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IEA PVPS (International Energy Agency, Photovoltaic Power Systems
Programme)

KEARE AT LENRELIZIEAZETOREMBEAHATOT S A

BT IRILEF—D AT AIZRITE- KGR EDRINZSH 5O DIEH
FIE. EE B HFRILT H1=HDEENZ EE

19934 2RI SN, 2024F6 AIRTE. 25+~ E6#E A SN

AR (Task) LT 2B ARG TAD I NEERR

Task 01 — Strategic PV Analysis & Outreach

Task 12 — PV Sustainability

Task 13 — Performance, Operation and Reliability of PV Systems

Task 14 — Solar PV in the 100% RES Power System

Task 15 — Enabling Framework for the Development of BIPV

Task 16 — Solar Resource for High Penetration and Large Scale Applications
Task 17 — PV and Transport

Task 18 — Off-Grid and Edge-of-Grid Photovoltaic Systems
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IEA PVPS Task12: PV Sustainability

- IEAPVPSDHLETEBEIN TS TADIINAERI)D—D
Subtask 1: Circular Economy (CE)
Subtask 2: Life Cycle Analysis (LCA)
Subtask 3: Ecosystem integrated PV (ecoPV)
Subtask 3: Broader Sustainability Aspects
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PV Module Design for Recycling Guidelines

Technology Collaboration Programme
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Report IEA-PVPS T12-23:2020

Ref.) IEA PVPS Task12, PV Module Design for Recycling Guide, IEA-PVPS T12-23
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Status of PV Module Recycling in IEA PVPS Task12 Countries

- Task2BMEIZEFTZABEHE 21—
AL DOBERZTRYED-LR—baE
AL, 20224 (2K

- ISBN: 978-3-907281-32-1
- Available at the IEA PVPS website:

- https://iea-pvps.org/wp-
content/uploads/2022/09/Report-
IEA-PVPS-T12-24 2022 Status-
of-PV-Module-Recycling.pdf

B a5 s o Stat f PV Modul
- j&Bﬁ%/m:E”/l_)lf')2’(7“/%%%“7’%)% Reac;[j:Ii?lg in Seole::jt:d
(EBZENDTU—MLE IEA PVPS Task12
Countries
2022

- IR7E. Task12S MEDOBLRIZEE T 5 EHhR
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Report IEA-PVPS T12-24: 2022

Ref.) K. Komoto, et al: Status of PV Module Recycling in Selected IEA PVPS Task12 Countries, IEA-PVPS T12-24: 2022
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Status of PV Module Recycling in IEA PVPS Task12 Countries
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Ref.) K. Komoto, et al: Status of PV Module Recycling in Selected IEA PVPS Task12 Countries, IEA-PVPS T12-24: 2022
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Status of PV Module Recycling in IEA PVPS Task12 Countries
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Ref.) K. Komoto, et al: Status of PV Module Recycling in Selected IEA PVPS Task12 Countries, IEA-PVPS T12-24: 2022
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Status of PV Module Recycling in IEA PVPS Task12 Countries
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Ref.) K. Komoto, et al: Status of PV Module Recycling in Selected IEA PVPS Task12 Countries, IEA-PVPS T12-24: 2022
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LCA of Crystalline Si PV Module Delamination with Hot Knife Technology

Technology Collaboration Programme
oviea

Life Cycle Assessment
of Crystalline Silicon
Photovoltaic Module
Delamination with Hot
Knife Technology

2023

Report [EA-PYPS T1225:2023
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ISBN: 978-3-907281-41-3
Available at the IEA PVPS website:
- https://iea-pvps.org/wp-
content/uploads/2023/07/Report_|
EA-PVPS T12-25-2023 LCA-PV-
Recycling-Hot-Knife.pdf

3 kWp c-Si PV system, mounted on a slanted roof, Production Treatment Total Treatment

Recycling JP kg PV module % of Total

Particulate matter kg PM2.5 eq 1.96E-02 2.09E-05 1.96E-02 0.1%
Freshwater ecotoxicity CTUe 5.40E+01 8.11E-02 5.41E+01 0.1%
Human toxicity, non-cancer effects CTUh, n-c 5.04E-06 9.41E-09 5.05E-06 0.2%
Human toxicity, cancer effects CTUh, c 3.63E-07 7.15E-10 3.64E-07 0.2%
Mineral, fossil & renew. resources kg Sb eq 4.09E-03 7.27E-07 4.09E-03 0.0%
Climate change kg CO2eq 1.72E+01 5.70E-02 1.73E+01 0.3%

Ref.) R. Frischknecht, K. Komoto, T. Doi: Life Cycle Assessment of Crystalline Silicon Photovoltaic Module Delamination With Hot Knife Technology,

MIZWHO
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FACT SHEET: Circular Economy in Photovoltaics

Technology Collaboration Programme
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Circular economy

is an industrial system that is:

rg‘,ﬁl restorative: replaces the end-of-life concept

( \3) regenerative: shifts towards the use of renewable energy, eliminates waste and
toxic chemicals
Circular economy strategies

The photovoltaic (PV) industry has not yet fully reached a circular economy (CE), but it is on a path
towards increased circularity. In the further development of improved technologies, all CE
strategies and their economic, environmental and policy aspects should be considered.

Smarter product use and manufacture

Refuse Rethink Reduce
Avoidance of toxic or Design and D in

critical materials, of a product to be more consumption of virgin
elimination of waste use-intensive materials and avoidance
of waste

PV Sustainability

Extend lifespan of product and its parts

@ Reuse @ Repair Refurbish
Use of the product again Restoration of defective, Improvement of the
F A C E E I by a second customer for broken or malfunctioning working condition,
the same purpose components quality or functionality
of a multi-component
product
C = I E = @ Remanufacture @ Repurpose
I rcu ar co nOI I |y ln One or more components Use of the product or its
. are reused in a product components for a different
Photovoltaics S Ripes
> FEBRUARY 2024 ey
@ Recycle @ Recover
Recovery of product Recovery of the energy
TaSk_]z Managers: materials, whereby from the end-of-life waste
Garvin Heath, NREL, USA materials do not retain the of a product
Etienne Drahi, TotalEnergies, France original structure.

Ref.) IEA PVPS Task12: FACT SHEET: Circular Economy in Photovoltaics, February 2024
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FACT SHEET: Circular Economy in Photovoltaics

Smarter product use and manufacture

RO: Refuse Avoidance of tocis or critical materials, elimination of waste
R1: Rethink Design and managementof a product to be moreuse-intensive

R2: Reduce Decrease in consumption of virgin materials and avoidance of waste

Extend lifespan of product and its parts

R3: Reuse Use of the product again by a second customer for the same purpose
R4: Repair Restoration of defective, broken or malfunctioning components

R5: Refurbish Improvement of the working condition, quality or functionality of a multi-
component product

R6: Remanufacture One or more components are reused in a product with the same function.

R7: Repurpose Use of the product or itscomponents for a differentpurpose

Recovery

R8: Recycle Recovery of product materials, where by materials do not retain the original
structure

R9: Recover  Recovery of the energy from the end-of-life waste of a product
Ref.) IEA PVPS Task12: FACT SHEET: Circular Economy in Photovoltaics, February 2024
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Advances in Photovoltaic Module Recycling

- ABEEBUYALISET IR
T R FEFDBRZEME T DEEDIT, FINISE T
= BEOIDABEMES 2—ILUH A 9L

T DLNVT, BUNER, HEBEHFZIRE

- ISBN: 978-3-907281-56-7
- Available at the IEA PVPS website:

- https://iea-pvps.org/wp-

content/uploads/2024/06/IEA-
Advances in Photovoltaic PVPS-T12-28-2024-Report-PV-
Module Recycling Recycling-LCI_EPRI.pdf

Literature Review and Update to

N s e e

-
Empirical Life Cycle Inventory Data Relative Output Composmon Electricity Consumption
CdTe
. CdTe c-Si
and Patent Review Loy reaierca § 300
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* First Solar LCI data includes recovery of cadmium and tellurium, whereas the system boundary for the other recyclers is at the point where a cell
fraction (including metals) is separated from the glass and polymers. 1 Envie uses NPC's commercial process, but the combined Envie & ROSI process
is considered a pilot.

Ref.) L. Carra, et al: Advances in Photovoltaic Module Recycling: Literature Review and Update to Empirical Life Cycle Inventory Data and Patent Review,

IEA-PVPS T12-28: 2024
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END-OF-LIFE
MANAGEMENT

Solar Photovoltaic

Ref.) IEA PVPS Task12/IRENA, End of Life Management: Solar Photovoltaic
Panels, 2016
(https://iea-pvps.org/key-topics/irena-iea-pvps-end-of-life-solar-pv-panels-2016/)

<Y A LI A FEEN R (2018) >

End-of-Life Management of Photovoltaic
Panels:
Trends in PV Module Recycling Technologies

Report IEA-PVPS T12-10:2018

Ref.) IEA PVPS Task12, End of Life Management of Photovoltaic Panels: Trends
in PV Module Recycling Technologies, IEA-PVPS T12-10: 2018
(https://iea-pvps.org/key-topics/end-of-life-management-of-photovoltaic-panels-
trends-in-pv-module-recycling-technologies-by-task-12/)
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Thank you

Keilicht KOMOTO (Mizuho Research & Technologies, Ltd., Tokyo, Japan)
keiichi.komoto @ mizuho-rt.co.jp
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