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Section 7 

Materials 
Materials innovation is a critical lever for deep decarbonisation in India, addressing embedded 
(Scope 3) emissions across infrastructure, manufacturing, agriculture, and consumer goods. 

Market Scale & Importance: 

Materials such as cement, chemicals, plastics, and fertilizers contribute ~25–30% of India’s total 
CO₂ emissions, making low-carbon alternatives strategically essential. 

Key Segments: 

●​ Advanced Materials for Decarbonisation: Catalysts, membranes, composites enabling 
efficiency and clean energy 

●​ Green Chemicals: Green hydrogen–based, bio-based, and CCU chemicals 
●​ Low-Carbon Cement & Concrete: Blended cements, SCMs (Supplementary 

Cementitious Materials), CO₂-cured concrete 
●​ Biopolymers & Bioplastics: Driven by plastic bans and EPR 
●​ Biochar & Bio-inputs: Soil carbon, sustainable agriculture 

Growth Drivers: 

●​ Infrastructure expansion and urbanisation 
●​ Net-zero commitments and CBAM exposure 
●​ Policy support for green hydrogen, chemicals, and circular materials 
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Strategic Trends: 

●​ Shift from fossil-based to bio-based and circular feedstocks 
●​ Rising focus on lifecycle emissions and carbon intensity 
●​ Integration of materials innovation with energy transition and agriculture 

Executive takeaway: 

Low-carbon and advanced materials will define India’s long-term competitiveness—cutting 
emissions at scale while enabling sustainable infrastructure, manufacturing, and food systems. 
For investors and corporates, materials innovation offers a strategic platform to capture 
early‑mover advantage in low‑carbon construction inputs, green chemicals, and advanced 
bio‑based and recycled materials that lead the way for decarbonisation. 
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Materials 
Advanced Materials for Decarbonization 

 

This section provides key inputs on Advanced Materials for Decarbonization 
Opportunities for corporate leaders. 
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Opportunity Snapshot: Advanced Materials For 
Decarbonisation 

Develop next-gen materials that reduce emissions in industrial processes and products 

 Market Signals  What Makes or Breaks It? 

 ●​ Demand rising for sustainable 
solutions in steel, cement, 
automotive, and energy sectors 

●​ Global supply chains shifting toward 
low-carbon products 

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

 ●​ Performance advantage (strength, 
weight, efficiency) vs. conventional 
materials 

●​ Adoption by large industrial buyers 
(steel, auto, construction) 

 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Hard-to-abate sectors need 
material-level innovation for 
decarbonisation 

●​ Push for efficiency (lighter, stronger, 
and more durable materials) 

 ●​ Large industrial/material companies 
(steel, chemicals, composites) 

●​ Deep-tech startups and R&D firms 
●​ Global players entering via 

partnerships/JVs 

 Key Challenges  Business Models 

 ●​ High R&D cost & long 
commercialization cycles (5–10 
years) 

●​ Limited domestic manufacturing 
scale 

 ●​ Invest in R&D for low-carbon materials 
(alloys, composites) 

●​ Partner with industrial players for pilot 
and scale-up 

●​ Focus on niche applications (automotive 
lightweighting, coatings, CCUS 
materials) 
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Introduction and Business Case 

Advanced materials including carbon fiber composites, lightweight alloys, nanomaterials, 
membranes and high-performance insulators are pivotal to global decarbonization efforts. They 
enable emission reductions through lightweighting in transport, enhanced energy efficiency, 
improved renewable energy systems, hydrogen storage solutions and carbon capture 
technologies. 

For India, advanced materials represent both a climate necessity and an industrial growth 
frontier combining deep innovation with the Make-in-India manufacturing vision, while 
strengthening energy security and global competitiveness. 
 

Market Potential for Advanced Materials for Decarbonization in India 

The estimates provided are for the prominent emerging materials categories that are finding, or 
could find, use across clean energy and climate tech domains. 

Year Market Size (₹ Cr) Drivers 
2025 5,000-6,000 Early composites for EVs, membranes for CCUS/H₂, 

insulation in buildings. 

2030 12,000-15,000 Scale-up with hydrogen economy, EV lightweighting 
and thermal efficiency demand. 

2040 45,000-55,000 Mainstream use in CO₂ capture, advanced batteries, 
Net Zero infrastructure. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

Low-carbon & circular 
polymers 

Packaging, 
automotive, 
consumer goods 

Materials sales + 
long-term supply 
contracts 

Scope-3 emissions 
reduction, 
recycled-content 
mandates 

Battery & 
energy-storage 
materials 

EV batteries, grid 
storage (cathodes, 
anodes, electrolytes) 

High-spec material 
supply + qualification 
lock-in 

Electrification, EV 
adoption 

Hydrogen & fuel-cell 
materials 

Electrolyzers, fuel 
cells, hydrogen 
infrastructure 

Materials + system 
integration 
partnerships 

Hydrogen economy 
investments 
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Carbon capture, 
utilization & storage 
(CCUS) materials 

Adsorbents, 
membranes, 
catalysts 

Licensing + 
project-based 
materials supply 

Industrial 
decarbonization 
mandates 

Advanced catalysts 
for clean processes 

Low-carbon fuels, 
sustainable 
chemicals 

IP-driven catalyst 
sales + regeneration 

Efficiency and 
emissions reduction 

Lightweight & 
high-strength 
composites 

Aerospace, 
automotive, wind 
energy 

Premium materials + 
application 
engineering 

Fuel efficiency, range 
extension 

High-performance 
insulation & building 
materials 

Buildings, industrial 
facilities 

Product sales + 
specification-based 
lock-in 

Energy-efficiency 
regulations 

Power electronics & 
conductive materials 

EVs, grids, 
renewable integration 

Component materials 
supply 

Grid modernization, 
electrification 

Solar & 
renewable-energy 
materials 

PV modules, wind 
turbines, inverters 

Materials sales + 
OEM partnerships 

Renewable capacity 
expansion 

Circular & recyclable 
advanced materials 

Design-for-recycling 
products 

Closed-loop supply + 
take-back 

Circular-economy 
policies 

 

Typical Project Capacities & Investments Required in India 

Indicative investment range for some prominent advanced materials. 

Project Type Typical 
Capacity 

Investment Range 
(₹ Cr) 

Notes 

Carbon Fibre 
Composite Plant 

1,000-1,500 TPA 800-1,200 Strategic for EVs, aerospace 
and wind turbine blades. 

Graphene / 
Nanomaterials Unit 

50-200 TPA 200-500 High-value additives for 
coatings, batteries and 
membranes. 

MOF / Membrane 
Production (for 
CCUS/H₂) 

100-500 TPA 200-500 Early-stage but critical for 
hydrogen and CO₂ capture. 

Advanced Alloys 
(Al/Mg/Ti) 

50,000-100,000 
TPA 

1,500-3,000 Automotive, aerospace and 
lightweight structural 
applications. 

Aerogel / Thermal 
Insulation Materials 

500,000-1,000,0
00 m² annually 

100-400 Used in buildings, LNG 
pipelines, industrial 
insulation. 
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Solid Electrolytes / 
Advanced Battery 
Materials 

1-2 GWh 
equivalent 

700-1,200 Next-gen storage tech; critical 
for EV and grid batteries. 

 

Underlying Technologies & Processes 

 
Element Options Key Traits 

Lightweighting Carbon fiber, aluminum alloys, 
magnesium alloys 

Cuts weight in EVs, aircraft, rail; 
boosts fuel efficiency. 

Hydrogen storage Metal hydrides, advanced 
composites, nanostructured 
tanks 

High energy density; critical for H₂ 
economy. 

CO₂ capture 
materials 

Metal-organic frameworks 
(MOFs), amine-functional 
sorbents, membranes 

High selectivity; scalable for CCUS. 

Thermal 
management 

Aerogels, phase-change 
materials, advanced insulation 

Efficiency in buildings, cold chains, 
EV batteries. 

Electrochemistry Solid electrolytes, 
graphene-based electrodes, 
high-performance separators 

Core for next-gen batteries & 
supercapacitors. 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Technology 
Commercializati
on & Scale-Up 
Risk 

Many advanced 
materials (low-carbon 
cement, new battery 
chemistries, hydrogen 
materials, composites) 
still transitioning from 
pilot to commercial 
scale 

Long 
gestation 
periods 
and 
uncertain 
ROI 

Limited domestic 
pilot 
infrastructure; 
technology 
validation 
challenges 

Stage-gated 
investments and 
partnerships with 
research 
institutions 
needed 

Market Adoption 
& Offtaker 
Readiness 

End-users hesitant to 
switch from 
established materials 
due to cost, 
performance, or 
certification concerns 

Slower 
revenue 
ramp-up 

Conservative 
industrial 
buyers; lack of 
standardized 
performance 
benchmarks 

Early customer 
engagement and 
certification-driven 
adoption 
strategies critical 
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Supply Chain & 
Raw Material 
Dependencies 

Dependence on 
specialty minerals, 
chemicals, or 
advanced 
manufacturing inputs 

Cost 
volatility 
and supply 
risks 

Import 
dependency; 
geopolitical 
exposure for 
critical materials 

Localization 
strategies and 
diversified 
sourcing essential 

High Capital 
Intensity & 
Financing 
Constraints 

Advanced materials 
manufacturing 
requires specialized 
facilities and R&D 
investment 

Balance 
sheet 
pressure 
and longer 
payback 
timelines 

Limited risk 
capital for 
deep-tech 
industrial 
projects 

Strategic investors 
and blended 
finance structures 
important 

Policy, 
Standards & 
Sustainability 
Validation 

Evolving regulations 
and certification 
frameworks for 
low-carbon materials 

Market 
uncertainty 
and 
complianc
e costs 

Emerging 
carbon 
accounting 
standards; 
procurement 
policies not fully 
aligned 

Active policy 
engagement and 
lifecycle 
assessment 
capability required 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Materials-as-a-platform 
(performance contracts) 

Customers demanding 
measurable decarbonization 
impact 

Shifts pricing power from 
volume to value 

Ultra-low-carbon & net-zero 
materials 

Carbon border taxes, 
Scope-3 pressure 

Premium pricing, brand 
differentiation 

Closed-loop advanced 
materials systems 

Circularity mandates 
expanding globally 

Feedstock security, regulatory 
advantage 

Next-gen battery & 
energy-storage materials 

Battery supply chains under 
strain 

Strategic exposure to energy 
transition growth 

Breakthrough catalysts & 
membranes 

Hard-to-abate sectors need 
solutions 

High-margin IP-driven growth 

Lightweighting beyond metals EV range & aerospace fuel 
efficiency critical 

Structural emissions reduction 

Digitally enabled materials 
design (AI/ML) 

AI maturity + compute 
availability 

Faster innovation cycles, lower 
R&D cost 

Electrification & grid-scale Grid expansion & Embedded growth across 
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materials electrification surge energy systems 

Localized, resilient materials 
manufacturing 

Geopolitical & trade risks 
rising 

Supply-chain resilience, policy 
incentives 

Materials + data + 
certification bundles 

Regulatory reporting 
requirements increasing 

Sticky customer relationships 

 

Concentric & Satellite Opportunities 

●​ Low-carbon cement and concrete manufacturing: Scaling LC3, geopolymer and 
carbon-cured concrete plants using local clays and captured CO₂. 

●​ Alternative binders & admixture R&D hubs: Indigenous innovation in alkali-activated 
materials, SCM blends and nanomaterial additives for durability and workability. 

●​ Recycled aggregates & construction waste logistics: Urban mining networks for crushing, 
sorting and certifying secondary materials to meet BIS-grade specs. 

●​ Construction 3D printing & prefab units: Satellite manufacturing of modular low-carbon 
components for housing, bridges and smart cities. 

●​ Carbon accounting & certification services: Digital MRV and product-level EPD platforms 
to monetise embodied-carbon savings through credits and green procurement. 

●​ Advanced coatings & composites: Diversification into lightweight, high-strength materials 
for EVs, aerospace and renewable infrastructure. 

●​ Biochar concrete admixtures: Pyrolysis char (5% dosage) dispersants from agri waste; 
40% permeability reduction, carbon sink. 

●​ Low-carbon HDPE via bio-monomer reactors: Gas-phase polymerizers using 
bio-ethylene from ethanol; 70% GHG cut vs. naphtha route. 

●​ PEM electrolyser membrane coaters: Nafion-equivalent sulphonated PEEK rollers; 10% 
H2 efficiency gain, NTPC Green Hydrogen Mission. 

●​ Methanol synthesis catalysts: Cu/ZnO pelletisers from syngas; green methanol via 
coal/biomass gasification. 

 

Key Takeaway for Senior Management 

 

Takeaway Details 

Advanced materials are 
leverage points, not 
incremental upgrades 

●​ Materials determine efficiency limits, operating envelopes, 
and durability across energy, industry, and mobility 

●​ Examples: high-temp alloys enabling electrified furnaces; 
membranes improving electrolyzer efficiency, lightweight 
composites reducing vehicle energy demand 

●​ Recommended innovation focus: materials that unlock 
step-change performance 
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Application-led design 
beats pure chemistry 
breakthroughs 

●​ Commercial value emerges when materials solve specific 
system constraints 

●​ Examples: catalysts for green hydrogen, 
separators/electrolytes for batteries, coatings for 
corrosion/thermal resistance, membranes for CCUS 

●​ Recommendation: problem-first material engineering 

Scale-up and 
manufacturability define 
winners 

●​ The lab-to-factory gap is the biggest risk 
●​ Recommended innovation focus: emphasis on process 

engineering, yield optimization and industry inputs right 
from start. 

IP depth and 
platformization create 
durable moats 

●​ Families of materials outperform one-off products 
●​ Examples: modular catalyst systems; membrane 

platforms tuned for multiple chemistries; composite 
systems adaptable across sectors 

●​ Competitive advantage: pricing power, defensibility, and 
multi-market optionality 

Downstream integration 
accelerates 
commercialization and 
derisks demand 

●​ Co-development aligns specs, qualification, and offtake 
●​ Examples: joint development with OEMs/EPCs; early 

qualification in battery, hydrogen, or renewable supply 
chains 

●​ Recommended focus for competitive advantage: 
ecosystem partnerships and qualification pathways for 
locked-in customers and faster revenue ramp 
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Next Steps for Corporate Leaders 

Advanced materials are becoming pivotal enablers of decarbonization across energy, mobility, 
Industrial processes, construction, and circularity systems. High-performance polymers, 
composites, coatings, insulation materials, catalysts, adsorbents, phase-change materials, 
membrane systems, and lightweight alloys are enabling emissions reduction through energy 
efficiency, electrification, recyclability, and performance enhancement. As industrial 
sustainability targets expand from fuel and energy substitution to material-level innovation, 
advanced materials are moving from niche R&D to strategic industrial supply chain 
investments. 
 
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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Materials 
Biopolymers and Bioplastics 

 
This section provides key inputs on Biopolymers and Bioplastics Opportunities 

for corporate leaders 
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Opportunity Snapshot: Biopolymers & Bioplastics 
Produce plastics from biomass such as corn & sugarcane instead of from fossil fuels 

 Market Signals  What Makes or Breaks It? 

 ●​ Rising bans on single-use plastics 
driving demand for alternatives 

●​ Increasing adoption in packaging, 
FMCG, and textiles 

●​ Annual Market size by 2030: ₹ 4000 
- 5000 Cr 

 ●​ Cost competitiveness vs petrochemical 
plastics (₹/kg parity) 

●​ Reliable feedstock sourcing (sugar, 
starch, agri residues) 

●​ Adoption by large FMCG and 
packaging players 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Regulatory push on plastic waste and 
sustainability 

●​ Consumer and brand shift toward 
eco-friendly materials 

●​ Export opportunity as global markets 
demand sustainable alternatives 

 ●​ Chemical and polymer manufacturers 
●​ Agri-processing companies (feedstock 

suppliers) 
●​ Packaging and FMCG ecosystem 

players 

 Key Challenges  Business Models 

 ●​ Higher cost than conventional 
plastics (2–3x in many cases) 

●​ Presence of grey and unorganized 
market players  

 ●​ Set up biopolymer production facilities 
(PLA, PHA) 

●​ Partner with FMCG brands for 
sustainable packaging solutions 
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Introduction and Business Case 

Biopolymers and bioplastics replace fossil-based plastics with materials derived from starch, 
sugarcane, vegetable oils and lignocellulosic residues. They help brands meet EPR/compliance 
targets, cut lifecycle emissions, reduce plastic pollution via compostable grades and open 
premium export markets. 

For India, this is a strategic play at the intersection of agri value-addition, green chemistry and 
circular packaging, an intersection that has the potential to provide opportunities to businesses 
from diverse industry segments. 

Opportunities in this segment are available for both production of upstream products such as 
PLA or PHA resins, and downstream opportunities such as compounding, moulding, and 
product trading. 

Market Potential for Biopolymers and Bioplastics in India 

Market potential estimates are provided based on the sales estimates for the end product - eg: 
biodegradable bags, foodware etc. 

Year Market Size (₹ Cr) Key Drivers 

2025 2,000 -2,500 Single-use plastic restrictions, early EPR enforcement, pilot 
compostable packaging. 

2030 4,000-5,000 Scale in food service, retail, e-commerce mailers; local 
resin/compound capacity. 

2040 12,000-15,000 Mainstreaming in packaging, textiles, auto interiors; 
advanced recycling & compost systems. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

PLA (polylactic 
acid) bioplastics 

Food packaging, 
disposable tableware, 
fibers, 3D printing 

Resin production + 
long-term brand 
supply contracts 

Packaging sustainability 
targets, compostability 

PHA biopolymers Flexible packaging, 
coatings, single-use 
items 

Premium resin sales 
+ IP licensing 

Marine biodegradability 
demand 

Biodegradable 
polymer blends 

Compostable bags, 
films, liners 

Compounder model + 
formulation services 

Single-use plastic bans 
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Drop-in bio-based 
plastics 

Bio-PE, bio-PET for 
bottles & packaging 

Feedstock-to-resin 
supply 

Scope-3 carbon 
reduction 

Bio-based 
engineering plastics 

Automotive, 
electronics, 
consumer durables 

Specialty polymer 
sales + OEM 
qualification 

Lightweighting, 
sustainability specs 

Agricultural & mulch 
bioplastics 

Mulch films, 
controlled-release 
coatings 

Seasonal bulk sales 
+ farmer contracts 

Soil pollution regulation 

Cellulose-based 
polymers 

Textiles, films, 
coatings 

Integrated biomass 
processing 

Renewable fiber demand 

CO₂-based 
polymers 

Polycarbonates, 
polyols 

Technology licensing 
+ resin sales 

Carbon utilization 
incentives 

Bioplastics for 
medical & pharma 

Drug delivery, 
implants, disposables 

High-margin 
regulated materials 

Biocompatibility demand 

Compostable 
packaging systems 

Foodservice, 
organics collection 

Materials + system 
integration 

Waste separation 
policies 

 

Typical Project Capacities & Investments Required in India 

 
Type of Project Capacity Investment Remarks 

PLA/PHB-based 
bioplastics resin 
manufacturing plant 

20 KTPA ₹500-700 Cr High capex due to fermentation + 
polymerization 

Bioplastic 
compounding & 
moulding plant 

5 KTPA ₹30-40 Cr Focus on retail and packaging 
applications 

Starch-based 
biopolymer unit 

5-10 KTPA ₹150-300 Cr Lower capex option with wide 
applications 

 

Underlying Technologies & Processes 

 
Technology Key Traits 

Polylactic Acid (PLA) Made from fermented sugars → lactic acid → polymerized into PLA 

Polyhydroxyalkanoates 
(PHA / PHB) 

Produced by microbial fermentation of plant oils or sugars 
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Starch-based Bioplastics Blended with other biopolymers to produce compostable films and 
packaging 

Thermoplastic Starch 
(TPS) 

Low-cost material from modified starch for carrier bags, cutlery, etc. 

Bio-PET / Bio-PE Partially renewable, functionally identical to fossil-based PET/PE 

Blended Biopolymers Hybrid materials combining starch, PLA, PHA, or cellulose 
derivatives 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Cost 
Competitiveness 
vs Conventional 
Plastics 

Biopolymers 
often more 
expensive than 
petrochemical 
plastics 

Slower 
adoption 
despite 
sustainability 
benefits 

Price-sensitive 
FMCG and 
packaging 
markets; 
dependence on 
crude oil price 
cycles 

Focus on niche 
high-value 
applications and 
scale-driven cost 
reduction 

Market Demand 
& Offtaker 
Acceptance 

Limited 
willingness to 
pay premium for 
sustainable 
materials 

Revenue 
growth 
constraints 

Lack of clear 
labeling standards; 
confusion between 
biodegradable, 
compostable, and 
bio-based 
materials 

Certification and 
brand partnerships 
critical for market 
development 

Technology & 
Manufacturing 
Scale 
Challenges 

Need for 
specialized 
polymerization 
processes and 
infrastructure 

High capex 
and slower 
scaling 
compared to 
conventional 
plastics 

Limited domestic 
manufacturing 
ecosystem for 
certain 
biopolymers 

Strategic 
partnerships and 
phased capacity 
expansion required 

Policy, 
Regulatory & 
Infrastructure 
Gaps 

Composting/recy
cling 
infrastructure not 
fully developed 

Limits 
sustainability 
claims and 
end-of-life 
benefits 

Regional waste 
management 
capability 
differences; 
evolving plastic 
bans/regulations 

Alignment with 
waste 
management 
ecosystems and 
policy advocacy 
needed 
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Prominent Players in the Indian Market 

 
Company / Entity Project Details 

Natur-Tec Product focus: Compostable biopolymer resins, Compostable bags & 
liners, compostable film-based packaging, bio-based plastic products  
 

NatureTrust Product focus: compostable bags and packaging products, primarily 
using plant-based PLA and PBAT 

EnviGreen Produces biodegradable substitutes to plastics  from natural starch, 
vegetable oil derivatives and vegetable waste.  

BioGreen Specializes in biodegradable solutions made from corn starch, 
sugarcane bagasse and vegetable waste. 

Easy Flux Manufacturer of certified 100% compostable and biodegradable 
products. 

Bioreform Produces 100% biodegradable and compostable bags from materials 
like corn starch. 

TGP Bioplastics Manufactures 100% compostable, plant-based starch plastics to combat 
plastic waste. 

JSL Leaf Bioplastics Manufactures 100% biodegradable and compostable bioplastic products 
made from starch, cellulose, and polylactic acid (PLA) 

 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Drop-in bio-based polymers 
at scale 

Scope-3 emissions pressure Fast adoption, minimal 
customer friction 

Next-generation 
biodegradable polymers 
(PHA, novel blends) 

Plastic pollution regulation 
tightening 

Addresses plastic leakage & 
regulation gaps 

High-performance bio-based 
engineering plastics 

Automakers & electronics 
decarbonizing 

Premium margins, long-term 
OEM lock-in 

Closed-loop compostable 
packaging systems 

Organics waste mandates 
expanding 

Moves from resin sales to 
platform economics 

CO₂-to-polymer technologies Carbon pricing & CCU 
incentives 

Carbon-negative narrative + IP 
moat 
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Hybrid circular polymers (bio 
+ recycled feedstocks) 

Virgin feedstock volatility Feedstock flexibility & 
resilience 

Materials-as-a-service 
(performance contracts) 

Brands demand measurable 
outcomes 

Pricing power, customer 
stickiness 

Localized biopolymer 
production hubs 

Geopolitical & logistics risks Supply-chain resilience, lower 
footprint 

Certified carbon & 
biodegradability data 
platforms 

EU digital product passports Monetizable data + regulatory 
advantage 

Biopolymers for 
non-packaging markets 

Packaging market saturation 
risk 

Diversifies beyond 
commoditized packaging 

 

Concentric & Satellite Opportunities 

 
●​ Polymer compounding & extrusion facilities: Localised units developing biodegradable 

blends and masterbatches for packaging and consumer goods. 
●​ Testing & certification laboratories: BIS and CPCB-accredited labs validating 

biodegradability, compostability and food-safety standards. 
●​ End-of-life composting & collection services: Urban waste companies building bio-waste 

segregation, composting and bioplastic recovery chains. 
●​ Textiles & specialty material innovators: Satellite expansion into bio-based fibers, 

coatings and flexible composites for apparel and auto interiors. 
●​ Digital traceability & labeling platforms: Platforms certifying bio-origin and carbon 

footprint for ESG-conscious brands and exports. 
●​ R&D in marine-safe and multi-layer biopolymers: Indigenous innovation on 

moisture-resistant, low-cost bioplastics suited to India’s humid climate. 
●​ Starch saccharification plants: Glucoamylase hydrolysis tanks for PLA precursor glucose 

syrup. 
●​ Bagasse pretreatment cookers: Acid/steam vessels breaking hemicellulose for bacterial 

cellulose production. 
 

Key Takeaway for Senior Management 
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Takeaway Details 

Biopolymers are moving from 
substitutes to strategic materials 
platforms 

●​ The value is no longer just “plastic replacement,” 
but enabling compliance, brand differentiation, and 
circularity at scale 

●​ Examples: compostable food packaging, barrier 
films for FMCG, agri-films, coated paper 
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Next Steps for Corporate Leaders 
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replacements 
●​ Recommended innovation focus: 

performance-tuned biopolymers for defined 
applications 

●​ Competitive advantage: premium pricing and 
long-term brand contracts versus commodity 
plastics 

Application-fit determines adoption 
more than bio-content alone 

●​ Brands and converters prioritize performance 
parity (or better) with conventional plastics 

●​ Sub-components: PLA, PHA, PBS, bio-PE/PET; 
blends for heat resistance, barrier properties, and 
durability 

●​ Recommended innovation focus: formulation 
science and application-led blends 

●​ Competitive advantage: faster qualification and 
broader adoption 

Certification, traceability, and 
end-of-life alignment are becoming 
entry barriers 
 

●​ Claims must be verifiable across compostability, 
recyclability, and carbon footprint 

●​ Examples: EN/ASTM compostability, food-contact 
approvals, LCA-backed carbon claims 

●​ Competitive advantage: preferred-supplier status 
with global brands and regulators 

Biopolymers and bioplastics are gaining traction as brands and regulators push for circular 
packaging, reduced fossil-based inputs, and lower carbon materials for consumer goods, 
textiles, automotive, and industrial applications. PLA, PHA, starch blends, bio-PE/PET, and 
compostable materials are advancing across performance categories, while certification, sorting 
infrastructure, and composting ecosystems lag unevenly across regions. As EPR frameworks, 
recycled content mandates, and landfill restrictions expand, bioplastics are transitioning from 
niche sustainable alternatives to strategic materials for circularity and low-carbon supply chains. 
 
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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Materials 

Green Chemicals 
 
This section provides key inputs on Green Chemicals Opportunities for corporate 

leaders. 
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Opportunity Snapshot:  Green Chemicals 
Chemicals produced using low-carbon processes & low-carbon materials 

 Market Signals  What Makes or Breaks It? 

 ●​ Growing demand from a range of 
industrial and consumer product 
segments 

●​ Export opportunity as global markets 
seek green chemical supply chains 

●​ Annual Market size by 2030: ₹ 
50,000 - 60,000 Cr 

 ●​ Access to low-cost green hydrogen (key 
cost driver) 

●​ Integration with existing chemical 
plants and processes 

●​ Secured long-term offtake (fertilizer, 
industrial, export markets) 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Decarbonisation pressure on 
fertilizers, refining, and chemical 
industries 

●​ Availability of green hydrogen 
enabling new production pathways 

●​ Global buyers demanding low-carbon 
inputs 

 ●​ Chemical manufacturers and refiners 
●​ Fertilizer companies (ammonia-based 

products) 
●​ Energy companies integrating hydrogen 

+ chemicals 

 Key Challenges  Business Models 

 ●​ 2–3x higher cost than grey chemicals  
●​ Reliance on low-cost renewables and 

electrolyzer scale for viability 
●​ Limited infra for storage/transport 

(ammonia, hydrogen) & weak offtake 
markets 

 ●​ Develop green ammonia/methanol 
projects 

●​ Retrofit existing plants with low-carbon 
processes 

●​ Export-oriented production linked to 
global demand 
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Introduction and Business Case 

Green chemicals replace fossil-based feedstocks with bio-based, recycled, or CO₂-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 (₹ 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, CO₂-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 
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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 
Materials 

Food packaging, 
bottles, films, 
coatings 

Material sales + 
brand collaborations; 
often tied to 
recycling/composting 
systems 

Single-use plastic 
bans; demand for 
circular packaging 

Specialty 
Bio-ingredients 
(Nutrition, Cosmetics, 
Flavors) 

Supplements, 
fragrances, skincare, 
functional foods 

High-margin 
formulation sales; 
customer-specific 
solutions 

Consumer demand for 
“natural” and traceable 
ingredients 

Biochemical Building 
Blocks (Platform 
Chemicals) 

FDCA, succinic acid, 
bio-diols for polymers 
& resins 

Scale-up + licensing; 
long-term chemical 
offtake contracts 

Platform replacement 
potential for 
fossil-based 
monomers 

Agricultural & 
Crop-based Green 
Chemicals 

Biostimulants, soil 
enhancers, crop 
protection additives 

Regional production; 
distributor networks; 
agribusiness 
partnerships 

Sustainable 
agriculture, yield 
optimization, soil 
health concerns 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative 

CapEx (₹ Cr) 
Notes 

Bio-ethanol 
(2G/advanced) to 
solvents/intermediates 

100-300 KLPD 
ethanol; 
50-150 KTPA 
downstream 

350-1,200 Cellulosic feedstock; 
dehydration/oxidation routes 
(e.g., ethyl acetate, acetic acid). 
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Green 
methanol/e-methanol 

50-200 KTPA 700-2,500 From syngas/CO₂ + green H₂; 
co-location with RE/H₂ and CO₂ 
sources. 

Bio-succinic/lactic acid → 
PLA/PBS monomers 

20-100 KTPA 300-1,200 Fermentation + downstream 
purification; polymer-grade 
specs. 

Bio-surfactants & 
specialty 
(rhamno/sophoro, APGs) 

5-30 KTPA 80-350 High-margin HPC/home-care; 
stringent QA and tox 
compliance. 

Green ammonia (NH₃) for 
chemicals/fert & NOx 
control 

50-200 KTPA 1,200-4,000 Electrolyser + Haber-Bosch; 
large RE tie-ups, offtake MOUs. 

Bio-based 
acetic/itaconic/levulinic 
platforms 

10-50 KTPA 120-600 Flexible feedstocks (molasses, 
agri residues, C6/C5 sugars). 

Biogas/CBG to green 
chemicals 
(CO₂/biomethane) 

5-20 TPD 
CBG with CO₂ 
polishing 

40-160 CO₂ to e-chemicals; biomethane 
for process heat/CHP. 

 

Underlying Technologies & Processes 
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Element Options Key Traits 

Feedstocks Biomass (sugarcane, agri residues), 
waste CO₂, recycled plastics, algae 

Domestic supply potential; reduces 
fossil use. 

Conversion 
routes 

Fermentation (ethanol → derivatives, 
lactic acid), gasification (syngas → 
methanol), CO₂ utilisation, chemical 
recycling 

Pathway defines scalability and carbon 
intensity. 

Products Bio-ethanol derivatives, lactic 
acid/PLA, green methanol/ammonia, 
bio-based solvents, recycled 
monomers 

Replace fossil-based petrochemicals in 
fuels, plastics, solvents. 

Integration With refineries, cement/steel (CO₂ 
capture), sugar mills (biorefineries) 

Lowers cost and enables circular supply 
chains. 

Certification ISCC+, RSB, domestic bio-economy 
standards 

Ensures global market access. 
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Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Cost 
Competitiveness 
vs Conventional 
Chemicals 

Green chemical 
pathways 
(bio-based, 
electrochemical, 
green hydrogen 
routes) often higher 
cost initially 

Slower 
adoption by 
price-sensiti
ve industries 

India’s chemical 
buyers prioritize 
cost efficiency; 
volatile energy 
prices 

Focus on 
high-value niches 
and scale-driven 
cost reduction 

Feedstock & 
Energy Supply 
Chain 
Dependence 

Reliance on 
biomass, green 
hydrogen, or 
renewable electricity 

Input cost 
variability 
affecting 
margins 

Renewable 
energy 
intermittency; 
biomass 
logistics 
challenges 

Secure long-term 
feedstock and RE 
sourcing 
agreements 

Market Demand 
& Offtaker 
Readiness 

Limited willingness 
to pay premium for 
green chemicals 

Revenue 
uncertainty 
and delayed 
commerciali
zation 

ESG-driven 
demand still 
emerging in 
domestic 
markets 

Target export 
markets and 
sustainability-drive
n customers first 

Technology 
Scale-Up & 
Operational 
Complexity 

Transition from pilot 
to commercial-scale 
production 

Higher 
capex risk 
and 
execution 
challenges 

Limited domestic 
experience with 
new process 
technologies 

Phased 
deployment and 
partnerships with 
technology 
providers required 

Policy, 
Geopolitics & 
Regulatory 
Uncertainty 

Evolving carbon 
regulations, trade 
policies, and 
sustainability 
standards 

Investment 
uncertainty 
and market 
access risk 

Global carbon 
border 
mechanisms; 
dependence on 
imported 
catalysts/equipm
ent 

Build regulatory 
intelligence and 
diversified supply 
chains 
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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 
(RIL) 

Investments in bio-based & circular plastics; exploring 
CO₂-to-chemicals. 

Indian Oil / HPCL / 
BPCL 

Building bio-refineries; methanol, ethanol and green hydrogen-linked 
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 
Scale 

Monetize existing 
petrochemical assets with 
renewable premiums and 
minimal retrofit 

Fastest route to EBIT-positive 
decarbonization without 
stranded assets 

Next-Gen Bio-Polymers Own a “PLA/PEF 2.0” 
material that outperforms 
fossil plastics 

Moves bio-materials from 
compliance choice to 
spec-driven demand 

Enzyme-Enabled Process 
Reinvention 

License enzymes + lock 
customers into process IP 

Structural cost and energy 
advantage, not just green 
branding 

Carbon-to-Chemicals 
Platforms 

Become the “Intel Inside” for 
carbon utilization plants 
globally 

Turns emissions into a new 
raw-material class; policy 
tailwinds amplify upside 

Biochemical Platform 
Molecules 

Control a future bio-monomer 
standard (FDCA-like) 

Winner-takes-most dynamics if 
platform adoption tips 

Biosurfactants as Functional 
Upgrades 

Sell performance + 
sustainability at premium 

Breaks the false trade-off 
between green vs. effective 
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pricing 

Circular Bio-Feedstocks from 
Waste 

Secure ultra-low-carbon 
feedstock moats 

Feedstock control becomes 
strategic leverage, not 
procurement 

Low-Carbon Specialty 
Ingredients 

High-margin niches with fast 
customer pull 

Shorter scale-up cycles and 
faster ROI vs commodities 

Digital + Bio Manufacturing Data-moat-backed 
biomanufacturing platform 

Shifts bio-chemicals from art to 
software-like scalability 

Regulation-Anchored 
Materials 

Be first with compliant 
alternatives before regulation 
hits 

Converts regulatory risk into 
first-mover advantage 

 

Concentric & Satellite Opportunities 

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

●​ Feedstock aggregation & logistics enterprises: FPOs and startups collecting 
agri-residues, molasses and CO₂ streams for chemical-grade inputs. 

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

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

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

Key Takeaway for Senior Management 

 

Takeaway Details 

Green chemicals are 
becoming strategic 
industrial infrastructure, not 
niche substitutes 

●​ They directly decarbonize downstream value chains and 
Scope 3 emissions for multiple sectors 

●​ Examples: green methanol for shipping & chemicals, 
green ammonia for fertilizers & fuels, bio-based solvents 
for FMCG and pharma 

●​ Competitive advantage: long-term demand pull and 
strategic relevance beyond price competition 

Feedstock and energy 
sourcing define both cost 
and carbon 
competitiveness 

●​ Carbon intensity is driven upstream more than by plant 
efficiency alone 

●​ Sub-components: green hydrogen, renewable power, 
biomass, waste carbon, captured CO₂. 

●​ Recommended innovation focus: feedstock flexibility 
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and integration with clean energy 
●​ Competitive advantage: structurally lower carbon 

intensity and defensible cost curves 

Application-led product 
selection beats 
molecule-first expansion 

●​ Not all chemicals justify a green premium; winners target 
high-pull applications 

●​ Examples: methanol, ammonia, ethanol, specialty 
solvents, surfactants, polymer intermediates 

●​ Competitive advantage: faster commercialization and 
reduced demand risk 

Scale-up and modularity 
determine capital efficiency 

●​ Capital intensity and risk remain high without smart scale 
strategies 

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

●​ Recommended innovation focus: modular, replicable 
plant design 

Certification, traceability, 
and customer integration 
are becoming entry 
barriers 

●​ Buyers increasingly require verified carbon intensity and 
ESG credentials 

●​ Sub-components: LCA-backed certification, digital MRV, 
sustainability-linked offtake contracts 

●​ 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, CO₂-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. 
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Materials 
Low Carbon Cement & Concrete 

 
This section provides key inputs on Low Carbon Cement & Concrete 

Opportunities for corporate leaders. 
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Opportunity Snapshot: Low Carbon Cement & Concrete 
Produce cement and concrete with lower emissions using alternative materials and processes 

 Market Signals  What Makes or Breaks It? 

 ●​ Strong push for green construction 
and sustainable infrastructure 

●​ Increasing adoption of blended 
cements (PPC, PSC) and low-carbon 
alternatives 

●​ Annual Market size by 2030: ₹7,000 
- 8,000  Cr 

 ●​ Access to SCMs (fly ash, slag) within 
200–300 km radius for cost viability 

●​ Ability to maintain strength/durability 
(IS standards compliance) 

 Why It Matters NOW?  Well Aligned Opportunity for 

 ●​ Infrastructure boom (roads, housing) 
causing massive cement demand 

●​ Adoption by large infra developers 
and EPC players 

 ●​ Cement manufacturers (existing players 
transitioning portfolios) 

●​ Construction companies and infra 
developers 

●​ Industrial players supplying by-products 
(steel, power plants) 

 Key Challenges  Business Models 

 ●​ Limited availability and logistics of 
alternative materials (fly ash, slag) 

●​ Performance perception 

 ●​ Expand blended cement production 
(PPC, PSC, LC3) 

●​ Integrate SCM supply chains (fly ash, 
slag sourcing) 

●​ Partner with infra developers for green 
construction projects 
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Introduction and Business Case 

Buildings are India’s largest material sink, with cement, concrete and steel as default inputs. The 
challenge is clinker and process emissions from cement and high-carbon steelmaking. The 
opportunity: substitute clinker, re-engineer mixes and deploy alternative binders, recycled 
aggregates and CO₂-mineralised products to halve embodied carbon without compromising 
performance. 

For India’s booming construction sector, low-carbon materials are a once-in-a-generation play: 
reducing emissions, cutting costs and opening premium ESG-linked financing. 

Market Potential for Low Carbon Cement in India 

 
Year Market Size (₹ Cr) Drivers 

2025 3,000-5,000 Early adoption of PPC/PSC, AAC blocks, recycled 
aggregates. 

2030 7,000-8,000 Scale-up of LC³, carbon-cured concrete, low-carbon steel 
pilots. 

2040 50,000-60,000 Mainstream adoption in housing, infrastructure and exports. 

 

Market Segments and Applications 

 

Segment Applications Business Model Key Drivers 

Low-Clinker / 
Blended Cement 

General construction, 
infrastructure, 
ready-mix concrete 

Asset-heavy cement 
production; premium 
low-carbon product 
lines 

CO₂ reduction via 
clinker substitution; 
minimal change to 
standards 

LC3 (Limestone 
Calcined Clay 
Cement) 

Infrastructure, 
housing, precast 

Premium low-carbon 
SKU + technical 
support 

~30–40% less 
embodied CO₂ with 
lower calcination 
energy vs OPC. 

Supplementary 
Cementitious 
Materials (SCMs) 

Cement blending, 
concrete mix 
optimization 

Materials supply 
(slag, fly ash, 
calcined clay); B2B 
sales 

Clinker reduction; 
circular use of 
industrial by-products 

Carbon-Utilized 
Concrete (CO₂ 

Precast concrete, 
blocks, pavements 

Technology licensing 
+ per-m³ fees; retrofit 

Permanent CO₂ 
mineralization with 
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Injection / Curing) model strength enhancement 

Alternative Binders 
(Non-Portland 
Cement) 

Precast elements, 
niche structural 
applications 

Technology licensing 
+ specialty material 
sales 

Breakthrough CO₂ 
reduction beyond 
Portland cement limits 

Carbon-Negative / 
Mineralized Concrete 

Precast, modular 
construction, 
specialty 
infrastructure 

Integrated production 
+ premium pricing 

Permanent carbon 
storage with structural 
performance 

Circular & 
Waste-Derived 
Cement Materials 

Roads, foundations, 
mass concrete 

Feedstock 
partnerships + 
processing; regional 
supply chains 

Waste valorization; 
reduced raw-material 
and emissions footprint 

 

Typical Project Capacities & Investments Required in India 

 
Project Type Typical 

Capacity 
Indicative CapEx 

(₹ Cr) 
Notes 

LC3 / PLC grinding & 
blending unit 

0.3-1.0 
MTPA 

120-300 Clinker substitution using 
calcined clay + limestone; kiln 
not required if tolling clinker. 

Calcined clay (metakaolin) 
plant 

0.2-0.6 
MTPA 

80-200 Flash/rotary calciner + 
milling; co-locate with clay 
deposits and cement hubs. 

SCM processing (fly 
ash/slag) & dispatch 

0.3-1.0 
MTPA 

40-120 Classification, drying, 
grinding; quality-controlled 
supply for PPC/PSC/LC3. 

Carbon-cured 
concrete/RMC retrofit 

0.5-1.5 
MTPA 
concrete 

15-40 Curing chambers, CO₂ 
dosing, sensors; incremental 
capex at RMC plants. 

AAC/ALC block plant 150-500 
m³/day 

25-80 Autoclaves, mixers, cutting 
lines; replaces clay bricks; 
lighter structures. 

Precast & prefab 
(low-carbon mixes) 

50-200 
m³/hr 

40-120 Forms, steam/CO₂ curing; 
factory QA, rapid install. 

Recycled aggregates & 
C&D waste plant 

300-1,000 
TPD 

20-60 Crushers, screens, wash & 
fines recovery; BIS-certified 
outputs. 
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CO₂ mineralisation 
(aggregates/fillers) 

50-200 
KTPA 

30-100 Carbonating steel slag/C&D 
fines to make value-added 
aggregates. 

 

Underlying Technologies & Processes 

A)   Binder & mix strategies 

Element Options Key traits 
Clinker 
reduction 

PPC (fly ash), PSC (slag), PLC 
(limestone), LC3 (calcined clay 
+ limestone) 

Lower clinker, similar performance; LC3 
scales where kaolinite clay is available 

Alternative 
binders 

Alkali-activated/“geopolymer” 
(fly ash/GGBS) 

High early strength, low clinker; best in 
precast/controlled settings 

Admixtures Superplasticisers, shrinkage 
reducers, accelerators 

Enable lower water/cement ratios and 
cement savings 

B)   Aggregates & circularity 

Element Options Key traits 
Recycled 
aggregates 

RCA from C&D 
plants 

Diverts landfill, cuts virgin quarrying; QC critical 
(chlorides/fines) 

Carbonated 
aggregates 

CO₂-mineralised 
fines/aggregates 

Permanently binds CO₂; improves durability for select 
products 

 C)   Curing & carbon utilization 

Element Options Key traits 
CO₂ curing 
(precast) 

Carbon-injection chambers Strength/durability gains; direct CO₂ utilisation 
and mineralisation 

Optimised 
curing 

Steam/low-temp, moisture 
control 

Energy reduction + quality consistency 

 

Key Challenges   

 

Challenge Area Key Issues Business 
Impact 

India Specific Strategic 
Implications 

Cost 
Competitivenes

Low-carbon 
solutions (LC3, 

Slower 
adoption due 

Infrastructure 
and real estate 

Need lifecycle cost 
justification and 

CO3@EAI  
436 

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


 

s vs 
Conventional 
Cement 

alternative binders, 
CCUS integration) 
may increase cost 
initially 

to 
price-sensitive 
construction 
market 

driven by 
lowest-cost 
procurement 

performance-base
d selling 

Market 
Acceptance & 
Engineering 
Standards 

Contractors and 
engineers hesitant 
to adopt new 
formulations 

Longer sales 
cycles and 
slower scaling 

Conservative 
construction 
ecosystem; 
certification/testi
ng delays 

Invest in pilot 
projects, testing 
validation, and 
engineering 
education 

Supply Chain 
Availability of 
Alternative 
Materials 

Dependence on 
SCMs (fly ash, 
slag, calcined clay) 
with regional 
availability 
constraints 

Production 
variability and 
logistics 
complexity 

Declining fly ash 
availability; 
regional raw 
material 
concentration 

Develop diversified 
sourcing and 
localized 
production 
strategies 

Policy & 
Regulatory 
Uncertainty 

Lack of strong 
incentives or 
carbon pricing 
mechanisms 

Weak financial 
driver for 
switching to 
low-carbon 
solutions 

Evolving green 
procurement 
policies; future 
CBAM exposure 

Engage with 
policymakers and 
align with 
export-driven 
sustainability 
requirements 

Capital Intensity 
& Project 
Integration 
Complexity 

Retrofit or process 
innovation requires 
investment and 
operational change 

Longer ROI 
timelines and 
execution risk 

Legacy cement 
plants; 
infrastructure 
constraints 

Offer modular, 
retrofit-friendly 
solutions and 
financing models 

 

Prominent Players in the Indian Market 

 
Company / Entity Project Details 

UltraTech Cement Large portfolio of blended cements (PPC, PSC, PLC) and green 
RMC mixes with EPD certification. 

Dalmia Bharat Cement Aggressive carbon-negative roadmap; high SCM substitution; 
exploring LC3 and CCUS integration. 

JSW Cement Leading producer of PSC (slag cement); strong presence in GGBS 
for RMC markets. 

Shree Cement Scaling low-clinker cements; R&D on energy-efficient grinding and 
alternative fuels. 

ACC & Ambuja (Holcim 
India) 

Offering low-carbon cement variants; EPDs and green product 
certifications in place. 

Ramco Cement Expanding blended cements and PLC lines; increasing SCM 
utilisation. 
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Godrej Construction Precast concrete & recycled aggregates (RCA) from C&D waste; 
commercialised in green buildings. 

 
 

Innovation Perspectives 

 

Innovation Business Opportunity For Senior Management 

Low-Clinker Cement at Scale Premium low-carbon cement 
using existing assets 

Fastest path to margin-positive 
decarbonization 

Next-Gen SCM Supply 
Chains 

Control scarce low-carbon 
inputs 

SCM access becomes a 
strategic moat, not 
procurement 

Carbon-Captured / Net-Zero 
Cement 

First-mover net-zero cement 
supply 

Creates regulation-anchored 
pricing power 

CO₂ Utilization in Concrete Retrofit tech + recurring 
license revenue 

Turns carbon into 
performance-enhancing input 

Non-Portland Alternative 
Binders 

Own a post-Portland binder 
platform 

Potential disruptive leap 
beyond incremental gains 

Carbon-Negative Concrete 
Systems 

Premium products for iconic 
projects 

Converts climate impact into 
brand and value premium 

Circular Mineral Feedstocks 
 

Low-cost, low-carbon raw 
material control 

Reduces exposure to virgin 
resource volatility 

Digital Concrete Optimization Software-enabled material 
efficiency 

Software margins in a 
commodity industry 

Green Infrastructure 
Solutions 

Become preferred supplier for 
public projects 

Infrastructure drives 
guaranteed long-term demand 

Standards-Driven Innovation Shape specifications around 
new materials 

Standards leadership creates 
winner-take-most outcomes 

 

Concentric & Satellite Opportunities 

●​ Calcined-clay and SCM processing OEMs: Localised calciners, classifiers and mills with 
dust-tolerant designs and remote QA analytics. 

●​ CO₂ curing & mineralisation systems integrators: Turnkey chamber retrofits, dosing skids 
and control software for RMC/precast plants. 

●​ C&D waste aggregation & QA hubs: City-scale depots delivering BIS-certified recycled 
aggregates and carbonated fines to projects. 
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●​ Admixture & mix-design labs: Rapid, on-site testing and AI-assisted formulations to hit 
strength/durability with high SCM blends. 

●​ Prefab/3D-printed low-carbon components: Satellite factories making modular stairs, 
walls and culverts with LC mixes for fast infra builds. 

●​ Magnesium oxide binder kilns: 700°C operation cutting emissions 50% vs Portland; 
seawater MgO for marine structures. 

Key Takeaway for Senior Management 

 

Takeaway Details 

Decarbonization is shifting 
cement from a commodity 
to a differentiated 
materials business 

●​ Carbon intensity is becoming a procurement criterion 
alongside strength and cost 

●​ Examples: blended cements (PPC, PSC), LC3, low-carbon 
ready-mix with optimized mix designs 

●​ Recommended innovation focus: material engineering 
and carbon-optimized formulations 

●​ Competitive advantage: access to ESG-driven projects 
and premium procurement channels 

Clinker reduction delivers 
the fastest, lowest-cost 
emissions cuts 

●​ Substitution avoids both process and fuel emissions 
●​ Sub-components: fly ash, GGBS/slag, calcined clay, 

limestone fillers 
●​ Recommended innovation focus: Novel blending 

materials for  performance optimization 
●​ Competitive advantage: immediate CO₂ reduction with 

minimal capex 

Supply-chain control of 
SCMs is becoming a 
strategic moat 

●​ Availability, quality, and logistics of SCMs increasingly limit 
scale 

●​ Examples: long-term slag tie-ups with steel plants; fly-ash 
beneficiation 

●​ Competitive advantage: reliable production and cost 
stability competitors cannot match 

Carbon measurement, 
certification, and labeling 
will unlock demand 

●​ Buyers require transparent, comparable embodied-carbon 
data 

●​ Examples: EPDs, carbon labels, digital MRV integrated 
into procurement 

●​ Competitive advantage: eligibility for green tenders and 
faster customer adoption 

Long-term pathways 
(CCUS, alternative 
binders) require selective, 
staged bets 

●​ These are critical but capital-intensive and site-specific 
●​ Examples: CCUS on large kilns; alkali-activated materials 

for niche uses 
●​ Recommended innovation focus: pilots and partnerships, 

not full-scale bets 
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Next Steps for Corporate Leaders 

 
Low-carbon cement and concrete are becoming central to industrial decarbonization as 
construction supply chains face embodied carbon disclosure, green procurement standards, 
and net-zero infrastructure mandates. Blended cements, SCM substitution (fly ash, slag, 
calcined clays), carbon-cured concrete, CO₂ mineralization, geopolymer formulations, and 
CCUS pathways are advancing in parallel. As Scope 3 reporting tightens for real estate, 
infrastructure, and industrial buyers, low-carbon cement is transitioning from niche green 
material to a strategic lever for embodied emissions reduction and compliance. 
 
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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