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CEEW’s journey in solar circularity: Generating evidence and creating dialogue to drive policy and 
industry decisions
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National Dialogue on solar circular 
economy

First Industry Roundtable on 

Circular Economy in Solar in 2022

List of publications on solar 
circularity by CEEW Knowledge partner to MNRE for the 

Innovation Challenge



By 2047, India’s cumulative solar waste would increase to 11 million tonnes, presenting an 
opportunity to enhance energy security, attract investments and create new jobs

Source: Tyagi, Akanksha, Prashant Badal and Ajinkya Kale. 2025.
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Material
security

Economic 
growth

Emission 
savings

38% 
raw material demand

met by recycling

37 million tonnes 
of CO₂ equivalents 

emission avoided

INR 3,709 crore 
market opportunity 

https://www.ceew.in/sites/default/files/ceew-how-big-is-the-solar-module-recycling-industry-in-india.pdf


By 2030, India’s solar waste is estimated to reach 600,000 tonnes with non end-of-life 
dominating the waste profile 

Source: MNRE and CEEW 2024
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Waste generation streams

https://www.ceew.in/sites/default/files/how-can-india-enable-circular-economy-with-solar-waste-management.pdf


67% of the cumulative solar waste is expected to originate from five states

Source: MNRE and CEEW 2024
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https://www.ceew.in/sites/default/files/how-can-india-enable-circular-economy-with-solar-waste-management.pdf


Mechanical recycling enables initial material recovery, while chemical processes unlock deeper 
extraction of metals from solar waste

Source: Tyagi and Kuldeep 2021
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https://www.ceew.in/publications/how-can-india-manage-photovoltaic-solar-panel-waste-disposal


But module recycling in its current setup is financially unviable due to high operating costs

Source: Kale, Ajinkya and Akanksha Tyagi. 2025.

Mechanical recycling

~40,130
INR/tonne

~29,900
INR/tonne

~10,230
INR/tonne loss

~12,340
INR/tonne loss

Chemical recycling

Recurring costs
High waste 

procurement and 
processing costs 

Benefits
Sale of lower-

grade materials

~36,720
INR/tonne

Benefits
Sale of high purity 
silicon and silver

~49,060
INR/tonne

Recurring costs
Higher due to use 

of chemicals

• Recurring costs: waste procurement, collection, processing – workforce, power, maintenance, and material, and 
disposal

• Financial benefits: sale of recovered materials
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https://www.ceew.in/sites/default/files/ceew-how-much-does-it-cost-to-recycle-a-solar-module-in-india.pdf


Module procurement accounts for the largest share, 56–68%, followed by processing and 
collection costs

Source: Kale, Ajinkya and Akanksha Tyagi. 2025

• If waste solar modules are available free of cost, mechanical recycling would generate a revenue of INR 17,000 
per tonne and chemical recycling a revenue of INR 15,000 per tonne.

• Or, procurement costs must come down from INR 600 to INR 330–375 per module for recycling to break even.
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https://www.ceew.in/sites/default/files/ceew-how-much-does-it-cost-to-recycle-a-solar-module-in-india.pdf


EPR certificate trading under India’s regulatory framework can turn module recycling profitable

1. Solar cell and module manufacturers, importers, and resellers. 2. Environmental Compensation Guidelines under E-Waste Management Rules, 2022 

Selling of EPR certificates turns solar module recycling profitable 

• ~INR 9700 per tonne or INR 215 per module profit
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• EPR credits can be generated for 4 metals – gold, copper, aluminium, and iron.2 

• Only 2 are eligible for solar waste - iron and aluminium. 

Puts modules on market
Gets EPR targets

Processes solar waste
Generates EPR certificates

EPR certificate trading 

Producers 1 Recyclers

https://cpcb.nic.in/openpdffile.php?id=TGF0ZXN0RmlsZS80MjBfMTcyNTg4MzY3N19tZWRpYXBob3RvMzM0OC5wZGY=
https://cpcb.nic.in/openpdffile.php?id=TGF0ZXN0RmlsZS80MjBfMTcyNTg4MzY3N19tZWRpYXBob3RvMzM0OC5wZGY=
https://cpcb.nic.in/openpdffile.php?id=TGF0ZXN0RmlsZS80MjBfMTcyNTg4MzY3N19tZWRpYXBob3RvMzM0OC5wZGY=


Globally, the solar industry including manufacturers, recyclers, and researchers are actively 
advancing circularity initiatives

Source:, TaiyangNews 2024, Recycling Today 2024, Mining Digital 2025, PV Magazine 2026, TaiyangNews 2026, PV Magazine 2024 
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https://taiyangnews.info/technology/trina-solar-announces-worlds-1st-fully-recycled-solar-pv-module
https://taiyangnews.info/technology/trina-solar-announces-worlds-1st-fully-recycled-solar-pv-module
https://www.recyclingtoday.com/news/solarcycle-to-supply-heliene-with-glass-from-recycled-solar-pv-modules/
https://miningdigital.com/news/how-the-solar-energy-industry-can-build-circularity
https://www.pv-magazine-india.com/2026/01/22/more-pv-manufacturers-expected-to-adopt-copper-metallization-in-2026/
https://taiyangnews.info/technology/liquid-encapsulation-a-route-to-more-circular-module-designhttps:/taiyangnews.info/technology/liquid-encapsulation-a-route-to-more-circular-module-design
https://taiyangnews.info/technology/liquid-encapsulation-a-route-to-more-circular-module-designhttps:/taiyangnews.info/technology/liquid-encapsulation-a-route-to-more-circular-module-design
https://www.pv-magazine.com/2024/12/06/german-startup-offers-refurbished-solar-modules-in-balcony-pv-systems/https:/www.pv-magazine.com/2024/12/06/german-startup-offers-refurbished-solar-modules-in-balcony-pv-systems/


India is witnessing regulatory reforms and policy support to build a local recycling industry; 
manufacturers must also step up

• More regulatory clarity

– Introduction of EPR targets, extending scope of 
certificates to all metals found in solar modules

• Promotion of technology development and 
demonstration

– Innovation challenge, incentive scheme for 
recyclers 
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• Design circular products

– Use alternate materials for encapsulants for 
easy recycling, reduced use of adhesives for 
easy disassembly

• Use recycled materials in new modules

– Recycled glass, aluminium, copper, silicon, 
and silver

• Establish closed loop business models 

– Product as a service



Thank you

ceew.in | @CEEWIndia
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