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Section 1

Solar & Wind

India’s solar and wind sector is the backbone of the clean energy transition, accounting for
~70% of installed renewable capacity and forming the foundation for electrification, green

hydrogen, and energy storage growth.

Market Scale:

As of February 2026, India has a total renewable energy installed capacity of approximately
266 GW, led by solar (143 GW) and wind (55 GW), with a national target of 500 GW of

non-fossil fuel capacity by 2030.

Key Growth Drivers:

Value Chain Localization:

Falling solar tariffs (32—2.5/kWh utility-scale)

Policy push via PLI for modules & cells (~¥24,000+ crore)

Rising corporate demand for round-the-clock (RTC) clean power
Grid-scale and rooftop solar expansion

Rapid scale-up across solar cell & module manufacturing, inverters, structures, and wind
components—reducing import dependence and improving energy security.

Solar & Wind Power
Project

Development Solar & Wind

Power EPC

55

325k 90k

62.

Solar Panel
Manufacturing

Mature
532.5k

Rooftop
Solar

Strategic Positioning of Solar & Wind Opportunities by Market Maturity

Total Market Size 745k ¥Cr

Clean Energy
Asset
Aggregation

Solar Power Support
Components

Solar Thermal
Solutions

Solar Cell
Manufacturing

Growth Early
190k 22.5k

Radius of each circle represents the market size in 2030 in 1000 ZCr

CO3@EAI

14


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

Emerging Trends:
e Hybrid solar-wind + BESS projects for firm power
e Growth of C&l open-access renewable procurement
e Increasing asset aggregation and InvIT platforms
e Transition to high efficiency and advanced solar technologies (TOPCon, HJT)

Strategic Importance:
Solar & wind are no longer standalone generation assets—they are enablers for green
hydrogen, EV charging, data centers, and industrial decarbonisation.

Executive takeaway:

Solar and wind are India’s lowest-cost, fastest-scaling decarbonisation levers, offering stable
returns, strong policy support, and long-term strategic relevance across energy and industry. For
investors and corporates, the sector offers relatively stable, long-term returns, strong policy
anchoring, and broad exposure across generation, procurement and technology-upgrade
cycles.
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Solar & Wind
Solar Cell Manufacturing

This section provides key inputs on the Indian Solar Cell Manufacturing
Opportunities for corporate leaders

CO3@EAI
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Opportunity Snapshot: Solar Cell Manufacturing

Producing solar photovoltaic (PV) cells from wafers

Market Signals

e Massive module demand, as India
targets 500 GW non-fossil capacity
by 2030

e Strong policy push favours domestic
manufacturing (PLI Schemes +
ALMM/DCR)

e Annual Market size by 2030:
20,000 - 25,000 Cr

Why It Matters NOW?

e Transition to high efficiency tech
(TOPCon/HIJT) creating new capex
cycle

e Domestic demand + export potential
as global supply chains diversify

e Cell manufacturing capacity gap,
import dependence (70-80%) for
modules

Key Challenges

e High capex ($ 50 million/GW)
e Exposure to rapid technology
obsolescence

CO3@EAI

What or It?

e Technology choice and timing
(TOPCon/HIJT vs legacy PERC)

e Scale (>2—5 GW plants) to achieve cost
competitiveness

e Backward integration of wafer to cell to
improve margins & control

Well Aligned Opportunity for

e [Large industrial groups

e Existing module manufacturers moving
upstream

e Electronics/ semicon adjacent players
with precision manufacturing
capabilities

Business Models

e Greenfield giga-scale plants with PLI
support

e JV/tech partnerships with global cell
technology providers

e Gradual integration: module — cell —
wafer (phased approach)
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Introduction and Business Case

India’s solar power sector has seen increasing activity on the manufacturing side, transforming
from a massive focus on just power generation.

Over the past few years, the government has also taken decisive policy and financial steps to
strengthen domestic manufacturing. Initiatives such as the Production-Linked Incentive (PLI)
Scheme, Basic Customs Duty (BCD) on imported cells and modules and the creation of
Integrated Manufacturing Clusters have catalyzed large-scale investments in solar
manufacturing. India’s cell manufacturing capacity is rapidly expanding, moving from a few
gigawatts of fragmented players to large, vertically integrated facilities capable of producing
high-efficiency technologies such as PERC, TOPCon, HJT and bifacial cells.

All the above augur well for India’s solar cell manufacturing sector to be humming with activity
for the next many years, possibly decades.

Market Potential for Solar Cell Manufacturing in India

Year | Market Size (Z Cr) Capacity Outlook Drivers
2025 10,000-15,000 20 - 30 GW PLI-backed expansion; ALMM
enforcement & Basic Customs Duty
2030 20,000-25,000 50 - 60 GW Domestic demand + exports; integrated
fabs scaling.
2040 30,000-40,000 75 -80 GW Net Zero demand; India as a global
export hub.
Market Segments and Applications
Segment Applications Business Model Key Drivers
Domestic module | Cells used in local Long-term supply ALMM compliance; import
manufacturers module assembly contracts, spot substitution; policy
procurement protection
Export-oriented Cells for modules Contract Trade barriers on
module makers exported to US, EU | manufacturing, export | modules; demand for
supply agreements non-Chinese supply
chains
High-efficiency Premium modules Technology-linked Efficiency race; demand
module segment for utility, C&l, RTC | supply agreements for higher yield per watt
(TOPCon/HJT)

CO3@EAI
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Utility-scale
projects (indirect
demand)

Bulk module
production requiring
cells

EPC-driven
procurement via
module makers

Largest volume driver;
cost competitiveness
critical

C&l and rooftop

Smaller-scale,

Distributed supply via

Preference for

segment high-efficiency module OEMs high-efficiency,

modules space-constrained installs
RTC/ High-performance Premium contracts via | Reliability & performance
storage-linked modules for firm module suppliers requirements; low
projects power degradation cells

Data centers &
hyperscalers

High-efficiency,
reliable modules

Direct sourcing via
module suppliers

Premium demand; ESG
and 24x7 clean power
needs

Government &

Modules supplied

Tender-based

Stable demand;

PSU tenders under public procurement (via localization mandates
programs modules)

EPC / developer Captive cell In-house Margin control; supply

backward consumption manufacturing chain security

integration (IPP/EPC players)

OEM / contract Third-party cell Tolling / contract Asset-light expansion;

manufacturing production for manufacturing brand-driven demand

(tolling) brands

Typical Project Capacities & Investments Required in India

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

Mono PERC | 1-2 GW 350 - 650 Mono PERC panels are durable, with some models
designed to last 35-40 years

TOPCon 1-2GW 400 - 850 TOPCon production lines can be upgraded from
existing PERC manufacturing lines with relatively
low capital investment, facilitating faster industry
adoption.

HJT 1-2GW | 650-1350 | Offers >25% efficiency, superior performance in high
temperatures (low temperature coefficient), and high
bifaciality (up to 93%) to capture sunlight on both
sides.

CO03@EAI
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Underlying Technologies and Processes

Element Options Key Traits
Cell technologies Mono-PERC, TOPCon, HJT, Higher efficiency drives
thin film (CdTe) competitiveness;

HJT/TOPCon scaling.

Vertical integration improves
margins and reliability.

Boosts yield, reduces defects.

Manufacturing processes Ingot — wafer — cell —
module
Robotics, Al-driven Quality

Control, inline testing

Automation & digitalisation

Key Challenges

Challenge Key Issues Business India Specific Strategic
Area Impact Implications
Upstream Reliance on Margin India lacks fully Develop upstream
Supply Chain | imported fluctuations; integrated partnerships,
Dependence | polysilicon, procurement upstream pursue backward
wafers, and uncertainty; ecosystem; strong | integration,
equipment; raw exposure to dependence on diversify sourcing
material price global imports beyond single
volatility; logistics | disruptions regions
risks
Pricing Chinese low-cost | Profitability Domestic Focus on
Pressure & manufacturing; pressure; risk of | manufacturers efficiency-driven
Global rapid global price | inventory face cost technologies
Competition declines; losses; tight disadvantages (TOPCon, HJT),
commoditization margins despite policy automation, and
support export
competitiveness
Policy & ALMM inclusion, Investment Domestic industry | Policy-aligned
Regulatory import duties, PLI | uncertainty; heavily influenced | manufacturing
Dependence | incentives, demand timing | by government strategy; flexible
domestic content | linked to policy | policy and trade capacity planning
requirements changes measures
Demand Project delays, Uneven order Domestic Secure long-term
Visibility & tender cycles, pipeline; installations supply
module capacity fluctuate; module | agreements;
Off-taker manufacturer utilization risk players integrating | diversify customer
Dynamics integration; export backward into base and export
market barriers cells markets

CO3@EAI
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Prominent Players in the Indian Market

Company / Entity

Focus Areas

Adani Solar

Having large domestic manufacturing capacity for solar PV cells

Tata Power Solar

Established Indian manufacturer with integrated cell production

AMPIN Energy Transition

Planning cell manufacturing footprint in West Bengal.

Websol Energy System

Kolkata-based manufacturer of high-efficiency solar cells

ReNew Energy

Key manufacturer of solar cells based in Gujarat.

Jupiter International Ltd

Has existing solar cell manufacturing (e.g., mono PERC capacity)
and is planning a large cell facility in Butibori, Maharashtra

Premier Energies

Integrated manufacturer operating a 3.4 GW solar cell capacity
and 7GW expansion underway in Andhra Pradesh (one of the first
Indian players to produce TOPCon solar cells).

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

From commodity cells to
application-specific cells

Segment-tailored cells (utility,
rooftop, Round-the-Clock)

Enables pricing power

TOPCon at scale with cost
discipline

Ultra-low-cost TOPCon
platforms

Protects margins in volume
markets

Premium back-contact &
high-efficiency niches

IBC / ABC cells for premium
rooftops

High ASP, brand pull

Low-carbon & ESG-certified
cells

Low-CO: cell manufacturing

Access to ESG-premium
markets

Trade-resilient manufacturing
ecosystems

Multi-region cell fabs

Market access protection

Vertical integration as a

Wafer-to-cell-to-module

Margin stability

CO3@EAI
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volatility hedge integration

Storage & firm-power Cells optimized for Premium project demand
optimized cells storage-linked output
Digital cell manufacturing Al-driven yield optimization Improves ROCE

(Industry 4.0)

Repowering & replacement Retrofit-specific New brownfield demand
cell platforms high-efficiency cells

Next-gen cell roadmap Early bets on HJT & tandem | Long-term leadership
ownership cells

Concentric & Satellite Opportunities

e Next-Gen Cell Technology OEM Skids: Concentric equipment providers specializing in
turnkey deposition and doping skids for advanced architectures like PERC, TOPCon and
HJT/IBC (Heterojunction/Interdigitated Back Contact), driving 25 % cell efficiency.

e Closed-Loop Silicon Kerf and Etch Chemical Recovery: Co-located systems for purifying
and recycling high-value raw materials like silicon kerf slurry and expensive
etching/cleaning chemicals, drastically reducing raw material input cost and waste.

e Automated Wafer Handling and Defect Sorting: High-throughput, robotic material
handling systems integrated with NIR/AIl vision to grade and sort silicon wafers
(ingots/cells) in real-time, minimizing breakage and optimizing downstream processing.

e Ultra-Thin Wafer Processing Equipment: OEMs focused on precision equipment (slicing,
wet processing) capable of handling future ultra-thin (e.g., 100 um) silicon wafers to cut
down on silicon consumption.

e Silver Paste & Metallization: High-conductivity pastes and screen-printing systems for
cell front/back contacts.

e Al-Powered Factory Digital Twins: Software platforms creating a virtual replica of the
giga-factory to optimize tool sequencing, predict maintenance needs and adjust
deposition parameters for consistent cell uniformity and yield maximization.

e Advanced PV Recycling & Critical Material Recovery: Satellite hydrometallurgical or
thermo-mechanical recycling facilities focused on high-purity recovery of silver, silicon,
copper and glass from End-of-Life (EoL) panels for re-introduction into the supply chain.

e Non-Silicon Cell Material Supply Chain: Upstream ventures developing and scaling
stable, high-purity supply chains for alternative cell materials (e.g., Perovskites,
Cadmium Telluride (CdTe)) and specialized components like conductive pastes and
encapsulants.

e Integrated Building- & Vehicle-Applied PV (BAPV/VAPYV) Lines: Satellite manufacturing
lines customizing solar modules into high-aesthetic, structural products (e.g., solar tiles,
colored glass fagades, car body panels) for high-value niche markets.

CO3@EAI
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e PV Module Design for Disassembly (DfD): R&D and engineering firms specializing in

new module designs (e.g., utilizing thermal release adhesives, clip-based frames) that
enable easy and high-purity separation of components at EoL.

e EolL Panel Reverse Logistics & Repowering Networks: Specialized service providers
managing the compliant collection, inspection, refurbishment and efficient transport of
EoL panels for either second-life deployment or dedicated recycling centers.

Key Takeaway for Senior Management

e The transition from PERC — TOPCon/HJT/back-contact is
redefining efficiency benchmarks and bankability

Technology choice

determines long-term e Example: TOPCon lines delivering >25% efficiency
competitiveness, not
installed capacity e Competitive advantage lever: early adoption of next-gen

architectures avoids stranded assets and enables premium
module positioning

e Cell margins are highly sensitive to wafer, polysilicon, and
paste pricing

e Sub-components: \Wafer supply agreements, polysilicon

Upstream control is a partnerships, silver/copper paste innovation
financial hedge, not just a
supply decision e Competitive advantage lever: Partial backward integration

or strategic supply lock-ins stabilize margins and attract
Tier-1 buyers

e Small improvements in yield, scrap rate, and throughput
materially affect IRR

Manufacturing yield and e Examples: Al-driven inline inspection, predictive
process intelligence maintenance, process analytics

create hidden margin

pools e Competitive advantage lever: digital manufacturing

platforms outperform pure scale-based competitors

e Cell technology cycles are shortening; the ability to upgrade

Speed of technology lines quickly becomes a moat
migration is a strategic
capability e Examples: modular equipment design, rapid line retrofits,

R&D partnerships
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Next Steps for Corporate Leaders

While solar cells present a large growth opportunity for specific corporates and industry
segments, there are also significant uncertainties. In addition, success could depend on the
right choice of cell technology and partnerships.

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.

CO3@EAI
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Solar & Wind
Solar Panel Manufacturing

This section provides key inputs on the Indian Solar Panel Manufacturing
Opportunities for corporate leaders

CO3@EAI
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Opportunity Snapshot: Solar Panel Manufacturing

Assembling solar PV cells into modules to be used for power generation.

Market Signals

e Strong policy push; ALMM+ customs
duty on imports; domestic demand
protection

e Export potential driven by US/EU
supply chain diversification

e Annual Market size by 2030:
%75,000-80,000 Cr

Why It Matters NOW?

e Domestic manufacturing push reducing
import dependence from countries like
China

e Strong pipeline of utility scale+
rooftop+C&l solar projects

¢ India becoming an alternate hub, as
global buyers diversify sourcing

Key Challenges

e Thin margins due to high competition +
commoditization

e Price volatility in inputs (glass, EVA,
cells)

CO3@EAI

What or It?

e Scale (>3-5 GW) to achieve cost
competitiveness

e Backward integration (cells) to protect
margins

e Strong EPC/utility relationships for
consistent offtake

Well Aligned Opportunity for

e [Existing module manufacturers scaling
capacity

e EPC players / developers integrating
manufacturing for supply security

e Industrial players with assembly-line
manufacturing capabilities

Business Models

e Greenfield large-scale plants (leveraging
domestic demand + exports)

e Backward integration: module — cell
manufacturing

e Contract manufacturing / OEM supply for
developers & EPC firms
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Introduction and Business Case

Solar panels are the backbone of renewable power and India has been depending heavily on
Chinese imports for modules and cells. Scaling domestic panel manufacturing captures value
across the supply chain, reduces forex outflows and ensures energy security. These reasons
have spurred strong policy support for solar power gear manufacturing in India through
schemes such as PLI & ALMM).

With such tailwinds supporting it, India has a chance to emerge as a global solar hub, meeting
both domestic demand and export solar power plant markets, while creating jobs and economic

growth.

Market Potential for Solar Panel Manufacturing in India

Year | Market Size (Z Cr) Capacity Outlook Drivers
2025 60,000-65,000 90 GW module PLI-backed expansion; ALMM
capacity enforcement.
2030 75,000-80,000 120 GW approx Domestic demand + exports;
capacity integrated fabs scaling.
2040 110,000-120,000 150 GW approx Net Zero demand; India as a global
capacity export hub.

Market Segments and Applications

Segment Applications Business Model | Key Drivers
Utility-scale solar Large ground-mounted | Bulk supply Largest volume driver;
power plants solar parks (50 MW-5 | contracts, scale economics
GW+) tenders
Onshore wind—solar | Co-located solar + wind | Hybrid EPC Improves grid utilization;
hybrid projects plants supply growing segment
RTC / firm renewable | Dispatchable solar with | Utilities, Premium demand for
projects storage DISCOMs high-quality modules
Commercial & Factories, warehouses, | Corporates, Higher margins than
Industrial (C&I) campuses ESCOs utility-scale
Floating solar Reservoirs, dams, Utilities Specialized niche with
projects water bodies growth
Data centers & 24x7 clean power Tech companies | High-credit, premium
hyperscalers supply segment

CO3@EAI
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Energy PV + BESS plants Utilities, IPPs Storage increases
storage—linked solar module performance
plants value

Government & National solar missions | Governments Volume stability
public-sector

programs

OEM/EPC strategic Long-term EPC EPC majors Predictable demand
supply partnerships

Downstream Developer-owned In-house IPPs Margin protection
integrated platforms | projects strategy

Typical Project Capacities & Investments Required in India

Project Type Typical Indicative Notes
Capacity | CapEx (% Cr)
Module Assembly 0.5-2.0 80-350 Stringers, laminators,
(PERC/TOPCon/HJT-ready) | GWI/yr EL/HI-POT/IV testers;
Cell Line (mono PERC — 1.0-2.5 800-2,000 Diffusion, PECVD/ALD,
TOPCon-ready) GW/yr metallisation, firing; cleanroom
+ utilities heavy.
Ingot & Wafer (mono, 1.0-2.0 1,200-2,500 | CZ pullers, wire saws;
G9/M10/M12) GW-eqlyr power-quality and consumables
Thin-Film (CdTe/u-Si) Pilot 100-300 300-800 Niche; IP/licensing; BOS
MW/yr advantages in hot climates.
Solar Glass (textured, 3.2 300-800 700-1,500 High gas/power use; benefits
mm) TPD from cluster siting.
EVA/POE Encapsulant Plant | 10-30 KTPA | 120-300 Polymerisation + coating lines;
quality consistency key.
Backsheet/Coating Line 5-15 KTPA 90-220 Fluoro/non-fluoro laminates;
adhesion and UV stability.
J-Box, Ribbon, Frame (Al) 5-15 GW 40-150 Tooling- and inventory-light; fast
Units BOM/yr to localise.
Element Options Key Traits

Mono-PERC, TOPCon, HJT,
thin film (CdTe)

Cell technologies Higher efficiency drives competitiveness;

HJT/TOPCon scaling.

CO3@EAI
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Module types Polycrystalline, Shift toward high-efficiency mono &
monocrystalline, bifacial bifacial.

Manufacturing Ingot — wafer — cell — Vertical integration improves margins and

processes module reliability.

Materials EVA sheets, backsheets, Critical to localisation under PLI.

ecosystem glass, junction boxes

Automation & Robotics, Al-driven QC, inline | Boosts yield, reduces defects.

digitalisation testing

Recycling & Panel recycling, silver & Aligns with circular economy, reduces

circularity silicon recovery waste.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Upstream Heavy reliance Margin pressure, | China dominates | Need for
Supply Chain on imported uncertain costs, | upstream integrated
Dependence polysilicon, delayed manufacturing; manufacturing
wafers, and production India still (polysilicon —
cells; global planning building wafer — cell) and
price volatility backward domestic
integration ecosystem
development
Capital Intensity | High capex for Long payback PLI schemes Strategic
& Financing integrated periods; help but large partnerships, JV
Risks facilities, pressure on ROI | upfront models, and scale
technology and balance investment still are critical for
upgrades sheet required competitiveness
(TOPCon/HJT)
Pricing Pressure | Aggressive Reduced Anti-dumping Differentiation via
& Global pricing from margins; risk of | duties and BCD | efficiency,
Competition global overcapacity policies support | warranties, and
manufacturers; domestic players | niche markets
cyclical module but pricing (C&l,
prices remains high-efficiency
competitive modules)
Demand Policy shifts, Revenue Utility-scale Diversification into
Volatility & DISCOM uncertainty projects rooftop, C&l,
Offtaker Risks payment delays, | affecting cash dependent on exports reduces
tender flow and govt auctions risk concentration
cancellations, planning and DISCOM
price financial health
renegotiations
CO03@EAI
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Technology Rapid shift from | Risk of stranded | Indian players Focus on R&D,
Transition & PERC to assets; scaling automation, and
Operational TOPCon/HJT; continuous technology long-term
Challenges skill gaps; yield | reinvestment capabilities technology
optimization required rapidly but still roadmaps
catching up

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Adani Solar

India’s largest integrated solar cell & module maker; >4 GW
capacity, scaling to 10 GW+ underway.

Tata Power Solar

~4 GW module manufacturing; expanding under PLI.

Vikram Solar

Leading module exporter; >3.5 GW capacity.

Waaree Energies

India’s largest module maker; ~16 GW module capacity.

RenewSys India

Integrated modules, EVA & backsheet manufacturing.

Premier Energies

Expanding cell + module manufacturing footprint.

Jakson Group / Goldi Solar

Module makers with EPC integration.

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

From module seller to
energy-solution partner

Bundle modules with storage,
EMS, warranties

Moves revenue from
transactional to recurring

Technology-led segmentation

Segment-specific products
(utility, rooftop, premium)

Enables margin optimization by
segment

Fast tech-transition
leadership

Rapid scale-up of next-gen
technologies

Prevents margin erosion

Vertical integration (upstream
& downstream)

Polysilicon/wafers or captive
IPP projects

Margin stabilization

Storage-optimized &
hybrid-ready modules

Modules optimized for BESS
& hybrids

Differentiation in RTC projects

Performance-guaranteed
modules

Output-guarantee-backed
modules

Premium pricing

Digital modules & data
monetization

Smart modules with
monitoring & analytics

New revenue layers

CO3@EAI
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Repowering & replacement Retrofit-focused module New demand stream
solutions offerings
New demand stream Joint product development Faster market adoption

with EPCs
Financing-linked module Vendor-backed financing Expands addressable market
sales

Concentric & Satellite Opportunities

e Line integrators: India-ready stringers, laminators, ALD/PECVD upgrades and MES

packages for fast PERC—TOPCon/HJT transitions.
e BOM localisation hubs: Solar glass, EVA/POE, backsheets, sealants and Al frames with

cluster utilities and recycled cullet/aluminium streams.
e Silver-paste & metallisation innovation: Low-Ag pastes, copper plating pilots and

paste-recycling services to cut cell cost/watt.

e End-of-life recovery networks: Glass/Al/silver/polymer recycling with EPR credits and
refurbished-module secondary markets.

e Skilling & certification academies: Cleanroom operations, tool maintenance and
quality-engineering programs to deepen the talent bench.

e Junction box potting stations: Automated silicone dispensers for IP68 waterproofing.

Key Takeaway for Senior Management

Bankability and
quality drive
long-term value more
than cost

e |owest-cost modules often lead to higher lifetime project risk.
For eg: A %0.30/W cheaper module can wipe out project IRR if
early degradation exceeds assumptions

e Developers and lenders increasingly prioritize warranties,
degradation, and traceability

Take-away:

e Long-term performance guarantees (25-30 years)

e PID, LID, LeTID resistance and field performance data

e Manufacturer balance sheet strength

Key message: Senior management must align manufacturing KPIs
with project-level bankability, not just factory gate pricing

Demand visibility is
as critical as
manufacturing
efficiency

As oversupply cycles quickly destroy margins in commoditized
manufacturing, plants without secured offtake face utilization and
pricing risk. For e.g., manufacturers with in-house IPP portfolios or
anchor buyers maintained margins even during global module price
crashes

CO3@EAI


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

Take-away:

Focus on the following:

Captive demand from IPP/EPC pipelines
Long-term offtake or strategic buyer agreements
Export optionality and geographic diversification

Integration and Value addition occurs across polysilicon, wafers, cells, modules,
ecosystem control logistics, and financing. Thus, for a panel maker, at least a partial
will separate winners | integration improves cost control, supply security, and risk resilience.
from survivors Cell-module integrated players absorb price shocks better than pure

module assemblers during supply disruptions

Take-away:

Focus on the following:
e Cell-module or wafer-cell integration
e Strategic raw material sourcing (glass, silver, backsheets)
e Digital quality control and yield analytics

Key message: Competitive advantage increasingly comes from
ecosystem orchestration, not isolated assets

Next Steps for Corporate Leaders

Solar panel manufacturing in India is entering a scale-up phase driven by domestic capacity
targets, import substitution, PLI incentives, and growing demand from utility-scale, C&l, and
export markets. While capacity addition is accelerating, value creation is increasingly
determined by technology choices, supply-chain integration, and the ability to deliver bankable,
high-efficiency modules at globally competitive costs.

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.

CO3@EAI
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Solar & Wind
Solar Power Support Components (Inverters, MMS, EVA & Backsheet)

This section provides key inputs on the Indian Solar Power Support Components
Opportunities for corporate leaders.

CO3@EAI
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Opportunity Snapshot: Solar Power Support Components

Manufacturing solar PV system components like inverters, structures, and cables

Market Signals

e Strong policy push for domestic
demand, possible trade protections

e Export potential driven by US/EU
supply chain diversification

e Annual Market size by 2030: X
45,000-50,000 Cr

Why It Matters NOW?

e Strong pipeline of utility scale+
rooftop+C&lI solar projects

e Domestic manufacturing push
reducing import dependence from
countries like China

e India becoming an alternate hub, as
global buyers diversify sourcing

Key Challenges

e Fragmented market with high
commoditization (price competition+
low differentiation)

e Margin compression due to EPC
driven pricing pressure

CO3@EAI

What or It?

e Scale (>3-5 GW equivalent) to achieve

cost competitiveness

e Strong EPC/utility relationships for

consistent offtake

Well Aligned Opportunity for

Electrical equipment manufacturers
(cables, switchgear, transformers)
Steel/industrial players (mounting
structures, trackers)

Power electronics companies (inverters,
control systems)

Business Models

Segment-focused entry (e.g., structures,
cables, inverters)

Partnerships/JVs for technology-heavy
components (inverters, trackers)
Integration with EPC/developers for
assured demand
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Introduction and Business Case

Beyond modules, the solar industry depends on a robust supply chain of inverters, module
mounting structures (MMS), encapsulants (EVA) and backsheets. These components define
system reliability, efficiency and lifetime economics.

India currently imports significant portions of many of these. However, domestic capacity is
scaling for manufacturing many of these components.

With solar power capacity in India expected to exceed 300 GW by 2030, localising these
components is both a strategic necessity and a multi-billion-dollar industrial opportunity.

Market Potential for Solar Power Support Components in India

The market size estimates represent the total for all prominent balances of system components,
viz., inverters, mounting structure, junction boxes, electricals.

Year Market Size (¥ Cr) Drivers

2025 30,000-35,000 Domestic MMS and inverter demand; also increasing demand
for locally made electricals such as junction boxes, cables etc.

2030 40,000-45,000 Integrated solar parks; localisation push under PLI; rising
exports.

2040 65,000-70,000 Full localisation of sub components such as EVA/backsheets
etc; India as global supply hub could increase demand from
exports too

Market Segments and Applications

Most of the above components will be categorized around three main end use
segments: Residential rooftop, commercial rooftop and ground-mounted solar power
plants.

For each of these segments, there are variations for the above components on multiple
dimensions such as: Capacity, specific technology or materials used and extent of
customization needed, the last one especially for components such as module
mounting structures when they are used for rooftop solar power plants.
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Typical Project Capacities & Investments Required in India

Sub-sector Typical Indicative CapEx Notes
Capacity (X Cr)

String Inverters 1-3 GW/yr 80-160 SMT lines, power-stage assembly,

(1-250 kW) burn-in/testing; firmware &
certification heavy.

Central Inverters 2-5 GW AC/yr | 120-300 Power cabinets, transformers,

(500 kW-5 MW) heat management; grid-code
compliance labs.

Module Mounting 0.3-0.8 MTPA [ 60-150 Roll-forming, galvanising/Al

Structures (MMS) steel/Al extrusion, drill/punch lines;
tracker-ready jigs add capex.

Single-Axis Trackers | 1-3 GWp/yr 70-180 Torque tube forming, drives,

(mechanical + controllers; wind-load engineering

controllers) and field QA.

EVA/POE 10-30 KTPA 120-300 Polymerisation & coating lines;

Encapsulant crosslinking consistency critical.

Backsheet (fluoro & [ 5-15 KTPA 90-220 Co-extrusion/lamination;

non-fluoro) UV/hydrolysis resistance QA
essential.

Junction Boxes, 5-15 GW 40-120 Injection moulding, crimping,

Cables, Connectors | BOM/yr testing; fast to localise.

Underlying Technologies & Processes

Element

Options

Key Traits

Inverters

String inverters, central
inverters, hybrid inverters,
microinverters

Control system efficiency, grid
compliance, storage integration.

Module Mounting
Structures (MMS)

Fixed tilt, single-axis trackers,
rooftop racking

Defines yield; trackers boost energy by
15-20%.

Encapsulants

EVA sheets, POE (polyolefin

Critical for module durability; EVA

low-carbon MMS

(EVA/POE) elastomer) dominates, POE rising for bifacial.
Backsheets PET, PVF, fluoropolymer, Key barrier layer protecting modules;
multilayer films fluoropolymer = premium durability.
Integration BOS optimisation, digital O&M Improves IRR and system reliability.
Circularity Recyclable encapsulants, Aligns with EPR and sustainability

mandates.
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Key Challenges

Challenge Key Issues Business India Specific | Strategic
Area Impact Implications
Supply Chain | Reliance on imported | Margin Domestic Build local
Dependence | raw materials, volatility, ecosystem still | partnerships,
electronics, polymers | lead-time developing; diversify suppliers,
and upstream inputs; | uncertainty, strong strategic inventory
currency fluctuations; | working capital | dependence on | planning
logistics risks pressure China-led
supply chains
Pricing Rapid manufacturing | Reduced PLI-led capacity | Move toward
Pressure & expansion, margins, high | additions may differentiated
Market commoditization, competition, exceed products,
Competition | global price declines, | potential near-term technology
low-cost imports overcapacity demand innovation, export
diversification
Policy & Changes in duties, Investment Market strongly | Maintain flexible
Regulatory domestic content uncertainty, influenced by sourcing models
Volatility rules, ALMM project delays, | government and policy-aligned
eligibility, incentive procurement policies and manufacturing
structures shifts trade measures | strategy
Demand DISCOM financial Uneven order | Utility-scale Diversify into C&il,
Cyclicality & [ health, tender delays, | pipeline, projects rooftop and
Off-taker Risk | grid readiness issues, | delayed dominate; hybrid/storage
financing challenges | payments, execution varies | markets to stabilize
utilization risk | by state demand
Capital High capex Long payback | Scale Strategic alliances,
Intensity & requirements, rapid periods, risk of | disadvantage vs | phased
Technology tech evolution technology global leaders; | investments, focus
Transition (efficiency obsolescence | fast-moving on niche or
improvements, smart technology high-value
systems) cycles segments

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Sungrow / SMA Solar / Delta / Fimer

base in India

Global inverter suppliers with strong manufacturing

Su-vastika Systems/ Luminous /
Statcon Energia/ Microtek International

Domestic inverter manufacturers scaling capacity.
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Energy

Vishakha Renewables, Alishan Green

EVA sheets and backsheet films manufacturing

Renewsys / Adani

Integrated cell & module makers backward
integrating into encapsulant and backsheets

Bluescope

Pennar / Ganges Internationale / Tata

MMS manufacturing for utility-scale projects

Innovation Perspectives

Innovation

Business Opportunity

For Senior
Management

From components to
performance platforms

Offer inverter + MMS + materials as
performance bundles

Moves from product
sales to solution
revenue

Grid-forming &
grid-supporting inverters

Premium grid-ready inverter
platforms

Enables firm power &
RTC projects

Storage-first BOS solutions

Inverter-PCS-EMS integrated
offerings

Higher ASP & stickiness

Yield matters more than steel
cost

Al-controlled trackers & fast-install
MMS

Directly improves
project IRR

Materials as bankability
enablers

Ultra-durable EVA / backsheets

Preferred supplier status

Segment-specific product
portfolios

Tailored BOS for utility, C&l, rooftop

Margin optimization

Digital BOS & data
monetization

Smart inverters, trackers, digital
twins

New recurring revenue

EPC-friendly, fast-deployment
systems

Plug-and-play BOS kits

Faster project execution

Hybrid-ready BOS design

BOS optimized for hybrid layouts

Future-proof demand

OEM—-EPC-IPP co-innovation

Joint development with EPCs, IPPs

Faster adoption
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Concentric & Satellite Opportunities

) Advanced inverter OEMs and firmware developers: Concentric players designing

SiC/IGBT-based, grid-interactive inverters with remote monitoring, predictive
maintenance and compliance with Indian grid codes.

° High-strength MMS and tracker manufacturers: Local steel and aluminium
fabricators producing corrosion-resistant, quick-install structures and torque-tube
assemblies for coastal and high-wind zones.

° EVA/POE and backsheet polymer producers: Chemical firms developing
high-temperature, UV-stable and non-fluorinated films aligned with Indian climatic
stresses and recycling needs.

° Reliability and testing labs: Independent centres offering accelerated
UV/PID/humidity testing and BIS/IEC qualification for domestic and export

certification.

° Digital field-service & O&M networks: Satellite ventures providing mobile inverter
diagnostics, spares logistics and real-time firmware updates to ensure high
uptime.

° Circular materials alliances: Partnerships to collect and recycle steel, aluminium
and polymer waste from manufacturing and decommissioned arrays, generating
EPR credits.
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Key Takeaway for Senior Management

This is a technology +
reliability business, not
a commodity
metal/plastics business

Bankability is driven by long-term performance, certification,
and failure rates — not just cost

Examples: grid-compliant smart inverters, corrosion-resistant
MMS for coastal sites, UV-stable EVA/backsheet for desert
climates

Implication: Tier-1 EPCs and IPPs prefer suppliers with
certified, field-proven products and warranty credibility

Integration with module
and system roadmaps
is critical

Support components must evolve alongside cell/module
technologies (TOPCon, HJT, bifacial, larger formats)
Examples: EVA compatibility with high-temperature
lamination, MMS designed for larger module sizes, inverters
optimized for hybrid + storage systems

Implication: Suppliers that co-develop with module makers
& EPCs/developers lock in long-term demand

Quality control and
lifecycle performance
are competitive moats

Inline inspection, traceability, and predictive warranty
analytics reduce failure risk and enhance trust

Examples: Al-based manufacturing quality assurance,
serial-level component tracking, performance-linked supply
contracts

Implication: Developers pay a premium for reduced
operational risk and predictable asset performance

For corporates looking
for super niches,
recommended to
explore sub-component
and one level more
granular opportunities

Niche sub-component examples: Smart monitoring &
embedded intelligence, solar cell silver paste & screens for
the same, sealants used in solar panels, cleaning chemicals
for wafers used to make solar cells etc.

Granular opportunities: Advanced alloys, nano-coatings, heat
transfer materials, Material science additives, protective
coatings, embedded loT, predictive analytics modules.
Implication: Identifying super niches could require investing
time and efforts into detailed market research

Ecosystem partnerships
matter more than
standalone
manufacturing scale

Strategic partnerships with module OEMs, EPC platforms,
and IPPs create pipeline visibility and recurring revenue
Examples: Anchor supply agreements, bundled component
packages, lifecycle support services

Implication: Winning players operate as integrated partners,
not isolated factories, in the solar power ecosystem
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Next Steps for Corporate Leaders

India’s solar component ecosystem is entering a scale phase as module capacity expands and
EPC demand localizes. While volumes are rising, the sector is quickly moving toward
technology-led differentiation, bankability, and lifecycle reliability. Corporate investors who treat
this as an advanced manufacturing + technology platform — not a commodity fabrication
business — will capture the strongest margins.

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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Solar & Wind
Rooftop Solar

This section provides key inputs on the Indian Rooftop Solar Opportunities for
corporate leaders.
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Opportunity Snapshot: Rooftop Solar

Installing solar systems on rooftops to generate on-site electricity.

Market Signals

Huge gap between potential(~200+
GW) and installed number(<15 GW)
Strong policy push (PM Surya ghar,
net metering prices) and high
adoption in C&I segment (Malls,
warehouses)

Annual Market size by 2030:
%35,000 - 40,000 Cr

Why It Matters NOW?

Gives 15-30% cost savings for C&lI
users amidst rising grid tariffs
Shorter payback periods (3-5 years
for C&l; 5-7 years for residential)
Govt subsidies+ financing improving
adoption

Key Challenges

Policy inconsistency across states
(net metering caps, approvals)
Financing barriers for MSMEs and
households

Fragmentation of end users especially
in residential segment

CO3@EAI

What or It?

e Efficient customer acquisition +
financing models (EMI, RESCO)

e Execution capability (site assessment,
installation, maintenance)

e Strong distribution/service network
across cities

Well Aligned Opportunity for

e EPC players & solar installers scaling
distributed projects

e Financiers/NBFCs offering rooftop
solar financing

e Platform players aggregating demand
(marketplaces, digital onboarding)

Business Models

e RESCO/OPEX model targeting C&lI
clients

e Residential aggregation via digital +
installer networks

e Partnerships with NBFCs for financing
+ distribution alliances
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Introduction and Business Case

Rooftop solar (RTS) unlocks distributed, low-cost renewable power for households, commercial
buildings and industries. It reduces grid dependence, lowers power bills and enables corporates
to meet RE100 and ESG targets. For India, RTS is both a climate solution and an energy
access enabler, with potential to scale rapidly given falling module costs, net-metering policies
and corporate decarbonisation demand. Thus, this sector is having significant tailwinds from
both policy and corporate economic sectors.

Market Potential for Rooftop Solar in India

Year Installed Market Size (% Drivers
Capacity (GW) Cr)
2025 20-25 GW 23,000-25,000 Net-metering, Smart Cities, C&l demand.
2030 35-40 GW 35,000-40,000 Corporate RE100, state rooftop targets,
cheaper storage integration.
2040 110-120 GW 70,000-75,000 Mass adoption across homes, MSMEs and
industries.

Market Segments and Applications

(offices, retail,
malls, hotels)

buildings, malls, hotels
— daytime
self-consumption
(lighting, HVAC,
escalators), partial
export

OPEX/RESCO, PPA
with third-party
developer, C&l
aggregator models,
virtual-net-metering
for multiple meters.

Segment Applications Business Model Key Drivers
Residential Rooftop PV on private CAPEX Reduces monthly
(single-family houses for (owner-owns), bills, hedge against
homes) self-consumption loan/finance, tariff hikes, increases
OPEX/RESCO self-reliance;
(third-party installs & | attractive payback for
sells power) higher tariffs.
Commercial Rooftops on office CAPEX, High daytime load

factor (good overlap
with solar), lowers
peak procurement
cost and demand
charges, ESG &
corporate
sustainability goals.

Industrial
(factories, large
warehouses,
manufacturing

Large contiguous
rooftop installations for
process loads, lighting,
HVAC, motors

CAPEX (captive),
third-party CAPEX
with wheeling/virtual
net metering, RESCO

Very strong
economics because
of large load and high
consumption
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units)

for OPEX buyers.

Institutional -
Educational /
Healthcare /

Religious

Rooftop generation for
internal loads,
emergency power
(hospitals)

CAPEX, grants,
third-party OPEX
models, community
financing

Energy cost savings,
resilience for critical
services (hospitals),
CSR / sustainability
objectives for
institutions.

Government &
Public Buildings
(municipal, civic
facilities)

Solar + BESS for
uninterrupted services

CAPEX (budgetary),
EPC contracting,
PPP/RESCO in some
models

Reduces public utility
bills, demonstrates
policy targets

Agriculture (solar Water pumping & cold CAPEX with Replaces diesel
pumps, farm storage government subsidy pumps (cost &
sheds) for pumps, emissions savings),
OPEX/RESCO enables irrigation in
models for pump off-grid/poor grid
rental or community areas, improves
pumps reliability
Residential Common-area loads, CAPEX by society, Reduces common
Apartments & lifts, water pumping, OPEX (RESCO) for charges and

Shared Roofs

street lighting

common-area supply,

increases resale
value

Micro-grids /
Off-grid & Remote
Rooftops

Schools, health-centres
& community buildings
in remote areas

Project grants,
CAPEX with
subsidies, community
RESCO models

Reliable power where
grid is weak or
unavailable; avoids
diesel gensets

Public
Infrastructure &
Mobility (EV
charging, depots)

Bus depots, metro
stations, parking roofs,
EV charging hubs

CAPEX, PPP,
RESCO, integrated
with BESS for peak
shifting

Reduces operating
cost of depots &
charging

Aggregators,
Virtual
Net-metering, and
Energy Service
Companies
(RESCOs)

Portfolio aggregation
across many rooftops
(C&l clusters, multi-site
corporates)

RESCO/OPEX,
portfolio PPAs,
wheeling & banking

Scales rooftop rapidly
without upfront
customer capex
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Typical Project Capacities & Investments Required in India

Project Type Typical Indicative Notes
Size CapEx

Residential RTM 2-10 kW %1-4.5 lakh Turnkey kits incl. structure,

(net-metered) inverter, meter;
subsidy-dependent.

Small C&l (shops/SMEs) | 20-100 kW | 9-40 lakh Fast approvals; good ROI with day
load.

Mid C&l 100-500 %40 lakh-%2.0 Popular RESCO/PPA,; roof

(warehouses/factories) kW Cr strength checks are critical.

Large Industrial / IT Parks [ 0.5-5 MW %2.0-18 Cr Carports + elevated arrays unlock

area; ToD tariffs favour
self-consumption.

RTS + BESS (C&l 50-500 kW |R0.8-7 Cr Shaves demand charges;
backup/peak shave) + resilience; fire & controls specs
100-1,000 key.
kWh
Campus/Institutional 50-1,000 %25 lakh-%4 Cr | CSR/grant blends; weekend load
(schools, hospitals) kW profiles matter.
Fuel stations/malls 30-300 kW | %20 lakh-%1.5 Shade + power; branding value;
(carports) Cr EV-ready.
Community / Group 100-1,000 | %50 lakh-%3.5 Requires DISCOM support; billing
Housing (virtual net kw Cr allocation software.
metering)
Element Options Key Traits

Modules Mono-PERGC, bifacial, thin Efficiency gains; bifacial boosts yield in urban

film, TOPCon rooftops.
Mounting Fixed tilt, ballasted, Rooftop design flexibility; BIPV blends into
structures building-integrated PV (BIPV) | facades.
Inverters String inverters, Grid-tied, storage-ready, improves reliability.

microinverters, hybrid

inverters
Storage Li-ion BESS, lead-acid, Enables backup + peak shaving for C&l.
integration emerging sodium-ion
Digital Smart meters, loT Optimises performance and enables remote
systems monitoring, Al forecasting O&M.

CO3@EA1L
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Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications

DISCOM Net metering Revenue Policy Requires strong

Dynamics & caps, state-wise | predictability fragmentation regulatory

Offtaker Risk regulatory and project across states; strategy and state
differences, utility | bankability DISCOM selection
resistance to affected financial stress;
rooftop adoption approval delays

Financing & Small project Higher cost of Need for Portfolio

Capital Structure | sizes, higher capital vs aggregation aggregation and
transaction utility-scale; platforms; innovative
costs, MSME scaling evolving RESCO/ | financing critical
credit risk challenges leasing models

Customer Highly High customer | Low awareness Digital sales

Acquisition & fragmented acquisition in many regions; | models and

Demand residential & costs and trust barriers; channel

Fragmentation SME segments; [ slower growth financing hurdles | partnerships
long sales cycles | scaling required

Execution & Site-specific Higher Installer Standardization

Operational engineering, operational capability gaps; and digital

Complexity distributed overhead and logistics monitoring
installations, performance challenges; O&M | become key
varied roof variability complexity differentiators
conditions

Supply Chain, Import Margin pressure | ALMM policies, Procurement

Geopolitics & dependence, and duties, domestic | strategy and

Technology Risk | price volatility, procurement manufacturing supplier
evolving module | timing risk transitions, diversification
tech currency risks essential

Prominent Players in the Indian Market

Focus Areas
India’s largest rooftop installer across C&l, residential and
institutions.
C&l rooftop + solar-as-a-service model.

Company / Entity
Tata Power Solar

Amplus Solar (Petronas)

CleanMax Solar Leading rooftop and RE provider for corporates.
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Fourth Partner Energy

Distributed solar + storage for C&l clients.

Azure Power

Rooftop EPC projects for govt. and commercial clients.

Hero Future Energies

Scaling rooftop solar in industrial clusters.

SolarSquare

Providing solutions for home, commercial & housing society

Freyr Energy Offering world-class solar solutions to homes and businesses with
100% finance options, aim to make rooftop solar accessible to
everyone

Loom Solar Strong focus on digital-first residential rooftop solutions

Mahindra Susten

A significant EPC player with strong market presence, including
residential projects

Orb Energy

Provide a range of solar energy solutions from ground-mounted and
rooftop solar PV systems to solar water heating solutions

Vikram Solar

Integrated solar energy solutions provider offering EPC and O&M
services

Waaree Energies

Provides EPC for rooftop and ground-mounted solutions across
residential & C&l

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

Bundling rooftop solar with
batteries, EMS, EV charging,
smart controls

Recurring revenue via
energy-as-a-service, higher
Average Revenue Per User
(ARPU)

Moves from one-time EPC
revenue to long-term
annuity streams

Aggregating thousands of
rooftops into bankable portfolios

Infrastructure-like returns;
refinancing, YieldCo, green
bonds

Unlocks institutional capital;
scales faster than
project-by-project EPC

Battery-first rooftop offerings
replacing DG sets and
managing peaks

Higher ticket size, premium
pricing, mission-critical
energy supply

Storage solves reliability &
peak cost problems solar
alone cannot

Rooftop solar packaged with
Scope-2 reporting, carbon
credits, MRV

Monetizing sustainability
outcomes, not just electricity

Elevates sales discussion to
board-level ESG strategy

EMI-based ownership, instant
credit, app-driven onboarding

Mass-market growth;
conversion of subsidy interest
into adoption

Residential is the largest
untapped rooftop segment

Tailored solar solutions by
industry (retail, healthcare, DCs)

Faster sales cycles, better
pricing power

Customers buy relevance,
not generic EPC
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Predictive maintenance, Lower O&M cost, higher Improves lifetime profitability
performance forecasting, asset IRR at scale of rooftop assets
warranty optimization

Rooftop solar integrated with EV | New growth engine aligned EV demand growth
charging & fleet depots with transport electrification outpaces charging

infrastructure

Concentric & Satellite Opportunities

Modular MMS & carport manufacturers: Local steel/aluminium fabricators producing
pre-engineered, corrosion-resistant structures tailored for diverse roof types and
EV-ready parking lots.

Fintech-enabled RESCO aggregators: Platforms bundling small-ticket rooftop PPAs for
MSMEs, housing societies and institutions with simplified billing and digital credit risk
management.

Inverter localization: Compact string/micro-inverters for uneven rooftops; hybrid-ready
without full EMS.

Smart O&M and cleaning systems: Concentric startups providing waterless, Al-controlled
cleaning systems that maintain high PR with minimal labour.

Solar + BESS + EV integration hubs: Turnkey integrators creating hybrid rooftops that
manage self-consumption, backup power and vehicle charging through intelligent EMS.
Virtual net-metering & community solar software: Satellite innovators enabling collective
energy sharing across multiple rooftops through transparent billing and credit settlement.

Key Takeaway for Senior Management

CEO / Managing Rooftop solar is becoming an energy-platform and
Director infrastructure business, not EPC

* Top players are building portfolios (multi-site, multi-customer,
multi-asset) rather than just executing installs

* Enhancing platform capabilities: financing + digital monitoring +
O&M + customer lifecycle management

Supporting Signal: C& RESCO models, long-term PPAs, and
energy-as-a-service are replacing pure CAPEX procurements

Finance Largest value lies in asset aggregation, refinancing, and

recurring cash flows

* Revenue stack: PPAs, leases, O&M contracts, storage add-ons,
digital services

* Financial upsides: refinancing, securitization of asset portfolios,
yield compression, tax credits
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Examples: Asset SPVs, warehouse financing, pooled rooftop
vehicles, green bonds, InvIT migration

Supporting Signal: Investors prefer portfolios over standalone
assets due to credit quality + diversification

Strategy Differentiation comes from integration, finance, data, and
sector focus

* Integration spans: EPC + finance + O&M + software + sector
specialization

* Sector specialization improves customer acquisition costs and
lowers execution risk (e.g., Retail vs Warehousing vs Pharma vs
Datacenters have different load shapes and rooftop geometries)
* Business models: CAPEX, RESCO/OPEX, leasing, hybrid
financing, multi-asset bundles (solar + storage + EV charging)
Supporting Signal: Top players globally are differentiating via
tailored sector solutions + financing models

Sustainability Rooftop solar is a monetizable ESG tool, not just a
compliance item

* Corporates are using rooftop solar to reduce Scope 2 emissions
and meet renewable procurement targets

» Export-linked sectors use it to satisfy supplier decarbonization
requirements (e.g., CDP, RE100, SBTi, CBAM)

Monetization pathways: ESG-linked lending, green loans,
tax-efficient financing, premium customer segments

Supporting Signal: Sustainability office is increasingly influencing
procurement decisions in C&l

Digital Software, data, and Al are future competitive drivers

* Digital stack includes: asset monitoring, predictive O&M,
performance benchmarking, warranty analytics, and forecasting

* Al use-cases: anomaly detection, degradation prediction, load
optimization, demand-charge management, PPA-billing
automation

Future ecosystem: rooftop solar + energy storage + EV charging
+ EMS (Energy Management System)

Supporting Signal: Digital unlocks yield improvement + contract
transparency + bankable performance

Next Steps for Corporate Leaders

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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Solar & Wind
Solar & Wind Power EPC

This section provides key inputs on Indian Solar & Wind Power EPC
Opportunities for corporate leaders.

CO3@EAI
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Opportunity Snapshot: Solar & Wind Power EPC

Market Signals

e Massive project pipeline, as India
targeting S00GW non fossil capacity
by 2030

e Growth driven by utility-scale+
hybrid+ RTC projects

e Annual Market size by 2030:
%30,000- 35,000 Cr

Why It Matters NOW?

e Strong pipeline of large-scale solar
parks, wind farms, hybrid projects

e Shift toward round-the-clock (RTC)
renewable projects increasing EPC
complexity

e Increasing private sector participation
+ developer activity

Key Challenges

e Margin pressure due to intense
bidding competition

e Execution challenges: land
acquisition, approvals, supply chain
delays

e Working capital intensity due to long
project cycles

CO3@EAI

Designing and building renewable energy projects from procurement to commissioning..

What or It?

e Execution capability at scale (multi-GW
projects, strict timelines)

e Strong procurement network (modules,
turbines, BoS components)

Well Aligned Opportunity for

e Infrastructure & construction companies

e Existing EPC contractors scaling into
renewables

e Integrated developers (IPP + EPC
capability)

Business Models

e EPC contracts with utility-scale
developers (SECI, NTPC, private IPPs)

e Hybrid project execution (solar + wind
+ storage)

e Strategic partnerships with equipment
suppliers + developers
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Introduction and Business Case

Engineering, Procurement and Construction (EPC) companies are the execution backbone of
India’s renewable energy build-out. They deliver utility-scale solar and wind farms, integrating
design, procurement, construction and commissioning into bankable assets.

For India, EPC firms implementing solar and wind power plants are critical to meeting the 500
GW renewable targets by 2030, ensuring timely, cost-efficient delivery and enabling hybrid +
storage integration. With global capital pouring into RE, strong EPC capacity is a strategic
enabler of scale and competitiveness.

Not surprisingly, the Indian renewable energy EPC segment has seen tremendous growth
supported by corporate and entrepreneur interest.

Market Potential for Solar & Wind Power EPC in India

Year | Market Size(Z Cr) - Capacity Outlook Drivers
Net revenues

2025 15,000-20,000 30-35 GW annual SECI/NTPC auctions, C&l solar
installs demand.

2030 30,000-35,000 50-60 GW annual 500 GW RE target, hybrids, RTC
installs tenders.

2040 50,000-60,000 75-80 GW annual Net Zero 2070 pathway, export-led
installs RE clusters.

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Utility-scale solar
power plants

Large ground-mounted
solar parks (100 MW-5
GW+)

EPC, EPC + O&M,
EPC + financing
support

Largest EPC volume
driver

Onshore wind Large wind farms (50 EPC, EPCM, Core wind EPC
farms MW-1 GW+) OEM-led EPC segment
Offshore wind Fixed-bottom and floating EPC, EPCM, High-margin,
farms offshore wind projects multi-contract high-barrier,

fastest-growing wind
segment

Hybrid renewable

Solar + wind co-located

EPC, turnkey

Optimizes land &

projects plants hybrid transmission; growing
rapidly
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RTC / Firm
renewable power
projects

Round-the-clock
renewable supply

EPC + long-term
Oo&M

Key to replacing fossil
baseload

Solar + battery
storage projects

Grid-scale storage, peak
shaving

EPC, EPC +
performance
guarantees

Storage is becoming
mandatory in new EPC
scopes

Commercial &
Industrial (C&I)
captive plants

Captive solar/wind for
factories & campuses

EPC, EPC +
wheeling support

High-margin, repeat
corporate customers

public sector
projects

programs

Distributed & Rooftop PV for buildings EPC, RESCO High volume, lower
rooftop solar ticket size

Repowering & life | Wind turbine upgrades, EPC Cost-effective capacity
extension solar revamps increase

Government & National solar/wind EPC Policy-driven scale

creation

Typical Project Capacities & Investments Required in India

Project Type Typical Indicative EPC All-in CapEx (Z Cr)
Capacity Cost (X Cr/MW)
Utility-scale Solar PV (fixed-tilt | 50-500 MWp 3.3-3.8 165-1,900
/ seasonal tilt)
Utility-scale Solar PV 50-500 MWp 3.7-4.3 185-2,150
(single-axis tracker)
Hybrid Solar + Wind 100-800 MW 4.0-5.0 (blend) 400-4,000
(co-located)
Onshore Wind (2-4 MW 50-300 MW 6.0-7.5 300-2,250
turbines)
Solar + BESS (0.5-2 hours) 50-300 MW + PV: 3.5-4.2; BESS: | PV +%75-270 Cr (for
25-300 MWh 3.0-4.5 /kWh 25-60 MWh)
Wind Repowering (legacy 50-150 MW 5.5-7.0 275-1,050
250-1,000 kW)
C&l Solar (ground/carport) 5-50 MWp 3.5-4.2 18-210
CO3@EAl
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Underlying Technologies & Processes

Element Options Key Traits

Solar EPC Fixed-tilt, single-axis tracking PV | Drives LCOE; trackers improve yield
farms; rooftop EPC 15-20%.

Wind EPC Onshore wind farms; hybrid Site-specific logistics; turbine OEM
wind-solar integration partnerships key.

Hybrid EPC Solar + wind + BESS Ensures round-the-clock renewable

supply.

Construction Module mounting, cabling, Speed and cost control critical for IRR.

processes turbine erection

Digital Drones, Al-based site monitoring, | Improves construction speed, O&M

enablement SCADA systems efficiency.

O&M services

Predictive maintenance, cleaning
robots, digital twins

Long-term asset reliability and IRR
enhancement.

Hybrid PV + BESS (DC-coupled / Supports energy smoothing,
Solar-Battery AC-coupled) curtailment reduction, higher
Systems renewable penetration

SCADA & Weather, load, and generation Mandatory for grid compliance;
Forecasting forecasting reduces imbalance charges; improves
Systems scheduling accuracy

Substation &
Evacuation Infra

Step-up substations,
transmission lines, pooling
stations

Often the bottleneck; determines
project viability & commissioning
timelines

Asset Predictive analytics, alarms, Improves uptime, reduces O&M costs,
Performance degradation tracking extends asset life, increases IRR
Management

(APM)

Repowering & Turbine repowering, inverter Extends life and boosts output for
Retrofit replacement, module upgrades aging assets, particularly in wind-heavy

states

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Margin Aggressive tariff | Reduced Reverse Need
Compression & | discovery profitability and | auctions by differentiation via
Competitive leading to working capital SECI/NTPC; engineering,
Bidding cost-driven EPC | strain large developer | hybridization,
Pressure awards; bargaining lifecycle services

CO3@EAI
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commoditization power
of EPC services
Supply Chain Module/turbine Project cost ALMM Strategic
Volatility & price overruns and requirements, procurement
Localization fluctuations, execution delays | import duties, planning and
Policies logistics domestic supplier
disruptions, manufacturing diversification
dependency on transition, essential
imports geopolitical
tensions
Land, Grid Land acquisition | Project timeline | State-specific Early-stage site
Connectivity & delays, risks and cost policies, grid diligence and grid
Regional transmission escalation congestion in intelligence critical
Execution availability, high RE states
Complexity evacuation (Rajasthan,
constraints Gujarat, Tamil
Nadu)
Offtaker Risk & | DISCOM Cash flow State DISCOM Strong
Payment Delays | financial health uncertainty and | payment cycles; | counterparty
affecting financing curtailment risks; [ assessment and
payments; challenges policy changes contract
contract structuring
renegotiation required
risks
Capital Intensity, | Large upfront Balance sheet Increasing Asset-light
Execution Risk procurement pressure for performance models, strategic
& Working costs, EPC firms requirements, partnerships, and
Capital Needs performance bank guarantee | digital project
guarantees, and burdens, rising management
construction financing costs needed
risks

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Energy

Sterling & Wilson Renewable

India’s largest RE EPC; >10 GW solar executed globally.

Tata Power Solar

EPC for large-scale solar + rooftop; integrated modules to
projects.

L&T Construction (Power
Transmission & Distribution)

Large utility-scale solar, wind and hybrid RE parks.

Adani Infra

In-house EPC for Adani Green’s massive RE pipeline.
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Mahindra Susten

EPC & Operations & Maintenance (O&M) services.

Shapoorji Palloniji Infra

Solar EPC in India and international markets.

Avaada / ReNew / Azure

Developer-EPC hybrids executing RE parks.

Saatvik Green Energy

Gaining prominence for its high-efficiency modules and
growing EPC presence for commercial and industrial projects

Bondada Engineering

Emerging as a notable player in solar project execution

Suzlon Energy

A major Indian wind turbine manufacturer and EPC provider

Vestas India & Siemens
Gamesa

Global leaders with strong Indian footprints in wind

Inox Wind

Another significant player in the wind energy sector

Innovation Perspectives

Innovation Business Opportunity For Senior Management
From EPC to End-to-end delivery: Controls project outcomes, not
Energy-Infrastructure generation + storage + just construction

Integrator evacuation + grid services

Hybrid & RTC-Focused EPC

Premium EPC for firm,
dispatchable renewable
power

Utilities want reliability, not just
MW

Grid-First EPC Strategy

EPC for substations,
transmission, STATCOM,
HVDC

Grid EPC is becoming higher
value than generation EPC

Asset Aggregation & Portfolio
EPC

Portfolio-based EPC for IPPs
& corporates

Reduces execution risk & cost
volatility

Offshore & Floating Wind
Specialization

High-margin, high-barrier
EPC niche

Limited capable EPCs globally

EPC + Financing Enablement

EPCs offering bankability
support

Faster financial closures

Digital EPC & Al-Led
Execution

Al-based scheduling,
procurement, quality control

Cuts delays & cost overruns

Floating Solar & Hybrid
Water-Energy Systems

EPC for floating solar + hydro
hybrids

Unlocks new geographies

Localized EPC + supply chain Policy alignment & cost
Manufacturing-Linked EPC localization advantage
CO03@EAI
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Energy Transition EPC EPC for integrated RE-to-H. | Early mover advantage in H:
(Hydrogen-Linked) systems

Concentric & Satellite Opportunities

e |land aggregation & social-license firms: Concentric specialists securing contiguous

parcels, community buy-in and expedited permits for faster NTP.

e Foundation & geotech innovators: Rapid piling, micro-pile and rock anchor systems
reducing civil cost and monsoon risk.

e FErection heavy-lift logistics networks: Crane pools, blade transport adapters and
just-in-time sequencing to compress schedules.

e SCADA/analytics & digital twins: Satellite platforms driving PR/PLF uplift, predictive
maintenance and warranty claim intelligence.

e Spare-parts localisation & service hubs: Gearboxes, blades, inverters and trackers with
regional depots for <72-hr MTTR.

e Hybridisation & BESS integrators: Adding storage/STATCOMs for peak/ancillary
revenues and grid-code compliance.

e Repowering & decommissioning services: Asset recycling, resale of components and
environmental compliance at end-of-life.

e Green finance & insurance products: Performance wraps, curtailment cover and FX
hedges packaged for EPC + IPP portfolios.

Key Takeaway for Senior Management

EPC is no longer a Competitive advantage now lies in integration (grid, storage,
build-only business hybrids), not just construction capability

Why: Customers and regulators are demanding integrated
outcomes (dispatchability, grid compliance, land+evacuation,
forecasting), not just MW installed.

Sub-components: grid interconnection, SCADA integration,
storage coupling, hybrid plant layout, substation works,
transmission coordination.

Examples: SECI's RTC & peak power tenders require solar +
wind + BESS integration; DISCOMs require forecasting &
scheduling compliance; C&l buyers require metering + billing +
open access paperwork.

Value pools have shifted Grid EPC, hybrid/RTC projects, and lifecycle services offer higher
away from pure MW and more durable returns

installation Why: EPC margins are decreasing (commoditization + bid
competition + performance guarantees); returns are higher in
adjacent areas.
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High-value areas: grid EPC, hybrid/RTC projects, evacuation
infra, storage EPC, O&M, repowering, digital asset management.
Examples: Grid EPC has higher barriers (permits, SLDC
coordination, ROW, safety compliance); O&M contracts deliver
multi-year annuity revenue; repowering older wind assets provides
high IRR.

Capability fit matters more
than market size

Focus on areas where existing strengths can be leveraged quickly
Why: Renewable EPC TAM is large, but competitive advantage
depends on capability overlap (not TAM alone).

Examples of capability fit:

« companies with electrical BOP expertise excel in grid EPC

» companies with logistics + crane + heavy civil experience
migrate into wind EPC

« companies with digital + controls excel in hybrid storage projects
That is: Winning is about adjacency leverage, not broad
diversification.

Partnerships are a
strategy, not a weakness

Offshore wind, storage-heavy EPC, and hydrogen require
JV/acquisition-led entry

Why: Certain segments require OEM licensing, certification, or
global partners — not feasible to build entirely in-house.
Examples:

» Offshore wind EPC: requires partnerships with turbine OEMs +
marine contractors (e.g., DEME, Van Oord)

« Storage EPC: needs integrators for BESS, PCS, EMS (e.g.,
Fluence, Wartsila, Sungrow)

» Hydrogen-linked renewables: requires electrolyzer OEM +
ammonia/biofuel offtake partners

Digital and grid expertise
are future moats

Software, data, and grid integration skills will differentiate EPCs
Why: Future competitive differentiation sits in performance +
availability + compliance rather than pure construction.

Digital stack examples: predictive O&M, digital twins, IV curve
analytics, SCADA, EMS, drone QA/QC, automated bid/forecasting
tools.

Grid expertise components: load flow modeling, protection
systems, scheduling/forecasting compliance, metering, SLDC
protocols, dispatch coordination.

Regulatory literacy is
becoming operationally
critical

Why: Execution is bottlenecked by interconnection, open access
rules, grid codes, and scheduling penalties — not module supply.
Sub-components: land conversion rules, open access approvals,
banking rules, REC/attribute eligibility, SLDC interface, PPA
clauses, deviation penalties, SCADA mandates.

Examples: Peak & RTC tenders penalize under-generation; C&l
open access varies by state; hybrid PPAs require specific injection
compliance.

That is: EPC teams without policy competence risk
commissioning & payment delays.
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Lifecycle monetization
opportunities are
expanding

Why: Post-completion phases offer recurring revenue and IRR
enhancement for project operators.

Sub-components & monetizable items:

* O&M contracts (10-25 years)

* predictive maintenance services

* repowering / component retrofits

« digital asset management platforms

 warranty & performance assurance

Examples: Wind repowering in Tamil Nadu; robotic PV cleaning in
arid regions; digital twins improving dispatch & degradation
models.

That is: Lifecycle services convert EPC from a transactional to a
platform revenue business

Next Steps for Corporate Leaders

Solar and wind EPC markets are expanding as corporate clean energy demand grows through
captive projects, group captive structures, open-access PPAs, and utility-scale procurement.
EPC capabilities are maturing across engineering design, procurement, logistics, construction,
and O&M, while supply chains continue to adapt to localization mandates, quality expectations,
and asset lifecycle requirements.

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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Solar & Wind
Solar & Wind Power Project Development

This section provides key inputs on the Indian Solar & Wind Power Project
Development Opportunities for corporate leaders.

CO3@EAI
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Opportunity Snapshot: Solar & Wind Power Projects
Development

Own, and operate renewable energy assets, and generate revenue via power sales.

Market Signals

e Massive capacity buildouts with
annual additions of 35-50 GW solar
and 10-15 GW wind

e Shift toward RTC (round-the-clock)
and hybrid projects

e Annual Market size by 2030:
%2,00,000- 2,50,000 Cr

Why It Matters NOW?

e Strong demand from DISCOMs &
corporates

e Net-zero commitments driving C&I
renewable procurement (open access)

e Hybrid and storage integration
improving grid reliability & returns

Key Challenges

e [and acquisition and permitting
delays

e DISCOM payment delays causing
counterparty risks

e High capital intensity with long
gestation periods

CO3@EAI

What or It?

Payment security through long term
PPA’s with reliable counterparties
Access to low-cost capital (debt +
equity) to improve project IRRs
Execution capability in land acquisition,
approvals, and grid connectivity

Well Aligned Opportunity for

Independent Power Producers (IPPs)
Infrastructure funds / sovereign wealth
funds

Large corporates (captive renewable
consumption)

Business Models

Participate in SECI/NTPC auctions for
utility-scale projects

Develop C&I open access projects for

corporate clients

Building of hybrid portfolios (solar +

wind + storage)
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Introduction and Business Case

Project developers are the owners of India’s renewable energy assets, responsible for land
acquisition, permits, financing, design, construction and operation. They convert policy targets
into bankable projects, driving long-term cash flows through power purchase agreements

(PPAS).

For India, solar and wind project developers are central to achieving the 500 GW renewable
target by 2030, reducing fossil dependence and meeting corporate and utility demand for
round-the-clock green power.

A wide variety of business stakeholders across India have invested in becoming renewable

energy developers.

Market Potential for Solar & Wind Power Project Development in India

Year Market Size Capacity Outlook Drivers
(X Cr)
2025 | 1,25,000-1,50,000 [ 30-35 GW annual SECI/NTPC auctions, C&l demand,

installs

installs hybrid projects.

2030 [ 2,00,000-2,30,000 [ 50-60 GW annual 500 GW RE target, RTC RE PPAs,
installs storage integration.

2040 | 3,00,000-3,50,000 | 75-80 GW annual Net Zero 2070 pathway, green hydrogen

hubs, export-linked clusters.

Market Segments and Applications

Segment

Applications

Business Model

Key Drivers

Utility-scale solar
power projects

Large ground-mounted
solar parks (100
MW-5 GW+)

Long-term PPAs,
auctions

Core volume driver

Onshore & offshore
wind power projects

Wind farms (50 MW-1
GW+) & Fixed-bottom
& floating offshore

PPAs, merchant
+ PPA &
Contracts for

Stable, mature segment
with repowering upside &
High-barrier, high-capex,

storage projects

peak shifting

payments, PPAs

wind farms Difference, PPAs | long-term value
Hybrid renewable Co-located solar + Hybrid PPAs Better land & grid
projects wind plants utilization
Solar + battery Grid-scale storage, Capacity Storage becoming

mandatory
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C&l captive /
open-access projects

Captive solar & wind
plants

Captive PPAs,
Open Access

High-margin, sticky
customers

Floating solar projects | Reservoirs, dams, PPAs Solves land constraints
water bodies

Green Renewable supply to Long-term Emerging large-scale

hydrogen-linked electrolysers supply contracts | demand

projects

Public-sector
renewable programs

National renewable
missions

Tenders, PPAs

Policy-driven scale

Data center &
hyperscale power

24x7 clean power for
Data Centers

Long term PPAs

High-credit, premium
pricing

Portfolio acquisition &
platform build-up

Buying operating &
pipeline assets

M&A, asset
recycling

Scale & capital efficiency

Typical Project Capacities & Investments Required in India

Project Type Typical Indicative All-in CapEx Program Size
Capacity (¥ Cr/IMW) (X Cr)

Utility-Scale Solar PV 50-500 3.6-4.5 180-2,250
(fixed/trackers) MWp
Onshore Wind (2-4 MW 50-300 MW | 6.5-8.0 325-2,400
turbines)
Co-located Solar-Wind 100-800 4.6-6.2 (blend) 460-4,960
Hybrids MW
Solar + BESS Hybrids 50-300 MW | PV: 3.8-4.6; BESS: PV +%80-320 Cr
(0.5-2 h) + BESS 3.2-4.8/kWh (25-70 MWh)
Solar Parks (developer-led 500-2,000 3.4-4.2 1,700-8,400
cluster) MWp
C&l Open Access / Group 5-50 MWp | 3.8-4.8 19-240
Captive

Underlying Technologies & Processes
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turbines), offshore (early-stage)

with high potential.

Element Options Key Traits
Solar PV Utility-scale ground-mount, Proven, low LCOE; floating solar saves
floating solar land.
Wind power Onshore wind (2-5 MW Onshore mature; offshore emerging

Hybrid projects

Solar + wind + BESS

tenders.

Firm, dispatchable RE; aligns with RTC

Project
development

Land acquisition, permits, PPA
structuring, EPC tie-ups

speed.

Determines bankability and execution

Financing models

Corporate PPAs, SEClI/state
PPAs, InvITs

capital.

Long-term visibility; attracts global

Digital enablement

SCADA, Al-based forecasting,
digital twins

enhances IRR.

Improves yield, reduces curtailment,

Energy Trading &
Markets

LFP, NMC, flow batteries, LDES
(emerging)

Enables peak pricing, arbitrage, grid
services; improves dispatchability and
merchant optionality

Grid
Interconnection

Substations, ISTS/STS
connectivity, SLDC integration

the key bottleneck

Determines curtailment, scheduling
penalties, and PPA bankability; often

Storage System

LFP, NMC, flow batteries, LDES

Enables peak pricing, arbitrage, grid

(BESS) (emerging) services; improves dispatchability and

merchant optionality

Key Challenges

Challenge Key Issues Business India Specific Strategic
Area Impact Implications
Land Securing Project delays, | State-level land Early-stage site
Acquisition & contiguous land | increased policies, diligence and
Grid parcels and development transmission strong grid
Connectivity timely grid costs, risk of bottlenecks, high intelligence
Constraints evacuation stranded congestion in RE essential
approvals assets hubs (Rajasthan,
Guijarat, Tamil Nadu)
Offtaker & Payment delays, | Revenue DISCOM financial Diversified
Contractual curtailment risk, | uncertainty health, policy offtaker mix and
Risk (DISCOM | PPA and financing | variability across strong contract
/ Corporate renegotiation challenges states, evolving structuring
PPAs) concerns open-access required
regulations
Financing & High upfront Balance sheet | Rising interest rates, | Platform-scale
Capital development pressure and currency risk for portfolios and
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Intensity capital, long slower scaling | imported innovative
gestation components, financing
periods, evolving green structures critical
refinancing finance landscape
dependence

Supply Chain Module/turbine Cost ALMM mandates, Strategic

& Technology price volatility, escalation or localization push, procurement

Timing Risk technology suboptimal geopolitical timing and
upgrades, technology dependencies on supplier
domestic content | selection imports partnerships
rules needed

Policy Changing Development | Variations in open Policy monitoring

Uncertainty & [ regulations, pipeline access charges, and geographic

Regional approval delays, | unpredictability | land norms, and diversification

Execution and incentives across become strategic

Complexity state-specific states advantages
compliance
requirements

Prominent Players in the Indian Market

Company / Entity

Focus Areas

Adani Green Energy

India’s largest RE developer; >10 GW operational, >15 GW
pipeline.

ReNew Power (ReNew
Energy Global)

Utility-scale solar, wind, hybrid and storage projects nationwide.

Tata Power Renewable
Energy

C&l and utility RE development; >4 GW operational capacity.

Azure Power

Utility-scale solar parks; early entrant with SECI and state PPAs.

Greenko Group

RE + pumped hydro hybrids; 50 GWh storage-linked projects by
2030.

NTPC Renewable Energy
Ltd.

State-owned RE developer; large utility-scale projects.

JSW Energy

Scaling the renewable pipeline across solar, wind and hybrids.

Sembcorp Green Infra

Singapore-backed developer with multi-GW wind/solar portfolio.

Suzlon Energy

A veteran in wind turbine manufacturing and hybrid solutions

Inox Wind

Wind turbine manufacturer with high demand

Vestas India & Siemens
Gamesa

Global turbine manufacturers with strong Indian presence

GE Renewable Energy

Key international player in wind
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CleanMax and Fourth
Partner

RE developer focussed on C&l

Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

From MW deployment to firm
power delivery

RTC / firm renewable power
platforms

Enables premium PPAs vs
auction tariffs

Hybrid-first development
strategy

Co-located solar + wind
projects

Better land & grid utilization,
higher PLF

Storage-led project
development

Solar/Wind + BESS-led
projects

Storage unlocks new revenue
streams

Offshore & floating wind
specialization

Focused offshore wind
platforms

High-entry-barrier, long-life
assets

Green hydrogen—linked
renewables

Dedicated RE-to-H. power
blocks

Strategic optionality for next
decade

Data-center & hyperscaler
solutions

Customized firm power for
data centers

High-credit, long-term
customers

Floating solar & water-energy
nexus

Reservoir-based solar +
hydro hybrids

Unlocks new geographies

Digital-first development &
operations

Al-led forecasting, predictive
ops

Improves IRR over asset life

Portfolio-based customer
solutions

Multi-country, multi-asset
PPAs

Sticky, long-term relationships

Corporate decarbonization
platforms

End-to-end corporate PPA +
ESG solution

Moves sales to CFO/Board
level

Concentric & Satellite Opportunities

e Land & community consent platforms: Digital title diligence, drone surveys and
benefit-sharing toolkits that compress NTP timelines and de-risk disputes.

e Grid & market analytics engines: Al tools co-optimising site selection, curtailment risk
and RTC/peak bids with BESS sizing.

e Hybridisation & repowering studios: Packages to add BESS or repower wind, lifing CUF
and unlocking new revenues without new land.

e ESG & biodiversity services: Avifauna/CRZ assessments, mitigation design and
continuous monitoring for permits and lender compliance.
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e Localised logistics & heavy-lift pools: Blade/tower transport adapters, shared crane fleets
and monsoon-proof execution playbooks.

e Performance & warranty intelligence: Drone thermography, SCADA twins and claim
analytics to defend PR/PLF and reduce O&M drift.

e Corporate PPA marketplaces: Structured OA/group-captive match-making with standard
contracts, payment security and REC/ICM stacking.

e Floating solar anchors/Offshore wind buoys: Modular mooring for reservoirs/canals;
Wave/current sensors for monopile/site feasibility.

Key Takeaway for Senior Management

Shift from capacity
developer — reliable clean
energy solution provider

Compete on firm, reliable power and decarbonization
outcomes—not lowest tariffs

Why: Value is migrating from “capacity installed” to energy
delivered, dispatchability, and carbon outcome guarantees.
Examples: SECI| Round-the-Clock (RTC) tenders; Peak power
tenders; C&l buyers demanding 24x7 RE supply; hybrid PPAs.
Competitor shift: Developers differentiate on firm power,
integration, and availability, not just lowest tariff bids.

That is: Corporate buyers pay premium for reliable delivery +
carbon outcomes, not just electricity

Storage is no longer
optional

Future-proof portfolios by embedding storage and dispatch
capability early

Why: Curtailment, scheduling/imbalance penalties, and RTC
tenders are making storage a standard design element.
Examples: BESS paired with wind/solar; DC/AC coupling;
co-located battery sites; storage-based ancillary services.
Investor implication: Storage adds optional revenue stack —
peak pricing, arbitrage, grid services, reduction in deviation
penalties.

That is: Storage makes portfolios future-proof and
merchant-ready as India moves toward market-based dispatch

Corporate PPAs are a
strategic growth engine

Move from auction dependence to long-term, high-credit
corporate customers

Why: C&l buyers are decarbonizing voluntarily to meet
CBAM/SBTI/RE100/ESG pressures.

Examples: Open Access, Group Captive, Direct Bilateral PPAs,
Virtual/Financial PPAs (emerging), Green Attribute bundles.
Investor advantage: High-credit corporate offtakers unlock
premium pricing vs regulated auctions and reduce counterparty
risk.

That is: Corporate PPAs reduce tender dependence and enable
long-term platform scaling
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Offshore wind and Offshore wind and hydrogen are selective bets

hydrogen are selective Why: These sectors require capex-heavy infrastructure, OEM
bets specialization, policy certainty and global partnerships, unsuitable
for broad-based deployment.

Examples: Offshore requires subsea cables, foundations, marine
EPC; hydrogen requires electrolyzers + ammonia/fuels + storage.
Strategic approach: Best entered via JV/acquisitions, not
greenfield.

That is: These are optionality investments for corporates with
balance sheet strength, not growth plays applicable to all.

Data and digital tools lift Forecasting, optimization, and predictive O&M materially improve
lifetime IRR asset value

Why: Digital improves Plant Load Factor(PLF), availability, and
risk-adjusted returns across the lifecycle.

Examples: Forecasting engines, optimization tools, digital twins,
predictive maintenance, PLF benchmarking, curtailment
analytics.

Investor relevance: Uplifts IRR through yield gains, O&M cost
reduction, and lifetime degradation management.

That is: Digital transforms renewables from static infrastructure
plays into optimized financial assets.

Next Steps for Corporate Leaders

Solar and wind project development is accelerating as corporates pursue decarbonization,
RE100 commitments, and long-term cost visibility through captive, group captive, and open
access models. Development pipelines are maturing across land banking, interconnection
studies, permitting, financing, and PPA origination, while policy evolution and storage
economics shape the next wave of firm/dispatchable clean power offerings.

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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Solar & Wind
Clean Energy Asset Aggregation

This section provides key inputs on India’s Clean Energy Asset Aggregation
Opportunities for corporate leaders.
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Opportunity Snapshot: Clean Energy Asset Aggregation

Consolidate multiple renewable assets into portfolios for long term financial returns

Market Signals What or I?

e Rapid renewables build-out e Ability to acquire high-quality,
leveraging fragmented assets across operational assets with stable PPAs
developers e Financial structuring capability (InvITs,

e Growth of InvITs/yield platforms as refinancing, yield optimization)
exit and monetization route e Strong portfolio management

e Annual Market size by 2030: (performance monitoring, risk
%35,000 - 40,000 Cr diversification)

Why It Matters NOW? Well Aligned Opportunity for

e Developers looking to monetize e Infrastructure funds, PE, sovereign
operational assets and recycle capital wealth funds

e Investors seeking stable, e Large IPPs looking to scale portfolios
yield-generating infrastructure assets e Financial institutions/platform builders

e (onsolidation trend ; portfolio scale (InvIT sponsors)

improves valuation multiples

Key Challenges Business Models

e Asset quality variability (PLF, e Acquire operational renewable assets
contracts, counterparty risk) from developers

e Complex structuring (InvITs, SPVs, e Launch InvIT/yield platforms for
regulatory approvals) portfolio aggregation

e Integration challenges across
multi-asset portfolios
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Introduction and Business Case

India’s clean energy growth has been led by fragmented projects across rooftop solar, C&l
renewables, small hydro, bioenergy and distributed storage. Asset aggregation platforms bundle
these projects into scalable portfolios, unlocking institutional capital, improved risk-return
profiles and secondary market liquidity.

For developers, it means access to cheaper financing; for investors, it provides diversified
exposure to the energy transition. Asset aggregation provides a key missing link between
project-level development and large-scale capital markets in India’s clean energy journey.

As Indian’s clean energy and energy transition ecosystems accelerate, expect the value of such
aggregation to accelerate too.

Market Potential for Clean Energy Asset Aggregation in India

Year Market Size (¥ Cr Assets Drivers
Under Management)

2025 10,000-12,000 Rooftop solar, small wind, biomass, early REIT/InvIT
structures.

2030 35,000-40,000 Aggregation of C&l solar + storage portfolios; InvITs
mainstream.

2040 75,000-1,00,000 Mature secondary market; integration of EV infra,
storage, hybrid RE projects.

Market Segments and Applications

Segment Applications Business Model Key Drivers

Utility-scale renewable | Large solar & wind YieldCo, Core scale driver;

portfolios plants bundled across | infrastructure stable long-term returns
regions ownership

Offshore wind Multi-project offshore | Co-investment, High-barrier,

portfolios wind platforms fund-based infrastructure-grade

aggregation assets

Distributed solar Rooftop & small Virtual aggregation, | Unlocks fragmented

aggregation ground-mounted platform model distributed value
plants

C&l captive & Aggregated plants Portfolio PPAs High-margin, sticky

open-access portfolios | supplying industries customers
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Hybrid & RTC
portfolios

Firm renewable power
portfolios

Firm power
aggregation

Premium pricing, grid
relevance

Distributed energy

Virtual power plants

Software-led

Digital, recurring

resource (DER) (VPPs) aggregation revenue

aggregation

Green Renewables Long-term offtake Strategic future energy
hydrogen-linked dedicated to H: aggregation vector

portfolios production

Strategic future energy
vector

24x7 clean power
supply

Portfolio PPAs

High-credit premium
demand

Private infrastructure Long-term renewable | Fund-based Institutional capital
funds ownership aggregation mobilization
Multi-technology clean | Integrated clean Platform Future-proof energy
energy platforms energy ecosystems aggregation systems

Typical Project Capacities & Investments Required in India

Portfolio Type Typical Scale Indicative Notes
Capital (¥ Cr)
C&l Rooftop Solar 50-150 MWp 200-600 Multi-tenant PPAs; SPV/InvIT
Portfolio across 50-200 ready; O&M centralised.
sites
Behind-the-meter 100-300 MWh 450-1,800 Peak-shaving/backup revenues;
BESS Portfolio performance-guarantee
contracts.
Open-Access 200-500 MW 800-2,000 Sleeved corporate PPAs;
Solar/Wind Pool scheduling/settlement at scale.
Rooftop + EV 30-80 MWp + 250-700 City/SEZ clusters; tariff +
Chargers (Urban 1,000-3,000 charging revenue stack.
clusters) chargers
Distributed Bio/Cogen | 20-60 MW across | 120-350 Firming portfolios; carbon
+ Solar Hybrids mills/SMEs credits included.
Mixed DER VPP 150-400 MWp + 1,000-3,000 Virtual Power Plant dispatch;
(solar+BESS+DG) 200-600 MWh ancillary/peak products.
CO03@EAI
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Underlying Technologies & Processes

Element

Options

Key Traits

Asset Classes

Rooftop & C&l solar, wind farms,
hybrid RE, storage, EV infra

Fragmented assets bundled for scale.

Financial
Structures

InvITs, YieldCos, securitisation,

green bonds

Enable aggregation, refinancing, liquidity.

Digital Platforms

Al/loT-based monitoring of

Ensures performance transparency and

portfolios investor confidence.
Risk PPA-backed cashflows, credit Improves bankability and lowers cost of
Management enhancement, insurance capital.
Secondary Institutional buyers, pension Expands investor base for long-term
Market funds, sovereign wealth funds capital.

Key Challenges

& Financing
Structure

capital for
acquisitions;
refinancing risk;
interest rate

IRR; reliance on
debt markets;
long payback
cycles

bidding reduces
tariffs, tightening
margins for
aggregators

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications
Off-taker Risk & | DISCOM Cash flow State DISCOMs | Diversify off-takers
Revenue financial health, [ uncertainty; have varying (C&l, open access,
Certainty payment delays, | financing creditworthiness; | green energy
renegotiation challenges; delayed contracts); strong
risks, tariff reduced investor | receivables risk assessment
pressures confidence common
Policy & Changing Project Policy variation | Multi-state
Regulatory open-access structuring across states strategy; policy
Complexity rules, banking challenges; affects monitoring; flexible
charges, grid investment scalability of asset structuring
regulations, delays; aggregated
renewable compliance portfolios
policies costs
Capital Intensity | High upfront Pressure on Competitive Innovative

financing (InvlTs,
green bonds),
operational
efficiency to
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sensitivity enhance yield
Operational Managing Performance Geographic Digital asset
Integration & diverse assets risk; higher dispersion and management,
Asset (solar, wind, operational grid variability predictive
Performance storage); costs; increase analytics,
forecasting integration management centralized
variability; O&M | challenges complexity monitoring
complexity platforms
Supply Chain & | Equipment Capex volatility; | Dependence on | Strategic
Geopolitical imports, project delays; imported procurement
Exposure currency risks, investment components and | planning; local
global price timing risk evolving trade sourcing; phased
fluctuations policies expansion
impacting strategies
expansion

Prominent Players in the Indian Market

Company / Entity

Project Details

ReNew Power

One of the first to explore asset aggregation platforms for RE projects.

Greenko

Bundling large RE + storage assets into scalable portfolios.

Azure Power

Aggregating solar assets under long-term PPAs; potential InvIT
candidate.

Adani Green

Scaling portfolios across solar/wind hybrids for potential aggregation.

NTPC Green Energy

Government-backed RE subsidiary; aggregation to attract
institutional investors.

Fourth Partner Energy

Provides comprehensive asset management for its vast renewable
energy portfolio (solar, wind, hybrid), using an Al-backed Remote
Monitoring System (RMS)

Cleanmax Energy

Its energy asset management involves sophisticated, tech-driven
oversight of renewable energy plants (solar, wind, hybrid)

Innovation Perspectives

Innovation

Business Opportunity For Senior Management

From asset ownership to

Multi-country, multi-technology | Lowers WACC and risk
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portfolio platforms aggregation platforms
Digital aggregation & Virtual Software-led aggregation of Data & control platforms
Power Plants (VPPs) DERs
Corporate decarbonization Aggregated corporate PPAs + Sticky, long-term demand
platforms carbon attributes
Storage & flexibility as a Storage-first aggregation New revenue streams
portfolio layer strategies
New revenue streams Consortium-based offshore Risk sharing
portfolios
Hydrogen-linked renewable Hydrogen-linked renewable Strategic optionality
portfolios portfolios
Repowering & brownfield Acquisition + upgrade portfolios | Lower-risk growth
aggregation
Al-driven asset performance | Al-driven asset performance Higher IRRs
optimization optimization
Multi-technology energy Integrated renewables + Future-proof platforms
ecosystems storage + EV
Merchant risk optimization Blended merchant—contracted Higher returns with
portfolios controlled risk

Concentric & Satellite Opportunities

e Portfolio management & InvIT platforms: Firms aggregating distributed solar, BESS and
hybrid assets into yield-generating investment vehicles.

e Digital asset monitoring & analytics providers: Concentric SaaS platforms enabling
real-time performance tracking, forecasting and predictive maintenance.

e Standardised contracting & legal services: Specialists developing bankable PPA, O&M
and asset-transfer templates for large-scale aggregation.

e Green finance & securitisation intermediaries: Institutions structuring green bonds,
pooled loans and asset-backed securities for clean energy portfolios.

e O&M and field service networks: Regional service providers offering multi-asset
maintenance, spares logistics and remote diagnostics.
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Key Takeaway for Senior Management

Diversification reduces
risk and increases
resilience

Geographic, technology, and offtaker diversification stabilize
cash flows

Example: solar + wind + storage portfolios smooth seasonal
variability

Implication: balanced portfolios outperform concentrated
asset bases

Value is shifting from
individual projects to
portfolio platforms

Aggregated assets command better financing terms,
refinancing leverage, and exit multiples than standalone
plants

Example: Pooled solar + wind portfolios attract lower
weighted average cost of capital (WACC) via InvIT/yield
vehicles

Cash-flow stability is the
core asset, not
megawatt capacity

Investors price predictable long-term revenue streams higher
than installed MW

Sub-components: PPA credit quality, tenure, merchant
exposure, dispatch risk

Implication: Aggregation strategy should optimize portfolio
risk, not just volume

Digital asset
management is
becoming a competitive
advantage

Centralized monitoring, predictive O&M, and PLF
benchmarking increase yield across the portfolio
Example: Cross-site analytics identify underperforming
assets early

Implication: Data capability directly improves IRR

Refinancing and capital
recycling drive long-term
returns

Aggregation enables InvIT migration, securitization, and
structured exits

Example: Platform investors monetize mature assets to fund
new pipelines

Implication: Asset aggregation is a capital strategy as much
as a business strategy
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Next Steps for Corporate Leaders

Clean energy asset aggregation is a fast-growing, emerging phenomenon as corporates and
financial investors seek scalable exposure to distributed solar, wind, storage, EV charging, and
energy-efficiency assets.

Aggregation models are maturing across C&l rooftops, group captive portfolios, municipal
infrastructure, and behind-the-meter systems. As digital metering, remote O&M, and
standardized PPAs improve transparency, aggregation is increasingly viewed as a pathway to
lower risk, improved yield profiles, and more flexible climate-aligned capital allocation.

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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Solar & Wind
Solar Thermal Solutions

This section provides key inputs on India Solar Thermal Solutions Opportunities
for corporate leaders
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Opportunity Snapshot: Solar Thermal Solutions

Uses solar energy to generate heat for industrial and commercial applications.

Market Signals

e Adoption increasing in food
processing, textiles, chemicals,
hospitality industries

e Growth is driven by industrial
decarbonisation and cost savings

e Annual Market size by 2030:3 7000
- 8000 Cr

Why It Matters NOW?

o Offers 20-40% reduction in cost
savings than fossil fuel heating;
hence rapid adoption

e ESG and net-zero targets pushing
industrial heat decarbonisation

e Policy support for renewable thermal
applications (MNRE schemes)

Key Challenges

e Requires site specific customisation;
hence longer sales cycle

e Integration challenges with existing
industrial processes

CO3@EAI

What or It?

e Ability to deliver consistent heat output
aligned with industrial processes

e Customization capability for
sector-specific applications (textiles,
dairy, chemicals)

e Strong ROI & payback for industrial
clients

Well Aligned Opportunity for

e Industrial EPC players (process
engineering & thermal systems)

e Boiler/heating equipment manufacturers
expanding into solar

e Energy service companies (ESCOs)
offering heat-as-a-service models

Business Models

e Target high thermal demand sectors
(textiles, food processing, pharma)

o Offer OPEX/ESCO models to reduce
upfront cost barriers

e Integrate with existing heating systems
(hybrid solar + conventional)
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Introduction and Business Case

While solar PV dominates headlines, solar thermal solutions — from water heating to industrial
process heat and concentrating solar power (CSP) — provide direct, efficient alternatives to
fossil fuels. They address one of India’s toughest challenges: decarbonising heat, which
accounts for ~50% of industrial energy use. For households, solar water heaters cut
electricity/LPG bills; for industries, solar thermal reduces dependence on coal, oil and gas while
improving ESG compliance.

The growth of solar thermal solutions in India has been so far mediocre, with the exception of
solar water heaters, especially when compared to that for solar PV. However, with India’s high
DNI (Direct Normal Irradiance) and industrial heat demand, solar thermal is a large,
underexploited market, and one can expect significant growth in select application segments
during the 2025-2035 timeframe.

Market Potential for Solar Thermal Solutions in India

Year Market Size Capacity Outlook
(R Cr)

Drivers

2025 3,500-4,000

15-18 million m?
collectors; CSP

Residential/commercial water heating,
industrial pilots.

demos

2030 7,000-8,000 30-35 million m?; Industrial process heat (food, dairy,
industrial CSP textiles, pharma).
scaling

2040 20,000-25,000 80-90 million m? Deep industrial decarbonisation;
equivalent integration with storage.

Market Segments and Applications

Segment Applications Business Model Key Drivers
Utility-scale CSP Large solar power Long-term PPAs, Dispatchable
power plants plants with day-night CfDs renewable power
generation
CSP with thermal Solar power with PPAs with firm Replaces fossil peaking
energy storage 6—15+ hours storage | power power
Hybrid CSP + PV PV + CSP for Hybrid PPAs Cost-optimized firm
plants optimized LCOE & renewables
dispatch
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Industrial process Steam, hot water Heat-as-a-service, Large untapped

heat (low—medium (100-400°C) long-term supply decarbonization market

temp)

High-temperature Cement, steel, glass, | Long-term supply Hard-to-abate sectors

industrial heat chemicals (>500°C) contracts

Green hydrogen & Heat for electrolysis & | Offtake-linked Strategic future energy

e-fuels synthetic fuels contracts vector

Desalination & water | Thermal desalination PPAs + water Water-energy nexus

treatment processes contracts

Mining & remote Off-grid power & heat | Captive plants Fuel cost reduction

operations

Solar thermal retrofits | Integration into EPC + O&M Asset life extension
existing plants

Solar thermal retrofits | Integration into EPC + O&M Asset life extension
existing plants

Typical Project Capacities & Investments Required in India

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

Industrial Solar Water 0.5-5 MWth | 0.3-3.0 60-85 °C process hot water for
Heating (flat-plate/ETC) F&B, textiles, pharma, hospitality.
Concentrated Solar 1-15 MWth | 6-80 120-250 °C for dairies, pulp &
Thermal (parabolic trough / paper, chemicals; steam up to ~15
linear Fresnel) bar.
Dish/Heliostat CST 0.5-5 MWth | 4-30 200-500 °C for small-scale process
(high-temp point-focus) heat, solar cooking, micro-CHP.
Solar Cooling (CST + 0.5-3 MWth | 5-25 Trigeneration for campuses, hotels,
absorption chiller) data halls with heat-led ops.
District Hot Water 1-10 MWth | 1-8 Centralised SWH plants, thermal
(residential storage, insulated networks.
campuses/hospitals)
Solar Dryers 0.2-2 MWth | 0.2-2.0 Hybrid dryers with thermal storage;
(agro/industrial) reduces LPG/diesel use.
Thermal Storage Add-ons | 2-20 MWth | 1-12 1-6 h storage to decouple heat
(molten supply from insolation.
salts/phase-change)
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Underlying Technologies & Processes

Fresnel, dish Stirling

generation.

Element Options Key Traits
Collectors Flat plate, evacuated tube, Determines efficiency and temp range
parabolic trough, Fresnel, dish | (30°C-400°C+).
Applications Water heating, steam Household, commercial, industrial
generation, drying, cooking, decarbonisation.
CSP power
CSP technologies Parabolic trough, solar tower, | Enables high-temp heat & power

Thermal storage

materials

Molten salts, phase-change

Extends availability beyond sunshine

hours.

Hybridisation

or PV

Solar thermal + biomass, gas,

Ensures reliability, wider adoption in

industry.

Controls & monitoring

integration

loT sensors, SCADA

Optimises performance and lifecycle

economics.

Key Challenges

Challenge Area | Key Issues Business India Specific Strategic
Impact Implications

Market Low awareness | Slow market India policy Strong industry
Awareness & vs solar PV; growth; longer focus heavily education,
Demand perception as sales cycles; favors solar PV | sector-specific
Creation outdated difficulty scaling | and electricity targeting (hotels,

technology; volumes generation hospitals,

limited rather than industrial heat),

marketing and thermal performance-base

policy push applications d financing models
Competition Falling PV + Margin pressure; | Cheap electricity | Position solar
from Alternative | heat pump risk of in some states thermal for

Technologies costs; gas and substitution; and subsidized high-temperature
electric heating uncertain ROI fuels reduce industrial use,
alternatives; positioning adoption energy cost
hybrid solutions incentive savings, and
emerging decarbonization

mandates

Policy Support & | Limited Slower project Fragmented Innovative

Financing subsidies closures; high state policies financing (ESCO,

Constraints compared to PV; [ upfront cost and limited OPEX models),
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lack of strong sensitivity; incentives for policy advocacy
regulatory scaling industrial solar for industrial
mandates; challenges heat decarbonization
financing incentives
barriers for
SMEs

Operational & Space Increased High dust levels, | Region-specific

Regional requirements, operational cost; | water hardness, | design

Challenges installation performance and varied optimization,
complexity, variability; climate zones strong service
water quality customer impact networks,
issues, hesitation performance standardized O&M
maintenance frameworks
gaps

Supply Chain & | Specialized High capex; Smaller Local

Capital Intensity | components longer payback; | domestic manufacturing
(mirrors, procurement risk | ecosystem partnerships,
receivers, compared to PV; | modular designs,
storage dependence on | phased
systems); limited niche suppliers deployment
domestic strategies
manufacturing
scale

Prominent Players in the Indian Market

Focus Areas
Solar water heating and commercial systems.

Company / Entity
Tata Power Solar

Orb Energy Industrial and commercial solar thermal solutions.
Thermax Industrial solar thermal boilers, CSP integration.
Clique Solar Pioneering concentrated solar thermal for industrial process heat.

Emmvee Solar Systems | Large-scale solar water heating systems.
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Innovation Perspectives

Innovation

Business Opportunity

For Senior Management

From power generation to
heat infrastructure

Solar-heat-as-a-service for
industry

Unlocks massive non-power
market

Thermal storage as a grid
asset

CSP + molten-salt storage
platforms

Replaces fossil peakers

Hybrid CSP-PV system
design

PV + CSP hybrids for firm
power

Competitive tariffs with
reliability

Hydrogen & e-fuels
enablement

Solar thermal heat for H,
ammonia

Strategic future energy
markets

Heat-as-a-Service (HaaS)

Long-term heat supply
contracts

Predictable annuity revenues

Modular & scalable solar
thermal

Modular industrial solar heat
systems

Faster deployment, lower risk

Water-energy nexus solutions

CSP-powered desalination

Strategic infrastructure
relevance

Retrofit & brownfield
integration

Add-on solar thermal to
plants

Lower risk than greenfield

Digital & Al-optimized
heliostats

Al-controlled solar fields

Higher efficiency, lower O&M

Thermal-battery platforms

Standalone thermal energy
storage

Cross-industry application

Concentric & Satellite Opportunities

e |ndustrial Heat-as-a-Service providers: Concentric ESCOs offering solar thermal and
hybrid boiler systems under guaranteed-performance or pay-as-you-save contracts.

e Collector and receiver manufacturers: Local OEMs producing high-efficiency selective
coatings, low-iron glass and durable mirrors or tubes suited for India’s high-UV, dusty
environments.

e Thermal storage system innovators: Makers of modular molten-salt or phase-change

storage tanks extending solar heat usability into night operations.

e Solar cooling and trigeneration packages: Satellite integrators combining CST with

absorption chillers for hotels, hospitals, data centres and airports.
e Digital MRV and analytics platforms: loT-based tools measuring delivered heat
(kWhth), uptime and emission savings for carbon credit and financing access.
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e Solar dryer and agri-process equipment firms: Manufacturers supplying prefabricated
hybrid dryers for food, spice and biomass clusters replacing LPG/diesel dryers.

e Parabolic trough tracker drives: Providers of linear actuators + sun-tracking controls
for greater precision precision; 25% annual yield gain.

Key Takeaway for Senior Management

Solar thermal addresses a
decarbonization gap that
electrification cannot easily solve

Industrial process heat (80—400°C range) in food,
textiles, chemicals, pharma, and dairy remains
fossil-dependent. Solar thermal directly targets
Scope 1 emissions

Example: Steam generation for dairy
pasteurization or textile dyeing companies
Implication: Solar thermal is not competing with
PV — it fills a structural gap in industrial
decarbonization

The economics improve with fuel
price volatility and carbon pressure

Rising gas/diesel/coal prices and ESG-linked
financing increase the attractiveness of
renewable heat

Example: Industries exposed to CBAM or export
ESG requirements increasingly seek renewable
heat solutions

Implication: Solar thermal becomes a hedge
against fossil fuel risk, not just an environmental
investment

Integration capability is more
valuable than hardware
manufacturing

Success depends on system design, storage
integration, and industrial retrofitting — not just
collector efficiency.

Sub-components: the need for key components
such as thermal storage tanks, control systems,
hybrid boiler interfaces, automation all comprise
business opportunities

Implication: Engineering and integration
expertise create higher margins than equipment
supply

Hybridization is the pathway to
reliability and scale

Solar thermal alone is intermittent; hybrid
systems ensure 24/7 industrial heat delivery
Examples: solar thermal + biomass backup,
solar + electric boiler, solar + thermal storage
Implication: Bankable projects are hybrid energy
systems, not standalone installations

Industrial clusters create scalable

Concentrated industrial zones allow repeatable
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platform opportunities project deployment and lower customer
acquisition cost

e Example: Textile clusters, food processing parks,
pharma zones

e Implication: Cluster strategy beats one-off
projects for investors

Advanced thermal storage e High-efficiency storage enables load shifting and
integration firm heat delivery
e Advantage: increases uptime and customer
confidence

Next Steps for Corporate Leaders

Solar thermal solutions are gaining renewed relevance as industrial and commercial users
target decarbonization of low- and medium-temperature process heat. Applications across
textiles, food processing, chemicals, pharma, and hospitality are now supported by maturing
collector technologies, hybridization with boilers/heat pumps, and performance-based service
models. As fuel volatility and carbon pricing increase, solar thermal offers a pathway to cost
stability and Scope 1 emissions reduction.

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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