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Intelligent, Fact-Based Solutions

Proprietary data and strategic tools that deliver superior client performance
* Market, Customer and Competitive Research

e Commercial Growth Strategy Consulting

* M&A Transaction Support and Advisory Services

Industry Expertise and Access

6 Leading industries and over 250 sector specialties

e Automotive and Transportation * Heavy Equipment & Infrastructure
* Building and Construction * Materials and Chemicals
* Industrial and Manufacturing * Healthcare

Global Offices and Regional Coverage

7 Global Offices, with 150 consultants serving all leading geographies

* Americas: Troy, Michigan; New York, NY
* EU: Paris, France; Berlin, Germany

e UK: London, England

* India: Bangalore, India

* China/APAC: Shanghai, China

DUCKER

Founded in 1961, Ducker is a global market
research, strategy consulting and M&A
Advisory firm that delivers custom, industry-
centric solutions which improve client
performance and enable business growth
across complex markets.

No other firm can match our unique formula of
industry expertise, primary research and market
access. Our global offices and expert teams stand
ready to address the unique opportunities facing
your business and will be your partner to achieve
exceptional outcomes.




Material Content Evolution in NA DUCKER

Total aluminum increased by ~32 pounds between 2018 and 2022 whereas, steel content declined by ~68 pounds in the same time-period

2018 Average Vehicle Curb Weight: 3,869 Material Pounds 2022 Average Vehicle Curb Weight: 3,814 Pounds
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BEV vs. ICE parts per vehicle growing DUCKER

= PHS are expected to increase intensity on BEVs, and the
average content of PHS per vehicle to be greater than ICE
variants

= |n addition to the PHS in the occupant cage frame, PHS is
also heavily utilized in chassis and floor structure to aid in
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Aluminum Content Evolution in NA DUCKER

Vehicle aluminum content - BEV vs. ICE based BEV aluminum content - Share by Part Family
Weight in pounds per vehicle (PPV) Weight in pounds per vehicle (PPV)
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From ICE to BEV, the Aluminum Trade-Off (NA) DUCKER

Eliminated ICE Parts Aluminum (Fonfcent Change - ICE to BEV
Weight in pounds per vehicle
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EV Platform & Housing Designs DUCKER

EV Platforms
Traditional Versatile Platform Traditional Dedicated EV Platform Skateboard Platform (dedicated)

Platform
ICE, MHEV, FHEV, PHEV, FCEV, BEV BEV and FCEV BEV only

EV native platforms
Battery is structural
Threatened by solid-state technology

EV integrated architectures
Battery can be structural
Cost efficiency and weight reduction

e Highly scalable and low cost
Description * Existing manufacturing capabilities
* Battery not structural

Example

2020 Nissan Leaf Volkswagen MEB

Hyundai 3" Generation PF

Battery Housing Designs

Tray Design Frame Design

4

Simple and efficient sealing with tight tray/lid

—— Crash Structure

Better use of space

Greater serviceability than assembled design Highly scalable

Battery Frame
5 Cooling System o —
Lower Protection iti i i i ... .
= Tray generates additional weight in the housing Complex joining and sealing processes

Low scalability; one tool set for one size Lower serviceability (maintenance cost)

Aud| e-tron battery
housing

Sources: Ducker, Audi | Abey Abraham: aabraham@ducker.com
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Battery Housing Design Requirements DUCKER

Battery Housing Design Influences Technical Requirements . . . . .
Drivers leading the compromise for material selection

Performance?
Mandatory
Platform , Requirements
Integration . Cell Form
NVH and
* Versatile platform *  Cylindrical cells dampening
* Dedicated platform * Pouches

* Skateboard platform * Prismatic cells

mpromi -
Material costs Manufacturing costs

Competitive
Requirements

Battery
Design

Affordability Cost efficient

design

Housing , R Battery
Design YW Chemistry °
\S}t@@/
* Frame battery design: multilayer * LFP reaching up to 120Wh/kg
structure with a frame around the battery *  LMO reaching up to 150Wh/kg
+ Tray battery design: bottom cover used as «  NMC reaching to 220Wh/kg * Considers vehicle performances,
the side construction of the housing * NCA reaching up to 260Wh/kg Price energy efficiency, handing

Source: Ducker | Abey Abraham: aabraham@ducker.com
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Material Price Trade-off

Price competitiveness for each material is the result of the combination of specific costs and

savings OEMs can achieve through different housing designs:

Aluminum

Steel

Weight
High heat dissipation

Material cost
Manufacturing experience

Pros . . . ) e
Battery housing incumbent material Thermal inertia for preconditioning
Simplified assembly processes Fire mitigation
Material cost Weight

Cons Manufacturing investments Corrosion protection required

Additional crash absorption areas
Energy for preconditioning

Assembly & sealing process costs
Low heat dissipation

DUCKER

96mm crash zone
to avoid using
extrusions for side

~ impact

Designs are based on the platform integration requirements and the material selected
making the price comparison between aluminum and steel almost impossible to achieve

Sources: Ducker, Novelis, Constellium | Aluminum Association 2020 Report | Abey Abraham: aabraham@ducker.com
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THIS CONCLUDES OUR PRESENTATION.
THANK YOU.

Today’s presentation was prepared by Ducker Research and Consulting/Ducker Holdings LLC. To the fullest extent permissible by applicable law, all
information contained herein is for informational purposes only and is provided “AS IS”. The information is provided (i) with no guaranty of
accuracy, completeness, timeliness or that any defects will be corrected and (ii) without any representations, warranties or other contractual terms
of any kind including, without limitation, warranties of title, merchantability or fitness for a particular purpose. Even if Ducker was advised, knew
or should have known that claims or damages could arise from the use, misuse or delay of use of the information, Ducker assumes no legal liability
for any direct, indirect, consequential, special, punitive or similar claims or damages. The information contained herein does not represent
financial, legal, regulatory or other advice and recommendations from Ducker. Any use of the information is undertaken at your sole risk.
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