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PV waste forecast
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Photovoltaic (PV) technology

Silver front contacts

P

P-type silicon (boron)

Alumunum back contact

Aluminum . Silicon
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9-Tech

9-Tech is a start-up of engineers and researchers that studies and builds
prototypes, in particular develops plants to recycle electronic waste.
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O-Tech solution

9-Tech developed a process for thermo-mechanical recycling of PV panels that aim to valorise
all inorganic materials.
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O-Tech pilot plant

PV panels treatment showed good recovery vyield
(¥87%) and purity of raw materials suitable for re-
use in other applications.

Moreover the process showed Ilow energy
consumption, comparable with those of mechanical
treatments.

PV cells Powder

Aluminum Junction boxes Glass
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Enviromental impact

The environmental impact was determined with LCA and proved that the process is
environmentally advantageous.
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How to improve the process?

Two types of plastic: H3(;'
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Tedlar®
PET Cell Side

Tedlart PET can be easily recycled
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EVERPYV Project

Call: HORIZON-CL5-2022-D3-03 / Sustainable, secure and competitive energy supply
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EVERPV objectives

* Develop two delamination technologies to TRL 7 to recover
glass, metal and polymer fractions

Main objective:
Provide Europe with efficient and

) ) * Recover:
sustainable technologies for the recovery, . Glass
from end-of-life PV panels, of high purity and . Silver
high integrity material, components qualified . PET
to be reused in several applications, .
_ ] _ * Fluorinated polymers
including the PV industry. . EVA

» LCA & cost, social studies

e Glass :
: Goal for recycling : < 1% impurities
Goal for recovery: Flat glass manufacturing using % of recycled glass

Polymers :

Goal for recycling : separate the fluoropolymers from others
Goal for recovery:

- Pyrolysis =2 « oil residue » to re-manufacture polymers
- Energy generation (downcycling)

- Chemical processesto recycle PET and fluoropolymers of backsheetand encapsulant . EVER




EVERPV concept

Clustering with H2020 EU EVERPV RECYCLING TECHNOLOGIES
pojects addressing Si
Delamination
| Collection of EoL solar

— — — panels

Grinding from Hybrid grinding IR radiation

the backside { IR. flashing flashing

Purification
Z;Odcﬁziggfgfglsﬁ?;gﬁ Processing the fraction of Installation, utilization
Silver, glass, PET issioni

polymers (EVA, POE, PVDFIF”\?’F /APCE and decommissioning

PET, PVDF) of PV panels

Valorization

[ Demanstration of potential re-use of recovered materials and business
case

J Manufacturing of
¥ ' ¥ new solar panels

Open-loop recycling Closed-loop recycling )
Flat glass, packaging. .. Mew PV module




CEA grinding process

Glass

5 fractions are recovered:

1. Backsheet

2. Back side of EVA
3. Cells

4. Front side of EVA
5. Cu Ribbons




- ENEA thermo-mechanical Infra Red based technology

Tear-off

Backsheet foils >

h ._ EVERPV



- EVERPV impact on 9-Tech process

riseees , Recognition +

Thermo-mechanical
PV Ultrasound treatment
treatment

sandwich PV cells

dismounting

l
W (&

o less contamination of the material

PV panels

o less contaminants in the fumes
o less CO, production

decrease in the heating power for the furnace
and thus potentially less energy recovery.



EVERPYV purification

Chemical separation ﬂ Organic solvent
of cells and EVA Mild Conditions

Materials

concentrate

Silver and polymers recovery and
purification demonstrated at laboratory
scale.

Metals powders Polymers

EVA pieces Backsheet
. ' (Si, Ag, Cu, Sn, Pb) powders pieces
The processes will be scaled up in
2025.
Chemical leaching and
Hydrometallurgy + ;
sirver precipitatgiZ)n electrowinning in DES solvent W\ R
(deep eutectique solvent) PHOTORAMA

e

Electrow'n'n of A
Concentrate » Ag metal inning g

of Ag/AgCl metal high purity
Patent : Billy, E. EP4159882, EV E R



EVERPV perspectives for 2025

ENEN + O-rect

Upscale to TRL7 CEA grinding process in France Upscale to TRL7 ENEA IR process in Italy
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Conclusion

* 9-Tech solution is thermal+mechanical+ultrasound treatment and it seems promising in terms of
recovery CRMs and environmental impact.

 EVERPV is horizon Europe that aims to improve the recycling of PV panels by studying 2
technologies: CEA grinding and ENEA IR delamination.

* These technologies can used as pre-treatment for backsheer removal in 9-Tech process with
several advantages.

* EVERPV also demonstrated at lab scale polymers and silver recovery.

 Two TRL7 plants for delamination will be realized in 2025.
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Reintegration of photovoltaic panel waste back into
manufacturing of high value products

Carlos Escudero, Duygu Yilmaz, Helge Malmbekk, and
Rune Sendend

Institute for Energy Technology (IFE)
12/12/2024
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This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.



Positioning the problem, part I: the “waste” ’C".:-a:)‘ Retrieve

..TO BOOST THE EUROPEAN

RETRIEVE BRINGS CIRCULAR RAW MATERIALS
SOLUTIONS FOR EOL PV INDEPENDENCE AND
PANELS...
e ) [ >
DECARBONIZE THE ENERGY
PRODUCTION

By the year 2050, the equivalent
to 700 Eiffel Towers per year in

the World will be End of Life PV
panels waste

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Positioning the problem part lI: external dependence Q Retn'eve

POLYSILICON WAFERS

MODULES

@ China made up 55% of global solar /' The total value of global solar PV
panel manufacturing capacity in 2010, é related trade increased by more than
with its share rising 1o 84% in 2021, 70% YoY to reach over $40B in 2021.

Manufacturing capacity by component, country/region
(2021, Source: IEA and Visualcapitalist).

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Solar panels are not waste

—— Aluminium Frame

~» —— Tempered Glass

. —— Encapsulant - EVA

~. —— Encapsulant - EVA
. —— Back sheet

Junction Box

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.

Q Retrieve

Quantitat per tonna residu

Glass

. — Solar cells .
) silver

700-750kg
Aluminium 100 - 150 kg
Silicon 2550 kg
Copper 5-10kg
05-1kg
Tin 05-1kg
Plastic Rest

source. Fraunhofer ISk, 20:20.




The solutions and impacts of RETRIEVE

RETRIEVE increases the circularity of the PV
recycling sector bringing new processes and
advanced technologies for materials’ recovery.

o1

Develop scrapping processes that allow the different components to be more
effectively separated.

95% of the materials will be purified and will again meet the manufacturing
specifications of the photovoltaic module.

Integrate 99% of the glass and 98% of the silicon in the manufacture of the first
panels with fully recycled materials "Made in Europe"

Recover 99% of the silver and eliminate the toxicity of the residual effluents.
Demonstrate the valorization of residual plastic with integrated CO, capture.
Develop business models and commercial exploitation adapted to the "secondary
raw materials" generated.

This project has received funding from the European Union’s Horizon Europe
X ¥ research and innovation program under grant agreement No 101122332.
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Our partners Q Retrieve
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This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Our fully circular value chain ’C_;-a:)‘ Retrieve

Propietaris parcs solars
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This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Technical solutions: Silicon ‘C-_;Q.‘ Retrieve

> 26
O o5 | | cell concept
S I| ® QANTUMNEO
E e = glg"éIT:UM " * The learning curve at Hanwha
“C’ 23 F Q cells
2 20F \ * The evolution of solar cell
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A. Mette, et al. (Hanwha Q Cells) SEMSC 277 (2024) 113110

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.



Technical solutions: Silicon ’C'.:-a-“)‘ Retrieve

° RCIpId shifts in the PV industry Metals, glass

* The multicrystalline market disappeared  Si%tSi Purification Panels

virtually overnight

* Gallium replacing boron as a p-type
dopant

* Recently: n-type replacing p-type as the
dominant technology

* Alternative doping species

EoL silicon

* Handling boron is challenging

e Purification is needed

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Technical solutions: Glass
N X

Coarse Hot knife

This project has received funding from the European Union’s Horizon Europe % FraunhOfer
research and innovation program under grant agreement No 101122332. csp




Technical solutions: Glass 'C-_:;-‘ Retrieve

Glass Cullet: Glass Cullet: Glass Cullet:

fine <1 mm medium ~ 4 mm codarse > 4mm

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Technical solutions: Glass ,C';Q‘ Retrieve

Cullet size vs. bubble formation

Glass Cullet: fine <1mm Glass Cullet: medium ~ 4mm Glass Cullet: coarse >4mm

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Technical solutions: Metals ’C'.s-a:)‘ Retrieve

* Ag recovery:

* Conventional method: CHs
* Inorganic acids (e.g. HF, HCI, HNO,) ] C/NQ_/\OH
* HNO, (5N): 1.88 USD/kg solar cell (Reference) e
* Less hazardous & more environment-friendly chemicals: Choline chloride
* AICI,/H,0: 1.63 USD/kg solar cell )
* FeCl;/H,0: 1.65 USD/kg solar cell

e Ch.CI/H,0: 17.52 USD/kg solar cell

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.




Retrieve

RETRIEVE in SoMe

@ Retrieve Inanutshell Our partners Implementing News and Events Deliverables & Library ~Contact
AN

* Web: https:/www.retrieveproject.eu/

Reintegration of

photovoltaic panel waste
back-into manufacturing
as high value products

Reintegration of photovoltaic panel
waste back into manufacturing as high 5=~
value products :

Q@_ Retrieve

a
6,943,802.00€ 16 6 4 42

Budget Partners Member States Associated Countries Months

RETRIEVE

Reintegration of #photovoltaic panel waste back into manufacturing as high value products. #HorizonEU
project
Research Services - 1 follower - 201-500 employees

) © : : : : :
* LinkedIn: https:/www.linkedin.com/company/retrieveproject

Home About Posts Jobs People

@retrieveproject

About

RETRIEVE aims to combine PV upstream value chain organizations with beyond state-of-the-art recycling
processes and techniques to improve circularity within the PV sector. RETRIEVE targets the upcycling of the
components of the End of Life (EoL) solar panels, enhancing the material quality to meet curren ... see

more

Show all details =

This project has received funding from the European Union’s Horizon Europe
research and innovation program under grant agreement No 101122332.
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Eco-efficiency gains of more than 70%
in the PV End-of-Life (EOL) supply chain
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Cumulative wastes (million metric tons)

Global waste
challenge

Municipal Coal ash Plastic ——— E-waste
waste 45,550 waste 1,876
70,350 12,355

— Oily sludge
249

Low volumes IF we
PV module waste,

best case compare to others
54 > wastes

PV module waste,

worst case But

160

Important quantities
of key materials
could be recovered

~ 2050

M Municipal waste (ref. 17) Oily sludge (ref. 20)

M Coal ash (ref. 6) PV module waste (ref. 4)
) . PlaStIC WaSte (ref' 18) WOl'St case Mirletz, H., Hieslmair, H., Ovaitt, S. et al. Unfounded concerns about photovoltaic module
(“-‘ M E-waste (ref. 19) I Best case toxicity and waste are slowing decarbonization. Nat. Phys. 19, 1376-1378 (2023).
\": Py https://doi.org/10.1038/s41567-023-02230-0.
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https://doi.org/10.1038/s41567-023-02230-0

PV Modules — From waste to resource
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Cumulated PV waste forecast in Mt (I. world, r. EU) based on PV market growth data IRENA to meet 1.5°C target
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Systematic collection of modules Cou/d pr'owde resources of the PV Glass. .

. industry's demand: v Aluminium

° 0 [ — v

Recycling rate of 85% up to 7% dur/ng 2031 - 2040 Cgpper

* upto20% during 2041 — 2050 v’ Silver
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PV Modules — a multilayer material sandwich

PV products can be classified into three main product groups:

Silicon-based - 97% market share
Thin films = 2% market share (CdTe, CIGS)

Others = < 1% market share (concentrating PV, organic PV, advanced crystalline silicon)

Il others: junction box, wires, etc.
I Pi, TPT, silicone
D)
- Sn
- Cu
M A
s
Y
B pyr
O peT

EVA

- Glass

43



e Horizon Europe Project
QUASAR be o

e 7.1 M€ -51 months
* 19 partners, 9 countries
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Input streams are currently
relatively low

PV-module recycling
is of complex nature

Upscale and demonstrate two emerging Set up a systematic collection and
recycling technologies management methodology and decision
tools for EOL-PV-modules

The supply chain needs
to be further diversified

Accelerate EOL decision-making by
delivering a digital product passport

Revenues depend on the
recovery of homogeneous
and high-purity fractions
high-value materials

Profitable recycling that enables circular
use & resource efficiency of valuable raw
materials.

45



PV Power Plant Sorting Collection

Design for
circularity

Polymers

Metals

nspection Repair/Reuse  2nd hand market

2%

OF)

Recycling

Piermal &
Chemical

Water jet
delamination

Flashing & Electrical (@‘\B)
disintegration =~ \_/

Appoach

O1 — Cost-efficient and transparent
management for the entire EolL
supply chain

02 — Promote reuse and repair in
the PV industry

O3 — Develop and upscale robust,
cost effective and environmentally
friendly recycling processes

04 — Demonstrate circular use of
secondary raw materials

O5 — Promote circularity by
increasing traceability



Collection & Inspection  Reuse/Repair

Scatec equinor ¥

o Site inspection

o Decommissioning
o Repowering

o Sorting, Storage

> Packaging

o O&M data history

2/3 2/3
S SUren Usl <S>

o Digital asset tracking || ° Backsheet repair

> NDE o Bypass diode

o PLCM (Digital Twin) replacment

o Second-life product ||° In/off-field repair
reliability o Std. repair tests

e X

Recycling

ROSI!
Pilot-A: Thermal/

chemical |

LuxChemtech

Pilot-B: Water-jet [ \ o
delamination & e "5

0000000

ND

—

Y

Mapping of internal &

external EOL streams

Waste inventory

Eco-system modelling
| TEA, LCI&LCA

P1/10-12

Cocremrecne _ ® G SoliTek m
ROSI  2Ekem

®©
Poly/solargrade [@]

silicon

Photovoltaic

Floatglass

S SoliTek m
S Dow 2

Glass/ROSI

Silver-fingers

Glass/LUX

2 ; Backsheets/
#=l| - Encapsulant free
® Encapsulants
1| ° Encapsulants for easy .
i<| delamination -
\: o Smart sensors for state
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Implement cost-efficient and transparent ~45%

management processes and strategies for the
entire EOL supply chain
Demonstrate increasing amount of repair/reuse in
the EOL sector

-40%

-5%

Develop and upscale robust, cost-efficient and
environmentally-friendly recycling technologies
0%
Demonstrate circular use of secondary raw materials,
sustainable products and innovation
Improve the circularity and recyclability of PV- 5%
modules

Environmental impact

10%

5
o Environmental burden
Eco—-efficiency = z — > 70%
_ Economic impact ;

$ outcome-5

_ ® )

©

apd

S =

£ %

cc

oo &outcome-1

S @ outcome-4

c

§ o ©
outcome-3

E ° outcome-2

S c Baseline

£ 0

c P

o S

3]

S

c

w

¢ < Additional cost Cost saving —>»

| \ \ \
4% 2% 0% -2% -4%

Economic value
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Our aim -

Eco-efficiency gains of more than 70% in the PV EOL supply chain

e Reduction of decommissioning costs by 20%
* Module inspection costs < 5€/module

* Module repair costs < 7.5€/module

* Recycling treatment capacity 10,000 t/year

e Recycling rates for silicon, silver, polymers and glass
up to 70-90%

* Revenue from recycled materials > 300-500 €/t

;‘(::‘QA
sluasar

Q\q!)
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Some news
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Help us shaping
the PV future!

AR Survey

Contribute to the development of the
end-of-life PV technology
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https://s2survey.net/quasar/



Stay tuned for updates!

WWW.quasar-project.eu Follow Us J
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http://www.quasar-project.eu/
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Website

's Horizon Europe research and innovation programme under

This project has received funding from the European Union

Grant Agreement No 101122298 “QUASAR”.
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~December;-2024— FORESI-Ceordinatof Team

Luxsacumar Sivakanesar—_

FO RE Si FOstering a Recycled European Silicon Supply

- FOstering a Recycled European Silicon supply (2024 — 2026). This project has received funding from the European Union’s Horizon Programme under grant agreement No. 101138503 / Coordinator: SiPow AS (Norway)



Project Information

FORESI

F O RE S I Grant agreement ID: 101138503

DOl

CO_F U N D I N G 10.3030/101138503 [

EC signature date

7 December 2023
. - . ) Start date End date
Shining a light on Europe’s 1 January 2024 31 December 2026

photovoltaic panel recycling

Funded under
Digital, Industry and Space

Granting Authority: _I—_IaDEA | Total cost
(European Health and Digital Executive Agency) €9 034 111,25

Horizon Europe: Pillar I, cluster 4: Digital, Industry and Space EU contribution
Topic: HORIZON-CL4-2023-RESILIENCE-01-05 - Recycling € 6 999 848,75

technologies for critical raw materials from EoL products (I1A)

SIPOW AS
E= Norway

Coordinated by

https://cordis.europa.eu/project/id/101138503

FORE- Si

FOstering a Recycled European Silicon supply (2024 — 2026).
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Growing Need for PV Recycling Activities
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What is FORESI : 6 innovations

FORESI will demonstrate 6 different innovations,
each of them covering one part of the PV recycling value chain.
FEOstering a Recycled European Silicon supply:

)
01
COLLECT OF EoL 02
PV PANELS

® Recovery of end-of-life PV panels v
@ Testing for reuse or repair v
TESTING
/\ ' @ Dismantling v
/1
@ Extraction of Silicon v
"-_ O
e NEW WAFERS & G- e
S PV PANELS @ Purification of Silicon
0.0"
DISMANTLING
2 04
Si PURIFICATION

FOstering a Recycled European Silicon supply (2024 — 2026).

® New production of silicon for batteries and solar
applications
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Energy Capacity 10 End of Life solar panels Has hence reducing
times higher almost zero impact compared to costs per kWh, with high
than traditional graphite conventional methods Rol
anode
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Monocrystalline Silicon supply gap Problem: .
5040 Producers unable to bridge gap

Deman

x460 =

EV Li-lon commitments driving exponential growth
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Too Expensive

Mining and refining leads to high
commercial price

Material Scarcity

Silicon Raw Materials becoming

increasing scarce, and controlled outside
Europe

Extractive mining has huge CO2 impact
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THE PROJECT COORDINATOR

SiIPOW...IN A NUTSHELL

SiPow, a spin-off of ManoPow AS, resulted from collzboration among =

recyc

perts in silicon

g, Waste of Blectric and Electoronic Equipment (WEEE) photowoltaic. Manosilicon

production, and Battery Manufacouring. Over two decades, SiPow developed a method

fior produding ary=ta

purified silicon enhances anode performance with ultrahigh sp

surpa
silicon markst with breakthrough pu
trade of recovered raw material.

sing traditional graphite anodes by tenfold. SiPow i= revolutiol

tion solutions and procs:

ine nano-silicon powder for lithium-ion bamery anodes. Their

Methodology and Ambition

SiPow’s purification process targets economic viability st an industrisl scale, handling

waste scraps from var
recy

miarkst demand purity levels; and 3) supply purified

d silicon from WEEE and WEEE photovoltaic re

= PV techinologies. SiPow's goal is tos 1) purchase low-purity

on to mesat

n to users like nano silicon and

thium batery manufacturers. The innowvative purification method is expected to reduce

energy harvesting and costs with raw silicon from WEEE photovoltaic. SiPow's
monacrystalline Pure Silicon aligns with industry demands, offering high energy capacity
fior new lithium battery-powered products, environmentally friendly solutions to limit

€02 emissions, and a high Return on Investment (Rol} for efficient energy independence.

Green Solutions

SiFow stands at the forefront of pure

materia

ampioning true crcular
economy models globally.
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icon production from reclaimed raw

Industrial Scale

SiFowe pioneers cutting-edge disruptive
technologies to achieve unparalleled
n recowvered from

purity lewets of
end-of-life products. enabling large-scale
industrial applications.
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10X Better

With innovative approaches, SiPow
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while minimizing energy consumption in times better than conventional sclutions.
the process.
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MANAGEMENT

Sivakanesar Luxsacumar
Chairman

Serial Entrepreneur and Investor, with 25+ years in

International Business with 10+ Start-up companies,

Papers in International Scientific Journals; 3 patents.

& cumar@sipow.no

SiP
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Francescantonio Della Rosa, Ph.D.
Chief Executive Officer / CEO

Serial Entrepreneur and Investor, with 25+ years in

International Business, Awarded worldwide for Business

and Research achievements.

= fdr@sipow.no

THE COORDINATION TEAM

Monika Pilz, Ph.D.

International Projects Coordinator

Senior Research Scientist with strong academic and
industrial background in management of EU projects

and scientific Consortia.

= monika@sipow.no

w https://www.Sipow.no/
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PARTNER CONSORTIUM

11 entities including 6 industries & SMEs, 4 industry-driven clusters, non-profits and research centers,

and 1 university - from 7 different countries:

SiPCW

HRNEX
ﬁgm

RENEWABLE ENERGY

% Recma

GROUPE

Z

-,

CARBON

Qll xeRias

make possible

@

LATVIAN
TECHNOLOGICAL
CENTER

ba' Bay Zoltan
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FORESI IN EUROPE
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SMEs, 3
4 industry-driven =
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FORESI AMBITION

v
FORESi will deli COLLECT OF EoL y ,;,gii}‘ ’5551
1 25
| WI eliver PV PANELS TESTING EEEEEEEEI:;!?‘ PV MARKET
] ’='«

the design of an
optimised recycling

turnkey factory of
end-of-life PV panels
by end of 2026.

—i= NEW WAFERS &
QEE;? PV PANELS

DISMANTLING

Si PURIFICATION

» Paving the way for a European industrial mass production of recycled
Silicon.

FORE- Si

FOstering a Recycled European Silicon supply (2024 — 2026).
This project has received funding from the European Union’s Horizon Programme under grant agreement No. 101138503 / Coordinator: SiPow AS (Norway)




7 SPECIFIC OBJECTIVES

Develop and demonstrate new processes for PV logistics collection, reuse and repair at EU
level.

Demonstrate a fully automatised dismantling machine and a novel sustainable chemical
process to recycle end-of-life PV modules, targeting at least a 95% recovery rate.

Demonstrate at industrial level a new purification process of silicon from different waste
scraps in order to produce High Pure Monocrystalline Silicon.

Demonstrate the circularity potential of the PV value chain by producing new solar cells with
up to 15% upcycled Silicon from end-of-life PV modules.

Assess and define the optimal parameters to reach the highest economic, technical, social
and environmental positive impact along the recycling value chain.

Provide a design of a PV recycling turnkey factory together with EU policy recommendations
to increase the sustainability and future resilience of the European Silicon PV value chain.

Ensure the scale-up of FORESI innovations on the long run through realistic exploitation
strategies, inter-cluster cooperation and stakeholder’s engagement.

FORE- Si
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THE FORESI - CONCEPT
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FORESI WP structure

M1-M35
WPFP1 - Project management Sillf‘\w
MI1-M1E
M12-M36 M1-M36
WP2 - Specifications and design for a
PV Recycling turnkey factory
Recrma
=ROLPE
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—— Impact assessment .
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Mia-M3E bay ary T
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foar a PV Recycling turnkey factory
Recma
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www.foresi.eu

Thank you!
cumar@sipow.no
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