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0 Closed loop plastics recycling — Overall assessment

EU regulation to boost the demand for recycled plastics in the automotive market -
As a result, additional resources to be needed among the recycling players

Synthesis by domain

Market attractiveness

* Recycling in the automotive industry is mainly
focused on the processing of end-of-life
vehicles — during this process, recycling rate for
metals is almost 100% whereas plastics have a
recycling rate varying between 30% and 85%

To improve the recycling of plastics, a new EU

regulation should be issued by 2030

- 15% of the plastics integrated into new
vehicles will need to be recycled

- 25% of the recycled plastics would need to be
sourced in closed-loop

Current demand for closed-loop plastics is
limited but the volume required should grow at
a +50% CAGR until 2035

A

Market accessibility for
French players

« Technical barriers to entry are relatively high for

recycling as both the dismantling process (e.g.,
hazardous substances, limited easy-to-remove
parts) and the crushing process (e.g., mixed
materials) are complex

CAPEX is significant - for plastic recycling of the
carcass, investment required varies between
EUR 15 m and EUR 20 m

France has a strong existing ecosystem in
recycling and French OEMs are increasingly
partnering with large players within this
ecosystem

A

Source: Roland Berger

Attractiveness for France

* The target footprint for the crushing and

sorting activities for end-of-life vehicles in
France is expected to be relatively similar to the
current network with large regional sites (c. 60
sites in France in 2023)

* However, these sites should require additional

resources - for plastics only, the evolution of
the crushing and sorting processes could
create around 350 jobs in Europe, including
more than 50 jobs in France

A
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c Market Attractiveness

The process for end-of-life vehicles could be improved, especially for plastics, to
recycle more and to limit the "downcycling"

Overview of the main materials to recycle

% of a vehicle

\ L -

2%

weight
Associated « Several uses, including functional assemblies * Several uses, including interior components * Several uses including, spoilers, gaskets, or
components (e.g., engine, gearbox), chassis (e.g., protection (e.g., dashboard), exterior parts (e.g., bumper) suspension components
bars) and cooling system and seating (e.g., seat frame)
Recycling from High potential Low potential Low potential
scrap potential for * 50% of metals used in the production @ * Plastics injected into moulds and @ * Rubber injected into moulds and
improvements process end up as scrap in the plant cooled, limiting losses cooled, limiting losses
e
Recycling from end- Medium potential : High potential i Medium potential
of-life vehicles * Recycling rate for ELV metals is | * Recycling rate varying between 30% |  Recycling rate is around 20% for
potential for O almost 100% | ‘ and 85% . O rubber but relatively low quantity in a
improvements « Metals are recycled together and can | « Plastics are mostly downcycled as the | vehicle (<5% share of weight)
|
| |

be downcycled

Source: Expert interviews, Roland Berger

sorting process is complex

Current focus of the industry
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c Market Attractiveness

Recycling rates are heterogenous depending on the materials — Plastics are used in
a variety of components in a vehicle

Reuse, recycling, energy recovery and landfill rates for end-of-life vehicle components

BT T T PP P P PP P P PP PP PP PP

_ 0 : - e .
Non-ferrous metals GRS : Breakdown and use of main plastics in a vehicle
Ferrous metals 91,8%
ABS, PVC 31,4% 33.6% 28.7% i Plastic Breakdown") Examples of use
Polyethylene (PE) - tank 77,0% 11,6% . Polypropylene Wheel arch covers,
Polyethylene (PE) - other components 52,8% 28.6% 12,3% ,ﬂ (PP) 45%  bumpers
Polypropylene (PP) - bumper 71,8% 15.0% ’
Polypropylene (PP) - other components 54,0% 28.1% 11,6% P ;
© i Polyurethanes Suspension,
Polyamide (PA) 25,9% 37.8% 30,0% (PUy) I 8% dashboard and
Polyurethane foams 10,1% 54,6% 29.0% H e
Rubbers 14,8% 57.9% 21,0% :
Tires 29,0% 36.1% ABS Rad_lator grilles,
i Polycarbonate % spoilers, corner
Glass 30,7% 36.9% 26.0% i Alpha (PC-ABS) guards
Electrical harnesses 78,3%
Catalytic converters 80,0% Acrylonitrile Spoilers, radiator
. L , ¢ Butadiene 5% grilles, hubcaps,
Alr conditioning fluids : Styrene (ABS) I ’ dashboard interiors
ing liqui K . 50% |
Cooling liquids 50,0% 50.0% PA: hubcaps,
Used oils and filters 69,8% 30,2% interior trim
i 0 © Others (e.g., PA, PE: wheel arch
Batteries 80,0% i PE, PVC) - 35% covers, bumpers
Textiles 11,5% 61,0% 21.2% PVC: electrical
Painting 16,2% 45,9% 31,6% cables

B Reuse parts Recycling M Energy recovery (e.g., incinerator) B Landfill

1) Among the 18% of plastic of a vehicle weight

Source: Expert interviews, ADEME, Roland Berger Roland Berger | 4



0 Market Attractiveness

The next European Directive will require a partial closed-loop for plastics — As a
result, recyclers should need additional resources to supply the OEMs

EU upcoming Directive on plastics

EU end-of-life vehicles Directive update on plastics Impact of the Directive on the plastic recycling industry in France
 The upcoming review of the ELV Directive is expected to enhance the circularity OEMs will have to secure automotive recycled plastics to be
aspects in the design of new vehicles sold on the European market integrated into new vehicle production cycle — two main levers
 In detail, the directive should include should be implemented:
—an increasing share of recycled plastics to be integrated into new vehicles * OEMs should partner with recyclers to instore closed-loop
: " " : : processes
—a partial closed-loop process (e.g., transfer from "open-loop" allowing materials to _ _ _
be turned into other products towards a "closed-loop" whereby materials are turned - Stellantis and Galloo are currently forming a Joint Venture to,
into a new version of the original product) among others, enhance circular economy
@ * The process of ELV should be improved for greater efficiency of
D the recycling (e.g., sorting)
Share? of e — The industry of ELV recycling is expected to restructure around
recycled plastics large players to implement more industrial and efficient
into new vehicles processes
L
=) As aresult, recyclers should need additional
|I resources to structure both levers
2030 2030

1) Recycled share of weight

Source: Expert interviews, Roland Berger Roland Berger | 5



c Market Attractiveness

Closed-loop recycled plastic market should grow at a ¢c. +50% CAGR between 2023

and 2035

Market evolution and trends

Closed-loop recycled plastic market evolution in France! [kg m; 2023; 2028; 2035] Closed-loop recycled plastic market drivers

EU Directive onend- - The EU directive on ELV is expected to be the
of-life vehicles main driver of the market as it sets mandatory
targets for closed-loop plastic recycling (e.g.,
15% recycled plastics in new vehicles and 25%
coming from ELV)
* In addition, it should only be a first step
towards more restrictive targets to be
achieved after 2030

Pricing increase * The demand for closed-loop recycled plastics
should increase considerably with:
% of recycled plastic . poR oo pom rrememeee o — the upcoming EU regulation
W’g’,”; ”‘;)WLV P 10% P 13% P 20% | - probable taxes to be implemented on
vehicles primary virgin plastics
9% of recvcled v e v * As a result prices for closed-loop recycled
p‘;astic f%)m ELV S % L 16% | L A0 plastics should grow
EBIT { EBITs for plastic recycling usually around 5%

(@) Positive impact (%) Neutral impact

1) Conservative scenario with share of recycled plastic matching with upcoming EU Directive 2) Among total plastic weight for a new vehicle

Source: Expert interviews, Roland Berger

Trends

©

©

Negative impact
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c Market Attractiveness

Plastics to be recycled come from two different steps of the ELV process, i.e.,
during the dismantling and the crushing

ELV materials recycling process

Steps

Dismantling facility
* Depollution
* Dismantling of parts and materials

Crusher Next page
* Crushing of the carcass
* Post-crushing treatment (e.g., sorting)

national market converters, particulate filters)

End of life vehicle
"% 20% of total vehicle weight 80% of total vehicle weight
(%]
£
28
=3
_E o Recycling parts Reusable parts Parts for depollution Recycling shredded Other shredded
(%] o
% ‘g Dismantled parts to be marketed Second-hand parts Materials to be collected residue waste
S = and sent to recycling players to be resold for separately fo_r depolluti_on Post-sorting residue for Other residue to be
§ (e.g., plastic from bumpers) export or on the (e.g., batteries, catalytic recycling incinerated or landfilled
<

Process for
plastic

The plastic collected from ELV parts is directly sent to the main recyclers (e.g.,
generalists like Veolia, Derichebourg) to create secondary materials

Source: Expert interviews, Indra, Roland Berger

Usually, crushing players are sorting the flakes per type and
transfer them to recyclers or even transform them in-house into
secondary materials
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c Market Attractiveness

The ELV carcass is shredded and sorted in one of the c. 60 sites in France - Galloo
and Derichebourg transform in-house some plastic flakes into secondary materials

Value chain and focus on key players

ELV crushing value chain and main players?)

Value chain
steps é

A

Compacting and shredding the carcass for recycling

Crushing <? 3)
N

Players In France, c. 60 approved crushers exist, including:

mﬂmﬁﬂ‘lmﬂi A L pA @ €core group EDEEONS =

FREEER

cCENT

env 7 PASSENAUD
Al Omseaw  evsEsSiRe

Recyclage]

sm%sr 5 GODARD

DADDI SRi

Sorting

Separating and categorizing shredded materials

Lf;ﬁ

DERICHEBOURG

L

Players with several
sites, also

1) Non-exhaustive selection of players

Source: Expert interviews, Roland Berger

Independent local players with mostly a single site

' transforming in-
house plastics into
secondary materials

r ELV crushing market share in France [2020; %] - - - -

;;;

DERICHEBOURG 50%

_ GALLOD 10%

Local players 40%

I

* Derichebourg is a strong leader in the crushing and
recycling market for end-of-life vehicles with c. 30
sites

* Its development was supported by inorganic growth —
as an example, Derichebourg acquired Guy Dauphin
Environnement (GDE) in 2022 to consolidate its
network

* Galloo is also a large player in the market with 4
crushing sites in France

* In France, crushing players process around 1.4
megatons of carcass every year, composed of :
— ¢. 70% of ferrous metals
- ¢. 10% of non-ferrous metals
— ¢. 20% of plastics and other materials (e.g., rubber)
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c Market Attractiveness

Newcomers could play a role in improving the recycling process of the automotive
industry, supported by a clear roadmap and strong differentiation potential

Market attractiveness — Other criteria

Clear product roadmap

* The main developments are expected to be focused on the
plastic recycling process, including:

— Improvement of the collection and sorting of the parts to
be recycled at the dismantler supported by a better design
of vehicles

- Improvement of the sorting and recycling process to better
recover plastics after shredding - chemical recycling could
be a solution (see next page)

 The technological risk is strictly limited, as recycling is a
trend that will be democratized over the long term

Comprehensive
roadmap

Potential for technological differentiation

* Currently, 60% of the plastic after shredding is directly sent
to the landfill disposal

* New technologies in sorting and recycling (e.g., chemical
recycling) should be strategic and could give a strong
competitive advantage

Differentiating
technology

Window of opportunity for a newcomer
_________ A
» Plastic recycling process for end-of-life vehicles is a consolidated market: : I
— After the dismantling phase, parts to be recycled are mainly transferred to large | |
generalist recycling players (e.g., Veolia) | A |
- For the crushing process, Derichebourg is cumulating more than 50% of the market | . I
share in France and any new crusher must be approved by the government | POtent'_a! :
« However, startups with innovative technologies (e.g., chemical expertise) could havea |  Opportunities
role to play in the improvement of the recycling process =TT T T T T T T ™
-@— Potential for diversification outside Automotive == -
« Per definition, the recycling process is cross industries and not specific to automotive I :
(e.g., currently, even at Gallo sites, ¢. 50% of the materials to be shredded do not come | __‘ |
from the carcass) | o |
I Slgnlflc_amt I
I potential I
L
-@— Environmental contribution —mMmMmM@M@M8m8 .
| |
* Per definition, recycling has a positive impact on the environment as : |
— it reduces the amount of carbon emissions required vs virgin materials | ‘ :
— it limits waste and landfill disposal | Strongly |
I e
|_ _Ppositive impact_ |

Source: Expert interviews, Roland Berger
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c Market Attractiveness

Chemical recycling will be more suitable for hard to recycle plastics despite high
energy requirements — Gasification can recycle all types of plastics

Overview of key available technologies for plastic recycling

S Chemical recycling - ------------------—----comm - >
Technology Mechanical recycling sys Pyrolysis I Gasification % Depolymerization Eé Solvolysis é
Description Processes such as grinding, Thermal degradation in absence Partial oxidation at high Decomposition into constituent Dissolving plastic waste in a solvent to
P melting of oxygen temperatures molecules (monomers) extract the original polymers out of it

Process temperature 8 150-300° C g 500-700° C g 700-1200° C g 400-500° C ﬂ <50° C
Typical input PP, PE, PET PP, HDPE, LDPE, PB, PS All plastics PET, PLA, PU, PA, PC PS, PE/PP, PLA/PET, PVC, PMMA
Sensitivity to Very high High Moderate Very high NA
feedstock quality [ [ I
Technology Readiness Level Commercialized 9 9 7-9 4-6
Primary output Polymer pellets Pyrolysis oil Syngas Monomers Polymers
Range of application Limited Broad Broad Moderate Broad
Plastic feedstock yield 60-80% 40-60% 40-60% 80-90% NA

Energy requirements Medium High Very high NA NA

[MJ/metric tons] 600-900 1200-1400 1800-2000

CO, emissions Low Medium Medium Medium NA

[t CO,/t input] 0.1-0.2 0.3-0.7 0.4-0.8 0.6-1

Recycling limitation max 5 times No limit No limit No limit No limit

1) Based on interviews with market participants

Source: Expert interviews, Roland Berger Roland Berger | 10



a Market Accessibility

Technical barriers to entry and CAPEX are relatively high, but France can benefit
from an existing skills network and strong OEM traction

Market accessibility — Assessment

Technical barriers to entry

« Technical barriers to entry exist for vehicles recycling:

- The dismantling process is complex as vehicles contain hazardous
substances to be isolated before potential parts can be collected for
recycling

— Post-crushing sorting is the most complicated process, as
materials are generally mixed in the carcass - it requires a lot of
R&D with mechanical and chemical engineers to improve sorting

Significant barriers

Availability of the necessary skills

* France has a pool of resources and skills for vehicle recycling based
on the current activities processing c. 1.6 m vehicles per year and the
associated facilities, including:

- 1.6 k approved dismantlers
— 60 approved crushers
France also has the expertise to process parts and flakes (post-

Strong resources
available

and recycling rates to entry crushing) to be recycled into secondary materials (e.g.,
Derichebourg, Valeo), especially on plastics
L L
Manufacturing CAPEX Traction from French OEMs

I_ ________ A I_ ________ A
» The CAPEX needed is relatively high — as an example, for the sorting | : * Due to regulation (e.g., EU directive on ELV), French OEMs should | :
of the shredded carcass: | I have an important impact on the car recycling industry: | I
— The investment required ranges from EUR 80 m to EUR 120 m for a | | — They are increasingly being involved in the collection of the end-of- | |
typical plant sorting materials from 70 k to 100 k carcasses with c. | | life vehicles, providing additional supply of cars to be processed to | |
150 people : | dismantlers and crushers : |
— For plastic sorting only, CAPEX varies between EUR 15 m and EUR I Significant | - They are implanting closed-loop with recyclers or crushers (e.g., | Strong French |
20 m for the same volume handled and the process gathers c. 30 | investments | Stellantis and Galloo) to transform end-of-life vehicle materials and | opp\s activity |
people I : incorporate them into the manufacturing process of new cars I :
L L

Source: Expert interviews, Roland Berger
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e Attractiveness for France

Target crushing and sorting footprint in France should be made up of several large
regional sites, similarly to what exists today

Attractiveness for France - Industrial set-up

Plants - location & cost structure

Others 10%
Raw Materials
Labour cost 12%
Energy 30%

Equipment amortization

2023

Target manufacturing footprint

« Target footprint for the crushing and sorting activities for end-of-life
vehicles in France is expected to be:

- Relatively similar to the current network with large regional approved

facilities
« Sites will address mostly the French market but should also be able to @
receive end-of-life vehicles from other countries &
Rationale

* The target footprint should be similar to the existing crushing and sorting
network, with large regional sites across France - some adjustments are
expected to increase capacity and process efficiency:

— improvement of existing crushing sites with additional equipment (e.g.,
to improve the sorting process of plastic)

— the creation of new sites (e.g., Galloo is planning the opening of a new
crusher)

Sites are expected to mainly address the French market but could
operationally receive end-of-life vehicles from nearby countries i-f

Footprint of key players — main crushing sites"

1) Main sites referenced by ADEME

Source: Expert interviews, Roland Berger
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» Supported by its acquisition development strategy, Derichebourg has
developed a large network of approved crushing sites across France

« Gallo sites are mostly concentrated in the north of France
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e Attractiveness for France

For plastics only, the evolution of the crushing and sorting process could create
around 350 jobs in Europe

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

Direct Employment [# FTEs]

Jobs in 2023 and in 2035
in Europe [#FTEs]

2023 2035

Hypotheses:

Job creation between 2023
and 2035 [#FTEs]

N =N

-@— Support to resilience of French economy

2023-2035 2023-2035

* ¢. 100% market share for EU manufacturing plants in 2035

* For France, additional teams required for large existing players to
improve the crushing and sorting process

Source: Expert interviews, Roland Berger

_________ A
| |

I
» Mastering the recycling process in the automotive industry will enable to generate a significant source of I :
secondary materials in France, strategic resources to have locally to match upcoming regulations | *‘ |

I
|  Strong impact :
L _ ]

T_G?

Yl Impact on Trade Balance —m———————————————7"————#¥#+#¥6¢+#"6¢77-—+ -
J I I
« End-of-life vehicle recycling should have a positive impact on the French trade balance: | I
— The main part of the production of recycled materials should be captured by French OEMs to reach the | |
regulation targets : A |
- However, strong potential to export if the secondary materials production is large enough | Potential impact :
L _ ]
Skill Level Assessment ~0————-——m—m-me--—-—"——""-—r-r—"—— -
| |
* High skilled labor is required in R&D (e.g., mechanical and chemical engineers) to improve process efficiency, | I
especially sorting I A |
 Experienced labor is also required to ensure safe collection of plastic to be recycled and efficient sorting in | I
the dedicated sites : Complex skills |
| development }

Roland Berger | 13



Roland \
Berger B



	Plastic recycling�Recyclage du plastique
	EU regulation to boost the demand for recycled plastics in the automotive market – As a result, additional resources to be needed among the recycling players
	The process for end-of-life vehicles could be improved, especially for plastics, to recycle more and to limit the "downcycling"
	Recycling rates are heterogenous depending on the materials – Plastics are used in a variety of components in a vehicle
	The next European Directive will require a partial closed-loop for plastics – As a result, recyclers should need additional resources to supply the OEMs
	Closed-loop recycled plastic market should grow at a c. +50% CAGR between 2023 and 2035
	Plastics to be recycled come from two different steps of the ELV process, i.e., during the dismantling and the crushing
	The ELV carcass is shredded and sorted in one of the c. 60 sites in France – Galloo and Derichebourg transform in-house some plastic flakes into secondary materials
	Newcomers could play a role in improving the recycling process of the automotive industry, supported by a clear roadmap and strong differentiation potential
	Chemical recycling will be more suitable for hard to recycle plastics despite high energy requirements – Gasification can recycle all types of plastics
	Technical barriers to entry and CAPEX are relatively high, but France can benefit from an existing skills network and strong OEM traction
	Target crushing and sorting footprint in France should be made up of several large regional sites, similarly to what exists today
	For plastics only, the evolution of the crushing and sorting process could create around 350 jobs in Europe
	Diapositive numéro 14

