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»Why CEA: 70 years expertise in complex wastes
recycling

»Why Singapore: Need; speed in decision
making/policies; market size, ASEAN showcase
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m Develop Sorting, hydrometallurgy, separation, and “ iy 7
materials reuse processes for management of e-waste R o
from:

e Recycling of advanced lithium ion Batteries
* Recycling of Silicon Solar panels

* Recycling and recovery of valuable metals from
Printed circuit boards

* Recycling and treatment of e-plastic part.

CIRCULAR ECONOMY

saving resources, creating jobs

m Lab scale pilots (1-10 kg/h)
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E-Wastes a Problem?

O 53.6 Mt (Million Metric Tonnes) in 2019 (74.7 Mt by 2030) — Worldwide, Asia
(24.9 Mt), the Americas (13.1 Mt) and Europe (12Mt)?!

O Only 17.4% collected & properly recycled; Many metals < 1%
 Ewaste Management Market estimated at $50 Bn in 2020 (S145 Bn in 2028)2

J Environmental concern and
Global Warming Contributor

e

=~ 5300 Eiffel towers
B > s0%

B > 2s5-50%

>10-2%%
1-10%
.l <%

1 Global E-Waste Monitor 2020, UN
2 Allied Market Research 2020

* Lanthanides

** Actinides

Taux de recyclage de 60 éléments & partir de produits en fin de vie.
(UNEP - 2011 - Recycling rates of metals - Graedel et al.)
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How are WEEEs Recycled?

1) Physical Separation 2) Pyrometallurgy

E DES DECHETS ELECTRIQUES

» Metal Melting (requires
smelter)

02. GRINDING

@Fe 3) Hydrometallurgy
Metal dissolution (Lixiviation)

Purification (liquid-liquid

4 04. OPTICAL - '!%ﬁg%%m;'_ eXtraCtion)
M S ‘: . SORTING —TTE— -
(MS) k. . . , Cu/Al Metal recovery (Electrolysis)
&) " _apeeds AL .
“““ oy s 4) The additives problem
05. FLOTATION . g = .1‘ 06. FOUCAULT
(plastics) 5 000008 ) .CUREENT (Cu)
- = . 4 Y Carbon black
R - f. \/1) ‘ G
e . 4 - Flame retardants (Br, Sb)
LEGENDE o CARTES ELECTROMNOUES METAL NON FERREUX PLASTIOUES e
= Toxic Metals (Sb, Cd; expl [Pb]
© Ecologic, www.e-dechet.com/deee/recyclage-deee = 2% in some household
cables (Chun Miao et al., °
2022)
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The Many Challenges in e-Waste Recycling

-

 WEEEs Collection

* Dismantling / disassembly

* Sorting

* Metals recovery

* Process development & costs
* Process waste management
* Business models

ER -»
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What Challenges In Collection?

High variability in collection rates from country to country
(EU: 42.5%; Asia: 11.7% down to Africa: 0.9%).

e Large informal sector: capture value (intermediaries) and use
unregulated processes: Au => big waste / environment

(82.6% ewaste not recycled via official channels / 8% in trash => landfill or incinerated)

. .
* Consolidation
gold electronic waste X Q )
% ted
( 2 O 0 ex p O r e The precious metal recovery & refining plant is used to extract precious metals. Such as gold, silver, palladium from electronic waste precious metal chip

components. Payment Guarantee.

.
o S a fety ( L I B ) Metal Recovery form Waste Scrap Battery Recycling Waste tyre Recycle Plant Production Line

https://www.hnrenewable.com/precious-metal/extraction

VISIT SITE [7

Recycle gold from electronics devices. e-waste Recycling scrap components

connectors circuit Boards.
2.8M views - 3 years ago

Q. Archimedes Channel

Archimedes Channel AR You left too much. 5 minutes will be yellowish orange. How to Recycle Gold from Electronics e waste

4K

How To Mine Gold From Electronics | World Wide Waste

4.8M views + 9 months ago
= Business Insider @

Electronics are chock-full of gold, but getting it out is so difficult that most of it goes to waste.A New Zealand startup has found

BUSINESS
INSIDER

© CEA/NTU 2022, all rights reserved



Challenges in Dismantling / Decontamination

Lack of eco-conception: cannot be repaired/dismantled/sorted easily

R B P R o e 5
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Dismantling Laminated Structures: Solar waste recycling

Principal Investigator:
Prof. Nripan Mathews (NTU)

Overview of global PV panel waste projection, 2016-2050
B e e 5,000
T e e 4500 S
= ; % 23— Anodised aluminium frame
(S e i 4000 <
%’ A B e R e 3,500 § Highly transparent tempered glass
Q

e R e el 3000 8
] 2= - : ;’ —— Encapsulant material - EVA
oL e P B 2500 &
e i e e A 2,000 = Photovoltaic solar cells

L4 ©
v P = eal s s
% B0 i gl o i i i 1500 2 Encapsulant material - EVA Lithium-Silicon Battery
o - >
L e e 1,000 O

- 8 Mill .
§ 10 __:‘f_________________"f“ _____ 500 Insulating back sheet
- 43,500 250,000 1.7 Mill
2016 2030 2050 Junction box
Regular-loss scenario [l Early-loss scenario = =X Linear (Cumulative PV capacity)

78 million tones of solar waste by 2050 > Raw material
source for new panels.
Presently recovered components: 85 wt%, Glass & Al frame

Metal Organic Framework

Hydrometallurgical treatments

Electricity

a g €
oQ,

Photovoltaics -
TN Thcmlooleotﬂ?

(C) Prototype Technology

Upcycled
applications

Electrodeposited. ;%,{‘f‘
silver, ol
L L [

Automation development to streamline recycling of
solar panel waste after exposure to green solvent.
Glass separation prototype 4

Thermoelectric Materials
K19n029Y S[eja| Snoldald
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Challenges in Sorting & Metal Recovery:
Focus on Printed Circuit Boards (PCBs)

Current situation
— Concentrations too low it Leaching/burning

Crushing /

— Few elements recovered

IA BLUE : OPPORTUNITY 0
H GREEN:BEING RECYCLED VA
1A IIIA VA VIA VIIA
: RED:NOT RECYCLED -
Li Be BLACK: IRRELEVANT TO WPCES B N O F Ne
Na Mg VIB VIIB VIII 1B 1IB Al Si P S Cli Ar

mm VB .

K Ca Sc Ti|V Cr Mn Fe Co Ni Cu Zn Ga | ge As Se Br | kr

Rb Sr Y 2zr NP Mo 1c Ru Rh Pd|Ag Cd In Sn Sb|Te | xe

Cs Ba Lu Hf 1@ W |Re Os Ir [Pt Au Hg | TI Pb| Bi!py At Rn
T
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Challenges in Sorting & Metal Recovery:
Focus on Printed Circuit Boards (PCBs)

Crushing / . .
Leacmng/bummg

Current situation
— Concentrations too low
— Few elements recovered

Our strategy: Enriching the stream: 1) Need to dismantle PCBs (commercial)
2) Sorting e-components to Increase the concentration of elements (No Commercial)

@ Water _l
Exhaust-heat boiler ~— =—— Steatm" \ \
controller D|smantlmg
Electronic components

Heat exchanger automatically
disassembling machine

Crushing \ \
Hydrometal.
/ separatlon /

nAE Meng et al.
F—1

mmmmmmm

Chenetal., 2013
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Change of paradigm: Disassemble instead of grinding

— Simplified mixtures = new viable opportunities
(Au, Pt, Pd, M* réfractaires: W, Mo, Nb, Ta; terres rares; Cr, Co, Ga, In, Mn, Ni, Sb, Sn, Zr etc.)

\

Electronic
components
mixture

Ta%: 99+%
Nd,05: 99+% ($~250Kk/ teer

L‘ == X. Dong; TH Nguyen

X. Dong et al. CEJ 2022

PURIF.

Patents pending

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE (22

JC Gabriel et al. Patents pending
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Electronic Component Sorting Economic Viability?

a b

Sorting B Other ECs —a— Accumulative gross profit
; Other SLCCs [ Revenues from sorted ECs o
Optical Sorter MEXRT Sorter I . 4000 J/m/— : .
@ Annual operating cost s
ECs Feed SLCCs s Total capital investment -
e Nd-SLCCs S ]
— ¢ ! B~ T 2000
), 3

' A K Z
Outatec N l 2
(h | e £

. = 04—
- . ‘Q=)
Beneficiation PC Output §

g -2000 f =]

© —
CM OQutput .g
o

Elutriator ~4000
Sorting and beneficiation
Particles T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Roasting Furnace Year

Slurry Output 3

i Oxalic Acid Feed C
Nd2(ox)3 —a—
DM Output Slurry Output 1 OM Slurry Output 2 Nd Leachate il Ijggz’:i?';’zﬂgﬁzsgm' /.
2Y3
o ~ 4000
e ¥ | i » [ Annual operating cost "
Hydrometallurgy .,_;,%,, = l | l Filter 3 % [_|Total capital investment ./

i ©

HNO3 Feed 1 | M Ll 2 2000
O— BRI g 3

Filter 1 Filter 2 3 Q Q Q Q ‘

& 0-
Leaching Reactor 1 Leaching Reactor 2 Precipitation Conditioner Nd203 %
5

=HNO3 Feed 2 Sump s 2000 4
/2
©
‘g
Rutile Output ()

Ag&Cu leachate e Hydrometall
y urgy
Recycled HNO3 T T T T v v ! ¥ v :
1 2 3 4 5 6 7 8 9 10

13
First assesment => profitable within 4 to 5 years
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Lithium Batteries Recycling

-
METHODOLOGY

|New LIBs from second-life material |

Metal organic frameworks

NINN-MOF
Cuwmor

Electrodialysis

spent LIB
WEICHES

Li-ion
Battery
\ Wastes

OBJECTIVES

Spent LIBs collected in NTU

Safe Mechanical
Shredding Process

J

@ R
| Advanced Hydrometallurgy for
| | Recovery of Valuable Metals |

Second Life materials
Reuse for LIBs

BT S T—

FiEAL

=20 )

-

Shredding process

&

Sieving
and
Milling

Pilot 10L
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'/ Orange f J
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\ leaching / ;
Green

hydrometallurgy

» Recovery >80 w% Spent LiB using green hydrometallurgy (2 Licences)
» Extraction rate (Co, Ni, Li, Fe, Mn) with purities > 90
» Demonstration of close loop: making of new LiB%

ANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE

Cea

Prof. Madhavi Srinivasan
Dr. Daniel Meyer
Assoc Prof. Dalton Tay
Prof. Cao Bin

Dr. Joseph Jegan Roy
Dr. Do Minh Phuong
Dr. Xing Zeng

Lim Hong Kit
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Conclusions: SCARCE Output Highlights

» Re-use e-plastics for Cells Growth

Available for Licencing

» Fast Process development using 1%t Xray Integrated Microfluidics

» Si recycling from PV pannels

» Elemental Sorting: Visible, ME-XRT (Ecs) and LIBS (Plastics)
» Nd & Ta Recycling from PCBs economically viable & green solvents
» Green closed loop recycling: LiB + Food waste — From LiB to LiB
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Conclusions: SCARCE Output Highlights| Available for Licencing

» Re-use e-plastics for Cells Growth

» Fast Process development using 1%t Xray Integrated Microfluidics
» Si recycling from PV pannels

» Elemental Sorting: Visible, ME-XRT (Ecs) and LIBS (Plastics)

» Nd & Ta Recycling from PCBs economically viable & green solvents
» Green closed loop recycling: LiB + Food waste — From LiB to LiB

Chunmiao Jia et al.,

5\s\€d Chemosphere 303(1)
o 25 134878 (2022)
o WO ‘u :
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- = , ’
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E Lol e J . Y S— L
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SOLVENT Dong et al.
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128282 2021

=> SCARCE phase 2 under negociation (12/2022- 12/2027) TRL 5 to 8 (+indus.)
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Thanks for your attention!

Fu nding sources CEA: jean-christophe.gabriel@cea.fr
T. +33 676 043 559

Nanyang Technological University:
National jgabriel@ntu.edu.sg

~ Environment
. Agency

Full publication list at: NTLPS ://Wwww.ntu.edu.sqg/scarce
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