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FROM NATURE
TO NEXT-GEN MATERIALS

Low-Carbon Industrial Chemistry &
Circular Materials Opportunity

BIO-BASED | CO,-DERIVED | CIRCULAR | NET-ZERO ALIGNED

F Transforming Carbon, Biomass & —‘
Green Hydrogen into the Next
L Generation of Chemicals J
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GREEN CIRCULAR . GREEN | BIO-BASED
CHEMISTRY CARBON HYDROGEN FEEDSTOCKS
Safer processes. UTILIZATION INTEGRATION Renewable origins.
Cleaner solutions, Turning waste & CO, Powering low-carbon Scalable impact.
Stronger future. into valuable chemicals. ] chemical production. Sustainable tomaorrow.
/' J

-+ PREPARED FOR CORPORATE LEADERS & CLIMATE-TECH STAKEHOLDERS e
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Materials
Green Chemicals

This section provides key inputs on Green Chemicals Opportunities for corporate

leaders.
e
‘& Highlights )

Green chemicals (bio-based, low-carbon, CO:-derived,

electrolytic) directly reduce Scope 3 emissions across FMCG,
textiles, pharmaceuticals, construction, and energy

- Carbon pricing, EPR, green procurement mandates, and
customer sustainability commitments are accelerating demand for
certified low-carbon chemicals

. Bio-routes, green hydrogen-based synthesis, CCU/CCUS, and
electrified processes are moving toward commercial scale with
improving economics

# Certification, traceability, and performance tuning enable premium

pricing and long-term offtake contracts

NN @endations for corporate leaders indude'.g o

) Focus on chemicals with clear demand pull and substitution
potential (methanol, ammonia, solvents, surfactants, polymers,
specialty intermediates)

. Anchor projects around renewable power, green hydrogen,
biomass, waste carbon, or CO: sources to protect cost and
carbon advantage.

- Align specifications, certifications, and volumes through early
partnerships with FMCG, pharma, textile, and industrial buyers.

® Design plants for phased expansion, flexibility across feedstocks,
and rapid replication across sites
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Opportunity Snapshot: Green Chemicals

Chemicals produced using low-carbon processes & low-carbon materials

((©) Market Signals @ What or It?
e Growing demand from a range of e Access to low-cost green hydrogen (key
industrial and consumer product cost driver)
segments e Integration with existing chemical
e Export opportunity as global markets plants and processes
seek green chemical supply chains e Secured long-term offtake (fertilizer,
e Annual Market size by 2030: industrial, export markets)
50,000 - 60,000 Cr
E@ Why It Matters NOW? B@ Well Aligned Opportunity for
e Decarbonisation pressure on e (Chemical manufacturers and refiners
fertilizers, refining, and chemical e Fertilizer companies (ammonia-based
industries products)
e Availability of green hydrogen e Energy companies integrating hydrogen
enabling new production pathways + chemicals
e (Global buyers demanding low-carbon
inputs
% Key Challenges 4” Business Models
e 2-3x higher cost than grey chemicals e Develop green ammonia/methanol
e Reliance on low-cost renewables and projects
electrolyzer scale for viability e Retrofit existing plants with low-carbon
e Limited infra for storage/transport processes
(ammonia, hydrogen) & weak ofttake e Export-oriented production linked to
markets global demand

Explore this opportunity further with EAI
consult@eai.in / Call Muthukrishnan - +91 9952910083
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Green chemicals replace fossil-based feedstocks with bio-based, recycled, or CO:-derived
alternatives, supporting decarbonisation in plastics, fuels, solvents and specialty chemicals.

For India, which imports a large share of petrochemicals, green chemicals reduce dependency,
meet industrial decarbonisation goals and align with the circular economy and Net Zero 2070
commitments. They also open premium export markets as global supply chains demand

sustainable inputs.

Market Potential for Green Chemicals in India

Year Market Size (Z Cr) Drivers
2025 25,000-30,000 Early biochemicals and ethanol derivatives; policy-driven
demand.
2030 50,000-60,000 Scale-up of bio-based intermediates, CO:-to-chemicals pilots.
2040 3,50,000-4,00,000 Mainstream adoption in fuels, plastics, coatings and industrial
solvents.

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Bio-based Polymers
& Plastics

Packaging, consumer
goods, fibers,
automotive interiors,
medical disposables

Asset-heavy
manufacturing;
long-term supply
contracts; licensing of
polymer grades

Plastic regulation,
carbon footprint
reduction, brand
sustainability
commitments

Renewable
Feedstocks & Drop-in
Chemicals

Polyolefins, solvents,
intermediates,
fuels-to-chemicals
pathways

Mass-balance supply,
feedstock sales,
integration with
existing
petrochemical assets

Easy substitution into
existing infrastructure;
low switching cost for
customers

Industrial Enzymes &
Biosolutions

Detergents, textiles,
food processing, pulp
& paper, biofuels

IP-driven; enzyme
formulation sales;
recurring B2B
contracts

Energy efficiency,
lower temperatures,
replacement of harsh
chemicals

CO3@EAI
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Fermentation-Derive
d Organic Acids &
Derivatives

Food preservation,
bioplastics
intermediates,
personal care,
pharmaceuticals

Fermentation
production +
downstream
derivative integration

Mature fermentation
tech; broad
downstream demand;
bio-based credentials

Biosurfactants

Home & personal
care, industrial
cleaning, agriculture
formulations

Specialty chemical
sales; premium
pricing;
co-development with
FMCG brands

Biodegradability,
mildness, regulatory
pressure on
petro-surfactants

Carbon Recycling &
Gas Fermentation
Chemicals

Ethanol, ethylene,
acetone, aviation
fuels, chemical
intermediates

Technology licensing
+ plant partnerships +
offtake agreements

Decarbonization of
hard-to-abate sectors;
carbon utilization
incentives

Bio-based Packaging

Food packaging,

Material sales +

Single-use plastic

Bio-ingredients
(Nutrition, Cosmetics,
Flavors)

fragrances, skincare,
functional foods

Materials bottles, films, brand collaborations; | bans; demand for
coatings often tied to circular packaging
recycling/composting
systems
Specialty Supplements, High-margin Consumer demand for

formulation sales;
customer-specific
solutions

“natural” and traceable
ingredients

Biochemical Building
Blocks (Platform

FDCA, succinic acid,
bio-diols for polymers

Scale-up + licensing;
long-term chemical

Platform replacement
potential for

Crop-based Green
Chemicals

enhancers, crop
protection additives

Chemicals) & resins offtake contracts fossil-based
monomers
Agricultural & Biostimulants, soil Regional production; | Sustainable

distributor networks;
agribusiness
partnerships

agriculture, yield
optimization, soil
health concerns

Typical Project Capacities & Investments Required in India

Project Type Typical Indicative Notes
Capacity CapEx (¥ Cr)
Bio-ethanol 100-300 KLPD | 350-1,200 Cellulosic feedstock;
(2G/advanced) to ethanol; dehydration/oxidation routes
solvents/intermediates 50-150 KTPA (e.g., ethyl acetate, acetic acid).
downstream
CO3@EAI
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Green 50-200 KTPA | 700-2,500 From syngas/CO:. + green H;

methanol/e-methanol co-location with RE/H. and CO-
sources.

Bio-succinic/lactic acid — | 20-100 KTPA | 300-1,200 Fermentation + downstream

PLA/PBS monomers purification; polymer-grade
specs.

Bio-surfactants & 5-30 KTPA 80-350 High-margin HPC/home-care;

specialty stringent QA and tox

(rhamno/sophoro, APGs) compliance.

Green ammonia (NHs) for | 50-200 KTPA 1,200-4,000 Electrolyser + Haber-Bosch;

chemicals/fert & NOx large RE tie-ups, offtake MOUs.

control

Bio-based 10-50 KTPA 120-600 Flexible feedstocks (molasses,

acetic/itaconic/levulinic agri residues, C6/C5 sugars).

platforms

Biogas/CBG to green 5-20 TPD 40-160 CO: to e-chemicals; biomethane

chemicals CBG with CO: for process heat/CHP.

(CO2/biomethane) polishing

Underlying Technologies & Processes

Element Options Key Traits

Feedstocks | Biomass (sugarcane, agri residues), | Domestic supply potential; reduces
waste CO., recycled plastics, algae fossil use.

Conversion Fermentation (ethanol — derivatives, | Pathway defines scalability and carbon

routes lactic acid), gasification (syngas — | intensity.
methanol), CO: utilisation, chemical
recycling

Products Bio-ethanol derivatives, lactic | Replace fossil-based petrochemicals in
acid/PLA, green methanol/ammonia, | fuels, plastics, solvents.
bio-based solvents, recycled
monomers

Integration With refineries, cement/steel (CO. | Lowers cost and enables circular supply
capture), sugar mills (biorefineries) chains.

Certification | ISCC+, RSB, domestic bio-economy | Ensures global market access.
standards

CO3@EAI
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Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Cost Green chemical Slower India’s chemical | Focus on
Competitiveness | pathways adoption by | buyers prioritize | high-value niches
vs Conventional | (bio-based, price-sensiti | cost efficiency; and scale-driven
Chemicals electrochemical, ve industries | volatile energy cost reduction
green hydrogen prices
routes) often higher
cost initially
Feedstock & Reliance on Input cost Renewable Secure long-term
Energy Supply biomass, green variability energy feedstock and RE
Chain hydrogen, or affecting intermittency; sourcing
Dependence renewable electricity | margins biomass agreements
logistics
challenges
Market Demand | Limited willingness Revenue ESG-driven Target export
& Offtaker to pay premium for uncertainty | demand still markets and
Readiness green chemicals and delayed | emerging in sustainability-drive
commerciali | domestic n customers first
zation markets
Technology Transition from pilot | Higher Limited domestic | Phased
Scale-Up & to commercial-scale | capex risk experience with [ deployment and
Operational production and new process partnerships with
Complexity execution technologies technology
challenges providers required
Policy, Evolving carbon Investment | Global carbon Build regulatory
Geopolitics & regulations, trade uncertainty | border intelligence and
Regulatory policies, and and market | mechanisms; diversified supply
Uncertainty sustainability access risk | dependence on | chains
standards imported
catalysts/equipm
ent
CO3@EAI
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Prominent Players in the Indian Market

Company / Entity

Focus Areas

Godavari Biorefineries

Bio-based chemicals from sugarcane feedstock; acetates, solvents.

Praj Industries

Tech provider for bio-based ethanol, lactic acid and green fuels.

Reliance Industries

Investments in bio-based & circular plastics; exploring

(RIL) CO:-to-chemicals.
Indian Oil / HPCL / Building bio-refineries; methanol, ethanol and green hydrogen-linked
BPCL chemicals.

Tata Chemicals

Developing soda ash, specialty chemicals with sustainability
roadmaps.

Aditya Birla Chemicals

Expanding into bio-based intermediates and green coatings.

India Glycols Ltd.

Manufacturers of Bio-Glycols, Bio-Glycol Ethers, Bio-Polymers,
Bio-Fuels

Innovation Perspectives

Innovation Business Opportunity For Senior Management

Drop-in Bio-Polymers at Monetize existing Fastest route to EBIT-positive

Scale petrochemical assets with decarbonization without
renewable premiums and stranded assets

minimal retrofit

Next-Gen Bio-Polymers Own a “PLA/PEF 2.0” Moves bio-materials from

material that outperforms compliance choice to

fossil plastics spec-driven demand
Enzyme-Enabled Process License enzymes + lock Structural cost and energy
Reinvention customers into process IP advantage, not just green

branding

Carbon-to-Chemicals Become the “Intel Inside” for | Turns emissions into a new
Platforms carbon utilization plants raw-material class; policy

globally tailwinds amplify upside
Biochemical Platform Control a future bio-monomer | Winner-takes-most dynamics if
Molecules standard (FDCA-like) platform adoption tips
Biosurfactants as Functional | Sell performance + Breaks the false trade-off
Upgrades sustainability at premium between green vs. effective

CO3@EAI
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pricing
Circular Bio-Feedstocks from | Secure ultra-low-carbon Feedstock control becomes
Waste feedstock moats strategic leverage, not

procurement

Low-Carbon Specialty High-margin niches with fast | Shorter scale-up cycles and
Ingredients customer pull faster ROl vs commodities
Digital + Bio Manufacturing Data-moat-backed Shifts bio-chemicals from art to

biomanufacturing platform software-like scalability
Regulation-Anchored Be first with compliant Converts regulatory risk into
Materials alternatives before regulation | first-mover advantage

hits

Concentric & Satellite Opportunities

e Bio-refinery EPC & process technology providers: Turnkey developers of
fermentation, hydrogenation and catalytic routes tailored for Indian feedstocks.

e Feedstock aggregation & logistics enterprises: FPOs and startups collecting

agri-residues, molasses and CO: streams for chemical-grade inputs.

e (Catalyst, enzyme & nutrient manufacturers: Indigenous production of biocatalysts
and fermentation media to cut import reliance and lower OPEX.

e Testing, certification & compliance labs: Facilities ensuring REACH, BIS and
biodegradability conformity for domestic and export markets.

e Bio-based consumer product innovation: Satellite spin-offs creating green
surfactants, bioplastics and solvents for FMCG and textile applications.

Key Takeaway for Senior Management

Green chemicals are e They directly decarbonize downstream value chains and
becoming strategic Scope 3 emissions for multiple sectors

industrial infrastructure, not e Examples: green methanol for shipping & chemicals,
niche substitutes green ammonia for fertilizers & fuels, bio-based solvents

for FMCG and pharma
e Competitive advantage: long-term demand pull and
strategic relevance beyond price competition

Feedstock and energy e Carbon intensity is driven upstream more than by plant
sourcing define both cost efficiency alone
and carbon e Sub-components: green hydrogen, renewable power,
competitiveness biomass, waste carbon, captured CO..
e Recommended innovation focus: feedstock flexibility
CO3@EAI
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and integration with clean energy
e Competitive advantage: structurally lower carbon
intensity and defensible cost curves

Application-led product e Not all chemicals justify a green premium; winners target
selection beats high-pull applications
molecule-first expansion e Examples: methanol, ammonia, ethanol, specialty

solvents, surfactants, polymer intermediates
e Competitive advantage: faster commercialization and
reduced demand risk

Scale-up and modularity e (Capital intensity and risk remain high without smart scale

determine capital efficiency strategies

e Examples: modular electrolysis, skid-based synthesis
units, phased capacity expansion

e Recommended innovation focus: modular, replicable

plant design
Certification, traceability, e Buyers increasingly require verified carbon intensity and
and customer integration ESG credentials
are becoming entry e Sub-components: LCA-backed certification, digital MRV,
barriers sustainability-linked offtake contracts

e Competitive advantage: preferred-supplier status and
pricing resilience

Next Steps for Corporate Leaders

Green chemicals are becoming central to industrial decarbonization strategies as downstream
sectors (FMCG, textiles, automotive, construction, agriculture, and consumer goods) seek
lower-carbon, bio-based, and circular material inputs. Bio-based feedstocks, CO.-derived
chemicals, recycled intermediates, and renewable hydrogen/ammonia pathways are emerging
alongside process electrification, biocatalysis, and modular chemical production. As Scope 3
disclosure, carbon intensity certification, and circularity commitments expand, green chemicals
are transitioning from niche sustainability products to strategic supply chain and procurement
levers.

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.

Explore this opportunity further with EAI
Market intelligence | Technology insights | Opportunity Assessment

consult@eai.in / Call Muthukrishnan - +91 9952910083
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