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3 MAIN

(VR[S 111 milion people suppled
IN NUMBERS ?

97 million people connected
to wastewater systems

4,130 drinking water
production plants managed

3,506 wastewater treatment
plants managed

WASTE

46 million people provided
with collection services on
behalf of municipalities

61 million metric tons of
treated waste

533,759 business clients

823 waste processing
facilities operated

ENERGY
44 TWh produced

46,922 thermal installations
managed

680 heating and cooling
networks managed

2,716 industrial sites
managed

@veoua



A WORLD
LEADER
A STRONG

GEOGRAPHIC
AL PRESENCE

Close to 220 000

employees worldwide

58

countries on 5 continents

€42.9 bn

revenue

@veoua



DECARBONIZATION

Veolia designs solutions for
the climate that decarbonize
our lifestyles and production
methods and adapt them to

THE BENCHMARK the consequences of
COMPANY FOR climate disruption.

ECOLOGICAL
TRANSFORM
ATION

DEPOLLUTION

Water, soil, air... Veolia
offers a range of solutions
to treat all types of
pollution. The Group is a
recognized player in the
treatment of hazardous
waste and degraded soil,
and is a specialist in
indoor air quality.

ECONOMY &
REGENERATION OF
RESOURCES

Veolia invents green energy
systems, recovers waste in
the form of materials or
energy, and promotes the
recycling and reuse of
wastewater and plastics.

7 @veoua



Hazardous waste - regulatory definition

ALL TYPES OF WASTE

that, because of their composition or

properties, pose a danger to human
health and the environment.



Hazardous waste is diverse and heterogeneous

MULTIPLE MULTIPLE PHYSICAL APPEARANCE

MULTIPLE TYPES OF
RISKS SOURCES PACKAGING
Flammable Mechanics/Automotive Pill dispensers
Toxic Chemicals/Petrochemicals Tanks

Corrosive



Some examples

Laboratories

Acids and

Contaminat
ed soils

Hydro
carbons

Batteries




SARPI’'s Fundaments

OUR
MISSION

“To support
industrial and
territorial
development
through sustainable
risk management
of waste.”

OUR
JOB

“Treatment and
recovery of
hazardous waste
and polluted sites.”

OUR
MODEL

“A european
network of facilities
and services
integrating the entire
treatment and
recovery chain
including final
containment of
residual waste.”

OUR

COMMITMENTS

“Risk management
to ensure the safety
of all our
stakeholders.
Traceability,
non-dilution, and
decontamination of
the waste life cycle
to protect the
environment from
pollution.”

OUR
VALUES

“ Strong
environmental
convictions, a
sense of
responsibility, the
constant search for
performance, an
entrepreneurial
spirit, and social
conscience.”




Our core business: risk management

OUR SPECIFICITY,

CHARACTERISATION AND CONTROL TO
PREVENT:

(~/ Dangers to human health
@/ Industrial risks
@/ Environmental risks

10% of SARPI employees work
in our laboratories.



Our Commitments

Dilution is not a treatment.
SARPI does not mix waste
before delivering it to treatment
lines. All our facilities are
designed to accept and treat
waste with a high
concentration of pollutants.

All our treatment and recycling
processes include a step
consisting of separating,
isolating, and treating polluted
materials. If such a
decontamination stage was not
included in the recycling
process, pollutants would
accumulate in and be released
in products made from the
recycled material.

The traceability of the waste
that we process is guaranteed
at all times: our management
systems allow us to track
waste from collection to final
processing and provide our
clients with complete
transparency regarding the fate
of their waste.




Our model

4 ———

& 24
16 incineration lines [ hazardous waste
with energy recovery storage facilities

678 000 T/year
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1 022 000 T/year

°®e

&3@
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14 mineral
physico-chemical treatment recycling units: solvents,
units oils, hydrocarbons, metals,

batteries,...

~ 160 000 T/year
‘ i F
OO0

16 land management /
treatment sites

)
29 processing units
physico-chemical biological

~ 2 500 000 T/year

47 pis grouping transit

sorting platforms
L4

Network of Remediation
agencies in Europe



Treatment and Recycling Mineral waste Decontamination
recovery (cooking and black oils) Remediation

2 600 employees 300 employees 300 employees 600 employees
9 countries France France 6 countries
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Before Regulation... Waste is not Waste...

AL
A A o® — O ®
Primary - Goods

Materials ¢ ¢

} o0

Discharge

Residues discharge in
the Environment
(Liquids, Solids, with or
without Toxicity)

Economical interest in
recycling.

Residues from recycling
in the Environment
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Waste definition - French regulation

Code de I'Environnement Livre V

Articles L541-1.-l :« Tout résidu d 'un processus de production, de

transformation ou d’utilisation, toute substance, matériau, produit ou

plus généralement tout bien meuble abandonné ou que son détenteur
destine a 'abandon »

Notion de déchet indépendante du caractéere valorisable ou non et de sa valeur
économique

L'« abandon » de déchets n ‘exonérent pas le producteur de sa responsabilité vis a
vis de | "élimination de ce dernier

21



articles L5412 € Joute personne qui produit ou détient des déchets, dans des
conditions de nature a produire des effets nocifs sur le sol, la flore et la
faune, a dégrader les sites ou les paysages, a polluer l'air ou les eaux, a
engendrer des bruits et des odeurs et d'une facon plus générale a porter
atteinte a la santé de 'homme et a I'environnement, est tenue d'en assurer
ou d’en faire assurer I'élimination conformément aux dispositions de la
présente loi, dans des conditions propres a éviter lesdits effets. »

Notion d’élimination : collecte, transport, stockage, tri et traitement afin de réduire
la nocivité du déchet




Waste taxonomy - Origin & Risks

Inert Wastes

Waste with no physical,
chemical or biological
evolution, and with very
low pollutant impact

Construction debris, rubble,
tiles...




/ Waste Framework Directive \

Hazard Property (HP)

HAZARDS Classifications

/ CLP Regulation \

Hazard Pictograms

e

ADR Regulation \

Hazard Class Pictograms

HP6 Acute Toxicity

HP7 Carcinogenic

Acute Health Hazard

WASTES SUBSTANCES DANGEROUS GOODS
| HP1Explosive llelie
HP2 Oxidising Oxidising
HP3 Flammable Flammable &
HP4 Irritant v
HP5 Spec. Toxicity Acute Toxiciy

\N\ HP8 Corrosive /

/

Corrosive /




/ Waste Framework Directive \

Hazard Property (HP)
WASTES

HAZARDS Classifications

/ CLP Regulation

Hazard Pictograms

SUBSTANCES

N

e

ADR Regulation

Hazard Class Pictograms

DANGEROUS GOODS

N

HP9 Infectious

HP1 0 Toxic for reproduction

Acute Health Hazard

HP11 Mutagenic

HP12 Release an acute toxic gas

HP13 Sensitising

Health Hazard

HP14 Ecotoxic

Hazardous to
Environment

\M\ HP15 Waste with HP /

WS

/




Not only Labels... Codifications too

EU Decision 2000/532/EC1

European Waste Codes
(839 codes)

4 20 chapters Chap. 01-12 & 17-19 : Origin )
111 Themes Chap. 13-15 : Nature
839 Codes Chap. 16 : Specific
(404 Haz) Chap. 20 : Household

-
f 070301 * \

07 : Wastes From Organic Chemical Processes
07 03 : wastes from the manufacture, formulation, supply and
use (MFSU) of basic organic chemicals
07 03 01 : organic halogenated solvents, washing liquids and
mother liquors

\ * hazardous substances /

Classification of Waste for statistics studies purpose - Not linked
with Chemical properties or Hazards

ADR Regulation

UN Codes
(~3600 codes)

ﬁ-Single entries for well-defined substances or articles \
Example : UN1090 Acetone

2- Generic entries for well-defined groups of substances or
articles

Example : UN1133 ADHESIVES containing flammable liquids;
UN1263 PAINT

3- Specific entries not otherwise specified (N.0.S.) covering
a group of substances or articles of a particular chemical or
technical nature

Example : UN 1987 ALCOHOLS, N.O.S.; UN 1224, KETONES,
LIQUID, N.O.S

4- Generic entries not otherwise specified (N.0.S.) covering
a group of substances or articles meeting the criteria of one
or more classes or divisions

Example : UN 1993 FLAMMABLE LIQUIDS, N.O.S.; UN 1992,
FLAMMABLE LIQUID, TOXIC, N.O.S




Not only Labels... Codifications too

K / physica| Hazards \ /H225 Highly flammable liquid and vapour \\
H

226 Flammable liquid and vapour
H227 Combustible liquid

H301 Toxic if swallowed
Health Hazards H301+H311 Toxic if swallowed or in contact with skin
Hazard H301+H311+H331 Toxic if swallowed, in contact with skin or if inhaled

H

— . H400 Very toxic to aquatic life
phrases Environmental Hazards H401 Toxic to aquatic life
H402 Harmful to aquatic life

EUH202 Cyanoacrylate. Danger. Bonds skin and eyes in seconds. Keep out of the reach of children.

EU Speciﬁc hazards EUH203  Contains chromium(VI). May produce an allergic reaction.
\ / QJHZM Contains isocyanates. May produce an allergic reaction.

_/

AN

CLP Regulation / GHS
H & P Phrases

( \ General \ ﬂ 01 If medical advice is needed, have product container or label at hand.
P102 Keep out of reach of children.
Prevention P221: Take any precaution to avoid mixing with combustibles.
Precautionary P222 Do not allow contact with air.
statements Response P302+P334 IF ON SKIN: Immerse in cool water or wrap in wet bandages.
P P302+P350 IF ON SKIN: Gently wash with soap and water.
phrases Storage P405 Store locked up.
P406 Store in a corrosive resistant/... container with a resistant inner liner

Disposal P501: Dispose of contents/container to ...
\27 K j Q‘SOZ: Refer to manufacturer or supplier for information on recovery or recycling J




Substances of Concern - Substances préoccupantes

Registration, Evaluation, Authorisation and Restriction of Chemicals

Under REACH, a substance means a chemical element Substance of Very High Concern (SHVC) REACH

and its compounds in the natural state or obtained by any Carcinogenic Mutagenic Reprotoxic (CMR) Substance CLP

manufacturing process, including any additive necessary Substance of Concern (SoC) BPR

to preserve its stability and any impurity deriving from the Endocrine Disruptor... css

process used, but excluding any solvent which may be Persistant Organic Pollutant POP Regulation

separated without affecting the stability of the substance N Y
or changing its composition. e
“Well defined substances”: substances with a defined here . -product
qualitative and quantitative composition. Substances of Concern . -wastes
“UVCB substances”: substances of Unknown or Variable SoC . -goods
composition, Complex reaction products or Biological )

materials.

CLP : Classification Labelling Packaging of substances and mixtures
BPR : Biocidal Product Regulation
CSS : Chemicals Strategy for Sustainability

28



Waste Management

“Linear economy”




Waste disposal : Volume reduction / Toxicity control

Production
Plant

Regulation

b [t
b [t
L

£ L6

Primary
Materials J'
f Water  Air
Residues
Recycling :
Plant
. _Reuse S
Discharge

30



Before anything : Analysis & Tracking

1- Pre-acceptance procedure

Waste : '4 - . , Pre-Acggptance |
: - Certificate

Identification
Form

<A 4 steps process with the Lab in the center



Before anything : Analysis & Tracking

2- Scheduling & Entrance control

————————————————————————————————————————————————

————————————————————————

________________________________________________

Schedullng taking into i ! Checklng of the ! i Unloading |

: account : | i regulatory documents : | . - Safety |

: ! ! ! Conform with L !
- Waste stock i '~ ADR ; Pre-Acceptance

- Production program | - Waste tracking form

E- Safety i i Pre-Acceptance i L

i i : : No ' - Price change

| : . i - to another plant

32- - - -



Waste Analysis &

Tracking

Verification Contréle du niveau
desdocuments 4o o diaotivité artificielle
SckninAretits a l'aide de nos portiques

et controle visuel du chargement

Prise des
y  échantillons

Refus d'admission
administratif

Analyse du déchet
en laboratoire interne

Refus d'admission
pour conditionnement
non conforme »

33



Waste disposal at a glance

& &
o] [1]0] [ : o] [1]0] [
Inorganic Organic

2] Non-Soluble Non=SolubleN( -,
Inorganic Organic

ﬂ

Water A|r

- Solid Solid
Effluent
_ Em|SS|ons
~ Solid




BOX A BOUES

Waste disposal
Landfill .

pulvérulents
BROYEUR

INPUTS

Energy (-)

STOCKAGE
EN ALVEOLE
DE DECHETS DANGEREUX
Chemicals (+)
Water (-)
Space (++)
HR (-)

1. TRANSFERT DES
DECHETS EN USINE

< DE STABILISATION
Analla):e d!u fiec!\:t 'ﬂéANSFER’I‘ DES ¢
en laboratoire interne DECHETS STABILISES
p A > EN ALVEOLE DE
STOCKAGE
En fonction des résultats
d'analyses’, et des éléments
fournis au préalable,
détermination de l'orientation 2. TRANSFERT DES
des déchets (1, 2 ou 3) DECHETS EN ALVEOLE

‘ ' \ DE STOCKAGE
4

3. REFUS D’ADMISSION
(refus d'analyses)



Waste disposal : Landfill

N° DESCRIPTION

Fossé de ceinture pour les eaux pluviales

Puit de captage et controle des lixiviats
Couvert végétal

Terre végétale

1

2

3

4

5 Couche drainante
6 Géomembrane de couverture
7  Argile de couverture

8

Géomembrane (bleu) en flanc et géocomposite
de drainage

9 Matériaux drainants

10 Géomembrane de fond (noir) et géotextile
anti-poingonnant (barriére active)

11  Matériaux argileux (barriere passive)

36









Waste Disposal : Incineration

Inorganic
ollutants
P o |



Incineration process at a glance

CO2 + H20 + N2
Storage Flue Gas Treatment
& o
@ Feeding @ so2
T p’ (e | 3 & c-°
-y / ‘ E © CEMS
Continuous
Emisssion
Monitorig
i @ **
” | L W H
\ A
| &)
. U

\\\\\\

Bottom Ash ;-

@ 0,0 Heat
Oxidation Recover
- J d

<

~25% of input
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Physico-Chemical Organic Treatment + Biology

PCO Evapo Biological oxidation
(chemicals) (energy) Low energy
Phqse. ® Biological Liquid output -~
separation Treatment ;
sludges concentrate I €
10% TOC ;
Environment

10% Q Industrial water recycling

90% TOC
output

Thermal oxidation

Q : Quantity (m3/h or T/y)

TOC : Total Organic Carbon
43 High energy



INPUTS

PCO+Bio process at a glance

HR

. centrifuge Incineration
analysis  storage @
@ -4 - 08|
& -
Control &
Polishing Discharge

Organic Chemical-Physical activated

carbqn filter

»

i3

AL
o

—
» J
deoiler coag floc daf
biological . discharge
Evapo , reactor ¥ 9
. '+ buffer
__________________________________ |__nanofiltration [} |
i 63
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INPUTS

Physico-Chemical Inorganic (PCI) chaeti o

HR

analysis  storage ; analysis @

Landfill

- &

discharge

reactors i buffer

CrVI reduction
CN Oxydation
Metals precipitation

Control &
46 Discharge






Substances of Concern,

Chemicals
& Circular Economy




The Situation : The Planetary Boundaries Model

9 segments Currently, Over-focused on Climate Change
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® Impact of Chemicals on all the Segments
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CLIMATE CHANGE

BIOSPHERE
INTEGRITY
DEPLETION
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CHANGE
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ACIDIFICATION o Tl
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.
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Chemicals, Hazard and Risks : some figures

Quantities Hazards Impregnation
T Ve g

50x  3x | - Ve N O )
O 2% 21485 [gge

since 1950 by 2050

million tons million tons
\ j \ j of the global

\ Production of Haz Production of Haz population is
Chemicals to Chemic I to contaminated with

+79% | ot ) W ) ™)

Plastics production
between 2000 and
2015

\ )




The Chemical Iceberg & The Initiatives

ey | Increased Awareness of Hazards

on the market

and Exposures to Chemicals

~ 500 chemicals
extensively chacacterised for
helr hazards and sxposures

- 10 000 chemicals
Tairly well characterised for
u subset of their hazerds and sxposures

Various Initiatives over time

~ 22 600 chemicals

with a use over ~ 20 000 chemicals
with limited characterisation for
Ttonne perysar their hazards and exposures

1990's 2000's 2020's
Responsible Care OECD EU Green Deal
Sustainable Chemistry Chemical Strategy for

5 Sustainability
s ! OECD "Sustainable =
Chemistry” a999)
BESTONSIBLE CARE® *

1. Use of Alternative Feedstocks
2. Use of Innocuous Reagents

Green chemistry 3. Employing Natural Processes

~ 4 700 chemicals 12 princi 4. Use of Alternative Solvent

- pr|nc|p|es . Use of Alternative Solvents

With a use over 70:00 l:hell'lltalsM 5. Design of Safer Chemicals Toxic free 2030
100 tonnes per year PRSLT S N Y M 2 ; " i oxiciree
TRaey peey their hazards and exposurées 6. Developing Alternative Reaction
prioritised in Conditions
hazard characterisation 7. Minimizing Energy Consumption Investors Initiative on

and evaluation

‘» OECD Hazardous Chemicals

ChemSec SinList




EU Green Deal & “Zero Pollution” strategy

GREEN DEAL : TRANSFORMING OUR ECONOMY AND SOCIETIES

2> Transports

> Green industrial revolution The Green Deal Industrial Plan
= Energy SyStem — 1 1. Predictable and simplified regulatory environment
> Buildings 3

2 Nature, Biodiversity 4. Open trade for resilient supply chains

Net-Zero Industry Act

{]Critical Raw Materials Act

Reform of the electricity

Market design
Setting clear priorities for action
Building European capacities The recycling of raw materials must be promoted and a strong

L Improving resilience secondary market enabled. This will be achieved by encouraging
Investing in research, innovation and skills the recovery of critical raw materials from extractive waste
Promoting a more sustainable and circular raw materials economy [} facilities and increasing efforts to mitigate adverse impacts with
respect to labour rights, human rights and environmental

protection. Certification schemes to increase the sustainability of
52 critical raw materials on the EU market must also be recognised.



EU Green Deal & “Zero Pollution” strategy

TOWARDS A TOXIC-FREE ENVIRONMENT: A NEW LONG-TERM VISION FOR EU CHEMICALS POLICY

53

Protect health and
the environment

Use of safe chemicals while preventing harm  to
humans and the environment by avoiding
substances of concem for non essential uses

Encourage innovation

Promote the development of safe and sustainable
chemicais and materials, clean production processes
and technologies, innovative tools for testing and risk
assessments

Minmise exposure of humans and environment to
substances hazardous to heoith and the
environment, through risk management measures
and full information to users of chemicals

Eliminate as far as possible substances of concem

in waste and secondary raw material and restore
human health and environment to a good quality
status

Promote modem and smart production processes,
safe and sustanable uses and business models,
chemicals as a service, IT solutions for tracking of
chemicals

Promote safe and dlean recycling solutions including
chemical recydling, waste management technologies,
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EU Green Deal & “Zero Pollution” strategy

EU Communication on Chemical Strategy for sustainability toward a Toxic Free environment

Safe & Sustainable-by-Design
Substitution of Substances of Concerns

Bio-based Chemicals

Drive and Reward regulatory tools

Non-toxic material cycles

Adequate information on Chemical content of Products
SoC in products and recycled materials minimised
Derogations to REACH remain exceptional

Innovation to decontaminate

Innovative industrial production

Energy efficiency
Chemicals as a service
Re-skilling and up-skilling

Strengthening EU’s open strategy autonomy

Strategic dependencies
Strategic value chains
Strategic foresight on chemicals

EU Chemical legislation

Coordinate and simplify
CLP central piece

Protection against most harmful chemicals

Generic approach to risk management : no SoC in consumer products
Regulation on group of chemicals

Childcare articles

Criteria for essential use

Protection of workers at the same level of that of consumers

Endocrine disruptors

Ban in consumer’s product
Workers' protection
Hazard identification and information

Chemical mixtures

Mixture assessment
Combination effects regulation

Chemical pollution in Natural environment

Endocrine disruptors, POP’s — SVHC
Decontamination solutions

PFAS

Ban all PFAS (except essential use)
Innovate for PFAS decontamination



The Chemical Transition

Human development and resource conservation

e  Avoid marketing dangerous substances, simplify the transformation, the formula SUFFICIENCY
design of products and. processes _ _ _ DURABILITY

° Favor a culture of maintenance as a first course of sustainable action

e  Focus on the essentials and address the essential needs of the global population ESSENTIAL

~

J

Ensuring access to a clean, healthy and sustainable environment

Phase-out the dangerous chemicals unless they have essential uses.
Toxic free environment by 2030

Ban of most dangerous families of chemicals

Preventive impact assessment / Treatability / Circularity

Track the life cycle of chemicals substances J

N\

J

[ Promote dialogue by creating a common language based on science

55



SPC Model : help structuring the Chemical Transition

SPC MOd.l, from l'l‘lll‘lll'lg to l‘l‘llﬂll‘lg * Avoid the use of concerning substances
The model for Chemicals Change for humankind and ecosystems.

« Taking stock of the negative, positive,
O chemicals
% 4 Supply

and avoided impacts of chemicals.

v Chemisiry thal we
design, extract
transform, use

« Defining the scientific, economic, social,
and environmental stakes at each stage,
including the role of Chemical Transition in
respecting planetary limits.

+ Mapping the existing frameworks,
regulations, and solutions, or those
currently being explored by various
players, and analyze their advantages and
limitations.

« Identifying all the players involved at

; 0% o : :

chemicals each stage of the chemical cycle (miners,

dePollution (. 3 chemists, plants, manufacturers,

' contractors, consumers).
! « Co-constructing comprehensive

indicators and impact criteria for the
Chemical Transition.

and decarbonize

1= ] ¥ "= RS 0 . ll.'; "
HEAEOD BRI EEAE
56 — — —— — —

cH L



Waste Management

“Circular economy”




Waste recycling : Circularity & SoC

‘ “Circularity of Materials, not of SoC !” \

Production

). @ .| *% Pl
- - Regulation
)- Q-
-
Primary
Materials ¢
Water  Air
|
1 Residues
Recyclibg “
Plan
1 . l Waste S
| Recycling .
| Dlspoga_l_
! I

Emissi Values
@ : . ! : Discharge

No SoC 1 SoC

58



Waste recycling : Circularity & SoC

‘ “Dilution is not a Solution” \ ﬁ[;’ft”?w"
-0 =)

e

- Production
(2] .

_cg T Primary Plant A !
c S Materials -> e
S £ . o+ Goods +
Q
h =

%SoC << ELV ReS|dues

‘ “Recycling” ® +

+ Plant I

< Recycling <

T ! + Traceability !

. am ..
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Case study : Brominated plastics

PLASTIC —

Flame
retardant

Other plastics

Trace of Bromine into
the plastic cooking
tools



Case study : Brominated plastics

PLASTIC —

Flame
retardant

|dentify / Track SoC
Phase-out to Disposal

Other plastics




Case study : Brominated plastics

— PLASTIC —

|dentify / Track SoC
Phase-out to Closed loop

Flame
retardant

Other plastics




Waste recycling : Circularity & SoC

/ TRACEABILITY\

Transparency on
production chains

Analysis methods

Control

& )

63

will enable to put in place

appropriate recycling loops
(closed loops, controlled

/" “ECODESIGN"
Disassembly plan
Digital passport on
Chemicals, Energy,

Resource

Electronic /

Chemical “marking”

U )




The Tricky Triangle of Recycling

Secondary raw material with acceptable
value on the market

Process with

Waste with
. not to much space,
not too complex matrix, enerav. chemical
sufficient % of 9y, )
. consumptions
recoverable material .
enough recovery ratio

64



Waste Recycling

Case Studies




Waste recycling : some examples in HazWastes

-, Batteries recycling (EURODIEUZE)

-~ Fluorescence tubes recycling (Limay)

-~ Solvents regeneration (SPR)

-~ Nickel / Zn valorisation (Cedilor)

> Motor Oil recycling (Osilub)

> Used Cooking Oil (UCO) recycling (Dielix)
- Plastic recycling (Veolia / SPUR)

66



Batteries Reeyclin




Batteries recycling

l ~

s
o [

Household

Collectors /:r"
1

J

~

Collection

68

Extended Producer Responsibility
organisms (Screlec, Corepile)

Recycling centers

source : Corepile 2021

1
|
I

192%
PILES LITHIUM
19.35% ET BOUTON
ACCUMULATELRS :
NIOKEL-METAL HYDRURE 132%
- NICKEL-CADMIUM AUTRES
- LITHUM-ION /,/4 B DECHETS,
PLOMB & INTRIABLES
4
4
i
i
i)
q TiAt%
“\s_-, - [P ALCALINES
N SAUNES
< = SPECIALES
S ET+70M
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v
4
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Batteries recycling

Flow sketch Energy valorisation
Papers &
Non sorted Plastics
Batteries
~ i
Sorting by Alkaline & Shredding &
categories Saline Sieving
Batteries —~
85% Material valorisation

Lithium button

. * Lithium ~  (Foundery) .

Zinc

__, Iron
Mercury button (Steel industry)
NiCd / NiMH Metal powder

—»  (hydrometallurgy) ‘

SARPI () VEOUIA




Batteries recycling




Batteries recycling

STEP N°2 - STEP N°3
. Manganese precipitation
=

STEP N°1 -
Metal extraction - Zinc precipitation
®
- (3]
113 LL] . ‘=
Black Mass : Dissolution chemical E
O~

Metal-rich residues

Zn & Mn solution

Mn solution

Zn-rich product (Zn(OH)2
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 8 Back to metal production
- Mn-rich product (MnCO3) :> %ﬁa‘?ﬁ;
e

Solid residue

71






Batteries recycling : Hg specific case

mercury-vapour lamps

Ve

thermometers

Silter of amalgam

-® =

activated carbon

button cells

= 300 t/an of Hg containing wastes
= 3 distillation kilns
= Production of Hg with a 99,9999% ——

73



Stabilisation of Hg

METALLIC STABILISATION
MERCURY (Hg) REAGENT (S)

ACTIVATED CARBON FILTER

FILTER PRESS

REACTORS
FILTER CAKE HgS ‘

7

N

CHIMNEY

=

Cinnabar
HgS
Mercury
Sulfide






Case study : Zn / Ni recovery

- Step 1 : Zinc absorption on an lonic exchange resin
an"qu +2 Cl'mI + Cl — ZnCl

résine 3 resin Zn on the resine

Ni2+“q +2Cly, + CI . = NIiCL, + CI' i Ni not fixed by the resin — passthrough

- Step 2 : Zinc elution
ZnCl S + H20 —2ZnCl. . +Cl

3 résine 2liq “resin Zn is eluted and back in solution

- Step 3 : The 2 separated metallic solution are precipitated separately

14

—+—HNiEB

12 Nickel
'\ —a— InE5

Hydroxyde

| Zinc
Hydroxyde

(=T SR A
/
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Case Study : Electrical Vehicle Batteries

EV Batteries \ Ores Metallic Sulfates Cathodes Cells/Modules/Batteries Vehicles
in a nutshell (Mining activities) Battery quality Precursors Production Production
LD Q> €
e From 300 kg to more than ’ 9

1000 kg per battery

Transport

depending on vehicles
e From 15 kW to 100 kW o E
power . al|le
e CMR containing EV batteries Usage 9 g End of Life
e Flammable solvents Extraction/ o|@ Batteries
e Different technologies and . g . ~
compositions : Purification N 2~ ___ 7
o NMC : Nickel, Manganese, Customers / # I
Cobalt ; |
o LCO: Lithium, Cobalt, Partnershlps > N |
Oxide 1 |
o LIP: Lithium, Iron, Cedilor + EDI i
Phosphate Composition moyenne d’une batterie lithium Véhi : COIIeCtlon :
[ J

. . 4,1%
Casing 30 % Cinso 16 %

Catalyser / other
St usages (batteries,
Solvant 8 % electrolyse....)

7,7%




A new industrial way for batteries recycling

- EDI - FR 57 Dieuze ) — CEDILOR - FR 57 Amnéville )

(Dedicated site for Batteries recycling) (Multi-recycling site)

25 years operation on batteries recycling 50 years operation on hazardous waste treatment and recycling

“8 000 t/an” all technologies (Alcaline, NiCd, LiP, Li-ion...) Ni/Zn recycling

Mechanical processes (sorting, shredding, seiving) Re-Vision project (2024) : chemical processes on EV Batteries
Chemical processes (Ni/Cd batteries recycling) blackmass
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Mechanical 1 : EV Battery dismantling

2

Electrical discharge Dismantling of cables, casing, cooling system, insulation... (~ Modules extraction
(70 %)

W Vil
s i B




4 5

Wet shredding Mechanical separation of shredding material
with solvent electrolyte extraction

» Electrolyte solvents
-7 10 %

(NI

ainin,

Polymer membrane
15 %




Re-Vision : Hydrometallurgy on the Batteries’Metals

Leachate solutions containing the metals

Production (Cobalt, Nickel, Lithium, Copper,...)

Yeraly capacit 00
7 005 tons :f Ni salts : 2100 t 1,5 ton de 009, _ _ L
- Co salts : 840 t CO, avoided per Nickel Hydroxide Cobalt Lithium
ackmass Li salts : 2200 t recycled battery H Ni(OH), Hydroxide Carbonate
k Co(OH), Li,CO,
Cu<0,01%
Al<0,01% Cu<0,01%

\F‘ Co<02% Al <0,01 %

Fe <0,01 % Ni<12%
Fe <0,01 %







83

Fluorescence tubes recycling : story of a failure

Cleaning of off-gasses

¥4

Sorting
(Length, thickness)

Manual feeding

—

L
- ————]
@ Fluo powder blowing
Shredding of clean Recovery of ferrous

glass

and non-ferrous

Cutting of the glass
ends



#
#
#
#
#
#
#
#
#
#
#
#
#
#

Fluorescence tubes recycling : story of a failure

Initial project
Dismantling of tubes
Recovery of glass to new tube
glass production
Recovery of fluo powder (with
Hg) to new fluo powder
production
Recovery of ferrous and non
ferrous

Finally
No recovery of glass —
Demercurisation + Landfill
No recovery of fluo tube —
Demercurisation + Landfill
Recovery of ferrous and non
ferrous

— the plant has closed in 2018
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Solvent regeneration 7
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Solvent regeneration

Growth forecasted !

Carbon footprint (kt CO2 eq./yr)

0
Non-chlorinated ~ Chlorinated Mixed

e “Old” technology
e In place for more than 100 years
e In place on simple mixtures of
solvents and impurities
e Toll market (loop) /
e or Cascade market
e Will be boosted by CO2 regulations :
o Higher cost for the incineration of
used solvents
o Worth spending CAPEX & OPEX in Prossion
more complex distillation processes Groupe Hydraulique

Tankfarm Fluide caloporteu

IN

o . Fluide caloporteur
“Dirty” Solvents Mixtures P
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Figure 1 Annual carbon footprints of recycled and virgin solvents

Events

Température décroissante

Vapeurs

Vers stockage des
Solvants régénérés

Ballons de Collecte
des recettes

Tankfarm

“Clean” Solvent Mixtures
Clean individual Solvents
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-~ *Hydrocarbons recycling -
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Used motor oil regeneration

o/ - z f 3,5% DIESEL
1% DISTILLATS LEGERS 4 % DIESEL/GLYCOL DECANTEUR

MiIX
POINT ECLAIR SIMILAIRE

8% EAUX SOUILLEES

HAUTE DCO & GLYCOL
INCINERATION S :’ 50% Huile de base Gr | - OSI 150
B 17% Huile de Base Gr | - OSI 100

INPUT
HUILES USAGEES

20% 0OSI1935
AGENT FLUXANT BITUME



Used Cooking Oil (UCO) to Biodiesel

VALORISATION EAU
Filidre recyclage des Esux

Fondoir /
Contrile Blodiesal

VALORISATION ENERGETIQUE
Sédiments organiques

m&h

Glycérine / sel
@: quccrlnn
C H COOCH h technigque
17" °31 PRODUILT DE SUBSTITUTION
89 FILIERE CHIMIE

(Station d'épuration)






Plastics : a few (scarry) figures...

Global Plastics Production
1250

By 2050, 20% of oil extracted could be
used to produce plastic

1000

. RAA A A AA By 2050, there could be more plastics
g 7 | % than fishes in the oceans
e 2D
2 500
=
[ )
250 - . More than 50% of produced plastic is
| w used only once
?950 1975 2000 2025 2050
Year 480 billion PET bottles have been sold in

2017

Less than 50% have been recycled

10% of total waste generated by Humans
is plastic
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Plastics : What ? What for ?

Distribution of European plastics converter demand

European plastics converter demand by polymer types in 2016 .
by segment in 2016 (pata for Eu28 + NO/cH)

Data for EU28 + NO/CH

ms%  193%  193%

6.7% 1.4%

)@
°
_@

@
_@

HOUSEHOLD
LEISURE
& SPORTS
AGRICULTURE
ineerin
edical etc

Includes appliances,

PACKAGING
BUILDING
CONSTRUCTIO!
AUTOMOTIVE

furniture, m

mechanical e

g B O o .. ¢ screens'(PM

| MA);
m . A ity 23 cable coating in
= 5 T telecommunications

glass Bottles for water, Buildin, Window frames, Toys, (PE-HD, PEMD),  Reusable bags, Food packagin
fﬂmes. plastlc soft drinks, msuhtlogn. profiles, floor oysmll bottles, trays andp sweetp:nd ga ,t(:,rff).,.‘f,;s";,"{g
Jjuices, pillows and and wall covemlg. shampoo bottles, containers, wrappers, hinged  medical implants,
f cleaners, etc. mattresses, cable pipes, houseware u:ultural film , mi surgical devices,
buil mg msu u;_‘s’ulatmgfoams msulatnm. ganien (PE-HD), etc. LD), food proof iners,  membranes, valves

r fridges, etc. ngfilm  pi ive & seals, protective
pools etL Lﬁ) parts, bank notes, coatlrrgs,etc

Source: i Market ip (PEMRG) and C io Market & Strategy GmbH Research Group (f
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Plastic recycling at a glance

Plastics lif i .
S0 becomings

SoC = additives (Lead stearates...)

Product Energy recovery : atm pollutants (Metals,
W HCI, HF, PFAS...) — Flue Gas Treatment —
Landfill

Mechanical recycling
Impregnation in resins — risk of “looping
the SoC”

; \ Analysis / Control / Decontamination /
Gty [ Closed loops

Feedstock

Chemical

- Chemical recycling : under development

Post-use




Mechanical vs Chemical Plastic recycling

Petrochemical industry Converters Manufacturers
0 Use Dirtyand
" unsorted
*olimerization Compounding® a _—' Oﬂ waste
Fossil oil Monomers Polymers Polymers + addltlves
- * L’
.

plastics

@ &
) 4

Mechanica recycling
MECHANICAL
recycling processes

% Y@K Dissoiution @ &%
. 8% - S
o\ \°~:_ a2 Plastic-to-Plastic
ee0 o\ ELHESGEE ® Mechanical Plastic Xy &
LY ' > i
® g
_/

Plastic-to-Moncmers

® :
0 0 Thermal cracking W '%‘ CHEMICAL

Plastic-to-Oil recycling processes

S
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Plastics Mechanical recycling

Plastic material flows to different processing methods

Traditional waste processing

Cost + Tax
Supervised
landfill :
Revenue:
energy
Cost + Tax recovery
1
metric ton
f plasti -
: Veaiielc Competition
with raw
Revenue: plastic
Cost sale of
Cost Cost materials
Separated 8 | ooictics ; Logistics M pecyclin Plastic Market
collection & 6 YCINE my manufacturer distributor

Financed by extended
producer responsibility (EPR)

Consumer

Recycling

95

4 Pro’s )

C sink
SoC sink
Low energy

SoC disposal / sink
Energy recovery

Material recovery

= /

4 Con’s )

No Material recycling

No Material recycling
CO2 emissions

Logistic

Numerous steps
Numerous actors
Risk of losing trace
Risk of “Soc looping”

& J




Plastic Recycling today : can do better !

- Collected for recycling
Process

Losses

ﬂ Incineration

and/ or
P B
Recovery

ﬂ - " Landfilled Recycling rates 2015

o

1Closed-loop recycling: Recr:lin of plastics into the same or similar-quality application f ! v

2 Cascaded r%cyc ing:iecyc ing gf plgstks into other, lower-value app! ca('itgns s Leakage
™ ™l

Source: Project Mainstream anallsis - for details please refer to the extended version -

of the report available on the website of the Ellen MacArthur Foundation: www.ellenmacarthurfoundation.org
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Understanding Plastics Mechanical recycling

Converters/ Industrial
Moulders

Petrochemical

players Collection

. i o 2 5 * ‘\ L= »;
Hybrid . o o N pro(::::r:lent
plastic ,f oL 3 5

Extrusion/
Compounding

Additives

@ Quality analysis

== Veolia’s capability & expertise

Plastic recycling
97



http://www.youtube.com/watch?v=rYwBL_6hB2I
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Plastics recycling : what is produced ?

RESULTS OF
RECYCLING

There is also a very
wide scope for
plastics resulting
from mechanical
recycling

| PELLET

| COMPOUNDS

CONVERTERS
PRODUCTS

The resulting small, flat shaped pieces of
material created when plastic are grinded and
washed

A form of plastic created when washed flake is
extruded into a strand and chopped into
uniformly sized pieces.

Purpose: achieving higher bulk density than flake
with better feeding and conveying performance

Compounding is the best method for changing
and improving the characteristic of engineered
thermoplastics. The final compound product is a
blend of plastics and additives

Pellets (or Flakes) are converted into items such
as fibers, films, sheets, and rigid packaging
along with semidurable and durable goods



Understanding Plastics Chemical recycling

| PLASTIC

Low quality mix of polyolefins (not

FUTU RE U N D ER qualified for mechanical recycling) — \

stretch film, soiled or coloured
D EVE LO P M E N T polyolefins, agricultural film, potato chips
bag
CHEMICAL | PYROLYSIS
RECYCLING | VIRGIN-LIKE POLYMER 6 e
High quality plastics which can be ]

This upcycling processed in any application : trays,
technology offers teXtiIeS, ﬁImS, bottles
many opportunities.
Total complementarity
with mechanical
recycling | PYROLYSIS OIL

Can be turned into fuel or recycled plastic
through steam cracking and

polymerisation unit
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Plastic recycling at SARPI

Plastic Sorting Shredding /
(by resins) Granulation
Various resins Compounders
| granulate Tech plastics
Cleaning
(Water / Steam)
Phénix bucket

e  Granulate of PP

e  Transfer to compounder
(additives)

e  Transfer to a converter

e  Production of a specific bucket,
ADR compliant to feed SARPI
Incineration for Direct Feeding

Steam cleaning

100 Granulation process




SARPI () VEOUIA

Conclusion

Waste is complex (Regulation, Matrix, Actors...)

SoC are present and more and more pointed by Science, Regulation, Medias

More recycling, more circularity, YES, but with a higher control of SoC through
- Traceability
- Ecodesign

Many challenges for Chemistry to control existing SoC and design futur
“SoC-free” Chemicals




