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Boston Consulting Group

Global consulting firm that partners with
leaders in business and society to tackle their
most important challenges and capture their
greatest opportunities

« 25,000employees including management
consultants, economists, engineers,

Unlocking the Potential

E:zsircr:li;i, mathematicians, data scientists, Of Those WhO Advance
 $11Bn global revenues the World

 Offices in 90+ cities in 50+ countries
» Founded by Bruce Henderson in 1963
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BCG Automotive and Mobility BCG

Experienced partners, Projects withinthe past BCG xEV and climate

principals, project leaders, 5 years across Automotive change experts with >30

analysts, and researchers' and Mobility dedicated battery experts,

members of BCG's A&M sector globally with deep knowledge on
core team battery technologies and

market dynamics
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city engagement strategies

BCG Automotive and Mobility BCG
CENTER FOR CENTER FOR
Digitalin Automotive Innovation Center for Operations Sales and Marketing in Automotive
* 350+ experts 1n digital transformation * 10 1COs operated across the world for + Key areas of activity are digital marketing,
* Proven framework of “digital house™ how tangible 14.0 experience future of retail network, prcing and
to assess digitalization + 85technical providers across regions analytics, omnichannel customer expenence
CENTER FOR CENTER FOR CENTER FOR g
Product Creationin Automotive Climate Change & Electrification Mobility Innovation H
+ Leading thinking on product development | + Expertise and toolsin an electrified and + “Future mobility” offerings for comparies, :
* Crossfunctional approach with adjacent low-carbon future authonties, and cities §
functions like purchasing and + 20+ publications, 200+ experts globally * Value propositions based on scenanos, urban a
manufacturing and 20+ integrated models mobility accelerator, collaboration platforms, and "
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BCG's Center for Climate Change and Electrification BCG

Develops leading expertise and products in support of our
private and public sector clients as they seek to build
winning strategies, operations, and organizations in an
CENTER FOR electrified and low-carbon future

Climate Change
8¢ Our insights have served as the basis for the automotive

industry since our first forecast was shared in 2009

& Electrification™

in Automotive . \

The BCG powertrain model projects new vehicle sales by
powertrain, vehicle segment, and country. It is key input to
other BCG Automotive & Mobility models
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Synchronized to maximize client's value BCG

Profit Pool Model 0O&G Oil Demand Model

- Integrated BCG view on A&M profit pools, - Forecasts oil and gas product demand
and shift over the next 15 years = Projections until 2050
Covers the entire value chain, from

component manufactuning via vehicle sales
and after sales to mobility serices

Carparc (VIO) Model Emissions Model
- Calculates and forecasts powertrain @ E Quantifies and forecasts CO2 enmssions
. distnbution of vehicles in operation (VIO) impact of VIO
Powe rt rain Global and key markets focus - Global and key markets focus
model feeds 3
other key BCG Li-ion Battery Supply Chain Model M Charg‘mg Model
e Quantifies and forecasts demand of key bi- Forecasts EV charging points, energy
mo b] l‘| ty too I.S ion battery mid-stream products and raw demand, revenues and value pools

matenal Covert home, workplace, destination and en
Assess supply chain gap, and estimates TAM route chargers (slow, medium, fast and HPC)
Global and key markets focus Regions and country level focus

Recycling Model Aftermarket and Services Model
- Forecasts kilotons matenals by region, - Evaluates TAM of key aftermarket products
including manufactuning scrap & end-of-life
vehicles
Matches up forecast vs regulatory
requirements such as EU battery directive
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BCG Global Powertrain Methodology
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*+ Assemble team with a
global footprint

+ Set new forecast goalsi.e.
incentives granulanty,
countries scope, sensitivity
analysis, etc.

+ Highlight key past and
forthcoming events,
perform focused research

+ Define timeline,
strategies, and key
venues of publication

v
A&

Collect,assess and
tnangulata data from
intermal and extemnal
sources, including:

Global incentives and
regulations

- Market actuals per
region, production by
powertrain, market
segments, etc

- BCG view of future
battery prices and
powertrain costs (xEV
and ICE)

- Energy &fuel prices by
region, miles dnven &
new mobility updates

</>

+ Leverage on internal
algorithms and multi-
industry BCG IP to
estimate:

- Total Cost of Ownership
(TCO)

- Adoption rate (S-Curves)
by segment, powertrain,
and region

- Fleet emissions
regulatory status and
impact

* Develop and implement
new algorithm branches
driven by new market
developments ie. ICE
bans, customer behavior,
etc.

Process leverages BCG global footprint and multi-industry experience

ofo

030

+ Identify key model dnvers,
and quantfy impact by
performing a sensitivity
analysis

Highlight the “IF” scenanos
that would enable
altemative adoptions

Discuss results with a
broader group of BCG
automotive experts

If necessary, adjust model by
adjusting key drivers, or
adjust boundary conditions

Achieve a unified BCG
view

@ informamarkets

BCG

Eil

Committee and Data Collection and Model Publication and Client
Modeling
Requirements Analysis Pressure Test Discussions

+ Progressively disclose
results to key clients to
discuss clanfications,
assumptions, and impact
of results

* Summanze results and
distnbute models across
global teams and other
BCG models

+ Publish main results to
the industry

H#TBS22 HEVT22

cup. allrights resarvad

Copyright © 2022 by Bas tan Cons uiting Gr




Analyzes key markets by sub-segments to forecast powertrain adoption BCG

Model countries & regions Segment by key attributes Model each sub-segment

Algorithm runs through each

20% 18% 6% individual sub-segment of

key global markets

Europe JELED

Rest of

the world
Powertrain type: ICE Gasoline,ICE Model each individual sub-segmentin
Diesel,ICE NG, HEV, BEV, projected years and expected breakeven

@ PHEV, FCEV timeline

Vehicle Type:Small Car, Medium Car, Model with S-curve theory,subsegment

.. Large Car, Pick up, Small SUV, Medium boundary conditions, and applicable

u’_b indicates gl_obal marketshare of new SUV, Large SUV regulation/incentives

lightduty vehicle sales MDT/HDT included in a different BCG

model

Note: Forecast includes all light vehicles, except heavy vans; BEV = battery electric; FCEV = fuel cell; PHEV = plug-in hybrid; HEV = full hybrid; MHEV = mild hybrid; ICE= internal combustion;
NG= Matural Gas; MDT/HDT = Medium Duty/Heavy Duty; SUV=Sports Utility Vehicle; Vehicle type follows internal BCG convention
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Each sub-segments goes through the following steps

i quarket Status/Actuals

i Battery costs

Alternative tech.
cost & benefit

Factors EF  OEM vehicle
affecting = options
consumers 4 T ——

Miles driven &
ﬂ new mo bility

Government
incentives

Factors ':g:";:fd’:
affecting
OEMs :
Alternative tech.
cost & benefit

Segmented by

——hm TCO for consumer

(breakeven expectations)

(CO; regulation,
credit policies)

(lowest-cost solution)

I E— OEII economics

=

R

20

Consumer-driven WLl
output Te W &
DTG

Does consumer output
meet regulatorystandards?

s

Regulation-driven
output

Mote: Forecastincludes all light vehicles, except heavy vans; BEV = battery electric; FCEV = fuel cell; PHEV = plug-in hybrid; HEV = full hybrid; MHEV = mild

hybrid; ICE= internal combustion; NG= Natural Gas.

— Key

Driver

Analysis

Output

-!ll .!!l !!ll nl!l
hE:’ hn EE;. II'-
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Forecast follows a technology adoption curve driven by TCO parity BCG

xEV adoption in % of new LV sales

100
50 ) Detailed Total Costof Ownership(TCO)
Later TCO panty calculation for each sub-segment determines
80 speed adoption
70 . . .
Earlier TCO panty Detailed assumptions feed TCO calculation
60 . - Vehicle prices and operatingcosts
Market Pe”e;mno” (taxes,insurance, maintenance,
50 _ parking, etc.)
b . Qe ®*+ 1)M1/v) EV technology and development
0| Stffizir;s A - Steady-state penetration of (battery costand capacity,energy
cumulative market costs, maintenance savings, etc.)
30 U - Mean year
— Scaling parameter . . .
g_ QESJf'ng parameter Maximum adoption for each powertrain
20 Scaling para . ; S
v — Scaling parameter to move the segmentis determined by chSI_dermg
10 tipping point in time - Infrastructure and legislation
- Regulation and drivingbans
0 . . . . . . . . - Usecasesfor each technologytype
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ICE modeled as an exponential decrease based on historical CAGRS BCG

ICE market penetration (%)
* Nearterm decrease is driven by 100 -
increasing regulatory pressure

. . Market Penetration = a,—; * (1 +71)
Decay is fastest in the near years, but a,_; — Market penetration in prioryear
r - CAGR

remains significant as more cities ban

diesel 50

Steady-state penetration in a given
segment is determined by in-country
consumer preferences, e.g., diesels likely 0 : ; .

to remain in nearterm in the truck Years g
segment

ote: BCG Analysis
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Forecasts are adjusted by regulatory restrictions on year-by-year basis BCG

Illustrative
Start
Projected xEV adoption

in year X
* Adjust upward the XEV powertrain mix ,1

based on the pure TCO-driven model Adds XEV to year X
results when the projected mix fails to ) Calculates regional
: L new sales fleet
meet country requirements N emissions
Does it surpass :
. L. 0 powar_tra'in limits per Repeat until !
» Cost to OEMSs is to be minimized at a vehicle segment? 2035CY !
market level, not for individual ) Yes I Does it meet regulatory :
OEM ﬂeets Add the next most standards?

cost-effective |
powertrain

Mo
with the lowest incremental cost per MPG l

or CO2

fes

* Added xEVs assumed to be the options

Store and move to next
End year calculation
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BCG Global Powertrain Results
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ENTER FORt
Climate Change
& Electrification

in Automotive

BCG forecasted by powertrain

Mm

BCG forecasted by powertrain BCG impactassessment

30% to 35% reduction in
N B light vehicle emissions by

64% 2030 versus a
2005 baseline

21%

2021 2025 2030 2035 2021 2025 2030 2035

I eev + Fcev [l PHEV + HEV ICE + MHEV I Bev + Fcev [l PHEV + HEV ICE + MHEV

Note: Forecast includes all light vehicles, except heavy
vans; BEV = battery electric; FCEV = fuel cell; PHEV =

plug-in hybrid; HEV =full hybrid; MHEV. =mild hybrid;
ICE= internal combustion (diesel + gasoline)

Source: BCG Powertrain Model “base case

incl. incentives”

Note: Assumes decrease in scrappage rate over Note: Forecast includes light vehicles, except heavy van
time (EVs + AVs); Including such changes in Source: BCG auto emissions model

consumer mobility behavior ascar and ride sharing

Source: BCG vehicles in operation (VI0) model
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ENTER FOR

Climate Change

& Electrification

in Automotive

BCG forecasted by powertrain

[29,,2%] 6%

6%

BCG forecasted by powertrain BCG impactassessment

45% to 50% reductionin
8% light vehicle emissions by
o= - 2030 versus a

- 2005 baseline

23%

2021 2025 2030 2035

2021 2025 2030 2035

I eev + Fcev [l PHEV + HEV ICE + MHEV I Bev + Fcev [l PHEV + HEV ICE + MHEV

Note: Forecast includes all light vehicles, except heavy
vans; BEV = battery electric; FCEV = fuel cell; PHEV =

plug-in hybrid; HEV =full hybrid; MHEV. =mild hybrid;
ICE= internal combustion (diesel + gasoline)

Source: BCG Powertrain Model “base case

incl. incentives”

Note: Assumes decrease in scrappage rate over Note: Forecast includes light vehicles, except heavy van
time (EVs + AVs); Including such changes in Source: BCG auto emissions model

consumer mobility behavior ascar and ride sharing

Source: BCG vehicles in operation (VI0) model
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ENTER FOR

Climate Change

& Electrification

in Automotive

BCG forecasted by powertrain

F B

BCG impactassessment

35% to 40% increase in
light vehicle emissions by
e _ 2030 versus a

o5 2005 baseline

: 16%

2021 2025 2030 2035 2021 2025 2030 2035

I eev + Fcev [l PHEV + HEV ICE + MHEV I Bev + Fcev [l PHEV + HEV ICE + MHEV

Note: Forecast includes all light vehicles, except heavy
vans; BEV = battery electric; FCEV = fuel cell; PHEV =

plug-in hybrid; HEV =full hybrid; MHEV. =mild hybrid;
ICE= internal combustion (diesel + gasoline)

Source: BCG Powertrain Model “base case

incl. incentives”

Note: Assumes decrease in scrappage rate over Note: Forecast includes light vehicles, except heavy van
time (EVs + AVs); Including such changes in Source: BCG auto emissions model

consumer mobility behavior ascar and ride sharing

Source: BCG vehicles in operation (VI0) model
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North America BCG Automotive & Mobility Contacts BCG

V &N /B
i N = 1 / ' \
Brian Collie Aakash Arora
MD and Senior Partner, MD and Partner,
Chicago Boston
collie.brian@bcg.com arora.aakash@bcg.com

.__.1

Nathan Niese Ed Anculle
Partner and Assoc. Director, Lead Knowledge Analyst,
Chicago Detroit

niese.nathan@bcg.com anculle.edward@bcg.com
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The services and materials provided by Bosten Censulting Group (BCG) are subjectto 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 matenals after the date hereof, notwithstanding that such information may become outdated

or inaccurate.

The matenals 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 describedin 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 matenals
for any purpose whatsoever. To the fullest extent permitted by law (and exceptto 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

L L
claims it may have at any time against BCG with regard to the services, this presentation, or other materials, including the
1 1 r 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 matenals are based upon standard valuation methedologies, 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

anvad

independently verified the data and assumptions usedin these analyses. Changes in the underlying data or operating ":'
assumptions will clearly impactthe analyses and conclusions. _E,
The situation surrounding COVID-19 is dynamic and rapidly evelving, on a daily basis. Although we have taken great care 3
prior to producing this presentation, it represents BCG's view at a particular point in time. This presentation is not intended s
to: (i) constitute medical or safety advice, ner be a substitute for the same; nor (ii) be seen as a formal endorsement or g,
recommendation of a particular response. As such you are advised to make your own assessment as to the appropriate £
course of action to take, using this presentation as guidance. Please carefully consider local laws and guidance in your area, a
particularly the most recent advice issued by your local (and national) health authonties, before making any decision. "—'C‘

Copyright © 2022 by
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