BOSTON
CONSULTING
GROUP

The Combustion Engine Business
Model in the Age of Electromobility

Agora @\
NOVEMBER 30, 2022 Verkehrswende




Central results at a glance (I)

Market scenarios: Worldwide, all automakers face the challenge of mastering the transition to electromobility
with low growth rates in passenger car market and regionally varying BEV shares.
» Global automotive market returns to pre-COVID levels in 2024 and grows at 1.1% p.a. through 2040 to 110M vehicles sold.
« The global BEV share will be 60% in 2035 according to the current forecast, but with large regional differences—Europe will
lead the way with > 90%, ahead of China and North America.

« In China and North America, the three market scenarios exhibit large differences in BEV shares, in Europe the differences
are small.

Electrification strategies: Different electrification strategies (BEV investment and ICE plant conversion) have a
direct impact on the profit performance of manufacturer types.

OEM categories: The future profitability of individual OEM categories differs greatly depending depending, among
other things, on their current BEV shares.

« European premium and volume manufacturers and Traditional Chinese OEMs already have higher BEV shares and will
continue to pursue comparatively ambitious electrification strategies in the future.

« American and Asian volume manufacturers have a lot of catching up to do in order not to lose touch with the global
market.
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Central results at a glance (ll)

Value creation: All automakers benefit financially in all market scenarios from placing full focus on the
transformation to e-mobility as BEV pioneers. Even with slow electromobility ramp-up, the risk of loss is
relatively low.
» For European premium manufacturers, it is not worthwhile in any scenario to be a BEV laggard and thus continue to rely
on ICE production in the short term. Given the current forecast market development and in the event of an accelerated BEV

ramp-up, they benefit from high profits as BEV pioneers. If electromobility slows down, they must always expect losses -
regardless of which strategy they pursue.

» European volume manufacturers can secure high profits as BEV pioneers in the current market forecast as well as in the
accelerated scenario. Only in the event of a slowdown in electromobility could BEV pioneers miss out on profits.

» Asian volume manufacturers with and without a BEV focus can make additional profits particularly as BEV pioneers, which
is the only way to make it in the world market.

 Traditional Chinese OEMs are completely dependent on the local market and therefore exhibit the largest range between
profit potential and loss risks in the BEV pioneer strategy. However, with the current forecast as well as accelerated
electromobility, there are also financial advantages only for BEV pioneers and OEMs in the midfield.
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Current debates ... ... Show importance of core question

UN climate conference COP27
bl

Das hat die Klimakonferenz (nicht
bas at die Klimakonferenz (nicht) COP26 President Alok Sharma speech

at COP27: Delivering on Ambitious
Climate Commitments

+ various market scenarios,

it Verbrennermotoren
ntscheidung sei viel zu
gesetzt.

electrification strategy

per OEM category

Die-Ahu-l.omobiIinduslrie vor der Euro-
7-Herausforderung

the most value

Transformation of the automotive industry

Accelerating to Zero: UK and other wealthy
nations pledge to support Global South’s EV

Volvo Cars becomes founding
member of ‘Accelerating to Zero transition
Coalition’

Ihe
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Methodology

Market scenarios
» Forecast global market trend in eight regions

« Develop three different scenarios with different BEV shares in
new registrations (slower e-mobility, current forecast,
accelerated e-mobility)

Electrification strategies

 Identify possible electrification strategies (BEV laggards,
midfield, BEV pioneer)

- Evaluate influenced variables depending on electrification
strategy

OEM categories

 Identify current BEV shares and strategies of established
OEMs

e Cluster established OEMs into six manufacturer types

Value creation
« Conduct economic analysis of the different scenarios

« Compare scenarios per manufacturer type based on present
value of profits
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Worldwide 60% BEV share by 2035 with large regional differences

Current forecast (in million vehicles sold)

—

»

+1.4%

Detailed forecast till 2035
100 102 103

88 75 78 84 90 91 92 94 96 97
N ““mmm 207 I 23% I 27% [ 317% I 357 I 40% @—

104 106 107 109 110

i i i 70-_80%

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

2036 2037 2038 2039 2040

B North America
17 19 19 19

4 4 5 7
1% 6% 20%240=50%

B Europe
16 19 19 20

952
B Africa

1 1 2 2
0% 13% 41% g 00=70%

2022 2030 2035 2040
Detailed forecast

___________

I BEV (inkl. FCEVY) ICE + Hybrid

1 1
L |
: |
. I R, L . ~F e TN
South America ! ! EEEEEEE 1 R
: : ,::::::::::::::I——': :: :
: : :: : ___I_______________il______:__ -
! : Nd i
e e ar— -

Il BEV (incl. FCEV) ICE + Hybrid
Middle East K=l

2 3 4 4

2% 15% 35% M50-60%

China?
23 32
&

Japan/Korea

6 6 6 5
7% 42% 72% I80-90%

South Asia E
12
ey L.

2022 2030 2035 2040

Detailed forecast

Market scenarios

q:
V2o
External factors that could

slow or accelerate
electromobility:

« Legislation
« Subsidies

« Expansion of charging
infrastructure

« Energy prices

« Raw material availability

1. < 1% FCEV share by 2035 and thus only marginal effect on market model 2. Incl. China, Hong Kong, and Taiwan; Source: Agora Verkehrswende and BCG
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Market scenarios

Three possible market scenarios with different BEV shares per region

Regional adjustments to base scenario'’ BEV shares in three scenarios

Accelerated electromobility

6«, » Individual countries accelerate BEV market ramp-up from 2030
9 « BEV early with TCO advantage as of 2030

« Bottlenecks for raw materials and BEV vehicles 18%

» Expansion of charging infrastructure slower than planned

Slower electromobility

‘v'-._ » Chinese government implementing ICE bans as of 2035
9 « Strong expansion of charging infrastructure by 2030

« Energy prices and BEV TCO rising above average 16%
« Bottlenecks for raw materials and BEV vehicles 2025 2030 2035 2040

% o Regional ICE bans in parts (e.g., California, New York) starting in 2035
y . 1P
« Expansion of charging infrastructure more strongly promoted

» Energy prices and BEV TCO rising above average
« Expansion of charging infrastructure slower than planned 2025 2030 2035 2040

BEV-share new registrations: Verlangsamte Elektromobilitat Beschleunigte Elektromobilitat === == Aktuelle Prognose (Basisszenario)
1. Representation of selected regions—model includes adjustment of assumptions for all regions; Source: Agora Verkehrswende; BCG 7
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OEMs can choose between three electrification strategies

Electrification
strategy

Comment

Focus on BEV
manufacturing

&~ BEV laggards

General

e Short-term focus on ICE
production and siphoning off
increased profits

BEV investments

« Long-term increase in BEV
investment (esp. in R&D)

Manufacturing focus

« Long-term conversion of
manufacturing to pure electric
plants, short-term mixed plants

% Midfield

General

e Medium-term decrease in ICE
technology and establishment of
BEV capacities

BEV investments

« Steady buildup of BEV capacities
and capabilities

Manufacturing focus

e Medium-term use of mixed
plants and steady conversion to
BEV manufacturing

Electrification strategy e

~§ BEV pioneers

General

« Full focus on BEV transformation
for technology leadership in the
short term

BEV investments
« High short-term investment in
BEV technology

Manufacturing focus

« Short-term conversion of ICE to
BEV plants including final
assembly and potential battery

From ~ 2035

Source: Agora Verkehrswende and BCG
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Six different OEM archetypes with different BEV starting points

OEM categories

. Primary .
6=> OEM archetype ’ Price segment & Volume?' 2 vehicle classes Primary sales markets' 1T BEV starting point
h European premium ~ 2M vehicles . 9% ::::;
OEM €€€ (- 2.5% market share) C,D,E Europe, China
% European volume €€ ~ 4M vehicles B.C.D Europe. China 8% R 50%
OEM (~ 5% market share) o P€,
% American volume ~ 4M vehicles . m :::::
= OEM €€ (- 5% market share) B,C,D North America
‘1 Asian volume OEM ~ 3.5M vehicles . -~
+®; | with BEV focus € (~ 4.5% market share) B,C,D North America, Europe
Asian volume OEM ~ 7M vehicles . . 1% R 20% o
+®;  without BEV focus € (~ 9% market share) B,C,D North America, China
% Traditional Chinese € ~ 1M vehicles c D China 9% R 407%
)

OEM

(-~ 1% market share)

1. Vehicles sold in 2022 2. Volume per archetypal OEM 4. Based on IHS production data 2022

€: Low price segment, €€: Medium price segment, €€€: Premium price segment Source: Agora Verkehrswende and BCG

20223 2030

Il BEV ICE + hybrid
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Value creation

Value added per scenario and strategy based on present value of
projected profits
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Archetypes 1-3 |
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Manufacturer electrification strategy ¢~ BEV laggards . Midfield -3 BEV pioneers

NPV 2022-2040 relative to base scenario’- 2

1. “Current forecast” as base 2. NPV change takes into account singular factor of e-mobility
Source: Agora Verkehrswende and BCG

Value creation

Key results

‘ European and American premium
and volume manufacturers can

achieve the highest profits in the
forecast and accelerated market
scenario as BEV pioneers, profit
losses threaten BEV pioneers
exclusively in the case of slower
electric mobility

For European premium
manufacturers, a BEV laggard

strategy is not worthwhile, even
with slower electric mobility they do
not get beyond the profits of a
midfield strategy

American volume manufacturers
have invested less in BEVs to date
and therefore have the least risk of
loss if electromobility slows down




Value creation

Archetypes 4-6 | Key results
‘e} ‘e’ ‘ ‘ Asian volume manufacturers and
Asian volume OEM Asian volume OEM Traditional Chinese t.rad.1ft.10natl Ch]?isle man}:cf?ﬁturerls, face
with BEV focus w/o BEV focus OEM e L R RSO A
the BEV laggard strategy
IS o -4 & > oA IS o -4
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‘ Asian volume manufacturers with and
without BEV focus can make profits and
catch up with world market especially
as BEV pioneers

Traditional Chinese OEMs exhibit the
largest range between profit potential
and loss risk in the BEV pioneer
strategy, as they are completely
dependent on the local market

o—— Market scenario ———

Manufacturer electrification strategy $~ BEV laggards . Midfield -3 BEV pioneers

NPV 2022-2040 relative to base scenario’- 2

1. “Current forecast” as base 2. NPV change takes into account singular factor of e-mobility
Source: Agora Verkehrswende and BCG




Public relations

Philipp Prein
Head of Communication
Agora Verkehrswende
philipp.prein@agora-verkehrswende.de
+49 30 7001435-305

Veronika Seifried
Media Relations Coordinator
Boston Consulting Group
seifried.veronika@bcg.com
+49 151 6894-1434

13

Copyright © 2022 by Boston Consulting Group. All rights reserved.






Disclaimer

The services and materials provided by Boston Consulting Group (BCG) are subject to BCG's Standard Terms

(a copy of which is available upon request) or such other agreement as may have been previously executed by BCG.
BCG does not provide legal, accounting, or tax advice. The Client is responsible for obtaining independent advice
concerning these matters. This advice may affect the guidance given by BCG. Further, BCG has made no undertaking
to update these materials after the date hereof, notwithstanding that such information may become outdated

or inaccurate.

The materials contained in this presentation are designed for the sole use by the board of directors or senior
management of the Client and solely for the limited purposes described in the presentation. The materials shall not be
copied or given to any person or entity other than the Client (“Third Party”) without the prior written consent of BCG.
These materials serve only as the focus for discussion; they are incomplete without the accompanying oral commentary
and may not be relied on as a stand-alone document. Further, Third Parties may not, and it is unreasonable for any
Third Party to, rely on these materials for any purpose whatsoever. To the fullest extent permitted by law (and except
to the extent otherwise agreed in a signed writing by BCG), BCG shall have no liability whatsoever to any Third Party,
and any Third Party hereby waives any rights and claims it may have at any time against BCG with regard to the
services, this presentation, or other materials, including the accuracy or completeness thereof. Receipt and review of
this document shall be deemed agreement with and consideration for the foregoing.

BCG does not provide fairness opinions or valuations of market transactions, and these materials should not be relied on
or construed as such. Further, the financial evaluations, projected market and financial information, and conclusions
contained in these materials are based upon standard valuation methodologies, are not definitive forecasts, and are not
guaranteed by BCG. BCG has used public and/or confidential data and assumptions provided to BCG by the Client.

BCG has not independently verified the data and assumptions used in these analyses. Changes in the underlying data or
operating assumptions will clearly impact the analyses and conclusions.
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