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Market of smart valves expected to grow supported by xEV penetration — Potential
exists for assembly and subcomponent manufacturing in France

Synthesis by domain

Market attractiveness Market accessibility for Attractiveness for France
French players

« Multi-way electrically controlled valves, or * France has a relatively limited industrial base on » The manufacturing footprint for smart valves
smart valves, are used for thermal smart valves but has the resources and assembly is expected to be:
management systems to efficiently manage knowledge to operate the assembly of the - very large plants (+1 m units) in low-cost
coolant flows system countries

» These systems are fundamental to battery * In addition, the process is not highly complex B ir?:lé(r)%gll(onre]l]tg)langgtglssceovelgalbc;o:&trlejsn(BOO
electric vehicles and their complex thermal (technical barriers to entry are low) and the France units) = si u up't
systems with several loops and subloops CAPEX required to setup the production line

« Driven by the increasing penetration of battery (assembly only) is limited, below EUR 5 m ) é;éhf dEgr?aqgan It;}(\)/ezl,%m:g;\zalx_{[%s angr(r:lb:%
electric vehicles, the smart valves market is * In parallel, French OEMs are expected to i F:Jance) up J with up '
expected to reach ca. EUR 500 m by 2035 generate significant traction based on the !

electrification of their sales * In addition, France could play a role in

» Despite a competitive market, newcomers can
be supported by a clear roadmap and strong
potential for diversification

supplying subcomponents of the smart valves
(e.g., housing, single valve) based on
experienced local suppliers
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c Market Attractiveness

Thermal management circuits, especially for XxEV, become increasingly complex,
driving the need for smart valves

Multi-way electric valves overview

systems valves, due to more
complex loops

Types * Technology

- Rotary valves (e.g., round-shaped rotor that rotates inside a (‘.\
housing, with passages that align with corresponding ports in
the housing to allow fluid flow)

- Disc valves (e.g., butterfly valves which consist of a circular
disc that pivots on a shaft within the valve body)

* Entries/exits possible
- 4-5-6 ways

T Therma/ management SyStem TEEmmEmmmm T Main characteristics

Description  Multi-way electrically controlled valves are used for thermal « Growing penetration of &
i i management systems (e.g., engine loop, e-powertrgir] loop, elec. controlled valves on
gzgﬁ]rg loop) to efficiently manage coolant flows within the almost all vehicle types

! i — Cooling systems for ICE

: | Benefits « Multiple entries/exits (typically 4-5-6-way valves) to optimize the vehicles structured

: i cooling dispatch around a single loop,

i i + Integrated electronics to better manage and increase the with one 4+ LEDS) valve

! i performance — BEV/PHEV mainly

i i « Modular design to match with complex thermal management equipped with 2-3 ways

. [
» Manufacturing process Oer
focused around:

— Metal casting
— Plastic molding
- Sealing

Rationale for using smart valves:

« Increasingly used for ICE") thermal management systems to optimize the
cooling dispatch and increase the efficiency of the engine

« Fundamental for xEV? thermal management systems to manage more
loops/subloops and a more complex architecture (e.g., e-powertrain loop

around 50°C, battery loop around 30°C) 2.3
--------------------------------------------------------------------------------- - 2-3 ways

1) ICE = Internal Combustion Engine 2) BEV, FCEV, HEV

Source: Expert interviews, Institute of Electrical and Electronics Engineers, press review, Roland Berger Roland Berger \ 3



c Market Attractiveness

On electric vehicles, a specific thermal management system is implemented for the

battery with sub-loops requiring multiple 3-way valves

EV vehicles cooling System — Battery cooling illustration

Converts electricity into heat without loss (warm up the battery in low temperature

conditions)

Support the process of Battery cooling
in high cooling requirement conditions

Cooling module usually might consist of
two Radiators (high temperature
Radiator handles the cooling for the
electrical components and the low
temperature Radiator is used to cool the
Battery) , a Condenser (part of the AC
system ) and one or more fans (provide
more airflow at lower vehicle speeds )

I Heat exchangers

Source: Experts interviews, press review, Roland Berger
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Stamped aluminum plate beneath the battery cells to exchange heat
from battery to coolant

Battery
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Task of the separator
assembly is to remove
bubble from the flow

Coolant flow throughout the system is maintained by the pump

Expansion
tank

Providing extra storage space for the Coolant when it expands
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c Market Attractiveness

Multi-way electric valves market should reach EUR 0.5 bn in 2035, especially driven
by the penetration of BEVs

Multi-way electric valves market evolution and trends

Multi-way electric valves European market") size evolution [EUR bn; 2023; 2028; 2035] Multi-way electric valves market drivers
Trends

Smart valves * Increasing penetration of smart valves within ICE vehicles to

+9 0.5 penetration within optimize thermal management systems (e.g., coolant flows)

0.5 ICE/Hybrid vehicles and reduce CO2 and pollutants emissions
* Increasing penetration in hybrid vehicles, with smart valves
being used for battery loops (lifetime protection and safety
of the battery)

Penetration of BEV + Smart valves are required for BEV thermal management
systems as cooling circuits are complex (c. every BEV
thermal management system equipped with smart valves)

] ] 2023 2028 2035 + Hence, the increasing penetration of BEV should support
;?g/ﬂ’ztl_zﬂ ratein strongly the growth of the volume of smart valves on the
lybri { 0 i ' 9 i { i market
vehicles with TM? . % ] 58 ] LA
Penetration rate in R —— R
BElg)vehicles with | 100% | i 100% i | 100% Price evolution * Yearly price decrease due to competitiveness improvements
™ « Average price of valves expected to decrease by 1% to 2%
Average price per {7 o a1 e e ! Y EY p.a. between 2023 and 2035
vehicle [EUR])  +..844 | L 3540 L.3236
EBIT EBIT usually around c. 10%
@ Positive impact @ Neutral impact Negative impact

1) FCEV out of scope 2) Penetration rate of smart valves in vehicles equipped with thermal management system (TM)

Source: Expert interviews, press review, Roland Berger Roland Berger | 5



c Market Attractiveness

Smart valves manufacturing focuses on the assembly of the valves, the housing and
the electronics — Some players manufacture in-house subcomponents

Multi-way electric valves value chain and focus on French players

i i i i — EU Market share [%; 2022]. - - - -
Multi-way electric valves value chain and main players

] |
| |
| |
Subcomponents manufacturing . . 1 | SCHAEFFLER I
and raw materials supply Smart valves manufacturing Integration | |
| |
o ' . | ' \ DENSO |
Activities * Manufacturing of subcomponents for * In-house manufacturing of some components (e.g., single Integration of the smart I MAHLE g PIERBURG |
the smart valves valve, housing) valves in vehicles | I

. |
* Supply of raw materials » Assembly of the smart valves system I :
I Other players, including: |
I vdesco HEoH 1
1 SCHAEFFLER  rndmam  .SANHUA  solter ; '
Players") Raw voestalpine @) Qo y ;®B : < # BorgWamer I
materials ssenkru croedesTens 1
thyssenkrupp DENSO @ //TW IMAHLE I &5SANHUA 1
STE LL/\NTIS g~ 1 A\.\MAGNA |

. '..'..' ey . . G | MAGNA POWERTRAIN
Electronics g vilesco  ranon  Str=en | satern :
PIERBURG  TECHNOLOGIES
Housing : VKON ~Y ) :
Kwe M MAGNA <()> s

e.g., i BorgWa SR YBRNERTAAN |
psas%ic, e HAGHA POWERTRAIK My renaur |+ Highly competitive intensity: :
metal gm 1 —4 main players account for c. 40% 1
casttmg{)/— e (@ntinental’® MopIne @) BB - i @ | of the market share I
f:pf)%fs .:DEEHE : - _lVIany other players.are positioned :
Several players (e.g., Schaeffler, Sogefi, Vitesco) have | in the market but W'”;‘ smaILer :
manufacturing plants for valves located in France | market share (e.g., 2% to 5%) |

@ French players
1) lustrative players and not exhaustive

Source: Expert interviews, press review, Roland Berger Roland Berger | 6



c Market Attractiveness

Despite a competitive market, smart valves is an opportunity with a clear product
roadmap and strong diversification potential

Market attractiveness — Other criteria

Clear product roadmap

* Limited market risk with clear product roadmap

— Smart valves are well democratized and fundamental for
BEV

- Incremental improvements are expected in the next years
such as better design to facilitate integration into the
cooling system or enhanced loT functions

Clear roadmap

-@— Window of opportunity for a newcomer

L —— e —————
Potential for technological differentiation

I— ________ A
+ Limited ways to differentiate as major suppliers are already I |
positioned and the technology is mature: | :
- Nevertheless, differentiation potential on | ‘ |
- Size : |
- Weight | :
- Response time of the valve | Limited |
I potential |

I
L

_________ A
I
» Multi-way electronic valves market is strongly competitive with many suppliers and 4 I :
leaders generating c. 40% of the market share | ‘ |
* However, existing thermal management system players could have a strong potential I I
supported by their expertise (e.g., cooling system knowledge) and manufacturing | Competitive I
synergies (e.g., valves and pump manufacturing) | market I
o
@— Potential for diversification outside Automotve ——————————————————————— .
l |
+ High potential for diversification as valves are required in: I |
— other transportation sectors (e.g., heavy-vehicle, motorcycle, aviation, rail, maritime) : A I
— other industries (e.g., equipment manufacturing, building, medical, chemical) I :
« Usually, suppliers already manufacture and offer valves to different industries | Strong potential |
e ]
-@— Environmental contribution —m—mmmm™m™m™m™™™™ ™ —— .
I
« Slightly positive environmental contribution I :
- Multi-way electronically controlled valves enable to optimize the energy efficiency of | 1 ‘ |
the engine resulting in lower CO2 emission and battery range increase | |
| Slightly positive |
___impact__

Source: Expert interviews, Roland Berger
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a Market Accessibility

France industrial footprint on smart valves is relatively limited but opportunities

could be developed as barriers to entry and CAPEX requirements are low

Market accessibility — Assessment

Technical barriers to entry

* Smart valves require

- Strong knowledge in thermal management (e.g., flow management)
and mechatronics

- High standards are required in terms of safety, quality, and
reliability as cooling systems are strategic

» However, none of the manufacturing processes are entirely new and

Low complexity for

Availability of the necessary skills

* Despite a limited number of French smart valve suppliers on the
market (compared to Germany), France has:

- resources and knowledge related to thermal management systems
(e.g., flow modeling)

— industrial capacity to manufacture upstream thermal management
solutions (e.g., single valve)

Upstream thermal
management skills

assembly of smart valves is not highly complex assembly

L —— e ————— L —— e —————
Manufacturing CAPEX Traction from French OEMs

I— ________ A I— ________ A
» The CAPEX needed for multi-way electric valves is relatively limited: | : * French OEMs represent a significant traction for smart valves, | :
— The investment required varies between EUR2 mto EUR4mfora | | especially as they have good penetration rates (e.g., within the EU l |
typical large plant in Europe manufacturing c. 500 k smart valves | | average) of electric vehicle sales (with more complex cooling | |
per year (e.g., assembly of the full system only, manufacturing of | | systems) | |
subcomponents excluded) : I : |
| CEUR2mto | | Sianificant tracti |
| EUR 4 m : | Igniticant traction :
L L

Source: Expert interviews, Roland Berger

Roland Berger | 8




e Attractiveness for France

The target manufacturing footprint is expected to be consolidated around large
assembly plants and small local sites

Attractiveness for France - Industrial set-up

Plants - location & cost structure?

R&D 5%
Labour cost

5%

Amortization of the equipment 15%

Raw materials

2023

Target manufacturing footprint

« Target footprint for smart valves assembly is expected to be:
- very large plants in low-cost European regions with high production
capacity (+1 m units)
— smaller regional plants in several countries (300 k to 500 k units)
* Plants will address mostly the European market

Rationale

* Large assembly plants with high volume capacity should be mainly positioned
in Eastern Europe, close to current leading players footprint (i.e., extension of
existing sites or new site for additional capacity), mainly driven by labour cost

» Smaller plants (e.g., one or two assembly lines) could be implemented in
Europe as:

— Smart valve suppliers could have local contracts with OEMs for punctual
capacity needs (e.g., 300 k units per year for 5 years) requiring to be close to
final assembly lines (e.g., sequencing)

— Assembly lines are easy to set up and remove from a conventional Tier-1
supplier facility

* Plants in Europe are likely to focus on the local market, as electrification will
rapidly increase demand for smart valves

Footprint of key players? — example of Schaeffler

® Assembly
O R&D

® O

 Schaeffler has several assembly plants in Europe for smart valve
systems:

- One in France in the historical plant of Haguenau
— Several large plants in Eastern Europe, i.e., Bulgaria and Romania
— Smaller plants in Germany

* Production of the subcomponents (e.g., valve, housing) of the full
system is mostly located in Eastern Europe

« The main R&D center for smart valves system is in Germany

1) Cost structure for the assembly only - labour cost can go up to 10%-15% if subcomponents are manufactured in-house (e.g., single valve) 2) Footprint for the smart valves system

Source: Expert interviews, Roland Berger

Roland Berger | 9



e Attractiveness for France

France could play a role in supplying subcomponents to the final assembly line of a
smart valves system

Attractiveness for France — Materials and upstream impact

. S50 . .
Breakdown of raw materials W@ Potential sourcing in France!

Potential

Electronics

— Mostly sourced in China for cost advantage O
Power electronics — Potential capabilities in France with local suppliers (e.g., Valeo supplies electronic components for Schaeffler smart valves

system)

Valves

— Usually sourced in China, India and Europe from large suppliers @
Valves ~35% — Potential for France even if limited number of suppliers manufacturing small-size valves

* Housing 0

Housing ~25% - Mainly sourced in Europe with potential in France supported by local capabilities

2022

1) To what extent the materials are sourced in France
Roland Berger | 10
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e Attractiveness for France

The assembly process could require up to 210 additional jobs in Europe by 2035 to
meet the smart valves growing demand

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

» However, it can relatively easily be supplied by EU players and is not crucial for the national sovereignty

Direct Employment [# FTEs] -@— Support to resilience of French ecooomy = ————Ho0omo>-—————-+—"7-——"" -
| |
Jobs in 2023 and in 2035 Job creation between 2023 * Smart valve assembly can support the French economic resilience as it is an important component of the cooling : :
in Europe [#FTEs] and 2035 [#FTEs] system of electric vehices | \ 4 ,
' |
| |

I

® . T |
) @ GROFR

Yl Impact on Trade Balance —m———————————————7"————#¥#+#¥6¢+#"6¢77-—+ -
i I I
O » Smart valve assembly should have a relatively low impact on the French trade balance as the main part of the I |
production capacity should be dedicated to the French market (e.g., French OEMs) : 1 ‘ |
I
I
2023 2035 2023-2035 2023-2035 | Limited impact :
L _ ]

Hypotheses:
* ¢. 50% market share for EU manufacturing plants in 2035 Skill Level Assessment ——o—m0m0m0m0m0m0m0m0m0m—o——nnmv-v-1-1 1 ——0o— — -7——— -

* Around 30 FTEs should be required for a plant assembling ¢. 2 m

' |

units  Smart valves manufacturing process is mainly focused on assembly which does not require high-skilled labor : |

+ For France, several potential small plants producing c. 500 k units * R&D capabilities are likely to be required but with limited complexity | ‘ :

eeeeeeeee e es s s | Lmited skil |
i Revenue generated per FTE is estimated to be around ¢. EUR1 m | complexity JI

Source: Expert interviews, Roland Berger Roland Berger | 11
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