptions. Most of the focus countries in the study (e.qg.,
Germany, Italy, Spain, and Romania) potentially needed fewer employees in 2040
than they did in 2020. However, a short-term increase towards 2025 before the
overall employment decline starts in 2030 puts companies under significant pressure.

In conclusion, there are major opportunities and threats for the European automotive
supplier industry during the shift to electric vehicles. The biggest opportunity lies with
a significantly increased absolute value-add in EV components. This is estimated to
achieve a higher absolute value-add than ICE vehicle components produced today
(nearly +70%). In addition, the market for electronics and electrochemical suppliers
will become significantly larger due, for example, to a higher demand for
semiconductors and battery cells. However, the challenge for the future is the timely
industrialization of production capacities locally in European countries.

The major threat is the forecasted fall of nearly 40% of net total powertrain
employment. In particular, the market for mechanic and mechatronic suppliers will
become significantly smaller and consolidation can be expected. However, the
impact on certain areas might be less drastic as companies may refocus their
portfolios towards an EV world. On the other hand, effects on employment through
OEM insourcing has not been regarded. The study also does not take into account
the demographic development of individual countries and the resulting implications.
Furthermore, production exports to the global market are only considered as a result
of capacity constraints.
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8 Outlook

While this report provides a detailed assessment on the expected impact of the EV
transition on European automotive suppliers regarding value-add and employment,
four further fields of interest would be worthwhile analysing with regard to this period
or even beyond.

First, it seems worthwhile to build upon the demonstrated employment outcomes to
look at specific reskilling and upskilling requirements to manage the transition from a
qualification perspective.

Second, the predicted shift in value-add throughout the EV transition could serve as
a basis to subsequently examine the impact on production machinery and equipment
until 2040. While some of the current machinery and equipment may be repurposed
toward EV components, the overall change will potentially face a huge transition
similarly to the change of value-add structure and employment.

Third, the suppliers’ required investments to manage the transition toward
electromobility could be used to generate an overall picture of the financial effort
required by the European automotive suppliers over this period.

Finally, further insights that will help shape the transition can be gained by assessing
the impact of other automotive mega trends such as connectivity and digitization on
the European automotive supplier industry.
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10 Appendix

The following illustrates deep-dive analysis for EV-only scenario on the seven focus
countries, Germany, Italy, France, Czech Republic, Spain, Poland, and Romania:

10.1 Germany
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Figure 62: Value-add change Germany from 2020-2040
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Figure 63: Employment change Germany from 2020-2040

ICE vehicle technologies: Germany shows a slight increase in value-add and
employment for ICE vehicle technologies until 2025, when we see a decline until the
end of ICE vehicle production in 2031. After Italy and France, Germany is expected
to be the third country to close down ICE vehicle production after 2030, resulting in
105,000 exempted employees. Due to Germany’s high employee protection
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regulations and high personnel costs, for example, it is seen as rather unattractive for
an ICE vehicle technologies run down in comparison to other focus countries.
Companies may try to quickly shift toward forward-looking EV technologies soon to
secure future jobs. The forecasted production volume between 2030 and 2035 is not
sufficient to utilize the minimum average shift scheme of Germany’s automotive
powertrain suppliers. Therefore, Germany is expected to shut down ICE vehicle
production until then.

EV technologies: Germany shows a strong increase in value-add (+470%) from
2020 to 2040 within EV technologies. This forecasted development is mainly based
on Germany’s current and prognosed OEM EV production as well as the available
experienced automotive production employment. Due to the country’s forecasted
early shutdown in ICE vehicle technologies, these employees become available for
the EV transition. The employment forecast shows a disproportionately mixed
technology increase of 220% until 2040. This is mainly driven by a higher degree of
automation. In summary, Germany is prognosed to be one of the EV technology
profiteers since it is able to regain a 2020 production volume size.

10.2 ltaly
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Figure 64: Value-add change Italy from 2020-2040
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Figure 65: Employment change Italy from 2020-2040

ICE vehicle technologies: Italy shows a strong increase in value-add and
employment for ICE vehicle technologies until 2026, when a slow decline begins until
the end of ICE vehicle production between 2025 and 2030. Italy has, based on the
underlying survey results, a relatively low degree of automation and high personnel
costs. Therefore, it is not the most favourable country to stay in the ICE vehicle
technology area.

EV technologies: The EV market shows a steady increase, although it only recovers
about 45% of its 2020 value-add by 2040. Italy is forecasted to experience only a
slow ramp-up of EV technologies because it has very limited current and potential
OEM EV production in its country as well as a low degree of automation and high
“variable costs.” It depends very much on the decision of Stellantis on where to
produce EV components. Only the improving score in available expert staff leads to
Italy slowly accelerating value-add prognosis. Moreover, Italy competes with France,
which have better CO2 footprint due to its energy mix of nuclear and renewable
energy sources.
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10.3 France
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Figure 66: Value-add development France from 2020-2040
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Figure 67: Employment development France from 2020-2040

ICE vehicle technologies: France is expected to profit from the short-term increase
of ICE vehicle technology volumes until 2025. Nevertheless, it is forecasted to
shutdown major ICE vehicle production between 2025 and 2030.

EV technologies: France is forecasted to be an EV technology profiteer with an
increase of value-add of +1900% and is getting the most value-add, mainly due to its
good COz2 footprint based on its mix of nuclear and renewable energy sources. The
prognosis shows that France could be one of the only countries to keep its current
level of automotive powertrain employment with the strong increase of EV technology
production. Key drivers leading to this development are France’s current and
forecasted OEM EV production numbers, its low energy costs, its CO2 footprint, and
its degree of automation.
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10.4 Czech Republic
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Figure 68: Value-add development Czech Republic from 2020-2040

PROGNOSIS

Employment in
thousands

100

2020 2025 2030 2035 2040

M Empioymant — IGE venicle [l Employment - EV

Figure 69: Employment development Czech Republic from 2020-2040

ICE vehicle technologies: The Czech Republic is one of two stronghold in ICE
vehicle technologies and therefore decreases its ICE vehicle value-add share only
slightly. The employment development follows that trend resulting in small decrease
in employees until 2040. The Czech Republic has a low average degree of
automation and a corresponding lower minimum shift scheme to keep production
going. Also, its personnel costs are comparably low to the other focus countries.
These are the main reasons that the Czech Republic is prognosed to produce ICE
technologies longer than other countries.

EV technologies: The Czech Republic shows a strong increase of EV value-add (15
times higher until 2040). The main drivers for this development are the country’s
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relatively low personnel and energy costs, as well as its relatively good current and
prognosed OEM EV production rates. Similar to the other countries, the employment
increases in the Czech Republic are under-disproportional to the value-add (6 times
higher until 2040).

10.5 Spain

PROGNOSIS

Value-add
in EUR bn e

2020 2025 2030 2035 2040
I VA - ICE venicle [l A -Ev

Figure 70: Value-add development Spain from 2020-2040
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Figure 71: Employment development Spain from 2020-2040

ICE vehicle technologies: Spain is forecasted to increase ICE vehicle production
until 2030 since it takes freed-up volume from other countries. Nevertheless, due to
the high decrease in ICE vehicle volume between 2030 and 2035, Spain shuts down
is production since the minimum average shift scheme cannot be fulfilled any longer.
The employment develops accordingly.
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EV technologies: Spain is expected to be one of the most attractive EV technology
countries within the focus countries. This is mainly due to an average good OEM EV
production coverage, a good variable cost mix, as well as the degree of automation
and available employees. The value-add is prognosed to increase 62 times until
2040. The employees should simultaneously increase 20 times. Moreover, Spain has
a good energy mix with 22% nuclear-, 43% renewable-, and only 2% coal-based
energy.

10.6 Poland
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Figure 72: Value-add development Poland from 2020-2040 vs. EV-only
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Figure 73: Employment development Poland from 2020-2040
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ICE vehicle technologies: Poland joins the Czech Republic as a stronghold for ICE-
technologies. Between 2020 and 2030, ICE vehicle value-add and employment
increase slightly. Due to the assumption of no further investments in ICE vehicle-
related technology fields, companies will keep their existing employment instead of
investing in automation, which explains the employment development. Poland is
attractive for surviving in ICE vehicle technologies and taking over value-add due to
its low personnel costs.

EV technologies: Poland shows a strong increase in EV value-add (12 times) with a
lower growth rate in employment (5 times). The sum in value-add for 2040 is
forecasted to outperform the ICE vehicle value-add of 2020. Poland is attractive for
EV investments due to its low personnel costs and improving degrees of automation.

10.7 Romania
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Figure 74: Value-add development Romania from 2020-2040
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Figure 75: Employment development Romania from 2020-2040
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ICE vehicle technologies: Romania slightly increases value-add as well as
employment until the forecasted shut down of ICE vehicle production between 2030
and 2035. Romania is expected to take over freed up value-add until its shutdown
mainly due to its lower personnel costs.

EV technologies: Romania shows a strong increase in EV value-add generation (29
times), however, similar to other countries, it is expected to experience a slower
increase in employment rates due to higher expected degrees of automation.
Romania is attractive for investments in EV technologies due to its good CO2
footprint, low personnel cost, and good degree of automation.
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GmbH (“Strategy&”) nor any other member company of the international corporate
network of PricewaterhouseCoopers (“PwC Network) nor the European Association
of Automotive Suppliers (“CLEPA”) are providing a professional service by publishing
this study. This publication is not intended to support or be used for any business or
financial decisions or for performing any related actions. To do this, you should seek
advice from a qualified advisor.

No (express or tacit) statements, guarantees or representations are made with regard
to the correctness or completeness of the information in this publication, and neither
Strategy& nor any other member company of the PwC Network nor CLEPA, nor their
employees or agents, shall be liable or responsible for any loss or damage of any
kind arising directly or indirectly and incurred by any person or company who rely on
this publication.

Strategy&, other member companies of the PwC network and CLEPA are legally
autonomous and independent companies.

71



