npworkshop
PH O T o R A M A 30 / 31 March 2022 Konstanz

PHOTORAMA — A circular model integrated in the PV value chain
from concept to field experience
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PHOtovoltaic waste management — advanced Technologies for recOvery &
recycling of secondary RAw MAterials from end-of-life modules
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H2020 project (May 2021 — April 2024)
Budget : 10,365,764.75 €
EC Contribution  : 8,381,666.38 €

.....

® 13 partners A2 o

® 8 work packages and 5 key objectives
® Set up of a full management Pilot Line
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A circular economy across the photovoltaic value chain

“develop innovation leading to successful and competitive solutions to launch sustainable markets for
secondary RM in Europe.”

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.
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Our project

Perspectives

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.
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This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.



npworkshop

30 / 31 March 2022 Konstanz

PHOTORAMA

DV waste ?

WEEE 2002/19/E - Category 4 — PV equipment
EN-2-4 - Collection, logistics & treatment for WEEE — Treatment for photovoltaic panels
TS 50625-3-5 - Collection, logistics & treatment for WEEE — Specification for depollution photovoltaic panels

Which kind of WEEE ?

- Crystalline Silicon- based ~ 95% of the market = 1.6 to 2 m? including | 4-5 metals
(+traces)

(+ Thin films (CdTe, CI(G)S) ~ 5 % of the market amongst emerging technologies)

*Compared to a smartphone = ~0.00005 m? including up to|50 metals

How much compared to WEEE stream ?
—> PV waste could exceed 10% of WEEE stream globally by 2050 Polymers

.

Metals .
‘ Aluminum

What's 10 be recovered 7

* Considering the world’s population of 2017 assessed by the United Nations and an average power module at 300Wp

This project has received funding from the European Union’s Horizon 2020 research and innovation \Glass
programme under grant agreement No 958223.
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| PV module after 25-30 years = waste I
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from NOW to 2050

Cumulated installed capacity (GW)
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Estimated cumulative global waste volume of End-of-Life PV panels [1] PV waste
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NOW !

+ 60-78 Mtons worldwide
+ ~10 Mtons in Europe
By 2050

* Source : IRENA & IEA-PVPS, End-of-Life Management: Solar Photovoltaic Panels, 2016
** Source : IRENA Report — “Future of solar photovoltaic”, 2019

This project has received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No 958223.
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Share of the worldwide RM production
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* Manufacturing in progress
* EoL > Weak spot
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PV recycling
Current practices

+ Landfilling
» Shredding
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T What s i1 )
SUSTAINABILITY

Sustainability vs “long term” focuses on meeting the needs of the present without
compromising the ability of future generations to meet their

needs. concept made up of three pillars:
** Economic (profits)
** Environmental (planet)
“* Social (people) ‘”C%-I

Source United Nations

CIRCULAR ECONOMY

Restorative economy where all the actors in the value chain are dependent on each
other to close the loop. Circular Economy concept made up of three pillars:
% Natural capital — design

0‘0
** Resource circularity
** Systemic efficiency — eliminating externalities
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. 1 Renewables @ Eo Finite materials
: Preserve and enhance

1 natural capital by controlling Regenerate Substitute materials Virtualise Restore
= fitnite stocks and balancing
= renewable resource flows

Renewables flow management Stock management .
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Very complex process !
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Waste stream flow
Energy fransition Social indicators
Environmental expertise

management
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.
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End of Life module

MATERIALS RECOVERY

Metals

Glass

Q DISASSEMBLING
DELAMINATION -/JOIymers
& y
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This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.
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! /’ Disassembly of external components
DISASSEMBLING Full-automation panels handling @1200tons/y
- Removal of junction box (=2 recovery others WEEE)
- Removal of Al frame (=2 metal refinery)
Without breaking the devices

Diamond wire cutting process
Mechanical delamination cutting through
- Intact glass sheet (recycling or re-use)

- Cells residues (for step 3)

- Polymer backsheet (energy fuel)

w2

DELAMINATION

Super critical fluid process
Mechanical delamination by EVA foaming
- Intact glass sheet (recycling or re-use)

- Cells residues (for step 3)

- Polymer backsheet (energy fuel)

Optical process

Mechanical delamination by EVA foaming
- Intact glass sheets (recycling or re-use)
- Cells printed on glass sheet (for step 3)

<

7

Sty 2

MATERIALS RECOVERY IL leaching & electrolysis

Metals recovery
Metals  OSA & electrolysis
Metals recovery
- In (99%), Ga (99%)

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 958223.
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relevant environment — system
prototype demonstration in
operational environment *

Weere we ¢o | Timme Lisne

B Operational
Technology validated either in Pilot prototype LuxChemtech Q
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*https://ec.europa.eu/research/participants/data/ref/h2020/wp/2014 2015/annexes/h2020-wp1415-annex-g-trl en.pdf = |

This project has received funding from the European Union’s Horizon 2020
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PHOTORAMA

Perspectives L~

Go to Market
- Circular strategy
- New business
opportunities

Objectives

Test in manufacturing

- PV components
f\ - Others value chains
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PHOTORAMA team

We've got a story to tell here !

Technology scale-up

- Disassembly /\\

- Delamination

- Metal recovery TRLY 67 e end
’ ‘ > Dilot Lise dema
oy ’ For 1200 2o1s 4 yean
Secondary Raw materials
- Characterization
New products - Recovery ratio
f\ - Glass (sheet, cullet)
- Metals (Ag, Si, In, Ga)
Higl-tech. / bigh-valune
products Global recovery ratie > 98 %
Metal punity 99-94.999 %

programme under grant agreement No 958223.
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Contact us!

, Twitter ﬁ LinkedIn n Facebook
www.photorama-project.eu
contact@photorama-project.eu Tha“ks ior your
Claire AGRAFFEIL | Project coordinator | claire.agraffeil@cea.fr alle“lion '
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