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Circularity of EEE: legend or reality?

Current situation and Challenges

CHARBUILLET Carole
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What do you think?

C)O§ Circular Electronics

Vf’f" ‘
éé A- A legend?

B- A reality?

C- An achievable goal?
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Touch panel Components

In, Sn, Si, AL, K Ni, Pb, Sn, Au, Ag,
Pt, Rh, Cu, Ga, Ge,
Screen Si...
Eu, Th, Y, Gd,
Ce... Plastic Parts
Battery PP, ABS...
Li, AlL...

Mobile phone assembly
EXTRACTION AND PRODUCTION

)_/Ja™ \

- - . < ° ° e ?
(Source: France-Info- MANUFACTURING CIrCUIarlty das d SOIUtlon H
REUTERS/Jonny Hogg) RAW MATERIALS Component manufacturing , g

PACKAGING AND DISTRIBUTION

6,9% return of secondary
materials to the global
economy by 2024

23

Londfill

35

iy Recycling

Circle Economy. (2025). The circularity gap report 2025

Circularity level of EEE?

. sos
B - 25-50
- i-m +* Actinides A \ ; L Wo s x
(Towards Recycling Indicators based on EU flows and Raw Materials System Analysis data, JRC 2018) \ A rt s :;. iences ‘13 t
(Adapted from ICT4S conference, Parry, Charbuillet, Sannier)
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Recovery
~ Waste from Electrical and Electronic Equipments (WEEE) rate

Extended Producer Responsibility System (EPR) —87%
P Recovery
European Regulation (2002 rev 2019)

PROs (Eco-organisms)

Recyclin
e.g. The French organisation Reuse and Recycling - r:te :
Small devices and small IT devices (categories 5 and 6) 72%

0 20 40 60 80 100
Plastics Metals Metals distribution ® Regulation ® Small equipments
40 to
0,

30to b0k 80- 85% ferrousand (ADEME 2022- Rapport annuel EEE- Données 2021
50% no ferrous metals (Cu, mis en ligne 10/2023)

Al, Sn, Cr, Ni...)

0,5% Precious metals { Material Circularity Rate= 1%, just critical and precious metals |

(Au, Ag, Pt....) o . Materials

= RRey, epr system= 78,2% of recycled material | Recycling  regeneration
@ O—O—O—O— @1 @—® | wum
Ga, In, Ta) — Transport . AN T @ . J Plastics
End of life Collection Massification Clean-upand  shredding Sorting ‘\ \i RR=?
dismantling - "
Class, 15-20% Others (Co, RReotproduct™ 12% | ‘\* @ Energy recovery
Ceramics i
10to H) o ) - | Landfill
20% R. Horta Arduin
European e-waste extended producer responsibility - Waste Management, 84
(2019)
Why there is a difference? \ TP
y et Métiers

Source: Oeko-Institut, Ecolnfo et Sénat



First Challenge = Rate calculation

Extending perimeter
Material circularity

Material chain= Material production

WEEE chain=Product treatment or product circularity [ Materials Second cycle
( Recycling regeneration
= FM, NFM,
@—E— O — ) — ) — 9 — =--*
‘nd of life Collection  Massification  ansport Clean-upand  Shredding Sorting \
dismantling \
i "‘ Energy recovery
¥
Components Chain | ——
Electronic cards, battery, cables.......
material content efficiency of the final
per component recycling/regeneration

cov —

~ A\ &t Matiers

weight of e-waste generated



Why there is a difference?

Second Challenge=The calculation perimeter (Product/ material)-
Recycling vs Circularity definition

Current approach

Macroscopic

15.9%

-
.y

o~

E $

~

-

g o

) -
Mesoscopic 2 -

-
84.1%

Microscopic
New set of indicators W
G)\ il Critical raw materials

——

The screen recycling chain - from a product recycling rate of 55% to a material circularity rate of

17%. (Travaux de Thése Rachel Horta Arduin)
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Why is the circularity rate so low?

First Challenge=complex multi-material products with a focus only on
critical metals

The main
strategies studied
on literature

Strategy to encourage

@ N .o o L3 .o .o o
- Numerous publications on lithium, indium and
o ’
@ o o platinum.
Lifetime extension - Highlighting of materials of interest according to the
Review of critical metal dynamics to 2050 for 48 elements Takuma Wataria, Keisuke environmental importance of their app“cation

Nansaia,c, Kenichi Nakajimaa, Resources, Conservation & Recycling journal 2020
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Why is the circularity rate so low?

S g RO
D

2- Screens (CR

Temperatune
1- exchange
equipment

® ® ® ® ® @ ® ® ® ® ®
PE PP HIRPS ARS PPE+EE PC & P& PYiC PhibdA PUR POM BFR HIPS BFRABS EFR Othar
PC+ABRS EPONMY plastics

Wide variety of plastics
Need to consider them for a circularity of
EEE (recycling, design modification...) Arts Sinsess.

~ t Métier
(SOFIES EPR systems) © etiers



Second challenge=physical, chemical and environmental limits

Aluminsm

e .0 - i (it 20l iserals
Lack of knowledge about the 20 M,’ vt B—— Y Numerous sorting
performance of these processes P | ™ technologies
and their limitations g | iy psaved ™ e ra e & T Mainly float-sink, flotation

1.0 - m

Limitations: efficiency, purity,

l‘e
| T e material identification,
[ R&D ] IXT e — ’ degradation, diversity of
Fig. 3. The density ranging of waste plastics and associated materials (Gent et al., 2009; Baver et al, 2018). .
‘l‘ resins
[ Design ]——>[ Manufacturing Use End of life chains]

[ Collection ]—>[Dismantling]—)[ Shredding ]*@HRegeneration]

Lack of match between
treatment chain and design

Accessibility, Cost TRIT
Lack of confidence in RPM - y , Compatibility of
Compatibility and marking of materials
materials
In France, the recycling rate for EEE PM is around 12% | \ étrf\ilét{e;rs

(ADEME +Plastics Europe + SRP)



Third challenge= a complex organisation to obtain regenerated material
the lack of knowledge of the end of the chain, the lack of cooperation

Materials
Recycling regeneration
Y
@D — @& —O— ) — @ — ) —
End of life Collection  Massification  ansport Clean-upand  Shredding Sorting \
dismantling \
"‘ Energy recovery
} _
| Landfill
caumen
Collection » Massification » Clean-up Shredding Magn.etlc » Purification |— Met.al e
/\ Sorting making
Dismantling Fluores.cence
30”{ Eddy Current | Purification [—{ Refining [ » )
Shredding Pyrometallurgy Incineration @ -
Landfill Qi ;
Eddy  |[Tre . Float.smk : Flota'tlon [ Washing (| Extrusion
Current | Landfill ! sorting sorting
Refining —
Incineration
Purification T FeO><TI> Landfill
\ Arts o0
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Refining How can we improve the circularity of EEE?
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La Chaire Recherche ' Enseignement Documentation et

Valorisation

The Urban Mines Chair

Research program funded by
ecosystem

Towards more circular EEE
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! > | ) ecosystem

Develop the circular economy for EEE

Chimie Paris

» Integrate circularity issues (materials, ey | PS|L % Mf%C'cI‘C'ef C:STIPfotige_f
environment, channels) right from the design e ecene de la chaire
stage

» Encourage exchanges between producers and Critical materials ;j

\ operators / MINES
P(“ l"-\TeCh
e Behaviour and change
\ Arts 20000
_— = et Metlers
Expected results - Polymers:

ce et infographie c4 N

- Circular economy and integration of RPM = i )@
- Design for a 5R strategy centred on reuse l > M
and repair

» Tools that can be used by operators
» Development of efficient treatment solutions

» Design indicators enabling real circularity on the
first and second cycle
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Tools for greater collaboration and more circularity

Tool for Low

TRL processes

A tool for a design that takes circularity

atrice Matrice B . e
-t into account
TRL1 TRL2 > TRL3 > TRLS TRLS > TRLG Indexes Retreivability index I, ;.. Re-integrability index I,..;,,;

Eii’lﬁvame ESQCV semi- AV Treatment Material Material | Environmental Material

quantitative Indicators | pismantlability | Separability availability | Recyclability | availability | purity impact traceability
[ R&D ] D S Dt Rmat D m TP Ienv Trac
l/ \‘ scovmn N
[ Design I—->| Manufacturing |->| Use |—>| End of |If6] Sorting technologies guide

[Collection HShreddingHSorting]—>[ Regeneration ]

\_//"
MICRO

MFiRhf_: """" ~
U — - T . ~ \\

i RPM Sheet Degradation Index R X1

e i MF c N ~ \\
Hmerdn e '\ \ \
S 5. -.3%
s :: = o M’C Mw
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Communication tools created in collaboration with stakeholders
Sorting technologies guide (28 Sheets) Recycled Material Sheet (76 parameters)

Need: Identify technological gaps and provide support for Goal: To facilitate the exchange of information on the
decision-making on the choice of technologies to be developed characteristics of a RPM Workshops with regenerators (10
Workshops between producers and operators participants), plastics manufacturers and EEE producers

@ Nom du procédé de tri

(15 participants)

Eamill Fomille de procéda (voie séche, humide, optique..) /
mille et type de séparatfion
/
! /
Type Type danalyse et de reconnaissance
& /
%
Niveou da matuité de la technologie. /
'8 :'m" L . Précision du TR: Technology Readiness Level ou niveau de maturite
g DEpSTac technologique 7
E /
g II:osc::;:"l::;:gc:: Présentation synthetique du procéda
S %
(%]
S /
Q Rendement  D29r¢ 0@ pureté du matérau ciblé en sorie
N\ de procédd
< %
Q
N3] . ) -
E Capacité Débit moyen du procédé
g Caractéristiques /
S techniques
> Nature Cahier des charges requis pour la froction entrant dans
o] de l'entrant le procaédé afin que le fri soit optimal %
3]
3
S Plastiques Typologie de plastiques qu'il est possible dobtenir /
LD obtenus en sortie
*
Impact environnemental du procéde
% or ppm
Avontages / Béndfices de la technologie vis-&-vis du tri
© Forces des plastiques de DEEE % :
R Sciences et
~ w= ww lechnologies
° Falblesses Freins identifiés de la technologie vis-a-vis du ti des plostiques . Ve -
ae DEEE Sheet in open access - et Métiers

(Bernard, 2023) (Neve, 2024) (Neve, 2024)



Tool for a design that considers the circularity of plastics used in EEE

Indexes Retreivability index I, Re-integrability index I,.,,,;
Treatment aterial Matecial | Environmental Material
. . . . . oge oge . oge urit . one
Indicators Dismantlability | Separability availability ecyclability |\availability P impact traceability
D S \_D/ Rmat p Ienv Tmc
Retrievability rate Re-integrability rate
Indicat Sub-indicat Sub-indicators | Indicators
ndicators ub-indicators . Volume of the deposit | Material
Material Material compatibility RPMs can be reintegrated Volume of production | availability
separabilit Material hazard Into a new CVCIe Proportion of main material
P y Material contamination Polymer
Existence of | Existence of dismantling facilities contaminants Proportion of | Material

treatment . . .
. Existence of recycling facilities
facilities
Potential recycling rate
.. Material diversit
Recyclability Y

Collection rate for the EoL category
of the product

(Neve, 2024)

Particle ]
. contaminants
contaminants

Additives, fillers

A systemic vision of

Filtration level before extrusion

purity

circularity

Proportion of recycled material

Carbon savings

Raw material criticality

Geographic origin of the materials

ANV

Environmental
impact
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Strategy to encourage

Tools to encourage exchanges and cooperation between players
- Cooperation is essential for implementing circularity

- Knowledge of organizations for circularity

Regulation on waste 2018/851
Reduce

Reuse
Repair

Recycle

Ceschin et Gaziulusoy, 2020

Design for circularity

Specifications

Desjgn ]——)[ Manufacturing H Use J—>[End oflife]
[CollectionHShreddingHSorting]—>[ Regeneration ]

But

Defining the level of circularity of plastics and EEE
Taking into account the number of loops by integrating a prospective scenario

Outlooks
Development of tools and methods to choose sustainable circular

strategies for strategic materials , \\




Thank you for your
attention

Questions?
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