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What is the environmental Performance of PV? b %
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“Carbon free” solar energy?

Toxic PV manufacturing?

Depletion of rare minerals?

il

Energy pay back time?

Environmental hotspots within the PV value chain?
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IEA PVPS Task 12 — PV Sustainability (gm
AW

The aim of Task 12 is to promote international cooperation and knowledge

(O/, building in the field of environmental and social sustainability of PV.

Task 12 Subtasks

Subtask 1: Circular Economy (CE) I

Subtask 2: Life Cycle Assessment (LCA) “

Lid Subtask 3: Ecosystem Integrated PV (ecoPV) ,Ci“‘ IEA

Subtask 4: Broader Sustainability Aspects (BSA) PVPS

Task 12 Managers
_©O Garvin Heath, NLR, USA
a Etienne Drahi, TotalEnergies, France
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Inventory data and report

Technelogy Collaboration Programme
e

 LCI Reports published in 2011, 2015 and 2020

« Latest version is currently under final review
and will be released this summer 2026.

* Including spreadsheets with detailed
inventories

Life Cycle Inventories of
Photovoltaic Systems
2026

Gotz, M., Deuber, R., Gazbour, N., Brailovsky, P.H., Nold,
S., Marchand-Lasserrre, M., Frischknecht, R., Khan, A.A.,
Bovo, G. Stucki, M. (2026). Life Cycle Inventories of | s meee =
Photovoltaic Systems, Heath, G. (editor), International

Energy Agency (IEA) PVPS Task 12, Report T12-33:2026. 5

PVPS



PV product system
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Life Cycle Inventories of photovoltaic systems

PVPS

IEA-PVPS inventory report

* In the PVPS report, data on material and energy inputs, as well as emissions and product outputs are
collected and modeled separately for the PV modules and the balance of system (BOS).

» The updated datasets have undergone a robust, multi-step quality assurance process.
PV modules

» LCI data were updated for commercial PV modules (TOPCon, PERC and thin-film CdTe). For the
TOPCon module supply chain, LCI data are based on a large set of LCAs collected between 2022 and —
2025 from Chinese manufacturers in the context of the French PV tender process.

» Data represent different geographic regions of module production and supply chains (China, Europe,
North America, and Asia & Pacific).

Balance of system T amm
T 1\
« BOS data are presented for inverters as well as electrical and structural components of residential, AR = .
commercial, and utility-scale PV systems. I
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Inventory data from industry and French tender process “G‘
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PVPS

- Public tenders for PV in France requests manufacturers to provide inventory data.

- Data were reviewed and independently verified by control and certification body (CERTISOLIS) as well
as validated by ADEME.

- LCI data from 83 factories producing different PV supply chain components were then aggregated,
harmonised, anonymised and provided to IEA PVPS for life cycle inventory modelling and publishing.
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Additional data sources N %
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- CdTe thin film module manufacturing from First Solar

- Inverters from anonymised global manufacturers

- Market shares at different stages in value chain from IEA-PVPS
- Module efficiencies for TOPCon and PERC: ITRPV (2025)

- Background data from open-source BAFU LCI database (2025)
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esults: inventory tables . gn

TOPCon,
PECVD,at  LPCVD, atplant  PEC\D, at

- Detailed data tables with all material

Plant{CN}U plant{CN}U  {US}U  plant{US}u

and energy inputs and outputs for each i oTon

Metallurgical grade

Location
InfrastuctureProces
Unit
StandardDeviationd
5%
GeneralComment

i m2 m2 m2 m2
Photowltaic coll, single-Si, TOPCon, LPCVD, at

H t h PV I h H plant(CN} U oNoom ! ° ° o

process in the value chain. Y nncon w0 w0

_ _ oyeiicon el b
» Data for MG-Si, solar-grade Si, recycled [ T e Ry
) ’ SRS IS iy 9 @ @ 0 0GB 0B 1 107 (201201 ndustydat (French nden)
Si, ingot, brick, wafer, TOPCon & PERC 000 S O 1 O
) ) ) ) Steel, low-alloyed, at plant {RER} U 0 kg 4.98E-4 498E-4 4.98E-4 4.98E-4 1 1.07 (2.1,1,.2,1,1); Industry data (French tender)

ool 99Tk Inhizo bk s kg 379ES  1WES  B79ES 118E3 1 107 (21,1.2:1,1) Industydata (French tender)

cell, module from 83 factories producing e v (R R i e S o

@ 4ssEz  1E2  4sse2  ApE2 A ' p
. . P 44 40BE4  410E4  40E4 1 2,11) Industry data (Fronch tondor) 1p pallot = 25kg
chamict s . o " kg 12264 26484 12064 26484 1 107 (21210 Incusiydata (French tender) TWA
. Recycled* silicon scrap
0 kg 301E2  B09E2  301E2  BOSEZ 1 107 (241:21.1)ndustydata (French tendr) Additve
0 kg 78sEs  6wEd  78ES  637E3 1 107 (2112.1) ncusiydat (Frenchtender)
— = 0 kg 13E2 12982 13162 12952 1 107 (24121.1)ncusiydata (rench tender)
. . . . . Phospho chiorde, at plant (RER] U 0 K 24 o 62464 o 1107 (2:112:11); Industrydata (French tender)
Silicon brick Hydrochloric acid, 30% in H20, at plant {RER) U 0 kg 308E2  561E2 3.00E-2 561E-2 110 1 tender) in
[ ] a a Or | nve e r e eC rl C |n S a a |O n S Nivic acid, 50% In H20, t plant (RER} U 0 0 11262 0 1462 1 107 (2114241) Industydata (French tender)
) ) Hydrogen fluoride, at plant {GLO} U o kg 243E-1 23361 243E-1 233E-1 1 1.07 (2.1,1.2.1.1): Industry data (French tender) in H20 iso without water
Sodium hydroride, 50% n H20, mercurycel,at
Sy 0 kg o4TE2  186E1  O4TE2  186E1 1 107 (24121 ndustydaia (Frenchtender)
Fiyirogen peroside, 50% n H20,atplant (RER) U 0 «g  amE1  2se1  amE1  zsee1 1 107 @1d2d )
roo O aC a e a n O e n rou n Phosphane, at plant (GLO] U o ko 22484 ) 22484 1 107 (241211 ndustydata (Fronch tonder)
) gases  Ongen, lquid,at plant (RER} U 0 kg 0082 37382 3082 3732 1 107 (21124.) ndusiydaia (Frenchtonder)
Argon, liquid, at plant {RER} U o kg 1.20E4 1.67E-3 1.20E4 167E-3 1 1.07 (2.1,1,2,1,1); Industry data (French tender)
. . Hellum, at plant{GLO} U 0 kg 0 161E6 o 16166 1 107 (2112,1.1) Industydata (French tender)
P Nitrogen, liquid, at plant (RER} U/ 0 kg TNEA 777€1 TMEA TITEA 1 1.07 (2.1,1.21,1); Industry data (French tender)
|nS a a |Or lS e ( ; Silicon wafe silane, o lant[RER} U 0 kg 483 7M1EQ 4893 7A1EG 1 107 (2412:.1)industyda (Fonch ender
- Ammonia, liquid, atregional storehouse (RERJU ~ RER 0 kg 656E3  903E3 656E3 9033 1 107 (214.24.1)Industydata (French tender) proxy for nirous oxide.
Tap wator, wator balancs according fo Mook 2013, . » sty dota (French fener
water [ e o 0 kg t2E2  tasER o 3 1107 (21121 Industy daia (French tender)
Tap water, water balance accorcing fo MoK 2013, . . sty dta (e foncer
. . T s 0 kg o o 12182 W18E2 1 107 (241241) industydata (French tender)
e Data can be imported into software e e N N R —— O
Electricity, medium voltage, at grid (US) U Us 0 Kkwh ) 0 186E+1 198E+1 1 107 (22,1.1,1.3);Woodhouse et al. (2019): c-Si PV Manufacturing Costs 2018
. infastructur Ancilarybuiding,wafer faciory.stse,simuiated . § . .
d d t H Photovoltaic cell o data D1 p 1S7ES  TOBEM0  1STE9  TOSE0 1 300 nodgigd by Braioveky(2026);contains melal working machine
Callfactory, steelconsinuton, simuated data DE} factory
ana used 10 assess various g b1 s emer amer awme  mes 1w EUEUDSESCoe b
“
transport  Transpor, freight, lory,fleet average {RER} U RER 0  tm 43764 4116 43764 411E1 B e R e

envn"onmenta' |mpa t ategones in T o0 EED MmN 0EE0  EE) 1 9D OOmeee s
CtcC L —
ot oA ool oo S 0 O M0 W EE 0 9 0D QESETTTTTT
L

i ff r t ri Photovoltaic module CELMIEE CH 0 kg 247E1  A7IE 24761 ATIET 1 107 (2412 ncustydata (Frenchtender)
Disposal, municipalsolc waste, 22.9% waer, o
( I e el l S‘ :el la ( )S - CH 0 kg 4MED  AZE4  416E3  42E4 1 107 (21121.1) nduskydaa (Frenchtender)
. framed panel or unframed laminate sanitarylandiil CH) U J ¢ e R ’
Disposal, hazardous wasts, 25% water,
e T o] CH 0 kg 7S9E2  260E2  7S9EZ 26062 1 107 (24124.1) Industydata (French tender)
emission
ainhigh  Heat waste S - M SOTEM 7A6BM SSTEM 7AW 1 140 (444015) Calculaton basedon sleciciyuse
oovulation
Water,ON S kg t2EM asem 3 3 1 e Gad

&Bisser Kndpfel (2013)

(@443

&BUsser Kndpfel (2013)

(2.343,1,5); de Wild-Scholten (2014) Lfe Cycle Assessmentof
tovoltaics Status 2011, Part 1 Data Colection (Table 30.31)

(234,31,5); de Wild-Scholten (2014) Life Cycle Assessmentof

Photowliaics Status 2011, Part 1 Data Collection (Table 30,31)

(234,3,1,5); de Wild-Scholten (2014) Life Cycle Assessmentof

Photowliaics Status 2011, Part 1 Data Collection (Table 30,31)

(2.3.4.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of

Water, US - -k o o 121841 1A0EH 1 189

Auminium - - k@ 77ES  773ES 77386 7736 1 511

PVPS

Hydrogen luoride - - kg 138E4  138E4 13864 13864 1 183

Lead - - kg TT%ES 7736 77388 7736 1 511

U L e aerea e maren 4 e



Supply chain contributions to climate impact of electricity from mono-Si residential PV in Central
Europe

PVPS

total mono-Si system GHG emissions
19.7 g CO,-eq / kWh

mono-Si module GHG emissions
12.4 g CO,-eq/ kWh

10 kW, Rooftop systems in Central Europe: 1000 kWh/kW,,. Including degradation
(linear, 0.7%/a). 60 % TOPCon and 40 % PERC modules reflecting 2024 market
shares. To adjust results for a degradation rate of 0.5 %/a multiply results by 0.968;
while for a degradation rate of 0.9 %/a, multiply results by a factor of 1.053. Service life:
30 years (panel), 15 years (inverter)

electricity —

19.7 g
CO,-eq / kWh

\ rest

electricity

rest



Wind and PV as Low Carbon Technologies

Updated and published LCI of wind energy.

- PV and Wind are corner stones of the energy
turnaround and decarbonization of the electricity mix.
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Federal Offce for the Environment (FOEN)
Consumpon and Prosuets Secton
‘Swiss Federal Office of Energy [SFOE)
Energy Ressarch and Clsantach Secton

Final Report from 22 July 2025

Life Cycle Inventories of Wind Energy

Electricity generation from onshore and offshore
wind farms for the Swiss and European context

Prepared by

and
Life Cycle Assessment Research Group
Institute of Natural Resource Sciences

Zurich University of Applied Sciences (ZHAW)

Commissioned by the Federal Office for the Envirenment and the Swiss Federal Office of Energy

https://doi.org/10.21256/zhaw-33947
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Conclusion ’G‘
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IEA PVPS Task 12 publishes comprehensive life cycle inventory
|||| data for analysing the environmental performance of solar
energy

@"l The updated datasets have undergone a robust, multi-step quality
assurance process. Representativeness is strong but not uniform.

@0EO Data and report will be published open-source this summer 2026.

_‘6’_ Tender policies like in France support transparency in
71>  sustainability of the PV sector.

A With LCA environmental hotspots in PV value chains can be
‘V identified and addressed with Eco-Design

13
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iea-pvps.org

Sustainable Solar:
How Policy Changes Impact

Matthias Stucki, Zurich University of Applied Sciences, IEA PVPS Task 12
Matthias.stucki@zhaw.ch
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