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Market for battery cold plates already structured, but French brazing know-how and
"green steel” production are key elements in the choice of location for new factories

Synthesis by domain

Market attractiveness

* The European automotive cold plate market is
expected to grow rapidly as BEV production
continues to scale, and development of high-
energy-density batteries accelerates the need
for effective cooling solutions

* The top/bottom cold plate segment is expected
to be the predominant cooling technology
through 2030

« Tier-1 suppliers to remain market leaders,
acting as component suppliers for integrators

* Cold plate solutions are primarily determined
by the OEM's design decisions, making
technological roadmap uncertain
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Source: Roland Berger

Market accessibility for
French players

 Cold plates market is likely to remain
dominated by large Tier-1 suppliers, but the
market is relatively accessible, and a French
player with the requisite brazing know-how and
automated plants could take market shares

* Cold plates manufacturing necessitates
stamping and lamination capabilities and
"know-how", both of which France possesses
with recognized expertise

A

Attractiveness for France

* Limited impact of cold plates manufacturing on
the country's balance of trade and economic
resilience

+ But a significant reservoir of job creation
thanks to the relatively "high" proportion of
direct labor in the cost structure

* Moreover, France could play a greater role in
cold plates manufacturing with "green steel"
production, becoming a major factor of choice
in location for new factories
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0 Market Attractiveness

A cold plate solution is primarily determined by the OEM's design decisions on pack
architecture, integration level and cell format

Key decision factors to determine the cold plate design Notably missing: Cell chemistry (e.g., NMC vs. LFP) is not a key
factor in the cold plate type as both still require liquid cooling

:(ai){odricision Integration level Cell format Cold plate application Manufacturing process

z;tsiiir?sle Cell-to-module (CTM) Pack level cooling Prismatic Top/bottom Stamped & brazed
Cell-to-pack (CTP) Module level cooling Pouch Intercell Extruded
Cell-to-chassis (CTC) Cylindrical Serpentine

Top-3 * Energy density (Wh/l) + System cost  Supply chain access * Cost * Cost

considerations - Specific energy (Wh/kg) « # of vehicle platforms * Manufacturing cost * Performance (linked to cell ~ + Quality

« System cost « Serviceability * Performance format) « Production volume
Key * Cell-to-pack architectures * Impacts the size of the cold < Optimal thermal solution * n/a * n/a
implications lead to larger cold plates and ~plate and dictates cold plate depends on cell active
tighter tolerances across a application (top/bottom material orientation (e.g., jelly
oncold plate f less cell K lly and cell
e arger surface area unless cell-to-pack) roll) and cell geometry
* Both intercell (e.g., CATL) * Directly impacts type of side
and bottom plate (e.g., BYD) cold plate type (e.g.,
examples in the market serpentine for cylindrical)
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c Market Attractiveness

Cold plate is the most widely used solution for automotive applications, while liquid
immersion and air cooling exhibit lower potential, especially in the medium term

Battery cooling technologies overview

Battery cooling technologies Description

Status

Low  Air cooling

Coefficient of heat transfer

Air inflow
into interior .
Lo >

Dﬁ«' . Battery cells are cooled using air as
eflation of air a cooling medium

A fow ko e

e

= Cooling air flow

Liquid cooling ("Cold plates")

S Battery module Liquid is passing through metal
sowercover passages (cold plates) to cool
Cooling channel battery cells either through bottom,
Protection cover tOp or vertical C00|ing

Battery cells are completely
immersed in cooling fluid inside a
fully-sealed battery pack

Source: Expert interviews, press reviews, Roland Berger

Applied to applications with lower
battery capacity, e.g., mild and full
hybrid EV

Most widely used solution for
automotive applications

Challenging solution for automotive |

due to added weight, extra sealing
requirement, and serviceability
concerns

Liquid cooling ("Cold plates") — Detailed ()%

Top/bottom cooling
Aluminum crash

Cold plates are arranged such
that cells are cooled either on
the top or bottom surface
(horizontal arrangement)

Cold plates are arranged such
that prismatic or pouch cells are
cooled on the side (vertical
arrangement)

Cold plates are arranged such
that cylindrical cells are cooled
on the side (vertical
arrangement)
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0 Market Attractiveness

The cold plate market is set to expand rapidly, driven by electric LV production

volumes as well as growth in battery pack size and technological advancements

Cold plates - Market evolution and trends

Cold plates European market size evolution [EUR bn; 2023; 2028; 2035]

Cold plates market drivers

+11% p.a.
+21% p.a.
'3

0.5

. -

2023 2028 2035

Penetration rate 49% %
Price range ~60 EUR ~65 EUR ~75 EUR

Medium") — Between 6% and 8% depending on players, mostly
EBIT . X X
driven by the raw materials prices and volume produced

@ Positive impact @ Neutral impact Negative impact

1) Low : EBIT below 5% of revenue ; Medium : EBIT between 5% and 10% of revenue ; High : EBIT above 10% of revenue

Source: Expert interviews, press reviews, Roland Berger

Increasing adoption of
electric vehicles

Advancements in
battery technology

Technological
advancements in
cooling plate design

Steel price increase

The global shift towards electrification of transportation is
driving the demand for battery cooling plates

EVs rely on high-capacity battery packs that generate
significant heat during operation. Effective cooling is
essential to maintain battery performance, extend their
lifespan, and ensure safety

The development of high-energy-density batteries, such as
lithium-ion batteries, has accelerated the need for effective
cooling solutions

As batteries become more powerful and compact, the
generated heat becomes more concentrated

Ongoing research and development efforts have led to the
design of innovative cooling plate solutions driving up prices

These include the use of advanced materials, such as highly
conductive metals or composites, optimized flow channels for
efficient coolant circulation, and enhanced manufacturing
techniques

Europe has decided to introduce a carbon tax on non-
European companies, which will probably lead to a rise in
steel import prices

Hence risk for production capacity in Europe to shrink

Trends

®» ® ® O
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c Market Attractiveness

There are three main customer types for battery cold plates for light vehicle markets:
cell makers, OEMs, and assemblers/integrators of battery packs

Cooling plates value chain and focus on French players

Cold plates plates value chain and main players [Global, 2021]

v v LY. S
/ . =:

Battery cold plates

@ &5 SANHUA

Steel manufacturing

ArcelorMittal

Cell makers
(all vehicle types)w

@ LG Chem

SK'innovation

SAMSUNG SDI

T

Mercedes-Benz @ STELLANTIS
LV or CV
(@) P ,_ T @;‘* RXN OEMs

thyssenkrupp = 0YOD ‘MQD’NE e LUCID
73 e i

MAHLE DENSO i~lebasto KREISEL Assemblers/
operom ([tg Rl sy D elrlngklinger) integrators

@ French players

Source: Expert interviews, press reviews, Roland Berger

1) British company with operations in France

r Market share [Europe, 2021] . = = = = = = = = === =4
I
: ] |
: Market leaders |
| 5) ° First-mover advantages while !
| \ entering the cold plate market :
: early to forge strategic |
I L partnerships which enables |
| further growth :
: Ay S MAHLE :
: :
I 3
I 10% @ Other significant players ;
 Entered the cold plate market
(088 penvso | as later-movers from relevant |
non-auto industry (e.g., air- :
10% E=l=)4=] conditioner & home appliance) |
or other auto parts (e.g., TMS) |

market
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c Market Attractiveness

Cold plate solutions are primarily determined by the OEM's design decisions,
making technological roadmap uncertain, technological differentiation is high

Market attractiveness — Other criteria

Clear product roadmap

 Three potential next steps in the product roadmap, but still
immature to date:

I

I

I

— Direct cooling: uses refrigerant as the medium to cool the |
battery (through a cold plate) as opposed to a heat |
exchanger and an additional coolant loop I
I

I

I

I

- Integration of cold plate into battery tray: directly joining
(brazing or friction stir welding) cold plate to battery tray
eliminates a component

- Development of solid-state batteries: thermal mgmt.
solutions will not be removed completely but will be impacted

-@— Window of opportunity for a newcomer

Potential for technological differentiation
_________ A

"It is imperative that the plates "For build-to-spec, it is very
adhere to the high standards important that the supplier

|
|
] e oYl I
expected by automotive has strong engineering | / ‘
|
|
|

customers. This is the most competences so they can
important purchasing criteria." develop an effective design

to meet requirements. "
Project Manager Electrical I
Powertrains & ADAS, BMW Former Director Release |
Processes and |
Components, Mahle

Potential for
technology
differentiation

_________ A

| |

* Room for new players as: | I

- the volume are high driven by the penetration of electric vehicles : /‘ I

— the know-how is available in France | :

— Low-tech opportunities that do not require major R&D investments I Potential for |

| newcomers |

@— Potential for diversification outside Automotve ——————————————————————— .
I

« Potential for diversification outside the automotive sector is significant. While the I :

automotive industry remains a primary market for battery cooling plates, we could see I ‘ I

applications in the following sectors: I |

- Renewable Energy Storage | _ I

— Consumer Electronics : Strong potential J|

-@— Environmental contribution —mMmMmM@M@M8m8 .

| |

« Steel is a highly recyclable material: steel laminations are recyclable at the end of | |

their lifecycle, contributing to the overall sustainability of electric vehicles : /‘ |

* Increasing use of green steel in France, a significant competitive advantage and a | |

factor of choice in the strategy of creating plants in France | Strong |

I contribution J|

Source: Expert interviews, press review, Roland Berger
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a Market Accessibility

The cold plate market is relatively accessible, a French player with the requisite
brazing know-how and automated plants could have a strong position in it

Market accessibility — Assessment

Technical barriers to entry

Availability of the necessary skills

I— ________ A I— ________ A

* Limited technical barriers to entry in cold plate design and | : + Cold plates manufacturing necessitates stamping and lamination | :

manufacturing but it is important to understand that: | ‘ | capabilities and "know-how", both of which France possesses with | / ‘ |

_ Proprietary brazing know-how is key differentiation factor between | I recognized expertise I I

players— Best in class results typically take years of experience to : | : |
develo

p. . . ” , | Limited technical : | Skills available :

- Aytomatlpn, material handling and clean room critical to deliver I barriers I I in France I

high quality | | | |

] ]

Manufacturing CAPEX Traction from French OEMs

T 1 T 1

* The stamping and brazing process can be streamlined for high : |  French OEMs are in line with the rapid electrification of the EU market : |

volume production through automation of cold plate assembly and | /‘ | and still determined to bring production closer to their assembly | /‘ |

brazing flux spray processes: I | lines, particular'ly when_it comes to batteries, a key element in I |

~ for a production volume of 300k plates/year, the average CAPEXis | : manufacturers® strategies | :

EUR~5 m | EUR~5millon | ! on par |

| | | |

| | | |

L —— e ————— L —— e —————

Source: Expert interviews, Roland Berger
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e Attractiveness for France

Cold plate manufacturing is organized around a small number of large plants with
the rest of battery assembly - limited number of new plants expected

Attractiveness for France - Industrial set-up

Plants - location & cost structure Footprint of market leaders [Europe; 2023]
100%
5% Other Target manufacturing footprint
Labour cost 6%
Equipment * Target footprint for cold plates manufacturing is expected to be
- amortization several large plants located across Europe — mainly the
existing one with some additional capacity, addressing regional
R&D 10-12% kot pacty S e
)
O
~15% Energy
°
¢ [
Rationale ®
° [
* Raw materials encompass half of the cost structure as it is first PY
and foremost transformed and bent steel plate
Raw Materials 50-60% * Amount of R&D remains high because this is still a battery
component that is far from being mature and evolving
s
vaiea @ MRAHLE
2022

Source: Expert interviews, company websites, Roland Berger Roland Berger | 9



e Market Accessibility

There are two typical manufacturing processes used in the market today, stamping
& extrusion (both require brazing); stamping most common for high volumes

Key considerations for choice of cold plate manufacturing process — Example: Pack level cooling

Comparison of top/bottom cold plate with
different manufacturing processes

& VW ID.4

* CTM, pack level
* Pouch cells, NMC
* Top/bottom cold plate
* Main differences:
— One-piece stamped and
brazed cold plate
— One-level battery pack with
12 modules

Key considerations

Stamped Extruded
& brazed & brazed

Comments

At high volumes, for equivalent design, stamped

&7y, Porsche Taycan

» CTM, pack level

* Pouch cells, NMC

* Top/bottom cold plate
* Main differences:

— Multi-piece extruded
and brazed cold plate

- Two-level battery pack with all 30 modules on
bottom level and three on top level

More favorable manufacturing process

Source: Company websites, expert interviews

Cost Piece cost and brazed are ~25% cheaper than extruded plates
ol ot S S 250
Automation Possibility to automate aslaé’:tr)nnﬁ):%g( brazed plates production can be readily
Batery pack  tegraon iy Ak e o, ol oo
TSN Loa earing capaiy r o2 g captty s compar o
Quaity  Retabity o Ao o e oo
Design Efficient material use ;r(]:pl:]:gdplaﬁzscan be stamped as compared to

Design flexibility

Higher flexibility to develop a solution space for
heat exchange is possible with stamped and brazed

Stamped and brazed is the preferred solution for high volume production (e.g., VW ID.4), while extruded cold plates

may provide an alternative solution at lower production volumes (e.g., Porsche Taycan)
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e Market Accessibility

Stamping & brazing is typically used for higher volumes and larger forms — Extrusion

is used for specific geometries and exclusively for serpentine plates

Overview of cold plate manufacturing processes

@ Stamped and brazed

© Extruded

Stamp Stamp bottom High Assemble CAB
top plate  plate (form - temp. > »
channels) degrease
v

Shipto . Coat o Leaktest _ Inspect . Polish

—\." customer

Controlled Polish
- atmospheric >
braze (CAB)

Extrude Cut to Assemble

- Length

v

Ship to < Coat < Inspect

«— Leak test
customer

57

Typical * Preferred for larger form factor cold plates  Preferred for smaller form factor cold plates
use cases « More suited to higher volume vehicle platforms + More suited to unique geometries

* Primarily top/bottom cold plate in pack or module level cooling » Top/bottom or intercell cold plates in pack or module level cooling -

— Intercell with limited use cases (e.g., discontinued Chevy Volt) Serpentine cold plates are always extruded

Process * In-house stamping and brazing by cold plate supplier * Outsourced extrusion - In-house manifold assembly and brazing
differences « Automated assembly and spraying of brazing flux before CAB + Manual assembly and spraying of brazing flux before CAB

» CAPEX estimation for high volume production is ~USD 3.5-4.5 m » CAPEX estimation for high volume production is ~USD 2 m
Critical mfg. * Proprietary brazing know-how as key differentiation factor — Best in class + Similar to stamping and brazing process, except that extrusions are typically
steps and results typically take years of experience to develop procured from third party offering no differentiation
defensibility « Automation, material handling and clean room critical to deliver high quality

Outsourced by Tier-1

Insourced by Tier-1

1) Assumption: Battery size: 70 kWh, Production volume: 300 k vehicles/year, Focus on manufacturers in China

Source: Expert interviews
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e Attractiveness for France

Limited impact of cold plates manufacturing on the country's balance of trade and
economic resilience — important potential of job creation in Europe

Attractiveness for France — Impact for France & other economic social benefits

Direct Employment & Other related benefits '@— Support to resilience of French econoomy  ——4—4—7"7"/"7"+7"-"——¥—/——H———F—"—-"+—-—— =
Jobs in 2023 and in 2035 Job creation between 2023 + Cold plates remain simple components within the battery pack with very limited impact on

| |

' |
. L ' ‘ |
in Europe [#FTEs] and 2035 [#FTEs] French economy resilience | ™~ |

|

| |

|

7O
éié Impact on Trade Balance

m_/ O « Limited impact of cold plates production in France on the balance of trade, as the value
throughout Europe

2023 2035 2023-2035 2023-2035

l |
: |

c. 360 added remains limited and presence of major players with manufacturing capacities : \ ‘ :
| Limited impact :
I

* Most jobs will be blue-collar, with a small proportion of qualified professionals, mainly in
testing and R&D business units

Hypotheses: )

* ¢. 80% market share for EU cold plates manufacturers in 2035 Skill Level Assessment i_ ———————— al
* For a plant: c. 100 FTEs including machine management, testing . . L . ) | |
and quality control * Plant lines automation will limit job creation, even though the number of jobs created | ‘ :
should be significant driven by BEV penetration | |
' |
| |

I

Source: Expert interviews, press review, Roland Berger Roland Berger | 12
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