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Section 6 

Waste Management 
 

Waste management is a core pillar of India’s circular economy, turning environmental liabilities 
into materials, energy, and value while reducing emissions and import dependence. 

Market Scale & Urgency: 

India generates 63-70 million tonnes of municipal solid waste annually, with volumes rising 
sharply alongside EVs, solar, and consumer goods.  

Regulatory push via EPR mandates is accelerating formal recycling and processing. 

Key Segments: 

●​ Battery Recycling: Critical for EV scale-up and recovery of lithium, cobalt, nickel 
●​ Plastic Waste Management: EPR-driven recycling and chemical recycling growth 
●​ Industrial Waste Valorisation: Fly ash, slag, solvents for cement & construction 
●​ MSW Management: Biomethanation, waste to energy (WtE), composting 
●​ Solar Panel & Textile Recycling: Emerging, high-future relevance 

Growth Drivers: 

●​ Extended Producer Responsibility (EPR) regulations 
●​ Rising raw material costs and supply security concerns 
●​ Urbanisation and consumption growth 
●​ Circular economy and ESG pressure 

Strategic Trends: 

●​ Shift from disposal to resource recovery 
●​ Integration of recycling with manufacturing supply chains 
●​ Technology-driven segregation and processing 
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Executive takeaway: 

Waste management in India is evolving from a compliance activity to a strategic decarbonisation 
and resource-security opportunity with strong regulatory tailwinds. For investors and corporates, 
waste management is transforming into a structured infrastructure and resource‑recovery route 
with value in battery and plastic recycling, waste valorisation, and circular‑materials ventures. 
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Waste Management 
Industrial Waste Valorization 

 
This section provides key inputs on Industrial Waste Valorization Opportunities 

for corporate leaders. 
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Opportunity Snapshot: Industrial Waste Valorization 
Collect, treat, manage and valorize industrial waste 

 Market Signals  What Makes or Breaks It? 

 ●​ Growth in common treatment 
facilities (TSDFs, CETPs) 

●​ Rise of industrial waste valorization 
platforms 

●​ Annual Market size by 2030:₹  
10,000 - 12,000 Cr 

 ●​ Regulatory compliance (CPCB/SPCB 
approvals, audit-ready operations) 

●​ Access to industrial clusters for steady 
waste volumes 

●​ Integrated treatment capability 
(collection → processing → disposal) 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Growth in chemicals, pharma, and 
manufacturing sectors 

●​ Increasing enforcement of 
CPCB/SPCB compliance norms 

●​ Rising need for safe disposal and 
recycling solutions 

 ●​ Waste management and environmental 
services companies 

●​ Infrastructure/EPC players 
●​ Chemical and industrial ecosystem 

players 

 Key Challenges  Business Models 

 ●​ Lack of awareness and technologies 
to valorise diverse industrial waste 

●​ Logistics complexity and traceability 
of categories such as hazardous waste 

 ●​ Develop specialized TSDFs (Treatment, 
Storage, Disposal Facilities)  

●​ Operate waste valorization facilities for 
industrial clusters 

●​ Offer end-to-end waste management 
services for industries 
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Introduction and Business Case 

India’s industries — cement, steel, chemicals, power, paper — generate millions of tonnes of 
solid, liquid and gaseous wastes annually. Traditionally treated as liabilities, these streams can 
be valorized into fuels, materials and chemicals. Examples include using fly ash in cement, slag 
in road construction, plastics in pyrolysis, or effluents in bio-CNG. 

Industrial waste valorization cuts disposal costs, reduces environmental risk, unlocks new 
revenue streams and supports circular economy goals, aligning with both ESG mandates and 
Net Zero ambitions, thus creating verticalized business opportunities in diverse sectors. 

Market Potential for Industrial Waste Valorization in India 

 
Year Market Size (₹ Cr) Drivers 

2025 2,000-3,000 Fly ash/cement integration, early plastics-to-fuel projects. 

2030 10,000-12,000 Scaling across steel slag, red mud, chemical by-products, 
e-waste integration. 

2040 30,000-40,000 Deep industrial circularity, carbon-credit backed waste 
valorization hubs. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

Waste-to-Energy 
(Thermal) 

Incineration, CHP 
from industrial waste 

Tipping fees + energy 
sales 

Rising landfill costs 
and energy recovery 
mandates 

Refuse-Derived & 
Solid Recovered 
Fuels (RDF/SRF) 

Fuel substitution in 
cement, power plants 

Waste processing 
fees + fuel offtake 

Fossil fuel 
displacement and CO₂ 
reduction 

Hazardous Waste 
Valorization 

Treatment and 
recovery from toxic 
residues 

High-margin 
treatment contracts 

Stricter environmental 
regulation 

Waste-to-Fuels 
(Gasification) 

Conversion to 
syngas, methanol, 

Long-term offtake + 
licensing 

Demand for 
low-carbon fuels 
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ethanol 

Carbon & Off-Gas 
Utilization 

Fermentation of 
CO/CO₂ into 
chemicals 

Product sales + 
licensing 

Industrial 
decarbonization 
pressure 

Industrial Sludge & 
Residue Recovery 

Material recovery 
from sludges and 
ashes 

Project-based + 
service contracts 

Cost of disposal and 
material scarcity 

Metal & Mineral 
Recovery from Waste 

Slag, tailings, and 
ash processing 

Equipment + revenue 
share 

Circular economy and 
critical minerals 

Waste Heat & Energy 
Integration 

Heat recovery linked 
to waste processing 

Integrated EPC + 
energy sales 

Efficiency and 
decarbonization 
targets 

On-Site Industrial 
Valorization Systems 

Embedded waste 
conversion units 

Build–own–operate 
models 

Minimize logistics and 
compliance risk 

Digital Optimization & 
Monitoring 

Process control and 
performance 
analytics 

SaaS + lifecycle 
services 

Improve yields and 
regulatory compliance 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative CapEx 

(₹ Cr) 
Notes 

Slag grinding → 
supplementary 
cementitious 
material (SCM) 

0.3-1.0 MTPA 70-200 Steel/copper slag to 
GGBS/SCM; close to steel + 
cement clusters. 

Fly-ash beneficiation 
& classification 

0.2-1.0 MTPA 25-80 Improves fineness/LOI; 
premium grades for blended 
cements. 

Red-mud/bauxite 
residue to 
bricks/ceramics/aggr
egates 

50-200 TPD 15-50 Additives + 
sintering/geopolymerisation; 
environmental risk mitigation. 

Industrial solvent 
recovery 
(pharma/chemicals) 

30-150 KLPD 10-40 Fractionation, 
azeotropic/activated carbon 
polish; QA critical. 

Used oil re-refining 
(lube/base oils) 

100-300 TPD 60-180 Hydrotreating/clay polishing; 
BIS/API specs for marketability. 
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Plastics/packaging 
industrial scrap to 
recycled resins 

10-50 KTPA 30-120 Hot-wash, extrusion, 
decontam; food-grade lines 
higher capex. 

FGD/chemical 
gypsum → 
boards/plaster 

100-300 TPD 50-150 Wallboards, plasters; requires 
steady quality feed. 

Battery/cell 
manufacturing scrap 
→ black mass 

5-20 KTPA 60-150 Pre-processing + 
hydromet/pyro tie-ups; EPR 
compliant. 

 

Underlying Technologies & Processes 

 
Element Options Key Traits 

Solid waste streams Fly ash, slag, red mud, 
gypsum, plastics 

Inputs for cement, bricks, roads, 
chemicals. 

Liquid effluents Distillery spent wash, 
refinery sludge 

Anaerobic digestion, bio-CNG, chemical 
recovery. 

Gaseous waste CO₂, syngas from industrial 
stacks 

CCUS, methanol, fertilisers. 

Conversion processes Pyrolysis, gasification, 
geopolymerisation, 
fermentation 

Converts waste into fuels, chemicals, or 
materials. 

Integration Co-processing in cement 
kilns, captive use in steel & 
power, industrial symbiosis 

Drives scale and economics. 

Revenue drivers Cost savings on disposal, 
carbon credits, new 
product lines 

Improves margins and ESG profile. 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Feedstock 
Consistency & 
Supply Chain 
Fragmentation 

Industrial waste 
streams vary in 
volume, quality, 
and composition 

Process 
inefficiencies 
and fluctuating 
output quality 

Informal waste 
handling 
systems; 
inconsistent 
segregation 
practices 

Long-term 
sourcing contracts 
and preprocessing 
infrastructure 
critical 
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Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Market 
Development & 
Offtaker 
Acceptance 

Limited demand 
for recycled or 
secondary 
materials in 
certain sectors 

Revenue 
uncertainty 
and slower 
commercializat
ion 

Quality 
perception 
issues; lack of 
standardized 
certifications 

Need strong 
quality assurance 
and industry 
partnerships 

Technology 
Selection & 
Economic 
Viability 

Multiple 
valorization 
pathways (energy 
recovery, 
materials 
recycling, 
chemical 
conversion) 

High capex 
and uncertain 
ROI 
depending on 
waste type 

Rapidly evolving 
technologies; 
lack of localized 
case studies 

Pilot-scale 
validation and 
modular 
technology 
deployment 
essential 

Regulatory 
Complexity & 
Compliance Risk 

Environmental 
approvals and 
hazardous waste 
regulations can 
delay projects 

Increased 
timelines and 
compliance 
costs 

State-level 
regulatory 
differences; 
evolving waste 
management 
policies 

Early regulatory 
engagement and 
compliance 
expertise required 

Capital Intensity 
& Infrastructure 
Constraints 

Significant 
investment 
required for 
processing 
facilities and 
logistics networks 

Slower 
scale-up and 
funding 
challenges 

Limited green 
financing 
awareness for 
circular 
economy 
projects 

Innovative 
financing and 
ecosystem 
partnerships 
necessary 

 

Prominent Players in the Indian Market 

 
Company / Entity Focus Areas 

UltraTech Cement / Dalmia 
Cement 

Using fly ash and slag in blended cement. 

JSW Steel / Tata Steel Steel slag into cement, roads and construction. 

NTPC Ltd. Fly ash utilisation in bricks, cement and road projects. 

Indian Oil / BPCL / HPCL Plastics and refinery waste to fuels via pyrolysis and 
gasification. 

Aditya Birla Group Red mud valorization, chemicals integration. 
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Ramky Enviro / Re 
Sustainability 

Waste-to-materials projects, industrial waste management 
services. 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Waste 
Valorization-as-a-Service 
(WaaS) 

Provider owns/operates 
conversion assets; sells 
energy/material outputs 

Long-term contracted 
revenues; lower customer 
capex 

Integrated Waste-to-Product 
Platforms 

Waste converted directly into 
fuels, chemicals, or materials 

Moves business up the value 
chain with higher margins 

Carbon-Negative Valorization 
Systems 

Pair valorization with CCS or 
biogenic carbon credits 

Premium pricing and 
regulatory advantage 

On-Site Modular Valorization 
Units 

Containerized, plug-and-play 
conversion systems 

Faster sales cycles; access to 
brownfield sites 

Industrial Off-Gas & Residue 
Upcycling 

Convert CO/CO₂ and 
residues into sellable 
products 

Unlocks decarbonization for 
steel, cement, refining 

Circular Materials for Critical 
Minerals 

Recover metals/minerals 
from industrial waste streams 

Strategic relevance beyond 
waste management 

Digital Yield & Process 
Optimization 

AI-driven optimization to 
maximize conversion yields 

Protects margins and boosts 
asset productivity 

Multi-Waste, Multi-Output 
Facilities 

Facilities designed for 
feedstock and product 
switching 

Resilience to market and policy 
shifts 

Carbon-Indexed Commercial 
Models 

Contracts linked to verified 
CO₂ avoidance or removal 

Aligns incentives; improves 
ROI narratives 

Valorization-Linked Financing 
& Partnerships 

Infrastructure-style financing 
tied to offtake 

Accelerates growth and locks 
in customers 
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Concentric & Satellite Opportunities 

●​ Industrial symbiosis EPC & brokerage: Turnkey designers and matchmakers 
linking waste generators with nearby offtakers via long-term, spec-locked 
contracts. 

●​ Testing & certification networks: NABL/BIS/API labs providing rapid qualification 
and continuous QA for valorised products across clusters. 

●​ Residue logistics & preprocessing hubs: FPO/startup-led drying, crushing and 
segregation depots that standardise variable industrial wastes. 

●​ Digital traceability & EPR marketplaces: Blockchain/IoT platforms tracking 
waste-to-product flows and enabling tradable EPR/carbon credits. 

●​ Process-intensification OEMs: Indigenous equipment for solvent recovery, 
red-mud geopolymerisation and fly-ash beneficiation adapted to Indian 
conditions. 

●​ Skill academies & compliance services: Training for waste-handling, HAZMAT 
logistics and ISO/BIS documentation to professionalise MSME recyclers. 

 

Key Takeaway for Senior Management 

 

Takeaway Details 

Waste valorization is a strategic 
resource play, not a compliance 
exercise 

●​ Industrial by-products can substitute virgin fuels and 
materials, improving cost position and resilience 

●​ Examples: steel slag → construction aggregates; fly 
ash → blended cement; spent catalysts → metal 
recovery 

●​ Competitive advantage: reduced input volatility and 
new revenue streams competitors don’t capture 

Feedstock stability and 
chemistry determine economics 

●​ Returns hinge on predictable volumes and consistent 
composition 

●​ Sub-components: slag, fly ash, red mud, gypsum, 
spent solvents, biomass residues, industrial effluents 

●​ Recommended innovation focus: feedstock 
characterization, preprocessing, and blending 
strategies 

●​ Competitive advantage: higher plant utilization and 
yield versus opportunistic waste handling 

Technology-fit to end markets 
drives bankability 

●​ Valorization only works when outputs meet market 
specs at scale 

●​ Examples: co-processing in cement kilns, material 
recovery for construction, biochemical conversion for 
fuels 
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●​ Recommended innovation focus: modular, 
chemistry-specific process design 

Commercial models are shifting 
toward shared value and 
outcomes 

●​ Customers prefer solutions that reduce disposal 
costs while sharing upside 

●​ Examples: tipping-fee + offtake sharing, BOOT 
models, long-term processing contracts 

●​ Competitive advantage: sticky, annuity-style 
revenues and quicker adoption 

Portfolio replication creates 
circular-infrastructure economics 

●​ Similar waste streams across sites enable 
standardization 

●​ Examples: steel clusters, cement belts, chemical 
parks, mining regions 

●​ Recommended focus: standardized modules and 
cluster-based deployment 

●​ Competitive advantage: lower capex per unit and 
rapid scaling versus bespoke projects 

 

Next Steps for Corporate Leaders 

 

Industrial waste valorization is gaining traction as corporates seek to convert solid, liquid, and 
gaseous waste streams into commercially valuable outputs, reducing disposal liabilities, landfill 
costs, and Scope 1/3 emissions. Applications span materials recovery, energy generation, 
feedstock substitution, and circular product pathways across sectors such as chemicals, food 
processing, textiles, metals, cement, and automotive. As carbon pricing, circularity mandates, 
and ESG disclosures strengthen, waste valorization is evolving from compliance-driven waste 
management to a strategic industrial decarbonization and resource efficiency lever. 
 
This could be an attractive climate tech opportunity for industries and firms in specific sectors 
and industries keen on catering to this market. 
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Waste Management 
MSW Management 

 
This section provides key inputs on MSW Management Opportunities for 

corporate leaders. 
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Opportunity Snapshot: MSW Management 
Collect, segregate and convert urban waste into energy, recyclables and other value 

 Market Signals  What Makes or Breaks It? 

 ●​ Large untapped opportunity as <30% 
of MSW are scientifically processed 

●​ India generates 160–170 MTPA 
MSW, growing ~5% annually 

●​ Annual Market size by 2030: ₹ 
13,000 - 15,000  Cr 

 ●​ Efficient collection & segregation 
systems (door-to-door, MRFs) 

●​ Technology fit (composting, WtE, 
recycling based on waste mix) 

●​ Long-term municipal contracts with 
tipping fee & payment security 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Urbanization driving rapid waste 
generation growth 

●​ Landfill saturation in major cities 
●​ Increasing focus on circular economy 

and waste-to-energy 

 ●​ Waste management companies and EPC 
players 

●​ Municipal contractors and infra 
developers 

●​ Recycling and waste-to-energy players 

 Key Challenges  Business Models 

 ●​ Poor segregation at source  
●​ Dependence on municipal contracts 

causing payment delays, low 
margins, high logistics cost 

 ●​ Collection & processing contracts with 
urban local bodies (ULBs) 

●​ Set up material recovery facilities 
(MRFs) & WtE plants 

●​ Integrate recycling and energy recovery 
for multiple revenue streams 
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Introduction and Business Case 

India generates over 160,000 tonnes/day of Municipal Solid Waste, much of which is landfilled 
or openly dumped. Effective MSW management converts this challenge into a circular economy 
opportunity: reducing pollution, recovering materials, generating renewable energy and creating 
green jobs. 

With Swachh Bharat, Smart Cities and EPR mandates, MSW management is now a compliance 
necessity and a significant investment opportunity for the right businesses - spanning waste 
collection, segregation, recycling and waste-to-energy solutions. 

Market Potential for MSW Management in India 

 
Year Market Size (₹ Cr) Drivers 

2025 8,000-10,000 Smart Cities, cluster-based waste projects, PPP models. 

2030 13,000-15,000 Expansion of waste-to-energy, material recovery facilities 
and circular economy mandates. 

2040 35,000-40,000 Full EPR compliance, integrated waste valorisation hubs, 
carbon credit monetisation. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

MSW Collection & 
Transport 

Residential and 
commercial waste 
collection 

Long-term municipal 
contracts (fee per 
household/ton) 

Urbanization and 
public sanitation needs 

Landfill & Final 
Disposal 

Engineered landfills, 
residual waste 
disposal 

Tipping fees + 
long-term site 
operations 

Regulatory compliance 
and waste residuals 

Material Recovery 
Facilities (MRFs) 

Sorting and recovery 
of recyclables 

Processing fees + 
commodity sales 

Circular-economy 
targets and recycling 
mandates 

Organic Waste 
Treatment 

Composting, 
anaerobic digestion 

Gate fees + 
compost/biogas sales 

Food-waste diversion 
regulations 
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Waste-to-Energy 
(WtE) 

Incineration with 
power/heat 
generation 

Tipping fees + energy 
sales 

Landfill diversion and 
energy recovery 
policies 

Landfill Gas Capture 
& Utilization 

Methane capture for 
power or RNG 

Energy sales + 
carbon credits 

Methane emissions 
reduction 

Pay-As-You-Throw & 
Smart Collection 

Volume/weight-based 
waste charging 

Service fees + digital 
platforms 

Incentivize waste 
reduction and 
efficiency 

MSW Recycling 
Systems 

Paper, plastics, 
metals, glass 
recycling 

Collection fees + 
material sales 

Resource recovery 
and ESG pressure 

Public-Private 
Partnership (PPP) 
MSW Systems 

City-scale integrated 
waste solutions 

Long-term 
concession contracts 

Municipal budget 
constraints 

Digital MSW 
Optimization 
Platforms 

Route optimization, 
asset monitoring 

SaaS + service 
contracts 

Cost reduction and 
service transparency 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative CapEx 

(₹ Cr) 
Notes 

City MRF (dry waste) 200-1,000 
TPD 

20-80 Segregation, baling, 
plastics paper metals; 
revenue from recyclates + 
tipping. 

Integrated MSW 
Processing Park 

500-2,000 
TPD 

120-350 MRF + compost/biogas + 
RDF prep + residue landfill 
cell. 

OFMSW-to-CBG/Biogas 100-500 
TPD 

35-180 CSTR digesters + 
upgraders; sells CBG to 
CGD/OMCs + digestate. 

Compost/biostabilisation 
plant 

200-1,000 
TPD 

12-40 Windrow/in-vessel; requires 
quality OFMSW and market 
linkage. 

RDF/SRF production line 200-800 
TPD 

15-50 Shredder/dryer; offtake with 
cement kilns or WtE. 

Waste-to-Energy (grate 
boiler/steam) 

600-2,000 
TPD 

300-900 EPC heavy; PPA + tipping 
fee critical; strict emissions 
controls. 
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C&D waste recycling 200-1,000 
TPD 

15-45 Recycled aggregates, 
pavers; city procurement 
pull. 

Scientific landfill cell + 
leachate plant 

0.5-1.5 Mm³ 40-120 Engineered liners, gas 
wells, flare-to-power option. 

 

Underlying Technologies & Processes 

A)   Value-chain overview 

Element Options 
Collection & Transport Door-to-door (2/3-bin), GPS-routed compactor fleets 

Transfer & Logistics Transfer stations, baling, route optimisation 

Dry-waste recovery Semi/fully automated MRFs (screens, optical sorters, eddy 
currents) 

Wet-waste processing Compost (windrow/in-vessel); Biomethanation/CBG 

Energy from residuals RDF co-processing (cement kilns); Mass-burn WtE 

Disposal Sanitary landfill (engineered cells, liners, leachate, gas) 

Legacy remediation Biomining (trommel + recovery + safe residuals) 

B)   Plant technology choices 

Element Options Key traits 
MRF 
design 

Low-automation vs 
high-automation 

Capex ↔ recovery trade-off; high-automation lifts purity for 
EPR. 

Organics Compost vs AD/CBG Compost: lower capex; AD: energy + digestate; choose by 
market/offtake. 

WtE Grate incineration 
(mass burn) 

Proven at scale; needs robust APC (FGD, SCR, 
baghouse). 

RDF 
pathway 

SRF/RDF to cement 
kilns 

Lower capex; contractual certainty with cement offtakers is 
key. 

Emission 
& 
leachate 

APC systems; 
leachate MBR/RO 

Non-negotiable for compliance/social license. 
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Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Capital Intensity 
& Supply Chain 
Logistics 

High investment 
required for 
collection, 
sorting, 
processing 
infrastructure 

Slow scaling and 
profitability 
pressure 

Fragmented 
logistics 
networks; 
informal sector 
dominance 

Integration with 
informal sector and 
innovative 
financing 
structures required 

Waste 
Segregation & 
Feedstock 
Quality 

Poor 
segregation at 
source leading 
to mixed waste 
streams 

Reduced 
processing 
efficiency and 
higher 
operational 
costs 

Low public 
compliance; 
inconsistent 
municipal 
systems 

Need 
preprocessing 
infrastructure and 
citizen 
engagement 
programs 

Municipal 
Contracts & 
Payment Risk 
(Offtaker 
Challenges) 

Dependence on 
municipal bodies 
for tipping fees 
and payments 

Cash flow 
uncertainty and 
delayed 
revenues 

Financially 
stressed urban 
local bodies 
(ULBs); contract 
enforcement 
risks 

Strong contract 
structuring and 
diversified revenue 
streams needed 

Technology 
Selection & 
Project 
Bankability 

Multiple 
technologies 
(WtE, 
composting, 
biomethanation, 
recycling) with 
varying success 

Technology 
mismatch can 
affect long-term 
profitability 

Past failures of 
WtE plants 
causing investor 
caution 

Pilot validation and 
modular 
deployment 
strategies essential 

Land Availability 
& Regional 
Execution 
Constraints 

Difficulty 
securing land 
and managing 
community 
acceptance 

Project delays 
and higher 
development 
costs 

Urban land 
scarcity; local 
opposition 
(NIMBY 
challenges) 

Early stakeholder 
engagement and 
decentralized 
models important 
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Prominent Players in the Indian Market 

 
Company / Entity Project Details 

ReSustainability (Ramky 
Enviro) 

Integrated MSW projects across 20+ cities; operates MRFs, 
composting, biogas, WtE and sanitary landfills. 

Antony Waste Handling PPP-based MSW collection & processing at various cities; 
runs WtE and composting facilities. 

EverEnviro Developing large-scale CBG and waste processing plants; 
active in Indore and other cities. 

Nepra (Let’s Recycle) Focus on dry waste management & MRFs; EPR back-end for 
FMCG brands. 

Saahas Zero Waste Decentralised collection, MRFs, recycling solutions for 
corporates and municipalities. 

Blue Planet Environmental Operates advanced MRFs and recycling units in urban 
clusters. 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Integrated Circular Waste 
Platforms 

End-to-end MSW platforms 
(collection → recycling → 
energy) 

Long-term, high-value 
municipal contracts 

Waste-as-a-Service (WaaS) 
Models 

Provider finances and 
operates infrastructure 

Predictable, infrastructure-style 
revenues 

Advanced & AI-Driven 
Sorting Systems 

AI/robotics-enabled MRFs 
with higher purity outputs 

Better commodity pricing and 
margins 

Decarbonized 
Waste-to-Energy (WtE) 

High-efficiency WtE with CCS 
or heat networks 

Protects license to operate; 
premium positioning 

Organic Waste Valorization 
Platforms 

AD + compost + RNG 
production 

Multi-revenue streams from 
one waste stream 

Digital Pay-As-You-Throw 
(PAYT) 

Smart bins + dynamic pricing 
platforms 

Reduces waste volumes; 
data-driven revenues 

Landfill Methane-to-RNG 
Systems 

RNG production with carbon 
credits 

High-margin decarbonization 
asset 
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City-Scale Data & Analytics 
Platforms 

Monetizable city waste data 
platforms 

Data moats and cross-city 
scalability 

Modular & Distributed Waste 
Processing 

Small, modular treatment 
units near waste sources 

Faster deployment; community 
acceptance 

Circular Procurement & 
Material Offtake Hubs 

Long-term offtake contracts 
with manufacturers 

Stabilizes revenues and 
de-risks recycling 

 

Concentric & Satellite Opportunities 

●​ MRF automation & QA OEMs: Optical sorters, AI vision and robotic pickers tailored to 
India’s mixed waste for higher recovery and lower labour risk. 

●​ RDF/SRF logistics & cement-kiln partnerships: Contracted hauling and co-processing 
hubs that guarantee offtake and emissions compliance. 

●​ Recycled-product marketplaces: Digital exchanges for bales, aggregates and compost 
with quality badges and assured-pay rails. 

●​ Landfill gas capture & remediation services: Flaring-to-power and biocovers for legacy 
dumps integrated with carbon credits. 

●​ Biomethanation digester OEMs: Modular anaerobic reactors (50-500 TPD wet waste); 
biogas for power/fertilizer. 

●​ Sanitary/e-waste deposition MRFs: Material Recovery Facilities with Specialized bins + 
shredders for hazardous streams; SBM 2.0 compliance. 

Key Takeaway for Senior Management 

 

Takeaway Details 

MSW is essential urban 
infrastructure, not a discretionary 
service 

●​ Waste volumes grow with urbanization and 
consumption, making MSW a long-term, 
non-cyclical demand sector 

●​ Examples: citywide collection & processing 
concessions; long-term tipping-fee contracts. 

●​ Recommended business focus: 
infrastructure-grade, end-to-end service platforms 

Value shifts from disposal to 
integrated resource recovery 

●​ Landfill-only models destroy value; integrated 
systems unlock multiple revenue streams 

●​ Sub-components: source segregation, MRFs, 
composting/CBG, RDF/WtE, landfill mining 

●​ Recommended innovation focus: waste-stream 
optimization and material recovery 

●​ Competitive advantage: higher project IRRs and 
diversified revenues beyond tipping fees 
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Contract structure and municipal 
credit quality determine bankability 

●​ Payment security and risk allocation matter as 
much as technology 

●​ Examples: minimum waste guarantees, escrow 
mechanisms, state-backed payments 

●​ Recommended business focus: contract 
design, risk-sharing, and financing structures 

Technology-fit to waste quality is 
critical for performance 

●​ Indian MSW varies widely in moisture and calorific 
value; misfit technologies underperform 

●​ Examples: biomethanation for wet waste; MRFs 
for dry waste; RDF/WtE for high-CV fractions 

●​ Recommended business focus: modular, 
adaptable processing lines 

●​ Competitive advantage: higher uptime, lower 
O&M risk, and consistent output quality 

Digital transparency is becoming a 
core differentiator 

●​ Digital transparency is becoming a core 
differentiator 

●​ Examples: GPS-tracked fleets, IoT weighbridges, 
real-time dashboards, carbon accounting 

●​ Competitive advantage: trust with ULBs, faster 
renewals, and scalability across cities 

 

Next Steps for Corporate Leaders 
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Municipal Solid Waste (MSW) management is transitioning from landfill-centric disposal toward 
circularity and resource recovery models as cities, corporates, and industrial clusters face rising 
waste volumes, regulatory pressure, and ESG expectations. Segregation-at-source, material 
recovery facilities (MRFs), biomethanation, RDF co-processing, waste-to-energy, and digital 
waste tracking are emerging as core infrastructure elements. As carbon pricing, land 
constraints, and EPR frameworks strengthen, MSW is shifting from compliance-driven 
operations to scalable value-chain ecosystems. 
 
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. 
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Waste Management 
Plastic Waste Management 

 
This section provides key inputs on Plastic Waste Management Opportunities for  

corporate leaders. 
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Opportunity Snapshot: Plastic Waste Management 
Collect, sort, recycle and valorize diverse plastic waste 

 Market Signals  What Makes or Breaks It? 

 ●​ Strong policy push: EPR (Extended 
Producer Responsibility) mandates 
for brands 

●​ Increasing demand for recycled 
plastic (rPET, recycled granules) 

●​ Annual Market size by 2030: 
₹18,000 - 20,000  Cr 

 ●​ Access to segregated plastic waste 
(collection & sorting networks) 

●​ High-quality recycling (food-grade 
rPET, polymer purity standards) 

●​ Long-term EPR contracts with 
FMCG/brand owners 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Mandatory EPR compliance for 
FMCG, packaging, and consumer 
brands 

●​ Rising demand for sustainable 
packaging materials 

●​ Global push toward circular economy 
and recycled content usage 

 ●​ Waste management companies and 
aggregators 

●​ Chemical, petrochemical and polymer 
players 

●​ Companies in the logistics and transport 
sectors 

 Key Challenges  Business Models 

 ●​ Low segregation at source; mixed 
plastic reduces recycling efficiency 

●​ Informal sector dominance causes 
fragmented supply chains 

●​ Price volatility of recycled plastic 

 ●​ Setting up sorting + recycling plants 
(mechanical/chemical recycling) 

●​ Partnering with brands for EPR 
fulfillment contracts 

●​ Integrate collection + processing + 
recycled product sales 
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Introduction and Business Case 

India generates over 9 million tonnes of plastic waste annually, of which ~40% remains 
uncollected or mismanaged, leaking into land and oceans. Plastic waste management (PWM) 
transforms this liability into a circular economy opportunity: reducing environmental pollution, 
recovering materials and creating feedstock for recycling, fuels and new products. 

With EPR mandates, bans on single-use plastics and growing brand commitments, plastic 
waste management is both a compliance-driven necessity and a fast-growing green business 
opportunity. 

Market Potential for Plastic Waste Management in India 

 
Year Market Size (₹ Cr) Drivers 

2025 6,000-7,000 EPR enforcement; single-use bans; early recycling infra 
expansion. 

2030 18,000-20,000 Scale-up of advanced recycling, pyrolysis and brand circularity 
programs. 

2040 40,000-45,000 Full circularity models with chemical recycling, global export of 
recycled polymers. 

 

Market Segments and Applications 
 

Segment Applications Business Model Key Drivers 

Municipal plastic 
collection & sorting 

Household packaging 
waste (PET bottles, 
trays, films, rigid 
plastics) 

Long-term municipal 
contracts, gate fees + 
recyclables sales 

Urbanization, recycling 
mandates, landfill 
diversion targets 

Material Recovery 
Facilities (MRFs) 

Sorting mixed plastic 
streams into PET, 
HDPE, PP, films 

Tipping fees + 
commodity sales 
(sorted bales) 

Automation tech 
(AI/optical sorting), 
EPR policies 

Mechanical plastic 
recycling (rigids) 

rPET, rHDPE, rPP for 
packaging, consumer 
goods, construction 

Feedstock 
procurement → 
processed resin sales 

Demand for PCR 
content, cost 
advantage vs virgin 
resin 

Flexible plastics 
recycling 

LDPE films, wraps, 
sachets (retail, 
agriculture, logistics) 

Brand-backed 
programs + recycled 
polymer sales 

Pressure to solve 
“hard-to-recycle” 
plastics 
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Food-grade recycled 
plastics 

Bottle-to-bottle PET, 
food trays, beverage 
containers 

Premium resin 
contracts with FMCG 
& beverage brands 

Food safety approvals, 
circular packaging 
commitments 

Industrial & 
commercial plastic 
waste management 

Manufacturing scrap, 
logistics packaging, 
pallets, drums 

Service contracts + 
resale/reprocessing 
margins 

Cost savings for 
industry, ESG reporting 

Chemical / advanced 
recycling 

Mixed plastics → 
pyrolysis oil, 
monomers, fuels 

Offtake agreements 
with petrochemical 
firms 

Limits of mechanical 
recycling, policy 
incentives 

Hazardous & 
regulated plastic 
waste 

Medical plastics, 
chemical containers, 
contaminated plastics 

High-margin 
compliance-driven 
services 

Strict regulations, 
liability reduction 

Brand-sponsored 
take-back & EPR 
programs 

Multi-layer packs, 
cosmetics, small 
consumer items 

Producer fees + 
recycling execution 

Extended Producer 
Responsibility (EPR) 
laws 

Reuse & circular 
packaging systems 

Refillable containers, 
durable packaging 
loops 

Subscription, service 
fees, brand 
partnerships 

Waste prevention 
targets, consumer 
sustainability demand 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative CapEx 

(₹ Cr) 
Notes 

City MRF (dry 
plastics focus) 

100-600 TPD 15-60 Mechanical sorting (manual/optical), 
baling; revenue from bales + tipping 
fees. 

PET Bottle-to-Flake 
(hot-wash) 

10-40 KTPA 25-90 Food/non-food grade flake; requires 
steady feed + QA labs. 

HDPE/PP Rigid 
Recycling 
(wash-grind-repro) 

10-30 KTPA 15-50 Repro pellets for pipes, crates, auto 
parts (non-critical). 

MLP/Film to SRF & 
Agglomerates 

10-40 KTPA 10-35 For cement kilns (co-processing) or 
downcycled products. 

Chemical Recycling 
(pyrolysis/oil) 

10-50 KTPA 60-250 Converts mixed/MLP to pyro oil; 
needs refinery/blender offtake. 

PET Bottle-to-Bottle 
(rPET pellets) 

20-60 KTPA 120-300 Food-grade lines (SSP); high QA, 
certification heavy. 
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Refuse-Derived 
Fuel (RDF/SRF) 
Hubs 

100-400 TPD 15-45 Calorific-value tuned fuel to 
cement/WtE; spec-driven contracts. 

Plastics 
Aggregation & 
Buyback Centres 

50-200 TPD 3-12 Decentralised hubs—source 
segregation + volume assurance. 

 

Underlying Technologies & Processes 

 
Element Options Key Traits 

Collection & segregation Source segregation, MRFs, 
informal sector integration 

Foundation for high-quality 
recycling. 

Mechanical recycling Shredding, washing, pelletising Works best for PET, HDPE, 
PP; cost-effective. 

Chemical recycling Pyrolysis, depolymerisation, 
solvolysis 

Converts mixed/MLP plastics 
into monomers or fuels. 

Energy recovery Co-processing in cement kilns, 
WtE plants 

Handles residual waste; not 
primary solution. 

Product streams rPET, rPE, rPP, pyro-oil, syngas Feedstock for packaging, 
textiles, fuels. 

Digital tools Traceability, blockchain for EPR 
credits 

Ensures compliance, improves 
trust. 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Feedstock 
Quality & 
Collection 
Supply Chain 

Mixed plastic 
waste, 
contamination, 
and inconsistent 
segregation 

Reduced 
recycling 
efficiency and 
higher 
processing costs 

Strong informal 
sector 
involvement; 
weak source 
segregation 
practices 

Structured 
collection systems 
and preprocessing 
infrastructure 
critical 

Market Demand 
& Offtaker 
Acceptance for 
Recycled 
Plastics 

Price sensitivity 
vs virgin plastic; 
quality 
perception 
challenges 

Revenue 
volatility and 
slower market 
expansion 

Oil price 
fluctuations 
affecting virgin 
polymer pricing 

Focus on 
high-quality 
recycled materials 
and long-term 
offtake 
agreements 
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Technology 
Selection & 
Economic 
Viability 

Mechanical vs 
chemical 
recycling 
decisions; 
varying capex 
and yields 

Profitability risk if 
technology not 
matched to 
feedstock 

Early-stage 
adoption of 
advanced 
recycling 
technologies in 
India 

Pilot validation 
and flexible 
technology 
pathways needed 

Regulatory & 
Compliance 
Complexity 
(EPR 
Ecosystem) 

Evolving 
Extended 
Producer 
Responsibility 
(EPR) norms 
and certification 
requirements 

Administrative 
burden and 
compliance risks 

Rapidly evolving 
plastic waste 
regulations; 
audit 
requirements 

Strong regulatory 
capability and 
traceability 
systems essential 

Capital Intensity 
& Logistics 
Costs 

Investment 
required for 
sorting, washing, 
recycling 
infrastructure 

Scaling 
challenges and 
longer payback 
periods 

Regional 
logistics 
inefficiencies; 
transportation 
costs across 
states 

Cluster-based 
facilities and 
partnerships with 
FMCG/packaging 
companies 
beneficial 

 

Prominent Players in the Indian Market 

 
Company / Entity Focus Areas 

Ramky Enviro / Re 
Sustainability 

Large-scale collection, sorting and recycling plants. 

Nepra Resource Management Leading dry waste management & recycling company. 

Banyan Nation Advanced plastics recycling using traceability and digital 
systems. 

Shakti Plastic Industries India’s oldest plastics recycler; PET and multi-layer plastics. 

Ganesha Ecosphere PET bottle recycling into fibers and textiles. 

Reliance Industries (RIL) PET and polymer recycling; developing circular polymers. 

Indian Oil / BPCL Piloting plastic pyrolysis for fuel and chemicals. 
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Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Closed-loop recycled resin 
platforms 

Mandatory recycled content, 
volatile virgin resin prices 

Locks in long-term demand, 
pricing power, customer 
stickiness 

AI-first sorting & digital MRFs Falling AI costs, labor 
shortages, quality 
requirements 

Cost leadership + higher yield 
+ data moat 

Food-grade & pharma-grade 
recycling 

FMCG net-zero commitments, 
regulatory approvals maturing 

Premium margins, blue-chip 
customers, high entry barriers 

Flexible & multilayer plastics 
solutions 

EPR penalties on 
non-recyclable packaging 

Solves the biggest “unsolved” 
plastic problem 

Chemical recycling as 
feedstock security 

Decarbonization pressure on 
chemical majors 

Strategic hedge against fossil 
feedstock risk 

Plastic-as-a-service (B2B 
circular contracts) 

ESG reporting mandates, 
Scope 3 pressure 

Recurring revenues, long-term 
contracts 

Digital traceability & plastic 
credits 

Regulatory traceability (EU 
DPP, EPR audits) 

Monetizes transparency, 
enables premium pricing 

Urban mining & high-purity 
waste hubs 

Urban density, smart-city 
investments 

Lower logistics cost, better 
feedstock quality 

Reuse systems for B2B & 
institutional markets 

Corporates targeting waste 
prevention, not just recycling 

Moves from commodity to 
platform economics 

Emerging market waste 
formalization platforms 

EPR expansion in Asia, 
Africa, LATAM 

First-mover advantage, 
massive volume access 

 

Concentric & Satellite Opportunities 

●​ City-scale MRF automation OEMs: Optical sorters, AI vision and robotics tuned to India’s 
mixed streams to lift bale purity and labour safety. 

●​ QA & certification labs: Fast-track food-contact testing (SSP/NIAS/organoleptics) 
enabling premium offtake for beverages and FMCG. 

●​ Decentralised buyback & digital EPR platforms: UPI-enabled take-back, tokenised 
credits and traceability for MSME recyclers and brands. 

●​ Chemical recycling + refinery integration: Pyro-oil upgrading tie-ups with refineries and 
chemical plants for drop-in feedstock. 
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●​ Recycled-content product lines: rPET fibers/filaments for textiles and rHDPE/PP for 
construction products (pavers, pipes) with EPD labels. 

●​ Plastic cleaning/washing: Flotation tanks, counter-current density separators for 
contaminated PE/PP films (95% purity output) ; turbo washers + hydro cyclones for 
bottles/crates; food-grade flakes. 

Key Takeaway for Senior Management 
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Takeaway Details 

Plastic waste 
management is becoming 
circular materials 
infrastructure, not waste 
processing 

●​ The strategic value lies in supplying certified recycled 
polymers back into FMCG, packaging, textiles, and auto 
value chains 

●​ Examples: food-grade rPET, recycled HDPE/PP for 
packaging, textile-grade polyester 

●​ Recommended innovation focus: polymer-to-polymer 
circularity 

Feedstock quality and 
traceability determine 
margins 
 

●​ Recycling economics vary sharply based on polymer type, 
contamination, and sorting efficiency 

●​ Sub-components: PET, HDPE, LDPE, PP, multilayer 
plastics; MRFs; AI-based sorting 

●​ Recommended innovation focus: solutions for advanced 
segregation and preprocessing 

●​ Competitive advantage: higher yields, consistent quality, 
and lower processing costs than informal players 

Technology-fit to plastic 
type is critical 

●​ No single recycling route fits all plastics 
●​ Examples: 

○​ Mechanical recycling for clean mono-polymers 
○​ Chemical recycling (pyrolysis/depolymerization) for 

multilayer/contaminated plastics 
●​ Recommended innovation focus: hybrid recycling 

platforms 
●​ Competitive advantage: broader addressable feedstock 

and better asset utilization 

EPR compliance and 
brand pull are powerful 
demand anchors 

●​ Regulation-backed demand reduces market risk when 
properly structured 

●​ Examples: EPR-linked contracts, recycled-content 
mandates, brand-led take-back programs 

●​ Competitive advantage: predictable volumes and pricing 
resilience 

Scale and integration 
separate infrastructure 
players from recyclers 

●​ Small recyclers remain price-takers; platforms capture 
value. 

●​ Examples: collection → sorting → recycling → offtake 
integration 
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Next Steps for Corporate Leaders 

 

Plastic waste management is evolving from fragmented collection and disposal toward 
circularity-driven systems built around recycling, EPR compliance, and polymer-level material 
recovery. Mechanical, chemical, and advanced recycling pathways are emerging in parallel, 
supported by packaging redesign, digital traceability, and growing demand for recycled content 
from FMCG, textiles, and automotive sectors. As EPR regulations tighten and brand owners 
adopt circular packaging targets, plastic waste is transitioning from a compliance burden to a 
strategic sustainability 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. 
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●​ Recommended business focus: end-to-end platform 
design and portfolio scaling 

●​ Competitive advantage: lower unit costs, financing 
access, and repeatable growth 
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Waste Management 
Textile Waste Management 

 
This section provides key inputs on Textile Waste Management Opportunities for 

corporate leaders. 
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Opportunity Snapshot: Textile Waste Management 
Collect, sort, recycle and valorize post-consumer & industrial textile waste 

 Market Signals  What Makes or Breaks It? 

 ●​ Strong push from EU regulations 
(recycled content, circular textiles) 

●​ Rising demand for recycled fibers 
(rPET, cotton blends) from global 
brands 

●​ Annual Market size by 2030: ₹ 
12,000 - 15,000  Cr 

 ●​ Efficient sorting (fiber-level segregation 
for cotton, polyester blends) 

●​ Access to recycling tech (mechanical + 
chemical for blended fabrics) 

●​ Long-term supply agreements with 
global brands/exporters 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Global brands mandating recycled 
content in apparel 

●​ Export opportunity as India is a major 
textile manufacturing hub 

 ●​ Textile manufacturers and recyclers 
●​ Export-oriented garment companies 
●​ Waste aggregators and circular economy 

players 

 Key Challenges  Business Models 

 ●​ Mixed fabric composition 
(cotton-poly blends) causes difficult 
recycling 

●​ Fragmented collection 
(post-consumer waste is unorganized) 

 ●​ Partnerships with textile manufacturers 
for offtake 

●​ Long-term supply agreements 

 
 
 

 
 
 
 
 

CO3@EAI  
373 

https://www.eai.in/ref/co3


 

Introduction and Business Case 

India is the second-largest textile producer globally, generating millions of tonnes of pre- and 
post-consumer textile waste each year. Most ends up in landfills or incineration, contributing to 
GHG emissions, water pollution and resource loss. Textile waste management converts this 
challenge into a circular opportunity: recovering fibres, recycling fabrics, upcycling waste into 
new materials and reducing virgin resource demand. 

With EPR norms, global fashion brands’ sustainability commitments and circular textile demand, 
this sector is set to become a critical decarbonisation lever and export-ready industry, providing 
opportunities to businesses whose solutions can tackle the key technology and business 
challenges. 

Market Potential for Textile Waste Management in India 

 
Year Market Size (₹ Cr) Drivers 

2025 4,000-5,000 Early adoption of mechanical recycling and brand take-back 
schemes. 

2030 12,000-15,000 Scale-up of fibre-to-fibre recycling, EPR compliance, export 
demand. 

2040 40,000-50,000 Full circularity with chemical recycling, industrial symbiosis and 
premium recycled textiles. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

Post-consumer textile 
collection & sorting 

Used clothing, 
household textiles 

Collection contracts + 
resale of sorted 
grades 

Fast-fashion waste 
growth, landfill bans 

Textile reuse & 
second-hand markets 

Resale apparel, 
export markets, thrift 
platforms 

Asset resale + 
commission fees 

Cost-conscious 
consumers, circular 
fashion 

Mechanical textile 
recycling 

Shoddy fibers, 
insulation, wipes, 
automotive felts 

Processing fees + 
fiber sales 

Low-cost recycling, 
established tech 

Chemical 
textile-to-textile 
recycling 

Cellulosic pulp, 
regenerated fibers 

Licensing + fiber 
offtake contracts 

Brand demand for 
recycled content 

Fiber-to-fiber Recycled yarns for Feedstock sourcing Recycled content 
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polyester recycling apparel & industrial 
use 

→ yarn sales mandates 

Blended-fabric 
separation & 
recycling 

Cotton-poly blends, 
mixed fibers 

Technology licensing 
+ material sales 

High share of blended 
textiles 

Industrial & 
pre-consumer textile 
waste recycling 

Factory offcuts, yarn 
waste 

Long-term supply 
contracts 

Manufacturing 
efficiency, ESG targets 

Brand take-back & 
EPR programs 

Retail returns, used 
garments 

Producer fees + 
recycling execution 

Extended Producer 
Responsibility laws 

Digital sorting & 
traceability platforms 

Fiber identification, 
material tracking 

SaaS + data 
verification fees 

Transparency & 
reporting regulations 

Downcycling into 
construction & 
industrial products 

Insulation, 
composites, 
geotextiles 

Product sales + bulk 
contracts 

Demand for low-cost 
sustainable materials 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative 

CapEx ​
(₹ Cr) 

Notes 

Sorting & Grading Hub 
(post-industrial + 
post-consumer) 

20-100 
TPD 

6-20 Manual + optical/NIR; colour/fibre ID; 
bale making. 

Mechanical Recycling - 
Cotton (open-end/rotor) 

5-20 KTPA 
fiber 

25-90 Cutting, opening, carding; suitable for 
blends with virgin cotton. 

Mechanical Recycling - PET 
(flake → fibre/filament) 

10-40 
KTPA 

30-110 Hot-wash, SSP (for filament), 
spinning; food-grade lines optional. 

Chemical Recycling - PET 
(glycolysis/methanolysis/hydr
olysis) 

20-60 
KTPA 

100-300 Purified monomers; higher QA and 
utilities; co-locate with polyester 
clusters. 

Blend Separation 
(Cotton/Poly - 
solvent/enzymatic) 

5-20 KTPA 60-180 Emerging; produces cellulose pulp + 
PET monomer/flake. 

Wool/Viscose Recycling 
(mechanical/pulp route) 

5-15 KTPA 25-80 Fibre recovery or pulp for man-made 
cellulosics. 

Waste-to-Value 
(RDF/insulation/non-wovens) 

5-20 TPD 5-20 Downcycled mats, geotextiles, 
soundproofing, SRF for cement kilns. 
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Underlying Technologies & Processes 

 
Element Options Key Traits 

Collection & 
sorting 

Manual sorting, AI-enabled fabric 
recognition 

Key to quality recycling. 

Mechanical 
recycling 

Cutting, shredding, respinning Works for cotton, wool, polyester 
blends; downcycling common. 

Chemical recycling Depolymerisation (polyester), 
cellulose recovery 

Produces near-virgin quality fibres. 

Blended fabric 
recycling 

Mechanical-chemical hybrid, 
enzymatic processes 

Tackles cotton-poly blends (largest 
waste stream). 

Upcycling Reuse into fashion, accessories, 
home décor 

Adds design value; niche but 
growing. 

Industrial 
integration 

Waste → insulation, padding, 
automotive interiors 

Expands market pathways. 

Digital tools Traceability platforms, blockchain 
for EPR 

Ensures compliance and supply 
chain transparency. 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Feedstock 
Segregation & 
Supply Chain 
Fragmentation 

Mixed fibers, 
contaminated 
textiles, and 
inconsistent 
waste streams 

Reduced 
recycling 
efficiency and 
higher 
processing costs 

Dominance of 
informal sector; 
limited 
organized 
collection 
infrastructure 

Structured 
sourcing 
partnerships and 
preprocessing 
systems required 

Technology & 
Recycling 
Complexity 

Mechanical vs 
chemical 
recycling 
challenges for 
blended fabrics 

Capex intensity 
and uncertain 
recovery 
economics 

High share of 
polyester-cotton 
blends; evolving 
recycling 
technologies 

Investment in 
flexible and 
scalable recycling 
technologies 

Market Demand 
& Offtaker 
Acceptance 

Limited premium 
markets for 
recycled textile 
fibers 

Revenue 
uncertainty and 
pricing pressure 

Price 
competition with 
virgin fibers; 
varying quality 
standards 

Strong quality 
assurance and 
partnerships with 
brands/exporters 
needed 

Regulatory & 
Sustainability 
Compliance 

Increasing ESG 
and circularity 
expectations 

Compliance cost 
and operational 
adjustments 

Export-driven 
industry facing 
EU sustainability 

Digital traceability 
and certification 
systems critical 
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from global 
buyers 

norms and 
traceability 
requirements 

Capital 
Requirements & 
Regional 
Infrastructure 
Constraints 

Investment 
needed for 
sorting, 
processing, and 
logistics 
networks 

Slower scaling 
and profitability 
challenges 

Textile clusters 
concentrated in 
specific regions 
(Tiruppur, Surat, 
Ludhiana) 

Cluster-based 
facilities and 
ecosystem 
partnerships 
beneficial 

 

Prominent Players in the Indian Market 

 
Company / Entity Focus Areas 

Birla Cellulose (Aditya Birla Group) Circular viscose, fibre recovery technologies. 
ReCircle Provides textile waste management services 
Arvind Ltd. / Raymond Circular textiles, fabric recycling, take-back programs. 
Indorama Ventures India Large-scale PET and polyester recycling. 

Startups (Reverse Resources, 
Doodlage, EcoKaari) 

Upcycling waste textiles into new products. 

NGOs/SMEs (Goonj, Saahas Zero 
Waste) 

Collection and community-based textile reuse. 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Textile-to-textile chemical 
recycling platforms 

Brand recycled-content 
targets accelerating 

Breaks dependency on virgin 
cotton/polyester 

Blended-fiber separation 
technologies 

>60% of garments are 
blended fabrics 

Unlocks the largest currently 
“unrecyclable” waste pool 

Fiber identification & digital 
sorting (AI + sensors) 

AI & sensor costs falling 
rapidly 

Cost reduction + higher 
recycling yields 

Closed-loop brand 
partnerships 

Fashion brands under 
regulatory pressure 

Demand security and pricing 
power 

Digital traceability & textile 
passports 

EU digital product passport 
rollout 

Monetizable data + compliance 
advantage 

Industrialized reuse & resale 
platforms 

Consumer acceptance of 
resale mainstream 

Higher margins than recycling 

CO3@EAI  
377 

https://www.eai.in/ref/co3


 

Pre-consumer waste 
valorization hubs 

Apparel manufacturing 
consolidation 

Predictable supply, lower 
contamination 

Textile-to-construction 
material conversion 

Green building material 
demand rising 

Large-volume, lower-risk outlet 

Recycling-as-a-service for 
fashion brands 

EPR laws shifting cost to 
producers 

Recurring, sticky B2B 
revenues 

Emerging-market textile 
waste formalization 

Waste growth fastest in Asia 
& Africa 

First-mover access to massive 
volumes 

 

Concentric & Satellite Opportunities 

●​ City-to-cluster reverse-logistics platforms: Digitised take-back, grading and NIR-assisted 
sorting feeding nearby textile hubs with spec-locked bales. 

●​ Blend-separation technology providers: Concentric OEMs offering solvent/enzymatic 
skids with closed-loop recovery and licensable recipes for cotton-poly splits. 

●​ Chemical recycling + polymer integration hubs: Polyester depolymerisation co-located 
with PET resin/fibre plants to re-polymerise into high-IV chips. 

●​ Mechanical recycling centres of excellence: Rotor/open-end lines with colour sorting, 
minimising dyeing needs and cutting water/chemicals. 

●​ Recycled non-wovens for construction & auto: Satellite product lines (NVH mats, 
insulation, geotextiles) absorbing mixed/low-grade streams. 

●​ Digital MRV & EPR credit marketplaces: Platforms verifying recycled content and issuing 
brand-ready credits with SKU-level traceability. 

●​ Refurbish & re-commerce networks: Repair/resale hubs extending garment life, creating 
inbound supply for later recycling 

 

Key Takeaway for Senior Management 
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Takeaway Details 

Textile waste management is 
evolving into circular fiber 
infrastructure, not waste handling 

●​ Value is created by converting waste textiles back 
into usable fibers for apparel, home textiles, and 
non-wovens 

●​ Examples: fiber-to-fiber recycling for 
cotton/polyester; recycled yarns for export apparel 

●​ Competitive advantage: access to premium brand 
demand and long-term offtake 

Feedstock quality and sorting 
accuracy determine economics 

●​ Mixed fibers and contamination erode yields and 
margins 
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Next Steps for Corporate Leaders 
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●​ Sub-components: pre-consumer cutting waste, 
post-consumer garments, mono-fiber vs blended 
textiles; AI/NIR sorting 

●​ Recommended innovation focus: advanced fiber 
identification and preprocessing 

Technology choice must align 
with fiber composition and 
end-market specs 

●​ No single route fits all textiles 
●​ Examples: 

○​ Mechanical recycling for mono-material 
cotton/polyester 

○​ Chemical recycling for blended fibers and 
dyes 

●​ Recommended innovation focus: hybrid recycling 
platforms 

●​ Competitive advantage: broader addressable 
feedstock and better asset utilization 

Brand pull and regulation anchor 
demand and pricing 

●​ Global brands increasingly mandate recycled 
content and traceability 

●​ Examples: EPR for textiles, recycled-content 
targets, sustainability-linked sourcing 

●​ Competitive advantage: predictable volumes and 
pricing attractiveness and stability 

Integration across the textile 
value chain multiplies value 

●​ Recycling economics improve when linked to 
downstream spinners and weavers 

●​ Examples: direct offtake to yarn manufacturers; 
long-term supply to export houses 

●​ Recommended business focus: closed-loop 
partnerships and spec-aligned outputs 

●​ Competitive advantage: reduced market risk and 
faster scale-up 

https://www.eai.in/ref/co3


 

Textile waste management is moving from landfill-heavy disposal toward fiber recovery, 
mechanical/chemical recycling, and circular textile models driven by EPR, sustainability 
commitments, and growing demand for recycled fibers from fashion and home textiles. 
Industrial pre-consumer waste (cutting scrap, yarn waste) and post-consumer textile waste are 
gaining value as feedstocks for recycled polyester, cotton, and blended fiber applications. As 
circularity targets grow across brands and regulators, textile waste is becoming a strategic 
supply chain issue rather than merely an environmental compliance challenge. 
 
This could be an attractive climate tech opportunity for industries and firms in specific sectors 
and industries keen on catering to this market. 
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Waste Management 
Li-ion Battery Recycling 

 
This section provides key inputs on Li-ion Battery Recycling Opportunities for 

corporate leaders. 
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Opportunity Snapshot: Li-ion Battery Recycling 
Recovery of valuable materials (lithium, nickel, cobalt, copper) from used EV and industrial 

batteries 

 Market Signals  What Makes or Breaks It? 

 ●​ India currently imports most battery 
materials; recycling as domestic 
source to tackle demand 

●​ Strong policy push via Battery 
Waste Management Rules (EPR for 
batteries) 

●​ Annual Market size by 2030: ₹3000 
- 4000  Cr 

 ●​ Access to battery scrap (OEM tie-ups, 
fleet partnerships, EPR contracts) 

●​ High recovery rates (>90% for key 
metals via hydro processes) 

●​ Safe handling, dismantling, and 
compliance with hazardous waste norms 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Raw material security (reduce 
dependence on imports) 

●​ High value recovery (30–50% of 
battery value) 

●​ ESG and circular economy push from 
OEMs 

 ●​ Battery and EV ecosystem players 
●​ Metal recycling and chemical 

companies 
●​ Companies specialising in electronic 

waste collection and transport 

 Key Challenges  Business Models 

 ●​ Limited feedstock today (EV battery 
volumes still ramping) 

●​ Collection and reverse logistics 
complexity 

 ●​ Partner with OEMs for end-of-life 
battery collection (EPR compliance) 

●​ Set up recycling plants near EV clusters 
●​ Focus on high-value recovery (Li, Ni, 

Co) 
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Introduction and Business Case 

With India’s EV and storage markets scaling rapidly, end-of-life batteries are becoming both a 
waste challenge and a resource opportunity. Li-ion battery recycling addresses two problems at 
once: preventing hazardous landfill waste and securing critical minerals such as Li, Co, Ni, Mn 
and graphite that India currently imports. 

Recycling enables circular supply chains, helps OEMs comply with the Battery Waste 
Management Rules 2022 and EPR mandates and supports the growth of EVs and energy 
storage by lowering raw material dependence. 

Li-ion recycling thus represents a significant, growing business opportunity in India. 

Market Potential for Li-ion Battery Recycling in India 

 
Year Market Size (₹ Cr) Drivers 

2025 500-700 Early EV and electronics battery replacements; pilot 
recycling plants scaling. 

2030 3,000-4,000 Surge in EV adoption; large volumes of end-of-life 2W/3W 
and grid BESS batteries. 

2040 15,000-20,000 Mass replacement of 4W EV packs + stationary storage 
systems; closed-loop ecosystem matures. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

EV Battery Recycling 
(End-of-Life) 

Recovery of Li, Ni, 
Co, Mn from retired 
EV packs 

contracts + material 
sales 

Rapid growth of EV 
retirements 

Battery 
Manufacturing Scrap 
Recycling 

Recycling of 
gigafactory 
production scrap 

Fee-for-service + 
material offtake 

High-value scrap and 
immediate volumes 

Hydrometallurgical 
Recycling 

Chemical recovery of 
battery metals 

Technology licensing 
+ processing fees 

Higher recovery rates 
and lower emissions 

Direct Recycling to 
Cathode Materials 

Conversion to pCAM 
or CAM 

Material sales at 
battery-grade specs 

Reduce cost and 
carbon vs. virgin 
mining 

Mechanical Shredding, Processing fees + Scalable feedstock 
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Pre-Processing & 
Black Mass 
Production 

separation, black 
mass output 

black mass sales preparation 

Closed-Loop 
Recycling for OEMs 

Recycling tied directly 
to battery 
manufacturing 

Long-term supply 
contracts 

Supply-chain security 
and ESG commitments 

Battery Collection & 
Reverse Logistics 

Safe transport, 
dismantling, storage 

Collection fees + 
recycling contracts 

Regulatory 
requirements and 
safety 

Stationary Storage & 
Industrial Battery 
Recycling 

Grid and industrial 
energy storage 
systems 

Project-based 
contracts 

Growth of stationary 
storage deployments 

Low-Carbon & 
ESG-Optimized 
Recycling 

Recycling with 
verified low 
emissions 

Premium material 
pricing 

OEM carbon footprint 
reduction targets 

Second-Life & 
Pre-Recycling 
Processing 

Testing, repurposing 
before recycling 

Asset resale + 
recycling 

Value maximization 
before material 
recovery 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative CapEx 

(₹ Cr) 
Notes 

Pilot dismantling + 
pre-processing line 

500-1,000 TPA 
(packs/cells) 

12-25 Safe discharge, 
manual/semiauto dismantling, 
basic shredding. 

Regional collection + 
dismantling hub 

5,000-15,000 
packs/yr 

5-12 EPR-driven intake; triage + 
logistics consolidation. 

Pre-processing 
(industrial shred + 
separation) 

3,000-8,000 
TPA (input 
batteries) 

25-45 Produces black mass + Cu/Al 
fractions. 

Hydrometallurgical 
refinery (black-mass 
to salts) 

5,000-15,000 
TPA (black 
mass) 

80-160 Recovers Li, Co, Ni, Mn salts; 
>90% recovery targets. 

Integrated recycling 
plant (pack-in → 
salts-out) 

~10,000 TPA 
(battery input) 

150-250 End-to-end: discharge → shred 
→ refine; bankable offtake. 

Direct-recycling R&D 
line 

200-500 TPA 
(black mass) 

15-30 Cathode relithiation; 
early-stage, high upside. 
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Underlying Technologies & Processes 

 
Element Options Key Traits 

Pre-processing Manual/automated dismantling, 
discharge, shredding 

Ensures safe handling, separates 
modules & packs. 

Recovery route Hydrometallurgy (leaching + 
precipitation) 

High recovery rates (>90%), scalable, 
lower energy. 

Pyrometallurgy (smelting) Robust, tolerant of mixed chemistries; 
less selective. 

Direct recycling (cathode 
re-lithiation) 

Preserves material structure; 
promising but at R&D stage. 

Materials recovered Cobalt, nickel, manganese, 
lithium, graphite, copper, 
aluminium 

Feedstock for new cells; offsets import 
dependence. 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Feedstock 
Availability & 
Timing 
Mismatch 

Limited 
end-of-life 
batteries 
currently 
available at scale 

Underutilized 
recycling 
capacity and 
uncertain 
revenue 
streams 

EV market still 
maturing; 
majority of 
batteries yet to 
reach EOL 

Need diversified 
feedstock sources 
(manufacturing 
scrap + imports) 

Collection 
Logistics & 
Reverse Supply 
Chain 
Complexity 

Fragmented 
battery 
ownership and 
informal recycling 
sector 

High collection 
costs and 
inconsistent 
feedstock 
quality 

Unorganized 
sector 
dominance; lack 
of standardized 
collection 
infrastructure 

Strong 
partnerships and 
structured 
take-back systems 
required 

Technology 
Selection & 
Process 
Economics 

Choice between 
hydrometallurgic
al, 
pyrometallurgical, 
or hybrid 
recycling 
methods 

Capex intensity 
and uncertain 
recovery yields 
impacting 
profitability 

Rapid evolution 
in battery 
chemistries (LFP 
vs NMC) 
affecting 
economics 

Flexible processing 
technologies and 
modular design 
important 

Policy, 
Compliance & 

EPR norms 
evolving; 

Increased 
operational 

India-specific 
battery waste 

Early compliance 
capability and 
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Safety 
Regulations 

handling 
hazardous 
materials 
requires strict 
compliance 

costs and 
licensing 
complexity 

rules; safety 
risks in 
transport/storag
e 

safety 
infrastructure 
critical 

Commodity 
Price Volatility & 
Geopolitical 
Dependencies 

Revenue linked 
to recovered 
metals (lithium, 
nickel, cobalt) 

Profitability 
sensitive to 
global metal 
price 
fluctuations 

Import 
dependency for 
raw materials; 
global battery 
supply chain 
dynamics 

Hedging strategies 
and diversified 
offtake agreements 
needed 

 

Prominent Players in the Indian Market 

 
Company / Entity Project Details 
Attero Recycling India’s largest Li-ion recycler; hydro-metallurgical recovery of cobalt, nickel, 

lithium; exports refined materials. 

Lohum Cleantech Second-life + recycling; reuses EV cells for stationary storage, then 
recycles; scaling to multi-GWh capacity. 

Metastable 
Materials 

Bengaluru-based startup using carbothermal reduction process for high 
recovery yields. 

ACE Green 
Recycling 

Developing modular, low-emission recycling plants in India and abroad. 

Gravita India Expanding from lead-acid into Li-ion recycling; leveraging global refining 
footprint. 

Exigo Recycling Delhi NCR-based recycler offering collection, dismantling and recycling 
services. 

E-Parisaraa Early e-waste recycler; piloting small-scale Li-ion recovery lines. 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Closed-Loop Battery Material 
Platforms 

Recycling integrated directly 
with cell manufacturing 

Locks in long-term offtake and 
strategic partnerships 

Direct-to-Cathode Recycling 
Technologies 

Skip metal refining and go 
straight to CAM/pCAM 

Structural cost advantage over 
traditional recycling 

Battery Subscription or long-term Recurring revenue and lower 
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Recycling-as-a-Service service contracts customer friction 

Low-Carbon & Traceable 
Battery Materials 

Verified low-CO₂ recycled 
materials with digital 
traceability 

Enables premium pricing and 
OEM ESG alignment 

Gigafactory Scrap 
Monetization Platforms 

Dedicated, on-site or 
near-site recycling solutions 

Immediate cash flow and deep 
OEM integration 

Global Battery 
Reverse-Logistics Networks 

End-to-end collection, 
dismantling, and compliance 
platforms 

Control of feedstock 
determines long-term scale 

AI-Driven Battery Sorting & 
Diagnostics 

AI to classify chemistry, 
state-of-health, and reuse 
potential 

Higher recovery rates and 
operational efficiency 

Second-Life-First Business 
Models 

Repurpose before recycling 
to maximize asset value 

Expands value pool beyond 
raw materials 

Recycling-Linked OEM 
Financing Models 

Pre-funded recycling tied to 
future material supply 

Secures scale ahead of 
competitors 

Regulatory-Adaptive 
Recycling Platforms 

Systems that adapt to 
regional EPR and reporting 
rules 

Turns regulation into a 
competitive moat 

 

Concentric & Satellite Opportunities 

 
●​ Urban collection & reverse logistics networks: FPOs and startups building last-mile 

aggregation systems for used EV and consumer batteries. 
●​ Dismantling & pre-processing facilities: Safe discharge, sorting and module separation 

units co-located with auto clusters for supply efficiency. 
●​ Black mass refining & precursor manufacturing: Intermediate plants producing 

battery-grade salts for domestic cathode and cell manufacturers. 
●​ Battery testing & triage services: Secondary markets for grading and redeploying 

partially viable packs into energy storage or low-demand uses. 
●​ Digital traceability & compliance systems: Blockchain-based EPR and material-tracking 

platforms ensuring transparency across the recycling value chain. 
●​ Recycled-material certification & trading: Platforms linking recyclers and cell makers 

through verified carbon-credit and circular-material exchanges. 
●​ Lithium precipitation reagents​: Manufacture and supply oxalic acid/selective chelators for 

99% Li2CO3 recovery. 
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Key Takeaway for Senior Management 

 

Takeaway Details 

Battery recycling is strategic 
materials infrastructure, not waste 
management 

●​ Recycling secures lithium, nickel, cobalt, 
manganese, copper, and graphite—critical inputs 
for EV and storage scale-up 

●​ Examples: closed-loop supply to cell 
manufacturers; recycled metals offset import 
volatility 

Feedstock control is the single 
biggest determinant of returns 

●​ Technology matters, but predictable volumes matter 
more 

●​ Sub-components: manufacturing scrap, fleet EV 
EoL packs, stationary storage, consumer 
electronics 

●​ Competitive advantage: derive through long-term 
feedstock contracts, reverse-logistics design, 
utilization certainty and lower unit costs competitors 
can’t easily replicate 

Technology choice defines 
recovery rates, costs, and 
customer acceptance 

●​ Advanced processes materially outperform basic 
shredding 

●​ Examples: 
○​ Hydromet: high recovery & purity 
○​ Direct recycling: cathode value 

preservation (emerging) 
○​ Pyromet: simpler, lower selectivity 

Compliance, traceability, and 
quality are becoming market entry 
barriers 

●​ OEMs and regulators demand certified, auditable 
recycling 

●​ Sub-components: EPR compliance, battery 
passports, digital chain-of-custody, ESG audits 

●​ Recommended innovation focus: digital 
traceability and certification by design 
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Next Steps for Corporate Leaders 

 

Li-ion battery recycling is becoming strategically important as EV penetration, stationary 
storage, and consumer electronics drive rapid growth in end-of-life (EOL) and production scrap 
volumes. Closed-loop recycling pathways (hydrometallurgical, pyrometallurgical, and direct 
recycling) enable recovery of critical minerals such as lithium, nickel, cobalt, and graphite, 
reducing supply chain exposure and embodied emissions. Regulatory frameworks, Extended 
Producer Responsibility (EPR), and OEM circularity goals are accelerating ecosystem build-out, 
while economics depend on material mix, collection efficiency, and technology maturity. 
 
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. 
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Waste Management 
Solar Panel Recycling 

 
This section provides key inputs on Solar Panel Recycling Opportunities for 

corporate leaders. 
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Opportunity Snapshot: Solar Panel Recycling 
Recover materials  such as glass, aluminum, silicon, silver from end-of-life solar panels 

 Market Signals  What Makes or Breaks It? 

 ●​ Early regulatory push for solar waste 
management and recycling norms 

●​ Global demand for recovered 
materials (silver, silicon) 

●​ Annual Market size by 2030: ₹1500 
- 2000  Cr 

 ●​ Efficient material recovery (glass >90%, 
metals like silver/aluminum) 

●​ Process technology (thermal/mechanical 
separation of layers) 

●​ Partnerships with developers/EPCs for 
panel collection 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ First generation of solar installations 
nearing end-of-life globally 

●​ Increasing focus on circular solar 
supply chains 

●​ Opportunity to establish early-mover 
advantage 

 ●​ Recycling and waste management 
companies 

●​ Solar EPC/developers (backward 
integration) 

●​ Electronic materials recovery and metal 
processing firms 

 Key Challenges  Business Models 

 ●​ Complex material separation (glass, 
EVA, silicon layers) 

●​ Overall business economics uncertain 
as there are few business cases 
worldwide 

 ●​ Pilot-scale recycling plants near solar 
clusters 

●​ Tie-ups with solar power developers for 
future waste streams 

●​ Higher focus on high-value material 
recovery (silver, for example) 
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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 (₹ Cr) Waste Volume 

(Tonnes) 
Drivers 

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 - 
3,00,000 

Mandated recycling, mature PV fleet, 
circularity markets. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

Regulated PV 
take-back & EPR 
compliance 

End-of-life residential, 
commercial, utility PV 
modules 

Producer fees + 
compliance contracts 

Mandatory recycling 
laws, landfill bans 

Utility-scale PV 
decommissioning 
services 

Large solar farms 
(repowering, early 
retirements) 

Project-based service 
fees 

Aging solar assets, 
repowering economics 

Mechanical PV 
module recycling 

Crystalline-silicon 
panels → glass, 
aluminum, copper 

Gate fees + 
commodity material 
sales 

High glass/aluminum 
recovery, low cost 

High-value materials 
recovery (Si, Ag) 

Recovery of silicon 
wafers, silver, 
specialty metals 

Premium materials 
offtake agreements 

Rising critical-material 
prices 

Manufacturer-led Brand-specific Embedded product ESG commitments, 
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take-back programs module recycling pricing + take-back 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 

(end-of-life & line-scrap) 
Indicative 

CapEx (₹ Cr) 
Notes 

Pilot dismantling 
& mechanical 
separation 

5-15 KTPA (20-60 MWp 
eq.) 

12-30 Frame/glass removal, 
shredding, 
magnet/eddy-current sorting; 
basic glass/Al/copper 
recovery. 

Integrated line - 
mechanical + 
thermal 
delamination 

20-60 KTPA (80-240 
MWp) 

35-90 EVA/POE removal via 
thermal/solvent, higher glass 
yield and cleaner 
ribbons/cells. 

Advanced line - 
silver/silicon 
recovery 
(chemical) 

60-120 KTPA (240-480 
MWp) 

80-200 Hydromet leaching for Ag, 
selective etch for Si wafer 
reclaim; requires robust 
ETP/ZLD. 

Cluster facility 
(multi-state 
intake + EPR) 

100-200 KTPA (400-800 
MWp) 

120-300 Hub-and-spoke aggregation 
+ high-value recovery; 
co-located with glass/Al 
smelter users. 
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Underlying Technologies & Processes 

 
Element Options Key Traits 

Mechanical 
processes 

Shredding, crushing, 
separation 

Recovers glass (~70% by weight), 
aluminium frames. 

Thermal processes Incineration/pyrolysis of EVA 
backsheets 

Frees embedded cells; enables 
further recovery. 

Chemical processes Acid/solvent leaching Extracts silver, silicon, high-value 
materials. 

Hybrid approaches Mechanical + thermal + 
chemical 

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 
Impact 

India Specific Strategic 
Implications 

Feedstock 
Availability & 
Timing 
Mismatch 

Large volumes 
of end-of-life 
panels not yet 
reached; waste 
generation still 
emerging 

Underutilized 
capacity risk and 
delayed revenue 
realization 

India’s solar 
boom is recent; 
most panels still 
within lifespan 

Need interim 
revenue from 
manufacturing 
scrap and early 
decommissioning 
streams 

Collection 
Logistics & 
Reverse Supply 
Chain 

Distributed 
installations 
across rooftop 
and utility-scale 
projects 

High logistics 
costs and 
complex 
dismantling 
processes 

Lack of 
standardized 
collection 
networks; 
fragmented 
ownership 

Develop 
partnerships with 
EPCs, developers, 
and DISCOMs for 
take-back 
programs 

Technology & 
Economic 
Viability 

Recycling 
processes vary 
(mechanical, 
thermal, 
chemical) with 
evolving 
recovery rates 

Profitability 
linked to 
recovery 
efficiency of 
silver, silicon, 
glass 

Limited localized 
technology 
maturity; 
evolving 
recycling 
methods 

Invest in scalable, 
modular recycling 
technologies 

Policy, Emerging waste Uncertainty India’s Early regulatory 
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Compliance & 
Regulatory 
Framework 

management 
norms and 
producer 
responsibility 
requirements 

around 
compliance 
costs and future 
standards 

e-waste/solar 
waste 
regulations still 
evolving 

alignment and 
traceability 
systems critical 

Commodity 
Price Volatility & 
Market Demand 

Revenue 
dependent on 
recovered 
materials and 
secondary 
markets 

Margin variability 
tied to global 
material prices 

Dependence on 
international 
supply-demand 
dynamics for 
metals 

Long-term offtake 
agreements and 
diversified product 
streams needed 

 

Prominent Players in the Indian Market 

 
Company / Entity Focus Areas 

Re Sustainability (Ramky 
Enviro) 

Developing PV recycling as part of a broader WEEE and e-waste 
portfolio. 

Gravita India Metals recovery, exploring other recycling value chains. 

Attero Recycling Known for e-waste & battery recycling; engaged in PV recycling. 
RenewSys Exploring circularity for solar backsheets/EVA, potential module 

recycling. 
First Solar Runs an integrated manufacturing system with in-house solar 

recycling. 
 

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 
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PV reuse & secondary 
market ecosystems 

Growing demand in emerging 
and off-grid markets 

Asset-light revenue with 
circular impact 

Digital traceability & 
compliance systems 

Increasing regulatory 
reporting requirements 

Recurring SaaS-like revenues, 
data differentiation 

Recycling-as-a-service for 
solar developers 

Developers facing ESG and 
decommissioning liabilities 

Sticky customer relationships 

Recycling plant & equipment 
commercialization 

Many regions lack PV 
recycling infrastructure 

Capital-light scaling via 
equipment/IP 

Geographic first-mover hubs 
(APAC, LATAM, MEA) 

PV deployment outpacing 
recycling regulation 

Market dominance and policy 
influence 

 

Concentric & Satellite Opportunities 

 
●​ PV collection & reverse logistics networks: Aggregators building take-back chains for 

utility and rooftop modules using digital EPR tokens and route optimisation. 
●​ Advanced delamination & recovery OEMs: Technology suppliers of low-VOC thermal or 

solvent skids for EVA/POE removal, glass cleaning and safe Ag/Si recovery. 
●​ 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. 

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

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

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

●​ 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 
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Takeaway Details 

Feedstock access and timing 
determine economics 

●​ Near-term volumes come from factory scrap 
and damaged panels; long-term volumes from 
utility and rooftop EoL 

●​ Sub-components: EPC returns, O&M 
replacements, warranty rejects, 
decommissioned plants 
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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. 
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●​ Recommended business focus: ecosystem 
partnerships and reverse logistics 

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

Technology depth defines recovery 
rates and margins 

●​ Basic dismantling captures low value; advanced 
separation captures premium metals 

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

●​ Recommended innovation focus: integrated 
mechanical + thermal/chemical flowsheets 

Traceability and certification are 
becoming market entry barriers 

●​ IPPs, OEMs, and financiers increasingly require 
auditable recycling 

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

●​ Competitive advantage: preferred-partner 
status and regulatory resilience 

Integration with the solar value chain 
multiplies value 
 

●​ Recycling works best when aligned with EPCs, 
IPPs, and manufacturers 

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

●​ Competitive advantage: stable pricing, 
bankability, and scale economics 
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