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GREEnMat at a glance Re Si'lex

GREENnMat: Research Activities

Inorganic Materials Metal .
with controlled Minin P
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N,
Recycling Cd - A Materials

Scientific and technology research key
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GREEnMat at a glance Re Si'lex

Batteries & Recycling @ GREEnMat
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GREEnMat at a glance
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Introduction ReSi'lex

PV Power Generation plays a key role in the Energy Transition

consilium.europa.eu/en/infographics/how-is-eu-electricity-produced-and-sold/#0 energy.ec.europa.eu/topics/renewable-energy/solar-energy_en;
https://www.pv-magazine.com/2024/06/06/worlds-largest-solar-plant-goes-online-in-china-2/
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Introduction ReSi'lex

2023
* EU Electricity production:
2 637 TWh

Wind

Solar
" Hydro
I Biofuels

Gas
I Solid fuels
H oil
I Other
B Nuclear

9.5%

* Renewable Energy: 46.2%

e Solar: 9.5%
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Introduction
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EPJ Photovoltaics 15, 21 (2024)
Adapted from: ©Fraunhofer ISE: Photovoltaics Report

Re\Si'lex

._l Evolution of declared solar panels

Number of declared solar panels
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2.3 million new photovoltaic panels were declared
to PV CYCLE Belgium in 2024

https://pvcycle.be/en/annual-reports/2024-annual-report
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Introduction Re Si‘lex

e PV | Lif :25-30
panel Lifespan el - Large volumes of PV panels

« First Installations: Late 80s early 90s are now reaching EoL

 Soaring growth: 2000 — present

Directive 2012/19/EU:

- at least 80% or more of the
retrieved panel waste must
be recycled

PV panel waste management

and recycling is a crucial
need
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Introduction

Sn Coated Cu Busbar and Tabbing -

Pb/Sn solder is used to attach
tabbing to the cell metallization and
to the busbars

o——— Aluminum Frame

Frame Adhesive

Tempered, Low-Fe
Cover Glass

e Polymeric Encapsulat
Film 1 (e.g., EVA)

Stringed Solar Cells
«—— Sn Coated Cu Busbar

« Polymeric Encapsulat
Film 2 (e.g., EVA)

. Backsheet
(e.g., PET/PVF
polymeric laminate)

Front Metal Grid (Ag)
SiNx Anti-reflective Layer

(S

Junction Box

\

Silicon Wafer

Aluminum

Heath et al. Nature Energy 2020, 5 (7), 502-510.
Rahman et al. Adv. Energy Sustainability Res. 2021, 2, 2100081
https://www.epa.gov/hw/solar-panel-recycling > LIEGE université
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Copper

o
v Ag, Pb & Sn

0.1%

Silicon
Aluminum 4%
15%

Polymers
10%

 Half of the total module cost & the
embodied energy

* >90 % of the PV market is covered by
solar grade c-Si (0.6-1.0 kg/module)
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Introduction Re Si'lex

B Transition - EU Critical Raw Materials Act
metals Critical Raw Materials Marked with Color

- - 4
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Treatment of EoL PV panels is not just a recycling challenge,
it is a secondary source of critical and strategic materials

'ttps://mobilitynotes.com/european-critical-raw-materiaIs-act/ 14 -
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PV panel materials valorization Re\Si‘lex
RESILEX Project

RESILEX: Resilient Enhancement for the Silicon

o Industry Leveraging the European matriX
Re Si'lex

Ambition: Demonstration of 7 industry-driven

Horizon technological and business innovative solutions
Europe covering the whole SILICON value chain
- . )
www.resilex-project.eu/ \2\ Call:HORIZON-CL4-2021-RESILIENCE-01

Duration: 48 months (Start: June 2022)

Budget: 12 M €
Grant N° 101058583

- Funded by the European Union. Views and opinions expressed are

e however those of the ] 6 -
Fu y
enE un

d
Funded by author({s) only and do not necessarily reflect those of the European Union or HADEA.
the European Union Meither the European Union nor the granting authority can be held responsible for them.
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PV panel materials valorization Re\Si'lex
RESILEX Consortium
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PV panel materials valorization
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RESILEX Structure

. SHTHARSIS CETAQUA @envie [
e 2 SlcAaMcwL roupecomet 3 Zo0IR0
§ + WP5: PV dismantling and Si
85 o :
§S | £ o extraction
o C w = \
ES % % Si from Mining waste
@ O . .
5 8 SIOrPYS - \wp3: Sustainable Siicon | > K&
e & E production \ .
_ = § ’ \ ’ Si for LIBs
g -% % NTNU @Nmml’:m
@ 3 “E 2 WP4: New solar cells & WP6: Si/C composite for Li-
s2 IS modules ion Batteries
85 = ~ N
% E = CSem ¢ LIEGE liten
iﬁmﬁ f;;'i;;:- université _ X
o ‘“Greenmat # CSEM “ W

|

¢ LIEGE université
GREEnMat

A

-
S Sk

etaflorence# »
renewable

WP8: Communication Dissemination, Exploitation

L



ULiége — GREEnMat - Proprietary & Confidential

PV panel materials valorization

Silicon anodes: Great Energy Density, but...

Potential (V) versus Li/Li*

LiMng sM; 50, Spinels (M : metallic element)
/ LiMn,O, Spinel

LiCoO,
'/ LiNiO

¢ &
B

— V,0; —based materials

Cry04

*Note : Potential

— MnO, —based materials

is a relative value |

toLi (OV)
LiFePO, —based materials |
SnO glass Co0, Co5;0,, nano-particles Metallic Li
- , ‘
Si alloys
Graphite | <= _ >
«@» | Hard carbons Li;60g4 nitride |
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Capacity (Ah/kg)

370 mAh/g
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3580 mAh/g
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Unstable
SEI

Electrode Failure 7 Pulverization

K

~

Low ICE

Adv. Energy Mater. 2023, 13, 2300367; Green Energy Environ. 2023, 8, 1325-1340;
Ind. Chem. Mater., 2024, 2, 226-269

Phys. Chem. Chem. Phys., 2015,17,4799-4844 1 Q -
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PV panel materials valorization Re\Si‘lex

Primary particles shaping: Si NWs; Advanced additives: FEC, VC,
Si NPs; Si NTs GBL, TFEP....

Secondary particles shaping: O -- ) . . .

composite LiIBO,,...

Pre-Lithiation: Chemical, Conductive polymers
electrochemical, physical . Self-healing polymers

Artificial SEI: COF coated Si, GO / ; Elastic polymers
Layer Cross-linked polymers

g LIEGE université Synergy of 2 technologies:
& GREEnMat — Nano-structuring and Si/C composite formation
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PV panel materials valorization Re\Si‘lex

GREEnMat Solutions for EoL Si valorization

MiIIing Cell
beads fragments

& )
|

Dry miling .

‘ Wet milling
- 15-2kg > ~55L
g - Si Powder/day - suspension /day
Clean Hm-sized Si nm-sized Si

Si fragments powder suspension

o
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PV panel materials valorization Re\Si‘lex

GREEnMat Solutions for EoL Si valorization

Injection

Heat treatment

CNT
Suspension
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PV panel materials valorization Re\Si‘lex

GREEnMat Solutions
for EoL Si valorization
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PV panel materials valorization Re\Si‘lex

GREEnMat Solutions for EoL Si valorization

4500
Electrochemical tests at coin cell 1000 ] | prommm— |- 100
configuration: Half-cell electrochemical S 3500 ¢ SilC Composite: GREEnSiBat L.,

i o
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Conclusion Re\Si‘lex

GREEnMat Solutions for EoL Si valorization

Suspension
Optimization

Funded by the European Union. Views and opinions expressed are however those of the
Funded by author{s) only and do not necessarily reflect those of the European Union or HADEA.
the European Union Meither the European Union nor the granting authority can be held responsible for them.
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Conclusion Re\Si'lex

CEA Grenoble
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