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Waste Management
Solar Panel Recycling

This section provides key inputs on Solar Panel Recycling Opportunities for
corporate leaders.

&. Highlights )

Aging first-gen installations and manufacturing scrap are

creating a predictable end-of-life (EoL) pipeline over the

next decade

a Glass, aluminum frames, silver, copper, and silicon can be
recovered and reintegrated into PV and adjacent
industries

° EPR norms, sustainability reporting, and circularity
commitments are pushing formal recycling and traceability

° Advanced mechanical + thermal/chemical processes

outperform basic dismantling in recovery rates and

economics

—

\ag ‘Key recommendations for corporate leaders include:-;f e

» Strong tie up with EPCs, IPPs, O&M providers,
manufacturers, and utilities for end of life panels and
factory scrap

® Combine automated dismantling with advanced separation
to maximize
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Opportunity Snapshot: Solar Panel Recycling

Recover materials such as glass, aluminum, silicon, silver from end-of-life solar panels

((©) Market Signal @ What or It?
e Early regulatory push for solar waste e Efficient material recovery (glass
management and recycling norms >90%, metals like silver/aluminum)
e Global demand for recovered e Process technology
materials (silver, silicon) (thermal/mechanical separation of
e Annual Market size by 2030: 1500 layers)
-2000% Cr e Partnerships with developers/EPCs for
panel collection
E@ Why It Matters NOW? g@ Well Aligned Opportunity for
e First generation of solar installations e Recycling and waste management
nearing end-of-life globally companies
e Increasing focus on circular solar e Solar EPC/developers (backward
supply chains integration)
e Opportunity to establish early-mover e Materials recovery and metal
advantage processing firms
2% <+ .
-3 Key Challenges Business Model
e Complex material separation e Pilot-scale recycling plants near solar
(glass, EVA, silicon layers) clusters
e Economics dependent on recovery e Tie-ups with developers for future waste
value (especially silver) streams

e Focus on high-value material recovery
(silver, silicon)
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Introduction and Business Case

As India’s solar deployment crosses 80 GW+, end-of-life management of panels is emerging as
the next big challenge. By 2030, India is expected to generate 40,000+ tonnes of PV waste,
rising sharply thereafter as early solar parks (post-2010) retire.

Solar panel recycling turns this into a circular economy opportunity: recovering glass,
aluminium, silver and silicon, reducing landfill risk and lowering raw material demand for new
modules. With EPR mandates on the horizon and waste management becoming an increasingly
critical concern, it is both an environmental imperative and a business case for new industries,

which also translates into a significant business opportunity.

Market Potential for Solar Panel Recycling in India

Year | Market Size (X Cr) | Waste Volume Drivers
(Tonnes)
2025 300-400 10,000 - 15,000 | Early replacements, manufacturing rejects.
2030 1,500-2,000 40,000 - 50,000 | Large-scale waste inflow from early solar
parks.
2040 5,000-7,000 2,00,000 - Mandated recycling, mature PV fleet,
3,00,000 circularity markets.

Market Segments and Applications

Segment Applications Business Model Key Drivers
Regulated PV End-of-life residential, | Producer fees + Mandatory recycling
take-back & EPR commercial, utility PV | compliance contracts | laws, landfill bans
compliance modules
Utility-scale PV Large solar farms Project-based service | Aging solar assets,
decommissioning (repowering, early fees repowering economics
services retirements)
Mechanical PV Crystalline-silicon Gate fees + High glass/aluminum
module recycling panels — glass, commodity material recovery, low cost
aluminum, copper sales
High-value materials | Recovery of silicon Premium materials Rising critical-material
recovery (Si, Ag) wafers, silver, offtake agreements prices
specialty metals
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Manufacturer-led
take-back programs

Brand-specific
module recycling

Embedded product
pricing + take-back

ESG commitments,
design-for-recycling

PV reuse, testing &
second-life markets

Refurbished panels
for secondary
markets

Asset resale + testing
services

Cost-sensitive
emerging markets

PV recycling
equipment & plant

supply

Recycling lines sold
to recyclers/utilities

Equipment sales +
O&M contracts

Global expansion of
PV recycling capacity

Integrated logistics &
reverse supply chains

Collection, transport,
dismantling of panels

Logistics contracts +
bundling with
recycling

Distributed PV assets,
handling complexity

Advanced / chemical
PV recycling

Solvent-based or
thermal separation

Technology licensing
+ material sales

Higher recovery
efficiency demands

Digital tracking &
compliance platforms

Module traceability,
reporting, certificates

SaaS + verification
fees

Regulatory reporting,
ESG disclosure

Typical Project Capacities & Investments Required in India

Project Type Typical Capacity Indicative Notes
(end-of-life & line-scrap) | CapEx (¥ Cr)

Pilot dismantling | 5-15 KTPA (20-60 MWp 12-30 Frame/glass removal,

& mechanical eq.) shredding,

separation magnet/eddy-current sorting;
basic glass/Al/copper
recovery.

Integrated line - | 20-60 KTPA (80-240 35-90 EVA/POE removal via

mechanical + MWp) thermal/solvent, higher glass

thermal yield and cleaner

delamination ribbons/cells.

Advanced line - | 60-120 KTPA (240-480 80-200 Hydromet leaching for Ag,

silver/silicon MWp) selective etch for Si wafer

recovery reclaim; requires robust

(chemical) ETP/ZLD.

Cluster facility 100-200 KTPA (400-800 120-300 Hub-and-spoke aggregation

(multi-state MWp) + high-value recovery;

intake + EPR) co-located with glass/Al
smelter users.

CO3@EAI
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Element Options Key Traits
Mechanical Shredding, crushing, Recovers glass (~70% by weight),
processes separation aluminium frames.

Thermal processes

Frees embedded cells; enables

backsheets

Incineration/pyrolysis of EVA

further recovery.

Chemical processe

s | Acid/solvent leaching

Extracts silver, silicon, high-value

materials.

Hybrid approaches

chemical

Mechanical + thermal +

Maximises recovery rates; higher

CAPEX.

Product streams

Recovered glass, aluminium,
silicon wafers, silver paste

Inputs for new modules and
secondary industries.

Circularity models

Take-back schemes, EPR
compliance, InvIT-linked
recycling hubs

Ensures scale and policy-backed

viability.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Feedstock Large volumes Underutilized India’s solar Need interim
Availability & of end-of-life capacity risk and | boom is recent; | revenue from
Timing panels not yet delayed revenue | most panels still | manufacturing
Mismatch reached; waste | realization within lifespan scrap and early
generation still decommissioning
emerging streams
Collection Distributed High logistics Lack of Develop
Logistics & installations costs and standardized partnerships with
Reverse Supply | across rooftop complex collection EPCs, developers,
Chain and utility-scale | dismantling networks; and DISCOMs for
projects processes fragmented take-back
ownership programs
Technology & Recycling Profitability Limited localized | Invest in scalable,
Economic processes vary | linked to technology modular recycling
Viability (mechanical, recovery maturity; technologies
thermal, efficiency of evolving
chemical) with silver, silicon, recycling
evolving glass methods
recovery rates
Policy, Emerging waste | Uncertainty India’s Early regulatory

CO3@EAI
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Compliance & management around e-waste/solar alignment and
Regulatory norms and compliance waste traceability
Framework producer costs and future | regulations still systems critical
responsibility standards evolving
requirements
Commodity Revenue Margin variability | Dependence on | Long-term offtake
Price Volatility & | dependent on tied to global international agreements and
Market Demand | recovered material prices supply-demand | diversified product
materials and dynamics for streams needed
secondary metals
markets

Prominent Players in the Indian Market

Company / Entity Focus Areas
Re Sustainability (Ramky Developing PV recycling as part of a broader WEEE and e-waste
Enviro) portfolio.
Gravita India Metals recovery, exploring other recycling value chains.

Attero Recycling

Known for e-waste & battery recycling; engaged in PV recycling.

recycling.

RenewSys Exploring circularity for solar backsheets/EVA, potential module
recycling.
First Solar Runs an integrated manufacturing system with in-house solar

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Closed-loop solar materials
platforms

Rapid PV deployment today
= large future waste wave

Secures future raw materials,
strengthens OEM partnerships

High-purity silicon & silver
recovery

Rising silver prices,
supply-chain risk

High-margin critical-materials
play

Design-for-recycling
partnerships with OEMs

OEM pressure to reduce
lifecycle emissions

Long-term lock-in with
manufacturers

Utility-scale decommissioning
platforms

Repowering of early solar
farms accelerating

Large, predictable project
revenue

Advanced / chemical PV
recycling technologies

Mechanical recycling
recovery limits reached

Technology leadership,
IP-based moat

CO3@EAI
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PV reuse & secondary Growing demand in emerging | Asset-light revenue with

market ecosystems and off-grid markets circular impact
Digital traceability & Increasing regulatory Recurring SaaS-like revenues,
compliance systems reporting requirements data differentiation
Recycling-as-a-service for Developers facing ESG and Sticky customer relationships

solar developers decommissioning liabilities

Recycling plant & equipment | Many regions lack PV Capital-light scaling via
commercialization recycling infrastructure equipment/IP

Geographic first-mover hubs | PV deployment outpacing Market dominance and policy

(APAC, LATAM, MEA) recycling regulation influence

Concentric & Satellite Opportunities

e PV collection & reverse logistics networks: Aggregators building take-back chains
for utility and rooftop modules using digital EPR tokens and route optimisation.

e Advanced delamination & recovery OEMs: Technology suppliers of low-VOC
thermal or solvent skids for EVA/POE removal, glass cleaning and safe Ag/Si
recovery.

e Cullet and aluminium re-processors: Concentric plants co-located with glass
furnaces and aluminium extruders to reuse recovered materials in new PV and
construction products.

e Silver & silicon refining specialists: High-value recyclers reclaiming precious
metals and semiconductor-grade silicon for resale into electronics or new cell
lines.

e Insurance-linked waste management programs: Partnerships turning storm- or
fire-damaged PV assets into certified recycling feedstock through rapid claims
workflows.

e Second-life parts and resale exchanges: Marketplaces for intact frames, junction
boxes and hardware with quality certification and reuse potential.

e Design-for-recycling consulting: Engineering and compliance services helping
module makers redesign products for easier disassembly and closed-loop
circularity.

Key Takeaway for Senior Management

Feedstock access and timing e Near-term volumes come from factory scrap
determine economics and damaged panels; long-term volumes from
utility and rooftop EoL

CO3@EAI
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e Sub-components: EPC returns, O&M
replacements, warranty rejects,
decommissioned plants

o Recommended business focus: ecosystem
partnerships and reverse logistics

e Competitive advantage: higher utilization and
smoother ramp-up versus wait-and-see entrants

Technology depth defines recovery e Basic dismantling captures low value; advanced

rates and margins separation captures premium metals

e Examples: automated de-framing, glass
delamination, silver recovery, silicon purification

¢ Recommended innovation focus: integrated
mechanical + thermal/chemical flowsheets

Traceability and certification are e |PPs, OEMs, and financiers increasingly require

becoming market entry barriers auditable recycling

e Sub-components: digital chain-of-custody,
ESG reporting, EPR compliance,
decommissioning certificates

e Competitive advantage: preferred-partner
status and regulatory resilience

Integration with the solar value chain e Recycling works best when aligned with EPCs,

multiplies value IPPs, and manufacturers

e Examples: bundled decommissioning +
recycling services; offtake to glass/aluminum
processors

e Competitive advantage: stable pricing,
bankability, and scale economics

Next Steps for Corporate Leaders

Solar panel recycling is emerging as a critical circularity and ESG priority as early utility-scale
and rooftop PV installations approach end-of-life and manufacturing scrap volumes increase.
Regulatory frameworks, EPR mandates, and tender norms are beginning to address waste
streams, while recycling technologies for glass, silicon, metals, and polymers are advancing
from mechanical separation toward thermal and chemical recovery pathways. As embodied
carbon, landfill bans, and circularity targets expand, solar recycling is shifting from a future
compliance issue to a strategic lifecycle and supply chain consideration.

This could be an attractive climate tech opportunity for industries and firms in specific sectors
and industries keen on catering to this fast growing market.

Connect with Team EAI to know more about this opportunity and take your corporate’s
initial steps. Send a note to consult@eai.in or talk to Muthukrishnan - 9952910083
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