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Positioning the problem, part I: the “waste”



Positioning the problem part II: external dependence

Manufacturing capacity by component, country/region 

(2021, Source: IEA and Visualcapitalist).



Solar panels are not waste

Glass

Aluminium

Silicon

Copper

Silver

Tin

Plastic Rest

Quantitat per tonna residu



The solutions and impacts of RETRIEVE

RETRIEVE increases the circularity of the PV

recycling sector bringing new processes and

advanced technologies formaterials’ recovery.

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

effectively separated. 

2. 95% of the materials will be purified and will again meet the manufacturing

specifications of the photovoltaic module. 

3. Integrate 99% of the glass and 98% of the silicon in the manufacture of the first 

panels with fully recycled materials "Made in Europe" 

4. Recover 99% of the silver and eliminate the toxicity of the residual effluents. 

5. Demonstrate the valorization of residual plastic with integrated CO2 capture. 

6. Develop business models and commercial exploitation adapted to the "secondary

raw materials" generated. SoliTek



Our partners



Our fully circular value chain

RETRIEVE

THE NEW DAWN OF THE 
EUROPEAN PV RECYCLING 

INDUSTRY

Propietaris parcs solars

Acceptació social i política

Desmantellament

Comercialització i negoci

Manufactura

Recerca i desenvolupament 
tecnològic 

Reciclatge i circularitat



• The learning curve at Hanwha 
Q cells 

• The evolution of solar cell 
architectures

• Al-BSF → PERC → TOPCon

• Increased purity/quality 
demand for the raw material

Technical solutions: Silicon

A. Mette, et al. (Hanwha Q Cells) SEMSC 277 (2024) 113110



• Rapid shifts in the PV industry 

• The multicrystalline market disappeared 
virtually overnight

• Gallium replacing boron as a p-type 
dopant

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

• Alternative doping species

• Handling boron is challenging

• Purification is needed

Technical solutions: Silicon



Technical solutions: Glass

10 mm

Fine Coarse Hot knife



Technical solutions: Glass

Glass Cullet: 

fine <1 mm 

Glass Cullet: 

medium ~ 4 mm 

Glass Cullet: 

coarse > 4mm 



Technical solutions: Glass
Cullet size vs. bubble formation

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



• Ag recovery: 

• Conventional method:

• Inorganic acids (e.g. HF, HCl, HNO3)

• HNO3 (5N): 1.88 USD/kg solar cell (Reference)

• Less hazardous & more environment-friendly chemicals:

• AlCl3/H2O: 1.63 USD/kg solar cell

• FeCl3/H2O: 1.65 USD/kg solar cell

• Ch.Cl/H2O: 17.52 USD/kg solar cell 

Technical solutions: Metals

Choline chloride



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

RETRIEVE in SoMe

• LinkedIn: https://www.linkedin.com/company/retrieveproject

@retrieveproject

https://www.retrieveproject.eu/
https://www.linkedin.com/company/retrieveproject
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QUASAR 
Europe Horizon 

Project

Eco-efficiency gains of more than 70% 
in the PV End-of-Life (EOL) supply chain



Outline

1. Background 

2. Who we are

3. Challenges addressed

4. Roadmap and objectives

5. Project news
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Background
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Global waste 
challenge

Mirletz, H., Hieslmair, H., Ovaitt, S. et al. Unfounded concerns about photovoltaic module
toxicity and waste are slowing decarbonization. Nat. Phys. 19, 1376–1378 (2023).
https://doi.org/10.1038/s41567-023-02230-0.

Low volumes IF we 
compare to others 
wastes

But…

Important quantities 
of key materials
could be recovered

https://doi.org/10.1038/s41567-023-02230-0


Background
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PV Modules – From waste to resource

Cumulated PV waste forecast in Mt (l. world, r. EU) based on PV market growth data IRENA to meet 1.5°C target

Systematic collection of modules
+ 

Recycling rate of 85%

Could provide resources of the PV-
industry's demand:
• up to 7% during 2031 – 2040
• up to 20%  during 2041 – 2050

✓ Glass 
✓ Aluminium
✓ Copper 
✓ Silver



Background
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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)



QUASAR
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• Horizon Europe Project 
• 7.1 M€ - 51 months
• 19 partners, 9 countries

Who we are



45

PV-module recycling
is of complex nature

Input streams are currently 
relatively low

The supply chain needs 
to be further diversified

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

high-value materials

Challenges



46

O1

O2

O3

O4

O5

O1 – Cost-efficient and transparent 
management for the entire EoL 
supply chain 

O2 – Promote reuse and repair in 
the PV industry

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

O4 – Demonstrate circular use of 
secondary raw materials

O5 – Promote circularity by 
increasing traceability

Appoach
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Approach



48

Implement cost-efficient and transparent 
management processes and strategies for the 

entire EOL supply chain
O1

Demonstrate increasing amount of repair/reuse in 
the EOL sectorO2

Develop and upscale robust, cost-efficient and 
environmentally-friendly recycling technologiesO3

Demonstrate circular use of secondary raw materials, 
sustainable products and innovationO4

Improve the circularity and recyclability of PV-
modulesO5

Eco−efficiency = ෍

𝑖=1

5
𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙 𝑏𝑢𝑟𝑑𝑒𝑛

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑖𝑚𝑝𝑎𝑐𝑡
𝑖

> 70%

Objectives



Our aim

• Reduction of decommissioning costs by 20%

• Module inspection costs < 5€/module

• Module repair costs < 7.5€/module

• Recycling treatment capacity 10,000 t/year

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

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

49

Objectives

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



Help us shaping 
the PV future! 
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Stay tuned for updates! 

www.quasar-project.eu

52

http://www.quasar-project.eu/
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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)

FORESI PRESENTATION

AT SUSTAINABLE SOLAR 

EUROPE

December, 2024 – FORESi Coordinator Team

Luxsacumar Sivakanesar



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)

FORESI 

CO-FUNDING

Shining a light on Europe’s

photovoltaic panel recycling

Granting Authority: HaDEA
(European Health and Digital Executive Agency)

Horizon Europe: Pillar II, cluster 4: Digital, Industry and Space

Topic: HORIZON-CL4-2023-RESILIENCE-01-05 - Recycling 

technologies for critical raw materials from EoL products (IA)

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

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


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)

“Recycling activities in the silicon industry are growing globally”

Growing Need for PV Recycling Activities



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)

Circular 
Economy

Support Renewable 
Energy 

Secure Critical 
Materials

PRIMARY GOAL OF THE PROJECT

58



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)

What is FORESI :

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)

Energy Capacity

Silicon based anode 

materials for LIBs has 

Energy Capacity 10 

times higher

than traditional graphite 

anode

Environment

Purification of silicon recovered 

from

End of Life solar panels Has 

almost zero impact  compared to 

conventional methods

Cost

Production method is

very energy efficient, 

hence reducing

costs per kWh, with high 

RoI



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)

Monocrystalline Silicon supply gap

EV Li-Ion commitments driving exponential growth

Supply

2040

Demand

Problem: 
Producers unable to bridge gap

Too Expensive

Mining and refining leads to high 
commercial price

Material Scarcity

Silicon Raw Materials becoming 
increasing scarce, and controlled outside 
Europe

High Carbon Footprint

Extractive mining has huge CO2 impact

X460



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)

THE PROJECT COORDINATOR

https://www.sipow.no/

https://www.sipow.no/


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)

THE COORDINATION TEAM

https://www.sipow.no/

https://www.sipow.no/


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)

PARTNER CONSORTIUM

11 entities including 6 industries & SMEs, 4 industry-driven clusters, non-profits and research centers, 
and 1 university - from 7 different countries:



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)

FORESI IN EUROPE

GA, Annex 1, Part B, page 36

FORESi –
Consortium:

11 partners:

6 industries & 
SMEs, 
4 industry-driven 
clusters, non-
profits and 
research centers,
1 university 

- from 7 different 
countries!



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)

FORESI AMBITION

➢ Paving the way for a European industrial mass production of recycled 

Silicon.

FORESi will deliver 

the design of an 

optimised recycling 

turnkey factory of 

end-of-life PV panels 

by end of 2026.



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

SO1
Develop and demonstrate new processes for PV logistics collection, reuse and repair at EU 

level.

SO2
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.

SO3
Demonstrate at industrial level a new purification process of silicon from different waste 

scraps in order to produce High Pure Monocrystalline Silicon.

SO4
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.

SO5
Assess and define the optimal parameters to reach the highest economic, technical, social 

and environmental positive impact along the recycling value chain.

SO6
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.

SO7
Ensure the scale-up of FORESi innovations on the long run through realistic exploitation 

strategies, inter-cluster cooperation and stakeholder’s engagement.



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)

THE FORESI - CONCEPT



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)

THE FORESI - CONCEPT



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)

6 FORESI - INNOVATIONS

1 PV Collection Logistics platform

2 PV Testing Process to Reuse and Repair EoL PV modules

3
Fully automatised Dismantling Technology for EoL

modules

4 Chemical Separation technology for Glass/Si laminate

5
Industrial Purification process from different EoL waste

scraps to highly Pure Silicon

6
Circular solar cells and modules with 15% recycled Silicon 

from EoL PV modules

1, 2

3, 4

5

6



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)

71

FORESI WP structure



Thank you!

cumar@sipow.no

www.foresi.eu

http://www.foresi.eu/
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SolarPower EuropeSolar Promotion GmbH

Rond-Point Robert Schuman 3

Brussels 1040, Belgium

info@solarpowereurope.org

www.solarpowereurope.org

Kiehnlestraße 16

75172 Pforzheim, Germany

Phone: + 49 7231 58598-0

info@TheSmarterE.de

www.TheSmarterE.de

THANK YOU


	Folie 1
	Folie 2: Session 8: Closing the Circularity Loop: Research and Innovation Challenges for PV Recycling
	Folie 3: Session 8: Closing the Circularity Loop: Research and Innovation Challenges for PV Recycling
	Folie 4: Pietrogiovanni Cerchier
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23: Rune Søndenå
	Folie 24: Reintegration of photovoltaic panel waste back into manufacturing of high value products
	Folie 25: Positioning the problem, part I: the “waste”
	Folie 26: Positioning the problem part II: external dependence
	Folie 27: Solar panels are not waste
	Folie 28: The solutions and impacts of RETRIEVE
	Folie 29: Our partners
	Folie 30: Our fully circular value chain
	Folie 31: Technical solutions: Silicon
	Folie 32: Technical solutions: Silicon
	Folie 33
	Folie 34: Technical solutions: Glass
	Folie 35: Technical solutions: Glass Cullet size vs. bubble formation
	Folie 36: Technical solutions: Metals
	Folie 37: RETRIEVE in SoMe
	Folie 38: Alejandra Galarza
	Folie 39
	Folie 40: Outline
	Folie 41: Background
	Folie 42: Background
	Folie 43: Background
	Folie 44: QUASAR
	Folie 45
	Folie 46
	Folie 47
	Folie 48
	Folie 49: Our aim
	Folie 50
	Folie 51: Help us shaping the PV future! 
	Folie 52: Stay tuned for updates! 
	Folie 53
	Folie 54: Cumar Luxsacumar Sivakanesar
	Folie 55: FORESi presentation at SUstainable Solar EUrope 
	Folie 56: FORESI  Co-funding
	Folie 57
	Folie 58
	Folie 59
	Folie 60
	Folie 61
	Folie 62: The Project Coordinator
	Folie 63: The Coordination team
	Folie 64: Partner Consortium
	Folie 65: FORESI in Europe
	Folie 66: FORESi AMBITION
	Folie 67: 7 Specific objectives
	Folie 68: The FORESi - CONCEPT
	Folie 69: The FORESi - CONCEPT
	Folie 70: 6 FORESi - Innovations
	Folie 71
	Folie 72
	Folie 74: Panel discussion
	Folie 75: THANK YOU

