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Section 3

Energy Storage

Energy storage is the critical enabler of India’s clean energy scale-up, ensuring grid stability,
renewable integration, and energy security as solar and wind penetration rises.

Market Scale & Outlook:
India requires 400GWh of energy storage by 2030 to support the 500 GW non-fossil target.

Battery Energy Storage Systems (BESS) costs have fallen ~80% over the last decade,
accelerating adoption.

Key Storage Pathways:
Battery + Solar/Wind + BESS: Dominant near-term solution for RTC power
Battery Cell & Pack Manufacturing: Strategic under Advanced Chemistry Cell (ACC)
PLI (~%18,000 crore)
e Pumped Hydro Storage (PHS): Largest long-duration storage pipeline (100+ GW
identified)
e Green Hydrogen: Emerging as seasonal & industrial-scale storage

Growth Drivers:
e Grid flexibility needs and peak demand management
e SECI/NTPC RTC & peak power tenders
e EV growth creating scale for battery manufacturing
e Policy support for domestic cell manufacturing
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Strategic Trends:
e Shift from energy-only to capacity & flexibility markets
e Hybrid and co-located storage projects gaining traction
e Convergence of power, mobility, and hydrogen ecosystems

Executive takeaway:

Energy storage is the backbone of India’s energy transition—unlocking reliable renewables,
enabling electrification, and creating a strategic manufacturing opportunity across batteries and
hydrogen.For investors and corporates, the sector offers long-term value in BESS deployment,
cell manufacturing and hydrogen-linked storage ecosystems that underpin India’s 500 GW
clean-energy goal by 2030.
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Energy Storage
Battery Cell Manufacturing

This section provides key inputs on Indian Battery Cell Manufacturing
Opportunities for corporate leaders.
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Opportunity Snapshot: Battery Cell Manufacturing

Produces core battery cells that store and supply electrical energy.

Market Signals

e EV & BESS demand driving
massive need for domestic cell
capacity

e Strong policy push via PLI for ACC
batteries (~50 GWh approved
capacity)

e Annual Market size by 2030: X
1,50,000 - 1,75,000 Cr

Why It Matters NOW?

e Energy security due to reducing
dependence on cell imports

e EV adoption and renewable storage is
scaling up rapidly

e Strategic nudge to build domestic
giga factories

Key Challenges

e Extremely high capex: 36,000—8,000
Cr/ 10 GWh

e Technology complexity and rapid
evolution (risk of obsolescence)

CO3@wEAI

What or It?

e Technology selection between LFP ,
NMC and next-gen chemistries

e Scale (GWh-level giga factories) for
cost competitiveness

® Access to raw materials (lithium,
cobalt,nickel) and supply chain
integration

Well Aligned Opportunity for

e Large industrial conglomerates (deep
capital + long-term play)

e Auto OEMs (backward integration for
EV supply security)

e Global battery players entering India via
JVs

Business Models

e (Greenfield giga-factories leveraging PLI
incentives

e Joint ventures with global technology
providers

e Vertical integration via cell to pack to
EV / storage ecosystem
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Introduction and Business Case

Battery cells are the foundation of the new energy economy, powering electric vehicles,
renewable integration and next-generation consumer technologies. Beyond powering EVs and
stabilizing the grid, battery cells enhance energy independence, fuel the digital economy
through devices and loT systems and anchor national self-reliance in critical technology, making
this one of the a compelling and strategically vital investment opportunity.

India’s heavy investments in domestic gigafactories are reducing import dependence and
positioning the country as a global hub at a time when demand is expected to grow more than
50-fold by 2040. That would be some growth!

Market Potential for Battery Cell Manufacturing in India

Year Demand (GWh) | Market Size (% Cr) Drivers
2025 25-30 20,000-25,000 EV 2W/3W surge; early 4W and storage
packs
2030 250-300 1,50,000-1,75,000 2W/3W dominance + 4W mass adoption;
grid & C&l storage
2040 250-300 2,00,000-2,25,000 Deep electrification of transport +
large-scale stationary storage

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Mass-market EV
lithium-ion cells

Passenger EVs,
two-wheelers

High-volume OEM
supply contracts

Rapid global EV
adoption

Premium /
high-energy EV cells

Long-range &
performance EVs

Customization-led
OEM partnerships

Demand for higher
energy density

LFP battery cells

Entry EVs, buses,
ESS

Cost-optimized, scale
manufacturing

Safety, longevity &
raw-material security

Nickel-rich battery
cells

Long-range EVs

Advanced chemistry
production

Range anxiety &
charging speed

Cylindrical cell
manufacturing

EVs, power tools,
ESS

Standardized cell
platforms

Manufacturing
automation & yield
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gains

Prismatic / pouch cell
production

EVs, ESS

OEM-specific

form-factor supply

Vehicle platform
optimization

Grid-scale ESS cells

Utility & commercial
storage

Project-based supply

+ service

Renewable energy
integration

Regionalized cell
manufacturing

Local EV & ESS
markets

Localized gigafactory

model

& localization policy

Low-carbon /
sustainable cells

EVs, ESS

Green-premium
supply contracts

OEM Scope-3
emission targets

Next-generation
battery cells

EVs, ESS (future)

R&D-led scale-up

partnerships

Performance limits of
current Li-ion

Typical Project Capacities & Investments Required in India

Supply-chain resilience

Facility Type Throughput Indicative Automation Level
Capex (% Cr)
Pilot / Proto Line 0.3-0.5 GWh/yr 60-100 Manual + semi-auto
Commercial Line - 1-2 GWh/yr 150-250 Semi-auto
Tier-2
Multi-Line Plant - Tier-1 | 4-5 GWh/yr 350-600 High semi-auto
Large-scale Plant 8-10 GWh/yr 700-1,000 Highly automated
ESS-dedicated Line 1-2 GWh/yr 120-180 Semi-auto
Underlying Technologies & Processes
Chemistry Key Traits

Lithium Iron Phosphate (LFP) High thermal stability, long cycle life, low cost, lower energy

density

Nickel Manganese Cobalt
(NMC)

Lithium Titanate Oxide (LTO)
Solid-State Batteries

High energy density, longer range, good performance,
higher cost

Ultra-fast charging, excellent cycle life, low energy density

High energy density, solid electrolyte, improved safety, still
emerging

Sodium-lon Batteries Lower cost, no lithium dependency, moderate performance
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Key Challenges

Challenge Area | Key Issues Business India Specific | Strategic
Impact Implications
Raw Material & | Dependence on | Cost volatility Limited Secure long-term
Supply Chain imported lithium, [ and geopolitical | domestic sourcing
Dependence nickel, cobalt, supply risk reserves; agreements and
graphite and reliance on diversify supply
precursor China and chains
materials global markets
High Capital Gigafactory-scal | Long payback High initial Strategic
Intensity & e investments periods and capex; need for | partnerships,
Scale required for cost | financing automation and | phased capacity
Economics competitiveness | challenges cleanroom build-up, and
infrastructure government
incentives critical
Technology Rapid shifts in Risk of stranded | Indian market Flexible
Evolution & chemistries assets or still deciding manufacturing
Obsolescence (LFP, NMC, outdated dominant design and
Risk sodium-ion, production lines | chemistry technology
solid-state) pathways partnerships
essential
Energy Costs & | Energy-intensiv | Reduced Grid reliability Co-locate with
Sustainability e manufacturing | competitiveness | and renewable | renewable energy or
Requirements processes affect | vs global sourcing vary industrial clusters to
operating costs | players if energy | by region reduce costs
and carbon costs high
footprint
Demand EV OEM Revenue Policy-driven Secure long-term
Forecasting & demand growth | volatility and EV adoption OEM contracts and
Offtaker still evolving; capacity cycles; evolving | diversify into
Alignment dependency on | underutilization | domestic stationary storage
few large risk storage markets | markets
customers

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Ola Electric Mobility Ltd.

4680-format cylindrical cell production

Mobility

Amara Raja Energy &

16 GWh cell + 5 GWh pack capacity. First production lines by
Q4 2026, full 16 GWh by FY 2029
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Exide Industries

6 GWh cell. Commercialisation targeted end 2024-25

Reliance Industries

30 GWh battery systems — cells. Phase 1 systems/packs by
H2 2026, later cell capacity

Tata Group (Agratas)

Lithium-ion cell factory. $1.5 bn, 2026 start; full integration by
2028

Innovation Perspectives

Innovation Business Opportunity For Senior Management
Chemistry portfolio strategy Multi-chemistry gigafactories | Reduces technology and
raw-material risk

Manufacturing scale & yield Ultra-scale, cost-leader cell Lowest cost per kWh wins

innovation platforms volume markets

OEM-embedded cell Platform-level OEM High switching costs, long

co-development partnerships contracts

Low-carbon cell Green-premium cell supply Meets OEM Scope-3 mandates

manufacturing contracts

Standardized cell formats Global standardized cell Faster scale, better margins
ecosystems

Next-gen chemistries Technology option value Long-term performance or cost

(post-Li-ion) investments breakthroughs

Cell-to-system optimization Joint cell-pack-ESS design Improves system-level
platforms economics

Regionalized gigafactory Replicable regional Policy compliance, supply

models manufacturing hubs security

Data-driven quality & lifecycle | Battery data & analytics Improves reliability, residual

tracking services value

Closed-loop recycling Circular battery ecosystems Cost + sustainability moat

integration
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Concentric & Satellite Opportunities

e Active Material (CAM/Anode) Manufacturing Integration - Concentric, co-located
precursor (pCAM) and Cathode Active Material (CAM) or advanced anode production
lines minimizing inter-plant logistics and ensuring a closed-loop supply of spec-locked
materials to the giga-factory.

e Closed-Loop Solvent/Binder Recovery Systems - Concentric OEMs offering modular
solvent (NMP/water) recovery and purification skids, directly integrated with the
electrode coating/drying lines, to drastically cut material and energy costs.

e High-Throughput Continuous Mixing/Coating OEM - Concentric equipment providers
specializing in continuous mixing (extrusion-based) and advanced dry-coating/electrode
fabrication lines to increase throughput, reduce solvent use and improve electrode
uniformity.

e Dry Room/Mini-Environment Energy Optimization - Concentric HYAC/clean-air providers
offering mini-environment solutions around critical processes (cell assembly, electrolyte
filling) to reduce the volume of ultra-dry air needed, cutting factory utility costs by up to
30%.

e In-Line Quality Control & Al-Powered Digital Twin - Concentric software platforms
implementing real-time, non-destructive testing (NDT) with Al/ML to detect micro-defects
during calendering, stacking and welding and a digital twin for predictive process
optimization and virtual ramp-up.

e Raw Material Reverse-Logistics Networks - Digitized, compliant collection, storage and
transport platforms for End-of-Life (EoL) batteries, feeding regional pre-processing hubs
(discharge, dismantling, shredding) for black mass production.

e Advanced Black Mass Refining Hubs - Satellite hydrometallurgical or direct recycling
facilities co-located near manufacturing clusters, recovering high-purity lithium, nickel,
cobalt and manganese for direct re-introduction into pCAM/CAM production.

e Second-Life (2L) Battery Energy Storage Systems (BESS) - Satellite hubs for grading,
re-packaging and thermal management integration of EoL EV battery packs into
utility-scale or commercial/industrial BESS products, extending their useful life.

e Specialized Battery Component R&D/Supply - Satellite suppliers focused on
next-generation components, such as solid-state electrolytes, high-capacity
silicon-based anodes, or fluorine-free binders, to improve cell performance and
sustainability.

e Digital Battery Passport & Compliance Platforms - Platforms enabling SKU-level
traceability from mining to recycling, fulfilling upcoming regulatory requirements (e.g., EU
Battery Regulation) by tracking material provenance, carbon footprint and
state-of-health.
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Key Takeaway for Senior Management

Battery cell manufacturing is a
chemistry and process-control
business, not a scale race

Long-term winners are defined by electrochemistry
mastery, yield control, and consistency—not just GWh
capacity

Examples: LFP cathode morphology control,
electrolyte formulation optimization, coating uniformity,
formation cycling protocols

Competitive advantage: higher yield and consistency
translate directly into lower cost per kWh and stronger
OEM trust

Chemistry choice defines
market positioning and capital
risk

Different end markets require different chemistries, and
misalignment leads to stranded assets

Examples: LFP for mass EVs and BESS; high-nickel
NMC/NCA for premium EVs; sodium-ion for
cost-sensitive stationary storage

Innovation focus: multi-chemistry, modular production
lines

Competitive advantage: flexibility to serve multiple
demand segments and pivot as markets evolve

Upstream material security is a
strategic moat

Cathode materials, lithium salts, and anodes drive both
cost and supply risk

Competitive advantage: Strong upstream stability
can drive stable margins and higher bankability with
OEMs and investors

Yield, defect rates, and
degradation performance drive
lifetime IRR

Small improvements in yield and cycle life have
outsized financial impact

Suggestions for innovation: digital manufacturing
intelligence and predictive quality systems
Competitive advantage: superior lifetime
performance enables premium pricing and long-term
contracts

Technology migration speed is
becoming a core capability

Battery technology cycles are shortening, increasing
obsolescence risk

Examples: transition readiness from LFP — LMFP —
sodium-ion; solid-state pilot integration

Innovation focus: modular equipment, rapid line
reconfiguration, R&D partnerships

Competitive advantage: future-proof plants that
remain competitive across multiple technology cycles
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Next Steps for Corporate Leaders

Battery cell manufacturing is scaling rapidly as global electrification expands across mobility,
stationary storage, and industrial applications. Supply chains are maturing from cathode/anode
materials to separators, electrolytes, and downstream integration with packs and BMS.
Technology pathways (LFP, NMC, sodium-ion, solid-state) are evolving in parallel with
localization policies, critical mineral strategies, recycling mandates, and geopolitical realignment
of battery materials. As corporates seek to secure cost, supply, and lifecycle control, cell
manufacturing is becoming a strategic chokepoint in the energy storage value chain.

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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Energy Storage

Battery Storage + Solar & BESS Projects
This section provides key inputs on Indian Battery + Solar & BESS Projects
Opportunities for corporate leaders.
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Opportunity Snapshot: Battery+ Solar (BESS Projects)

Integrate batteries with solar to store energy and provide reliable power supply.

Market Signals What or In?

e Need for grid balancing & storage e Ability to secure long term contracts
driven by increasing renewable (RTC, peak power, ancillary services)
energy penetration e Optimal system designs (battery sizing,

e SECI and state tenders are driving duration, integration with solar power
BESS and Solar hybrid projects systems)

e Annual Market size by 2030: X e Access to low-cost batteries and
45,000 - 50,000 Cr efficient lifecycle management

capability

Why It Matters NOW? Well Aligned Opportunity for

e Fast scaling of solar power e [PPs and renewable developers (solar
generation making storage critical for and hybrid portfolios)
reliability e Energy storage developers/integrators
e Falling battery prices improving e Utilities and grid operators
project viability

e Policy push for RTC renewable
energy and peak power supply

Key Challenges Business Models

e High capex; current range lies e SECI RTC/Hybrid tenders
between 34-6 Cr/MWh (solar+BESS)

e Lack of mature storage market e Develop C&lI storage and solar
mechanisms solutions (peak shaving, backup)

e Battery degradation and lifecycle e Partner with battery suppliers for tech
management and cost optimization
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Introduction and Business Case

Battery + Solar projects combine low-cost renewable generation with energy storage, creating
firm and dispatchable power. While solar is intermittent, coupling it with BESS ensures
round-the-clock supply, peak shaving, grid stability and renewable integration.

For India, using batteries along with solar power plants or using standalone battery storage to
stabilize the grid during times of excess solar power generation will comprise a critical
component of achieving 24x7 green power, reducing curtailment, meeting renewable purchase
obligations and unlocking new revenue streams for utilities and corporates through hybrid PPAs.

Market Potential for Battery + Solar & BESS Projects in India

paired with solar

Year Market Size Capacity Outlook Drivers
(X Cr)
2025 | 8,000-10,000 ~3-4 GWh BESS Early SECI/NTPC tenders;

corporate pilots.

2030 | 45,000-55,000

~20-25 GWh BESS
integrated with
~50-60 GW solar

RTC renewable tenders; corporate

24x7 PPAs.

2040 | 1,00,000-1,20,000

50+ GWh storage +
100+ GW solar

Deep penetration of renewables;

coal replacement.

hybrid

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Utility-scale solar +
BESS

Grid-connected
power generation,
peak shifting

IPP ownership with
long-term PPAs

Grid reliability needs &
renewable mandates

Merchant hybrid
power plants

Energy arbitrage,
ancillary services

Merchant revenues +
optimization software

Volatile power prices &
flexibility value

Firm renewable
power (24/7)

Baseload-like clean
power supply

Contracted
firm-power
agreements

Corporate 24/7
clean-energy
commitments

Renewable energy

Multi-GW solar +

Platform-scale

Transmission

hubs storage clusters infrastructure optimization & scale
ownership economics
CO3@EAI
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C&l hybrid systems

Behind-the-meter
power, demand
charge reduction

Energy-as-a-Service
(EaaS)

Rising commercial
power tariffs

Grid-services-focuse
d BESS

Frequency regulation,
voltage support

Capacity + service
payments

Increasing grid
complexity

Solar-plus-storage
retrofits

Upgrading existing
solar assets

Asset enhancement /
repowering

Curtailment reduction &
revenue uplift

Islanded & microgrid
hybrids

Remote power,
resilience

Turnkey + O&M
contracts

Energy security &
diesel displacement

Storage-led
hybridization

Battery-first with solar
add-on

Storage platform +
dispatch optimization

Need for
fast-responding
capacity

Policy-auction-driven
hybrids

Solar-storage
capacity tenders

Bid-to-build under
regulated auctions

Government-led energy
transition programs

Typical Project Capacities & Investments Required in India

Project Type Typical Size Storage Indicative CapEx (% Cr)
Duration

C&l rooftop/ground-mount | 1-10 MWp PV + 1-20 1-2 hr PV: 3.5-4.5 Cr/MW; BESS:
+ BESS MWh 4.5-6.5 Cr/MWh
Industrial microgrid (diesel | 0.5-5 MWp + 1-10 2-4 hr PV: 3.8-4.8 Cr/MW; BESS:
displacement) MWh 5-7 Cr/MWh
Utility solar + BESS (peak | 50-200 MWp + 100-400 | 2-4 hr PV: 3-3.8 Cr/MW; BESS:
supply) MWh 4-6 Cr/MWh
RTC/firm power hybrid 200-500 MwWp + 4-6 hr PV: 3-3.6 Cr/MW; BESS:
(solar-led) 400-1,500 MWh 4-6 Cr/MWh
Distribution-level storage + | 5-50 MWp + 20-200 2-4 hr PV: 3.2-4.0 Cr/MW:; BESS:
feeder solar MWh 4.5-6.5 Cr/MWh

Underlying Technologies & Processes

Key Traits
Lowest-cost RE, scalable,
location-flexible.
Provides energy shifting, peak shaving,
ancillary services.

Element
Solar Generation

Options
Utility-scale PV, floating solar

Battery Storage Li-ion (LFP/NMC), sodium-ion

(emerging), flow batteries
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Hybrid System
Design

DC-coupled, AC-coupled,
standalone storage

Optimises efficiency, CAPEX and grid
integration.

backup, ancillary markets

Energy AI/EMS platforms, smart Ensures optimal dispatch, demand
Management inverters response, grid services.
Applications RTC supply, peak power, C&l Monetises multiple revenue streams.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
High Capital Battery systems | Long payback Early-stage Innovative
Cost & significantly periods; BESS market; financing, hybrid
Financing increase project | financing tariff discovery PPAs, and
Structure capex; uncertain | challenges still evolving multi-revenue
revenue models | without clear models (ancillary
revenue services, peak
stacking shaving) needed
Revenue Lack of mature Revenue risk Indian grid still Secure long-term
Certainty & markets for affects developing contracts with
Offtaker capacity bankability policies for utilities, C&l
Framework payments and storage clients, or RTC
ancillary compensation tenders
services
Supply Chain Heavy reliance Price volatility China dominates | Local
Dependence & on imported and supply battery manufacturing
Geopolitics lithium-ion cells | disruptions manufacturing; initiatives and
and critical impact project India building diversified
minerals economics domestic sourcing reduce
ecosystem risk
Technology Rapid battery Technology Skill gaps in Focus on system
Evolution & chemistry obsolescence storage system | design, advanced
Operational evolution; risk; O&M integration and energy
Complexity degradation challenges over | lifecycle management
management; lifecycle management software, and
safety risks safety standards
Policy, Grid Regulatory Project delays Some states Early engagement
Integration & clarity evolving; | and uncertain more advanced | with grid operators
Regional grid returns in storage and strategic site
Constraints infrastructure adoption selection critical
limitations; land (Gujarat,
CO3@EAI
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and

issues

interconnection

Rajasthan, Tamil
Nadu)

Prominent Players in the Indian Market

Company / Entity Project Details
NTPC Renewable Developing solar + BESS hybrids across RE parks; pilots in RTC
Energy Ltd. supply.

SECI (Solar Energy
Corporation of India)

Anchor for tenders and policy support for RE + storage hybrids.

Adani Green Energy

Large RE developer; bidding for solar + storage hybrid projects in
multiple states.

Tata Power Renewable
Energy

Building solar + BESS systems for C&l and utility segments.

ReNew Power

Developing solar + wind + BESS projects under SECI RTC bids.

Greenko Group

Deploying multi-hour storage (PSP + BESS) linked with solar and
wind for 24x7 supply.

JSW Energy

Investing in solar + battery projects; building hybrid RE parks.

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Dispatchable renewables

Firm clean-power contracts,
capacity markets

Replaces peakers with zero
fuel risk

Software-defined power
plants

Energy optimization platforms

Revenue stacking across
markets

24/7 clean-energy solutions

Subscription-based firm
renewable power

Premium corporate demand

Hybrid repowering of solar
assets

Asset-upgrade portfolios

Unlocks stranded value

Merchant hybrid trading
desks

Power trading & flexibility
desks

Higher upside vs fixed PPAs

Energy-as-a-Service (EaaS)

C&I decarbonization
platforms

Sticky, long-term relationships

CO3@EAI

188



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

Resilience-first microgrids

Defense, data center, hospital
power

Mission-critical reliability

Battery-first capacity
platforms

Capacity-as-a-service models

Fast response, multi-market

Policy-optimized hybrid
bidding

Regulated hybrid
infrastructure

Predictable returns

Digital twins & asset

Al-driven O&M services

Performance advantage

intelligence

Concentric & Satellite Opportunities

e Hybrid project EPC & integration services: Specialist firms designing and executing
co-located solar + BESS plants with unified grid management systems.

e Energy management & dispatch software: Al-driven control platforms for peak shaving,
arbitrage and frequency response tailored to Indian grid codes.

e Battery module assembly & containerization: Local
climate-controlled BESS containers for C&l and utility projects.

e Grid connection & substation EPC: Concentric services for transformers, SCADA and
protection systems enabling seamless hybrid integration.

e Renewabl financin InviTs: Investment vehicles bundling solar + BESS
portfolios for yield-seeking institutional investors.

e Reused EV battery storage applications: Satellite opportunity repurposing aged EV
packs for distributed hybrid projects.

e Solar tracker gear drives: Supply slew drives + motor assemblies for 1-axis tracking;
20-25% vyield uplift.

Key Takeaway for Senior Management

fabrication of modular,

Storage turns renewables e Solar + BESS projects are valued not just for energy
from energy assets into generation but for dispatchable capacity and grid services
capacity assets e Examples: RTC tenders, peak shaving, frequency

regulation, backup power contracts
e Competitive advantage: firms that optimize dispatch earn
premium capacity payments competitors miss

Revenue stacking is the °
core profitability engine

Successful BESS projects monetize multiple streams
simultaneously

e Sub-components: energy arbitrage, ancillary services,
capacity payments, carbon premiums
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e Suggested innovation focus: Al-driven market
participation and optimization engines

Battery lifecycle e Degradation, replacement timing, and thermal
management determines management drive lifetime economics
real IRR e Examples: advanced BMS, predictive degradation

analytics, modular replacement strategies

e Innovation focus: digital battery health intelligence

e Competitive advantage: superior lifecycle management
reduces capex risk and improves returns

Digital asset management e Distributed storage portfolios require centralized

is a platform moat intelligence

e Examples: fleet-wide monitoring, predictive maintenance,
portfolio analytics

e Competitive advantage: achieve scale efficiency while
lowering O&M costs

Next Steps for Corporate Leaders

Solar-plus-storage and standalone BESS projects are advancing as corporates seek resilience,
peak shaving, renewable firming, and improved power quality alongside decarbonization goals.
Hybrid configurations are being deployed across C&l facilities, logistics hubs, campuses, data
centers, and industrial sites, with value streams ranging from time-of-use arbitrage and diesel
displacement to grid support and open access RE firming. As policy, OEM maturity, and
financing structures evolve, batteries are becoming a strategic asset class rather than an
auxiliary component.

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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Energy Storage
Battery Pack Production

This section provides key inputs on India Battery Pack Production Opportunities
for corporate leaders.
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Opportunity Snapshot: Battery Pack Production

Assemble battery cells into usable packs with management and safety systems.

Market Signals

e EV adoption and BESS growth
driving strong demand for battery
packs

e Strong policy push via PLI, EV
incentives (FAME)

e Annual Market size by 2030:
40,000 - 50,000 Cr

Why It Matters NOW?

e EV penetration accelerating across
2W, 3W and fleet segments

e BESS demand scaling alongside
renewable growth

e Near-term opportunity as battery cell
manufacturing is in nascent stage in
India

Key Challenges

e Dependence on more economic
imported pack from China

e High domestic competition due to
low entry barriers

CO3@wEAI

What or It?

Supply chain access for reliable and
cost-competitive cells

Reliable system performance through
high quality battery management
systems and thermal management

Well Aligned Opportunity for

Auto OEMs and EV manufacturers
(in-house integration)
Electronics/EMS players (assembly &
systems integration)

Battery startups / integrators focusing
on BMS and design

Business Models

Contract manufacturing / OEM supply
for EV players

In-house pack assembly for EV or
storage applications

Partnerships with global cell suppliers
& BMS technology providers
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Introduction and Business Case

Battery packs (especially Li-ion batteries) are the final package that are used in end
applications, integrating cells with electronics, thermal management and safety systems. For
India, local pack production is critical to reduce import dependence, customized for Indian
conditions such as heat and duty cycles and drive down EV and storage costs.

With EV adoption rising and domestic cell plants still scaling, Li-ion battery pack assembly offers
an immediate and scalable entry point into the battery value chain for Indian businesses and

corporates.

Market Potential for Battery Pack Production in India

Year Market Size (¥ Cr) Annual Drivers
Demand (GWh)

2025 | 20,000-25,000 25-30 EV 2W/3W surge; early 4W and storage
packs

2030 | 40,000-50,000 125-150 2W/3W dominance + 4W mass
adoption; grid & C&l storage

2040 | 1,60,000-2,00,000 500-700 Deep electrification of transport +
large-scale stationary storage

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Mass-market EV
battery packs

Passenger EVs,
two-wheelers

High-volume OEM
supply contracts

EV adoption & cost
reduction

Premium /
long-range EV packs

Performance & luxury
EVs

Customization-led
OEM partnerships

Demand for longer
range & fast charging

LFP-based battery
packs

Entry EVs, buses,
ESS

Cost-optimized
large-scale
production

Safety, longevity &
raw-material security

Nickel-rich battery
packs

Long-range EVs

High-energy-density
pack engineering

Range anxiety
reduction

Structural /
cell-to-pack designs

EV
chassis-integrated
packs

Deep OEM
co-development

Weight reduction &
vehicle integration

CO3@EAI
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Grid-scale ESS
battery packs

Utility & commercial
storage

Project-based supply
+ long-term service

Renewable energy
integration

Modular industrial
battery packs

Forklifts, robotics,
telecom

Configurable modular
solutions

Electrification of
industry

lifecycle services

(BMS, warranty,
recycling)

Regionalized battery | Local EV & ESS Localized Supply-chain resilience

packs markets manufacturing & & localization policies
compliance

Low-carbon / EVs, ESS Green premium OEM Scope-3 emission

sustainable packs supply contracts targets

Battery packs with EVs, ESS Product + service Total cost of ownership

optimization

Typical Project Capacities & Investments Required in India

Facility Type Throughput Indicative Automation Level
Capex (% Cr)

Pilot / Proto Line 0.3-0.5 GWhlyr 60-100 Manual + semi-auto
Commercial Line - 1-2 GWh/yr 150-250 Semi-auto
Tier-2
Multi-Line Plant - Tier-1 | 4-5 GWh/yr 350-600 High semi-auto
Large-scale Plant 8-10 GWh/yr 700-1,000 Highly automated
ESS-dedicated Line 1-2 GWhlyr 120-180 Semi-auto

Underlying Technologies & Processes

Element

Options

Key Traits

Form factor

Prismatic, cylindrical, pouch
cell modules

manufacturability.

Drives pack density, cooling design and

Module & pack Manual-semi-auto-fully Automation improves yield, consistency

assembly automated and throughput.

Battery In-house vs. licensed Controls safety, charge/discharge, thermal
Management monitoring; IP driver.

System (BMS)

Thermal Air cooling, liquid cooling, Critical for Indian climate; balances cost
management PCM/gel vs. performance.
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Safety features

Fuses, disconnects, fire

suppression

Prevents thermal runaway; mandatory for
certification.

Testing &
compliance

AlS-156, AIS-038, IEC

standards

Certification ensures safety and OEM
acceptance.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications

Supply Chain Heavy Margin volatility | China-dominate | Develop local
Dependency & dependence on | and supply d supply chains; | sourcing
Cell Import imported disruptions currency and partnerships and
Reliance lithium-ion cells geopolitical risks | diversify supply

and key base

materials
Rapid Changing Risk of EV ecosystem Modular designs
Technology battery technology still evolving; and flexible
Evolution & chemistries obsolescence varying OEM manufacturing
Standardization | (LFP, NMC, and stranded specifications lines needed
Risk sodium-ion, investments

solid-state)
Cost Pressure & | Competitive Thin margins for | Strong Move toward
Profitability pricing driven by | pack assemblers | competition from | higher-value
Challenges OEMs and without integrated global | integration (BMS,

international differentiation manufacturers thermal systems,

players software)
Demand Dependence on | Revenue Subsidy-driven Diversify across
Volatility & EV OEMs and fluctuations market cycles; EV, stationary
Offtaker stationary linked to policy evolving EV storage, telecom,
Concentration storage projects | incentives and adoption rates and industrial

EV growth segments

Capital Intensity | Investments Higher upfront Strict thermal Invest early in
& Safety required for costs and safety norms; testing labs, safety
Compliance automation, operational infrastructure engineering, and
Requirements testing, complexity and skilled quality control

certification, and workforce gaps | systems

safety standards

CO3@EAI
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Prominent Players in the Indian Market

Company / Entity

Project Details

Exicom
Tele-Systems

Leading supplier of EV battery packs for 2W/3W and stationary storage;
expanding into 4W packs.

Okaya Power Group

Manufacturing Li-ion packs for EVs and energy storage; strong
distribution network.

Amara Raja / Exide

Diversifying from lead-acid; producing packs and BMS systems
alongside cell projects.

Ola Electric Produces in-house packs for its scooters; investing in pack R&D.

Ather Energy Proprietary pack designs with thermal management tailored to Indian
climate.

Sun Mobility Pack + swapping ecosystem for 2W/3W fleets; modular battery pack
systems.

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Structural & cell-to-pack
integration

Deep OEM co-design,
platform-level supply

Step-change in cost, weight,
and performance

Pack-level software &
intelligence

Battery data platforms, SaaS
revenues

Improves safety, life, and
residual value

Chemistry-agnostic pack
platforms

Multi-chemistry pack
licensing

Future-proofs assets and
customers

LFP scale & standardization

Ultra-high-volume
standardized packs

Dominates mass EV and ESS
markets

Fast-charge-optimized pack
design

Fast-charging platform
partnerships

Enables premium EV
experiences

Second-life—ready pack
architecture

EV-to-ESS repurposing
platforms

Extends asset value

Low-carbon & traceable
battery packs

Green premium pack
contracts

Regulatory and OEM
advantage

Pack-as-a-Service models

Leasing & subscription
battery platforms

Lowers upfront cost for
customers

CO3@EAI
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Localized & modular Regional pack manufacturing | Faster market entry
gigafactories franchises

Integrated recycling feedback | Circular battery ecosystems Cost & sustainability moat
loops

Concentric & Satellite Opportunities

e Thermal management and enclosure manufacturing: Localised production of cooling
plates, casings and fire-safe housings tailored to India’s climate.

e BMS and electronics integration firms: Indigenous design houses creating scalable,
software-defined BMS for diverse chemistries (LFP, NMC, Na-ion).

e Thermal Interface Materials(TIMs): Production of thermal gap fillers, pads, adhesives
and phase change materials used to increase thermal management efficiency.

e Testing, certification and safety labs: Regional facilities for vibration, abuse and thermal
runaway testing to meet AlS and BIS standards.

e Automation and assembly equipment suppliers: Concentric ecosystem of robotics,
welding and cell-stacking systems built for mid-scale Indian pack lines.

e Second-life repurposing networks: Satellite reuse of retired EV packs in stationary
energy storage and telecom backup applications.

e Battery recycling & circular materials tie-ins: Integrated recovery of modules and metals
feeding back into domestic cell manufacturing.

Key Takeaway for Senior Management

Battery pack manufacturing e The real value lies in integration of cells, BMS, thermal
is a systems engineering design, safety architecture, and software intelligence
business, not an assembly e Examples: advanced BMS algorithms, liquid cooling
business systems, fail-safe circuitry, modular pack architecture

e Innovation focus: intelligent pack design and
software-driven performance optimization

e Competitive advantage: high-performance,
safety-certified packs command premium positioning

Software is becoming as e Pack intelligence integrates with vehicle/grid energy

important as hardware management systems

e Examples: cloud-connected BMS, remote diagnostics,
predictive performance updates

e Competitive advantage: recurring service revenue and
customer lock-in

Lifecycle performance e Buyers increasingly evaluate total cost of ownership

CO3@EAI
198


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

matters more than upfront e Examples: degradation modeling, predictive health

cost analytics, warranty optimization

e Competitive advantage: superior durability attracts fleet
and grid customers, offering offtake at scale

Automation and precision e Yield, consistency, and safety improve with advanced

manufacturing create automation

hidden margins e Examples: robotic welding, inline inspection, digital QA
systems

Next Steps for Corporate Leaders

Battery pack production is scaling as EV, stationary storage, and industrial electrification
demand accelerates across automotive OEMs, 2W/3W mobility, material handling, telecom,
and C&l storage segments. Value is shifting from pure assembly toward BMS sophistication,
module architecture, thermal management, cell selection, and lifecycle performance. As
localization policies, safety norms, and recycling/EPR frameworks strengthen, battery packs are
becoming a strategic control point within the broader electrification supply chain.

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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Energy Storage
Green Hydrogen

This section discusses business opportunities along the entire green hydrogen
ecosystem & value chain.

CO3@wEAI
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Opportunity Snapshot: Green Hydrogen

Zero-carbon hydrogen produced using renewable energy as a clean fuel for industry and
energy.

Market Signals What or I?

e India’s National Green Hydrogen e Access to low-cost renewable energy

Mission targets nearly 5 MTPA by
2030

Strong demand from refining,
fertilizers, and export markets (EU,
Japan)

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

Why It Matters NOW?

Decarbonisation of hard-to-abate
sectors (steel, chemicals, shipping)
Export opportunity as global markets
seek low-carbon fuels

Falling renewable costs improving
green hydrogen economics over time

Key Challenges

High production cost: 2—-3x grey
hydrogen currently

Infrastructure gaps (storage,
transport, pipelines)

Limited demand visibility without
long-term contracts

CO3@wEAI

(key cost driver)

Electrolyzer efficiency and scale
(technology selection critical)
Secured long-term offtake (industrial +
export contracts)

Well Aligned Opportunity for

Large energy companies (oil & gas,
power utilities)

Prominent players in steel, fertilizers,
chemicals

Export-focused developers and
infrastructure players

Business Models

Integrated projects: renewables +
electrolyzers + hydrogen production
Partnerships with industrial users for
captive demand

Export-oriented projects (green
ammonia, shipping fuels)
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Introduction and Business Case

Green hydrogen — typically produced via electrolysis of water using renewable power — is a
versatile decarbonisation fuel. It can substitute coal in steelmaking, provide feedstock for
ammonia/methanol and power long-haul transport where batteries fall short.

For India, green hydrogen reduces crude and LNG imports, positions the country as a global
export hub and helps industries meet Net Zero and National Green Hydrogen Mission targets.
It's thus both an industrial and a geopolitical necessity.

Market Potential for Green Hydrogen in India

Market potential estimates provided are the sum total of potential of all opportunities along the
entire green hydrogen value chain.

Year Market Size Capacity Drivers
(X Cr) Outlook

2025 Nascent Pilot projects, Early industrial demos, blending in
~100-150 refineries/fertilisers.

2030 13,000-15,000 0.5 MT annual National Green Hydrogen Mission target;
demand steel, fertiliser adoption.

2040 85,000-110,000 5-10 MT demand | Deep penetration in steel, ammonia,

methanol, heavy transport, exports.

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Electrolyzer
manufacturing

Green hydrogen
production

Equipment sales +
long-term service

Falling electrolyzer
costs & scale-up

Utility-scale green H:
production

Industrial hydrogen
replacement

Own—operate plants
with offtake contracts

Industrial
decarbonization
mandates

Integrated
renewables +
hydrogen

Green H: &
derivatives

Co-located
renewable-hydrogen
projects

Low-cost renewable
power availability

Green ammonia

Fertilizers, shipping

Hydrogen-to-ammoni

Global ammonia

CO3@EAI
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production

fuel

a conversion & export

demand
decarbonization

Hydrogen for mobility

Fuel-cell vehicles,
buses, trucks

Hydrogen supply +
refueling
infrastructure

Zero-emission
transport policies

Fuel cells production

Primary use will be in
vehicles and mobility
sector

Fuel cell production
and sale

Growth in electrification
of heavy vehicles

Hydrogen for refining
& chemicals

Refineries, methanol,
chemicals

Long-term industrial
supply contracts

Scope-1 emission
reduction

Export-oriented
hydrogen hubs

Cross-border
H./ammonia trade

Mega-project
development &
export contracts

Regional energy cost
arbitrage

Hydrogen storage &
logistics

Storage,
compression,
liquefaction

Infrastructure
ownership & services

Scale-up of hydrogen
volumes

EPC & system

End-to-end hydrogen

Turnkey EPC + O&M

Industrial project

integration plants bankability
Hydrogen trading & Guarantees of origin, [ Platform & market Policy-driven
certification certificates orchestration traceability

requirements

Typical Project Capacities & Investments Required in India

Project Type Typical Capacity Indicative CapEx Notes
(X Cr)
Electrolyzer |5 MW /year — pilot/ |%32-50Cr Small pilot lines carry higher
Production R&D line per-unit cost (setup, test rigs,
prototyping equipment, low
50 MW / year — small automation). Useful for
commercial line %320 - 500 Cr PEM/stack R&D and
qualification runs.
200 MW / year —
medium scale
1,280 — 2,000 Cr
Fuel Cell 500 kW / year — pilot / | *0.55 - 2.7 Cr Very small lab/pilot line. High
Production lab / low-volume R&D unit testing cost, manual
assembly, low throughput. Useful
20,000 kW / year (20 for prototyping, qualification,
MW/yr) — medium 321.8-109.2 Cr local R&D (stack presses, MEA
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scale

100,000 kW / year

handling, small test benches).
(Low capital because volumes
and tooling are small).

(100 MW/yr) — large / | ®109.2 — 546.0

mass-production line
Green 10 MW (pilot/demo) %250 — 450 Cr Pilot-scale industrial demo
Hydrogen projects (ports, refineries,
Production 50 MW (early 1,200 — 2,000 Cr | research facilities). Includes
facility along | commercial) electrolyser, power electronics,
with RE 2,500 — 4,500 Cr | compression, small storage.

power plants

100 MW (standard
industrial project)

500 MW (large
integrated plant)

12,000 — 20,000
Cr

Higher per-MW cost due to
limited economies of scale.
Example: small pilot projects
across India.

Production of | 200-500 MW %300 — 800 Cr Power electronics (rectifiers,

prominent electrolyser-equivalent transformers, converters,

BoS for a electrical systems switchgear).

Green Largest BoP cost driver.

Hydrogen Electrical systems alone can

facility represent 30-50% of project
CAPEX; large manufacturing
potential in India leveraging
existing power equipment
ecosystem.

Green 100 TPD (~35,000 1,500 — 2,500 Cr | Early industrial decarbonisation

Ammonia TPA) — pilot / early projects (fertilizer blending, pilot

Production commercial export). Higher per-tonne cost

00 TPD (~100,000
TPA) — small
commercial

1,000 TPD (~350,000
TPA) — standard
industrial/export plant

34,500 — 7,000 Cr

312,000 — 20,000
Cr

due to smaller scale and limited
optimization.

Production of | 5,000—-15,000 %80 — 200 Cr Conventional steel fabrication

Storage cylinders/year OR lines. Lowest technical barrier.

Tanks for 500-1,000 tonnes Suitable for industrial buffer

Green storage storage (20—200 bar). Existing

Hydrogen equivalent/year oil & gas fabrication ecosystem
in India can adapt quickly.
Type | Steel Pressure Vessels
(Low—Medium pressure)

CO3wEAI

205



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

Transport 50-150 trailers/year %120 — 300 Cr Most common near-term

Vehicles for transport solution. Uses steel or
Green composite cylinders mounted on
Hydrogen trailers. Leverages existing

industrial gas logistics
ecosystem. Lower technical risk
Vs cryogenic systems.

Production of | 50—150 units/year %40 -120 Cr Basic hydrogen dispensers (350
Hydrogen bar industrial/fleet)

Dispensing Entry-level manufacturing.

Units Includes metering, nozzle,

control electronics. Similar to
CNG dispensing manufacturing
but with higher safety
requirements.

Underlying Technologies & Processes

Stage Technologies/Tools
Production Alkaline, PEM, AEM, SOEC electrolyzers
Power Supply Solar, wind, hydro, battery energy storage
Water Supply Reverse osmosis, demineralization units
Storage & Handling Compressors, storage tanks, cryogenic/liquid systems
Conversion Ammonia synthesis, fuel cell production, synthetic fuel plants
Monitoring/Control SCADA, smart grid systems, Al/ML optimization

Processes / Conversion Technologies

Process/Use Description

Fuel Cells (PEM, SOFC) For transport and backup power

Green Ammonia Synthesis | NHs for fertilizer or export

Synthetic Fuels E-methanol, e-kerosene, SAF for aviation

DRI Steel H. used instead of coal

Blending with Natural Gas | For industrial heating or cooking
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Key Challenges

Challenge Area Key Issues Business India Specific Strategic
Impact Implications
High Production Expensive Green hydrogen | India targeting Need ultra-low-cost
Cost & Economic | electrolyzers, currently costlier | cost reduction renewable power,
Viability renewable than grey through National | hybrid RE
power costs, hydrogen; weak | Green Hydrogen [ sourcing, and
low economies | short-term Mission and long-term PPAs
of scale profitability scale
deployment
Capital Intensity & | Large upfront | Long payback Early-stage Strategic
Financing Risk investment for | periods and market with partnerships,
electrolysis uncertain returns | limited government
plants, deter investors operational track | incentives, and
renewable record blended finance
integration, essential
storage
infrastructure
Infrastructure & Lack of Logistics Opportunity in Infrastructure
Supply Chain hydrogen challenges ammonia development
Gaps pipelines, increase cost conversion and | critical for scaling
storage and limit market | port-based production and
systems, scalability export hubs exports
transportation
solutions
Demand Limited current | Revenue risk Potential Secure anchor
Uncertainty & demand; without demand from customers;
Offtaker industrial long-term offtake | refineries, co-location with
Readiness sectors agreements fertilizers, steel; | industrial clusters
evaluating export markets reduces risk
transition emerging
economics
Technology Rapid tech Technology risk | Water scarcity in | Focus on R&D,
Maturity, Water evolution and operational | some regions; integrated energy
Availability & (ALK, PEM, inefficiencies renewable management, and
Operational SOEC); water | affect reliability intermittency site selection near
Complexity purification and ROl impacts water + RE
needs; utilization resources
intermittency
of renewables
CO3wEAI
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Prominent Players in the Indian Market

Company / Entity

Project Details

Reliance Industries (RIL)

Announced 100 GW renewable + green hydrogen projects in
Guijarat; building electrolyzer Giga factory at Jamnagar.

(ANIL)

Adani New Industries Ltd.

Targeting 1 million tonnes per annum of green H. by 2030.

NTPC Ltd.

Operating pilot GH: buses in Delhi; developing green hydrogen
hubs at Ladakh and Gujarat.

ReNew Power (ReNew
Energy Global)

JV with Indian Oil & L&T for green H./ammonia projects; targeting
export-oriented hubs.

Greenko Group

Building integrated RE + PSP + GH./Jammonia projects; focus on
export markets (Japan, Korea, EU).

JSW Energy

Announced green H. and ammonia projects linked with RE assets;
exploring steel sector integration.

Indian Oil Corporation
(I0CL)

Developing green hydrogen production at refineries (Panipat,
Mathura); part of JV with ReNew and L&T.

Hydrogen Gentech,
GreenH Electrolysis

Technology-based manufacturer and supplier of Green Hydrogen
systems, manufacturing electrolysers in India using PEM
technology

Ohmium & Newtrace -
electrolyzer makers

Cost-effective green hydrogen electrolyzers, PEM manufacturers
and suppliers

SFC Energy, Sainergy

Hydrogen and direct methanol fuel cells, fuel cell components

Tata Motors, Ashok
Leyland, Hyundai Motors

Hydrogen fuel cell truck, developing hydrogen-powered buses and
trucks, Hydrogen fuel cell passenger vehicles and SUVs.

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Hydrogen as contracted
infrastructure

Hydrogen IPP platforms

Bankable, utility-like cash
flows

Electrolyzer cost-down &
scale

Gigafactory electrolyzer
platforms

Technology leadership
becomes cost moat

CO3@EAI
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Co-located renewables + Renewable-hydrogen mega Lowest LCOH globally
hydrogen hubs

Hydrogen derivatives Export-oriented green fuels Faster market creation than
(ammonia, methanol) pure H.
Industrial cluster Industrial hydrogen parks Risk diversification

decarbonization

Hydrogen storage & flexibility | Hydrogen storage utilities Unlocks system-level benefits

Certification & guarantees of | Hydrogen credit exchanges Enables global trade
origin

EPC + performance Hydrogen EPC platforms De-risks first-of-a-kind plants
guarantees

Hydrogen-to-power backup Firm clean-power solutions Complements batteries
Hydrogen trading & Hydrogen trading desks Capital-light, high leverage
aggregation

Concentric & Satellite Opportunities

e Electrolyser & BOP manufacturing clusters: Concentric local production of stacks,
rectifiers, cooling skids and power electronics adapted to Indian grid conditions.

e Port-based H:/NH: export ecosystems: Shared desalination, storage and
bunkering infrastructure enabling scale and global market access.

e Industrial retrofits & process integration services: Brownfield swaps (SMR to
electrolysis) and DRI pilot integration with heat/oxygen valorisation.

e H. logistics & safety services: Satellite businesses in tube-trailer fleets, composite
tanks, leak detection and training/certification.

e CO, capture pairing for e-fuels: CCUS-enabled CO: supply for
e-methanol/e-kerosene, creating cross-sector hubs around refineries and cement
clusters.

Green finance & risk wraps: Price floors, offtake insurance and carbon-linked
Refueling Station Dispensers: Supplying fast-fill nozzles, cooling systems and
other infrastructure for FCEV/HDV infrastructure.

e Balance of Plant Components: Gas separators, dryers, and power conditioning
skids for system integration.

CO3@EAI
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Key Takeaway for Senior Management

Green hydrogen is an
industrial platform
opportunity, not just a fuel
project

The real value lies in decarbonizing hard-to-abate
sectors such as steel, ammonia, refining, and shipping
Examples: green steel pilots, ammonia export hubs,
refinery hydrogen substitution

Suggested innovation focus: integrated hydrogen
ecosystems linking production, storage, and end-use
Competitive advantage: firms positioned as industrial
decarbonization partners secure long-term anchor
demand

Electricity cost is the
dominant economic driver

Hydrogen competitiveness depends primarily on
renewable power pricing and utilization
Recommendations: co-located solar/wind farms, hybrid
renewable portfolios, dedicated grid connections
Competitive advantage: lowest LCOH (levelized cost of
hydrogen) wins scale markets

Electrolyzer flexibility is a
hedge against rapid
technology change

Alkaline, PEM, and SOEC technologies evolve quickly.
Fixed plants risk obsolescence

Examples: modular electrolyzer stacks, upgrade-ready
balance-of-plant design

Innovation focus: technology-agnostic architecture and
rapid retrofit capability

Hydrogen derivatives
amplify value creation

Ammonia, methanol, and synthetic fuels extend market
reach

Examples: green ammonia export terminals, e-fuel
aviation supply chains

Competitive advantage: diversified revenue beyond
raw hydrogen sales

Digital optimization will
separate leaders from
commodity producers

Hydrogen plants are complex electrochemical systems
requiring real-time optimization

Examples: predictive electrolyzer maintenance, Al
dispatch, energy balancing

Innovation focus: intelligent plant control and
performance analytics
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Next Steps for Corporate Leaders

Green hydrogen is moving from pilot demonstrations into early commercial deployment as
corporates and governments pursue fuel substitution, industrial decarbonization, and future
export opportunities. Electrolyzer technologies (PEM, Alkaline, SOEC) are maturing, renewable
PPAs are expanding, and industrial clusters are forming around refineries, fertilizers, steel,
mobility, and ports. However, viability remains linked to renewable energy cost, electrolyzer
scale-up, offtake certainty, and enabling policy frameworks.

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

This section provides key inputs on Pumped Hydro Storage Opportunities for
corporate leaders.
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Opportunity Snapshot: Pumped Hydro Storage

Store electricity by pumping water to elevation and releasing it to generate power on

demand
Market Signals What or I?
e Need for long-duration storage e Access to suitable sites (elevation +
solutions water availability)
e India potential estimated at nearly e Regulatory approvals and land
90-100 GW of pumped hydro acquisition efficiency
capacity e Ability to secure long-term contracts
e Annual Market size by 2030: (peak power / storage services)
13,000 - 15,000 Cr
Why It Matters NOW? Well Aligned Opportunity for
e Need for reliable & dispatchable e Large utilities and power plant &
power due to solar/wind equipment developers
intermittency. e Infrastructure and EPC companies
e Pumped hydro offers lower lifecycle e State utilities and hydro developers

cost vs batteries for long duration
e (rid stability becoming critical with
high renewable share

Key Challenges Business Models

e High upfront capex: 368 Cr per MW e Develop greenfield pumped hydro

e [ong gestation (5-7 years) due to projects in suitable geographies (hilly
land, environmental clearances regions)

e Partner with state utilities for long-term
storage contracts

e Integrate with renewable portfolios
(solar + wind + hydro)
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Introduction and Business Case

Pumped Hydro Storage (PHS) is the world’s most mature long-duration energy storage
technology — using surplus electricity to pump water uphill and releasing it to generate power
when demand peaks. For India, with its rapid renewable build-out, PHS solves the intermittency
challenge, provides grid stability and reduces reliance on peaking fossil plants.

With suitable topography, falling storage costs and RE-integration needs, PHS is a strategic
backbone for India’s 24x7 green power ambitions, and can be an interesting business
opportunities for select firms and businesses.

Market Potential for Pumped Hydro Storage in India

Year | Market Size (T Cr) Capacity Drivers
(GW / GWh)
2025 | 7,000-10,000 3 GW /~24 GWh Existing hydro retrofits; early standalone
projects.
2030 | 13,000-15,000 5-7 GW / ~40 Large-scale RE + PHS hybrids; SECI/NTPC
GWh storage tenders.
2040 | 20,000-25,000 10-12 GW /~100 | Deep storage for grid balancing; coal
GWh replacement.

Market Segments and Applications

Segment Applications Business Model Key Drivers

Utility-owned Bulk energy Regulated utility Grid reliability and

pumped storage storage, peak ownership renewable integration
shaving

Merchant pumped Energy arbitrage, Merchant market Power price volatility

storage

capacity markets

participation

Renewable-linked
pumped storage

Wind/solar firming,
curtailment
reduction

Hybrid renewable +
storage ownership

High renewable
penetration

National grid-scale
storage

System balancing,
inertia support

State-backed
infrastructure

Energy security and
grid stability

Closed-loop pumped
storage

Long-duration
storage without

Project-financed IPP
model

Environmental
permitting advantages

CO3@EAI
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rivers

mountain PHS

multi-day storage

Brownfield Adding pumping to | Asset repurposing / Faster deployment &
hydropower existing hydro retrofit lower capex
upgrades

High-head / Multi-hour to Long-life infrastructure | Long-duration storage

ownership

needs

Urban / industrial
PHS

Grid support near
load centers

Capacity & ancillary
service revenues

Congestion
management

PHS as grid inertia
provider

frequency &
voltage stabilization

Grid-service
remuneration

Decline of synchronous
generation

Technology & EPC
services

Turbines,
generators, EPC

Equipment supply +
EPC contracts

Global PHS capacity
expansion

Typical Project Capacities & Investments Required in India

Project Type Power (MW) | Storage (Hours / MWh) | Indicative CapEx (¥

Cr)

Closed-loop PHES 200-1,000 6-12h (1,200-12,000 1,400-8,500

(greenfield, twin reservoirs) MWh)

Open-loop PHES (existing 300-1,500 5-10h (1,500-15,000 1,800-10,500

hydro augment) MWh)

Mine/quarry pit PHES 50-300 4-8h (200-2,400 MWh) | 250-1,800

(brownfield)

Cascade hydro + PHES 500-2,000 6-10h (3,000-20,000 3,500-14,000

hybrid MWh)

Underlying Technologies & Processes

dams

Element Options Key Traits
Reservoir On-river ¢ Off-river closed Determines site feasibility, cost and
configuration loop  Retrofit to existing environmental impact.

Turbine systems

Reversible Francis °
Pump-turbines

swings.

Proven, high-efficiency for large capacity

Storage duration

4-10 hours (typical) « 12+

Enables peak shifting, firm RE and

hours (long-duration)

baseload substitution.

Integration

With solar/wind hybrids, grid
ancillary markets

Provides firm capacity, frequency
regulation, black-start.
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Digital optimisation

scheduling

AI/EMS for dispatch

Maximises arbitrage and grid services

value.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
High Capital Large upfront Delayed Complex Requires strong
Intensity & Long | investment with revenue approvals; balance sheet,
Gestation 5-8 year realization and environmental phased financing,
Periods development financing clearances; long | and patient capital
timelines pressure construction
cycles
Land Site-specific Project delays Forest Early stakeholder
Acquisition & topography and | and cost clearances, engagement and
Environmental | water availability | overruns inter-state water | rigorous site due
Approvals constraints issues, local diligence critical
community
resistance
Revenue Model | Storage revenue | Bankability Market design Diversified revenue
& Offtaker streams (peak challenges for storage still stacking (capacity,
Uncertainty arbitrage, without clear maturing; grid services, RTC
ancillary capacity DISCOM contracts) needed
services) still payments financial stress
evolving
Grid Integration | Requires strong | Limits site Grid congestion | Align projects with
& Regional transmission selection in high-RE grid expansion
Infrastructure connectivity and | flexibility states; plans and
Constraints RE integration interconnection | renewable
bottlenecks corridors
Policy, Evolving storage | Investment State-specific Policy monitoring
Regulatory & procurement uncertainty and | policies; lack of | and flexible
Timing Risks frameworks and | delayed market [ standardized commercial
tariffs maturity long-term structuring
storage pricing essential

Prominent Players in the Indian Market

Company / Entity

Project Details

Greenko Group

Large-scale IRESP & pumped-hydro storage developer in India.
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JSW Energy

~6 GW hydro-pumped storage projects across multiple states;
platform capacity ~9.1 GW.

Adani Green Energy

Exploring large PHS + RE hubs in various places in India.

projects.

NHPC Ltd. State-owned hydro giant; evaluating pumped storage retrofits at
multiple dams.

SJVN Central PSUs planning pumped storage alongside hydro fleet.

Tata Power Operating legacy PHS at Maharashtra; exploring new hybrid

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Closed-loop pumped storage

Modular PHS development
platforms

Faster permitting, broader
siting options

Renewables + PHS hybrid
hubs

Firm renewable power plants

Converts intermittent
renewables into firm power

PHS as long-duration storage
backbone

Long-duration storage utilities

No battery degradation

Brownfield hydro retrofits

Brownfield hydro retrofits

Low capex, quick deployment

Variable-speed PHS
technology

Advanced PHS tech licensing

Higher grid service revenues

PHS for grid inertia & stability

Stability-as-a-service models

Critical as thermal plants retire

Merchant + regulated hybrids

Flexible PHS financing
structures

Risk-balanced returns

Urban-adjacent PHS

Congestion-relief assets

Reduces transmission
congestion

Digital PHS optimization

PHS asset-management
software

Maximized lifetime value

PHS as national energy
insurance

Sovereign-backed storage
projects

Policy-backed returns
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Concentric & Satellite Opportunities

e Grid & market optimisation software: Al dispatch tools co-optimising day-ahead

arbitrage, ancillary services and RE-firming under SSA/market signals.

e Floating PV on reservoirs: Concentric co-location adding daytime pumping energy and
reducing evaporation losses for better round-trip economics.

e Hydrology, geotech & environmental labs: India-focused testing/monitoring services for
seepage, siltation, biodiversity and community impact.

e |Insurance & performance wraps: Products covering geotech delays, availability
guarantees and revenue floors to enhance bankability.

Key Takeaway for Senior Management

Pumped hydro is grid e Its value lies in grid balancing, peak shaving, and
infrastructure, not just long-duration reliability
storage capacity e Examples: RTC renewable integration, seasonal storage,

frequency regulation

e Innovation focus: intelligent dispatch and grid-responsive
control systems

e Competitive advantage: assets positioned as grid
infrastructure attract premium contracts

Site quality determines e Elevation differential, geology, and water access dominate

lifetime economics capex and efficiency

e Sub-components: reservoir engineering, tunneling
design, turbine selection

e Innovation focus: advanced site modeling and digital

simulation
e Competitive advantage: superior site optimization lowers
lifetime cost.
Hybrid renewable e Pumped hydro paired with solar/wind increases utilization
integration amplifies asset e Examples: co-located renewable portfolios feeding
value storage reservoirs

e Competitive advantage: higher revenue stacking vs
standalone storage

Long asset life creates e Pumped hydro projects operate for decades

infrastructure-style returns Examples: 50+ year asset life, stable capacity payments

e Competitive advantage: predictable long-term yield
attracts institutional capital
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Next Steps for Corporate Leaders

Pumped hydro storage is emerging as a key enabler of long-duration storage as grids integrate
higher shares of variable solar and wind generation. Corporate buyers exploring 24/7 clean
energy procurement, RE firming, and peak demand management are increasingly evaluating
pumped hydro as a complement to BESS and hybrid RE portfolios. Recent policy support,
tendering mechanisms, and interest from utilities, miners, and data centers are accelerating
feasibility activity — although development timelines, site selection, and capital intensity remain
defining constraints.

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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Energy Storage
Off Grid Power

This section provides key inputs on Off Grid Power Opportunities for corporate
leaders.
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Opportunity Snapshot: Off Grid Power

Deliver decentralized electricity, independent of main grid, using solar and batteries

Market Signals

e Strong push for decentralized
renewable energy (DRE) solutions

e Annual Market size by 2030:
15,000 - 17,000 Cr

Why It Matters NOW?

e Government and CSR push for
energy access and rural development

e Rising demand for reliable backup
power in rural, telecom, and
commercial segments

Key Challenges

e Revenue constraints due to low
paying capacity in rural areas

e High customer acquisition and
distribution costs

CO3@wEAI

What or It?

Efficient last-mile distribution and
service network

Affordable financing models (PAYG,
leasing, microfinance)

Reliable system design ensuring uptime
and low maintenance

Well Aligned Opportunity for

DRE startups and mini-grid developers
NGOs / social enterprises with rural
reach

Telecom and commercial operators
needing reliable backup power

Business Models

Deploy renewable energy mini-grids in
underserved rural clusters

Offer solar & battery solutions for
commercial backup (shops, telecom
towers)

Partner with MFIs/NGOs for financing
and distribution
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Introduction and Business Case

Even as India scales its grid, millions of people and enterprises in rural, remote and island areas
still face unreliable access. Off-grid power — through solar home systems, microgrids, hybrid
RE + storage and biomass/mini-hydro — delivers reliable electricity where the grid cannot. It
cuts diesel dependence, powers rural livelihoods and anchors social infrastructure (schools,
health centres).

For India’s corporates and investors, it is both a social impact play and a fast-growing distributed

energy market opportunity.

Market Potential for Off grid Power in India

Year | Market Size (¥ Capacity Drivers
Cr) Outlook

2025 7,000-8,000 1-1.2 GW Solar lanterns, SHS, microgrids for rural
equivalent households.

2030 15,000-17,000 | 3-4 GW Productive use (pumps, cold chains), C&l
equivalent microgrids.

2040 25,000-30,000 [ 8-10 GW Deep integration into rural infra, agriculture and
equivalent telecom.

Market Segments and Applications

Business Model Key Drivers

Segment

Applications

Rural solar mini-grids

Household power,

Own—operate—mainta

Rural electrification

(villages) lighting, phone in (IPP-like) gap + anchor load
charging demand

Commercial MSMEs, Anchor-load—led Productive use of

mini-grids agri-processing, cold | mini-grid energy (PUE) driving
storage revenues

Solar home systems
(SHS)

Lighting, fans, TVs,
basic appliances

Pay-As-You-Go
(PAYGo)

Affordability via
consumer financing

Energy-plus
consumer finance

Energy + Energy as fintech Untapped credit
smartphones, TVs, on-ramp markets + customer
appliances lifetime value

Utility-backed off-grid
platforms

SHS + mini-grids

Utility-style regulated
expansion

Grid deferral
economics & policy
support

CO3@EAI
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Modular hybrid
systems

Solar + battery +
diesel

Scalable modular
deployment

Reliability in weak-grid
/ transition zones

Productive-use
focused systems

Irrigation, milling,
refrigeration

bundling

Energy + equipment

Income uplift for
customers

Mesh & distributed
architectures

Village-level peer
energy sharing

Decentralized
tech-led rollout

Lower capex + faster
village coverage

High-service SHS

Residential + small

Asset quality &

Customer trust and

providers business service-led retention | repayment
performance

Off-grid technology Controllers, storage, [Hardware + software | Scale via ecosystem

enablers microgrid software sales / licensing adoption rather than

assets

Typical Project Capacities & Investments Required in India

Project Type Typical Capacity | Indicative CapEx Notes
(X Cr)

Solar DC Microgrids 10-50 kW PV + 0.10-0.50 Hamlet clusters; DC
(nano-utility) 10-100 kWh appliances; pay-go

BESS metering.
Rural AC Minigrids 50-500 kW PV + | 0.6-4.0 Anchor loads (towers/cold
(anchor-business-com | 100-1,000 kWh rooms) stabilize revenue.
munity) BESS + DG
Commercial/Industrial 0.5-5 MWp PV + [ 3-40 Diesel displacement;
Off-grid (C&l estates, 1-10 MWh BESS EMS-driven hybrid ops.
resorts, mines)
Agriculture Solar 0.1-1 MWp 0.5-3.0 Feeder-linked or community
Pumps Clusters shared PV pumps; loT control.
Telecom/Remote Infra 5-50 kW hybrid 0.10-0.80 Tower, railway, pipeline,
Power PV+BESS border ops; high uptime.
Institutional Campuses | 20-200 kW PV + | 0.20-1.6 Healthcare cold chain,
(schools/PHCs) 40-400 kWh e-learning reliability.

BESS
Island/Mountain 200-800 kW PV 1.5-8.0 Diesel hedging, brand
Resorts & Eco-tourism | + 0.5-3 MWh premium, noise/air benefits.

BESS

CO3wEAI
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Underlying Technologies & Processes

Element Options Key Traits

Generation Solar PV, biomass gasifiers, Tailored to local resources; scalable
micro-hydro, wind modular systems.

Storage Li-ion batteries, lead-acid, Ensures reliability; sizing depends on load
emerging sodium-ion profile.

Distribution AC/DC microgrids, solar home Connects households, SMEs, community
systems infrastructure.

Productive Pumps, cold storage, milling, Increases income & demand

use e-mobility charging sustainability.

applications

Business Pay-as-you-go, community Critical for viability and scaling.

models ownership, PPPs

Digital Smart meters, IoT monitoring, Improves efficiency, billing and

enablement mobile payments demand-side management.

Key Challenges

Challenge Key Issues Business India Specific Strategic
Area Impact Implications
Demand Rural and Revenue Many off-grid Innovative
Uncertainty & remote instability and projects serve payment models
Customer consumers often | higher default low-income or (PAYG, prepaid
Credit Risk have limited risks remote areas meters),
payment with inconsistent | community-based
capacity; consumption systems improve
variable energy collections
demand patterns
High Capital Upfront cost of Long payback Limited Blended finance,
Cost & solar PV, periods; difficult | availability of impact investors,
Financing batteries, access to concessional and subsidy-linked
Constraints microgrids, low-cost finance for models improve
distribution financing small-scale viability
infrastructure distributed
projects
Operations & Remote Increased O&M | Geographic Remote
Maintenance locations, lack of | expenses and diversity across | monitoring,
Challenges skilled system India increases | modular systems,
technicians, downtime service and local
CO3@EAI
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battery complexity workforce training
replacement critical
costs
Policy & Grid Main grid Stranded asset | Government Hybrid models
Expansion extension into risk; uncertain electrification allowing grid
Uncertainty previously long-term initiatives integration or
off-grid areas planning expanding grid backup services
can reduce rapidly reduce risk
demand for
microgrids
Supply Chain & | Battery supply, Downtime Dependence on  Standardization,
Technology inverter quality, | affects customer | imported reliable OEM
Reliability spare parts trust and project | components; partnerships, and
logistics economics technology localized inventory
evolution rapid improve resilience

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Husk Power Systems

Solar/biomass hybrid microgrids across Bihar & UP; part

of a 200+ sites.

Oorja Development Solutions

Off-grid solar for irrigation and agro-processing.

MLL Energy / Mlinda

Decentralised microgrids in Jharkhand & West Bengal.

SELCO Solar

Solar home systems for households, schools and

healthcare.

Tata Power Renewable Microgrid
Ltd.

Targeting 10,000 solar-hybrid microgrids by 2026.

DESI Power / Gram Power

Early movers in biomass- and solar-based microgrids.

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Energy as a customer-lifetime
platform

Cross-sell finance,
appliances, data services

Monetizes beyond kWh; high
switching costs

Anchor-load-led mini-grids

Rural industrial parks,
agri-clusters

Bankable revenues + faster
breakeven

Energy-enabled fintech

Mass-market consumer

Converts energy access into

CO3@EAI

227


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

lending platforms credit access
Productive-use-first Energy-as-income Customers pay because
electrification infrastructure income rises
Modular & upgradeable Transitional energy Extends asset life, reduces
systems infrastructure stranding
Mesh & distributed Software-led village Lower capex, faster rollout
architectures electrification
Carbon-monetized off-grid Carbon-backed energy Second revenue stream
expansion
Utility-grade off-grid Grid deferral & regulated Low cost of capital
returns
Service-quality differentiation | Premium rural energy brands | Higher repayment, brand trust
Off-grid tech platformization Licensing & ecosystem Scale without owning assets
control

Concentric & Satellite Opportunities

e Anchor-first _minigrid _developers: Concentric SPVs pairing PV+BESS with
telecom/cold-chain loads and pre-paid smart metering for bankable cashflows.

e Productive-use appliance bundles: Efficient motors, pumps, mills and cold rooms
financed with pay-as-you-use to raise utilisation.

e Battery leasing & O&M networks: Swap-ready or modular BESS with performance
guarantees and rural service hubs.

e Digital billing & AMI platforms: UPI-enabled pre-paid, remote disconnect, theft analytics
and carbon-ready MRV.

e C(Climate-resilient BOS manufacturing: Tropicalised enclosures, dust-proof PCS,
corrosion-safe MMS and cyclone-rated mounts.

e Rural EV charging nodes: Satellite hubs using minigrids to power 2W/3W fleets and
agri-EV implements.

e Training & franchise programs: Local entrepreneur models for O&M, collections and
productive-use enablement to scale thousands of sites.

Key Takeaway for Senior Management
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Off-grid power is an energy
reliability business, not just
generation

Customers buy uptime, not kilowatt-hours. The value lies
in guaranteed availability in weak-grid or no-grid zones
Examples: telecom tower uptime contracts, mining
operations, cold-chain storage, remote healthcare
Innovation focus: smart hybrid controllers, predictive
uptime analytics, remote dispatch optimization
Competitive advantage: firms that guarantee reliability
command premium contracts and long-term customer
lock-in

Hybrid system intelligence
determines lifecycle
economics

Solar + storage + backup integration is more important
than component cost

Sub-components: battery management systems, load
forecasting, hybrid inverters, energy management
software

Innovation focus: Al-driven energy orchestration and
demand matching

Digital asset management
is the real scalability lever

Off-grid portfolios fail without centralized monitoring and
predictive maintenance

Examples: |0T sensors, remote diagnostics, fleet-wide
analytics dashboards

Innovation focus: autonomous microgrid management
platforms

Competitive advantage: lower O&M cost and higher
uptime across distributed assets

Cluster-based deployment
beats isolated installations

Economics improve when assets are deployed in
geographic or sector clusters

Examples: telecom corridors, rural industrial hubs, island
grids, agri-processing zones

Competitive advantage: shared infrastructure and
portfolio optimization, repeatable deployment templates
accelerate scaling

Energy-as-a-service
models unlock demand

Customers prefer service contracts over capital
purchases

Examples: uptime PPAs, microgrid leasing, subscription
energy models

Competitive advantage: recurring revenue and
customer stickiness

Next Steps for Corporate Leaders

CO3@wEAI
229



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

Off-grid and behind-the-meter power solutions are gaining traction as corporates seek resilient,
low-carbon, and cost-predictable alternatives to unreliable grids or diesel-based systems.
Solar-battery hybrids, biomass/biogas gensets, microgrids, and modular containerized power
units are increasingly adopted across remote industrial sites, mining, construction, telecom,
agriculture, and rural commercial operations. As digital controls mature and energy-as-a-service
models expand, off-grid power is evolving into a strategic enabler of energy resilience and
decarbonization.

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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