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Waste Management
Industrial Waste Valorization

This section provides key inputs on Industrial Waste Valorization Opportunities

for corporate leaders.

Converting industrial by-products into fuels, materials, or chemicals
reduces disposal costs while creating new value pools

Industries such as steel, cement, chemicals, power, mining, food
processing, and pulp & paper generate high-volume, high-energy or
mineral-rich waste streams

Landfill restrictions, EPR norms, carbon pricing, and raw-material
volatility are accelerating adoption of circular solutions

Proven processes such as co-processing, material recovery,
biochemical conversion, and waste-to-energy now support bankable
projects

\Qi@ Key_rgcommendatlons for corporate Ieaie_rs include: ¢+

Prioritize materials that have predictable supply - eg., slag, fly ash,
red mud, spent catalysts, gypsum, and select industrial effluents
Use multiple routes for better valorization & monetization - material
recovery, co-processing, bio-conversion, or thermal routes based on
calorific value and mineral content

Tie up with cement, construction, chemicals, and energy buyers to
lock in revenue certainty

Structure BOOT, revenue-sharing, or tipping-fee-plus-offtake models
to align incentives and accelerate adoption.
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Opportunity Snapshot: Industrial Waste Valorization

Collect, treat, manage and valorize industrial waste

((©) Market Signal

e Increasing enforcement of
CPCB/SPCB compliance norms

e (Growth in common treatment
facilities (TSDFs, CETPs)

e Annual Market size by 2030:
10,000 - 12,000 X Cr

E@ Why It Matters NOW?

e Growth in chemicals, pharma, and
manufacturing sectors

e Rising need for safe disposal and
recycling solutions

Key Challenges

1

e High capex for TSDFs, incinerators,
and treatment plants

e Complex regulatory approvals
(CPCB/SPCB)

e Logistics and traceability of
hazardous waste

CO3@EAI

What or It?

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

e Access to industrial clusters for steady
waste volumes

e Integrated treatment capability
(collection — processing — disposal)

Well Aligned Opportunity for

e Waste management and
environmental services companies

e Infrastructure/EPC players

e Chemical and industrial ecosystem
players

Business Model

e Develop TSDFs (Treatment, Storage,
Disposal Facilities)

e Operate CETPs for industrial clusters

e 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

€05

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 (T 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 CO:
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

CO3@EAI
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ethanol

Carbon & Off-Gas
Utilization

Fermentation of
CO/CO: 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

SaasS + lifecycle
services

Improve yields and
regulatory compliance

Typical Project Capacities & Investments Required in India

Project Type Typical Indicative CapEx Notes
Capacity (X Cr)
Slag grinding — 0.3-1.0 MTPA 70-200 Steel/copper slag to
supplementary GGBS/SCM; close to steel +
cementitious cement clusters.
material (SCM)
Fly-ash beneficiation | 0.2-1.0 MTPA 25-80 Improves fineness/LOI;
& classification premium grades for blended
cements.
Red-mud/bauxite 50-200 TPD 15-50 Additives +
residue to sintering/geopolymerisation;
bricks/ceramics/aggr environmental risk mitigation.
egates
Industrial solvent 30-150 KLPD 10-40 Fractionation,
recovery azeotropic/activated carbon
(pharma/chemicals) polish; QA critical.
Used oil re-refining 100-300 TPD 60-180 Hydrotreating/clay polishing;
(lube/base oils) BIS/API specs for marketability.

CO3@EAI


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

€05

N
EAI

Energy Alternatives India

Plastics/packaging 10-50 KTPA 30-120 Hot-wash, extrusion,
industrial scrap to decontam; food-grade lines
recycled resins higher capex.

FGD/chemical 100-300 TPD 50-150 Wallboards, plasters; requires
gypsum — steady quality feed.
boards/plaster

Battery/cell 5-20 KTPA 60-150 Pre-processing +
manufacturing scrap hydromet/pyro tie-ups; EPR
— black mass compliant.

Underlying Technologies & Processes

Element Options Key Traits
Solid waste streams Fly ash, slag, red mud, Inputs for cement, bricks, roads,
gypsum, plastics chemicals.
Liquid effluents Distillery spent wash, Anaerobic digestion, bio-CNG, chemical
refinery sludge recovery.

Gaseous waste

CO., 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 India Specific Strategic
Impact Implications

Feedstock Industrial waste Process Informal waste Long-term
Consistency & streams vary in inefficiencies handling sourcing contracts
Supply Chain volume, quality, and fluctuating | systems; and preprocessing
Fragmentation and composition output quality | inconsistent infrastructure

segregation critical

practices

CO3@EAI
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Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Market Limited demand Revenue Quality Need strong
Development & | for recycled or uncertainty perception quality assurance
Offtaker secondary and slower issues; lack of and industry
Acceptance materials in commercializat | standardized partnerships
certain sectors ion certifications
Technology Multiple High capex Rapidly evolving | Pilot-scale
Selection & valorization and uncertain | technologies; validation and
Economic pathways (energy | ROI lack of localized | modular
Viability recovery, depending on | case studies technology
materials waste type deployment
recycling, essential
chemical
conversion)
Regulatory Environmental Increased State-level Early regulatory
Complexity & approvals and timelines and | regulatory engagement and
Compliance Risk | hazardous waste | compliance differences; compliance
regulations can costs evolving waste expertise required
delay projects management
policies
Capital Intensity | Significant Slower Limited green Innovative
& Infrastructure | investment scale-up and financing financing and
Constraints required for funding awareness for ecosystem
processing challenges circular partnerships
facilities and economy necessary
logistics networks projects

Prominent Players in the Indian Market

Company / Entity Focus Areas
UltraTech Cement / Dalmia Using fly ash and slag in blended cement.
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.

CO3@EAI
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Ramky Enviro / Re
Sustainability

Innovation Perspectives

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

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/CO- 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

Al-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
CO. avoidance or removal

Aligns incentives; improves
ROI narratives

Valorization-Linked Financing
& Partnerships

Infrastructure-style financing
tied to offtake

Accelerates growth and locks
in customers

CO3@EAI
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Concentric & Satellite Opportunities

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

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

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

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

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

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

Key Takeaway for Senior Management

Waste valorization is a strategic e [ndustrial by-products can substitute virgin fuels and

resource play, not a compliance materials, improving cost position and resilience

exercise e Examples: steel slag — construction aggregates; fly
ash — blended cement; spent catalysts — metal
recovery

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

Feedstock stability and e Returns hinge on predictable volumes and consistent

chemistry determine economics composition

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

e Recommended innovation focus: feedstock
characterization, preprocessing, and blending
strategies

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

Technology-fit to end markets e Valorization only works when outputs meet market

drives bankability specs at scale

e Examples: co-processing in cement kilns, material
recovery for construction, biochemical conversion for
fuels

CO3@EAI
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o Recommended innovation focus: modular,
chemistry-specific process design

Commercial models are shifting e Customers prefer solutions that reduce disposal
toward shared value and costs while sharing upside
outcomes e Examples: tipping-fee + offtake sharing, BOOT

models, long-term processing contracts
e Competitive advantage: sticky, annuity-style
revenues and quicker adoption

Portfolio replication creates e Similar waste streams across sites enable

circular-infrastructure economics standardization

e Examples: steel clusters, cement belts, chemical
parks, mining regions

e Recommended focus: standardized modules and
cluster-based deployment

e 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.

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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