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Executive Summary

India’s solar energy industry stands at a pivotal juncture in its transition from capacity expansion
to intelligence-driven competitiveness. With an installed capacity exceeding 119 GW (as of 2025),
India ranks as the third-largest solar market globally, following China and the United States. This
report developed by VP Research Company applies the RIVA (Resilience—Intelligence—Vision—
Analysis) framework to assess the sector’s structural strengths, emerging disruptions, and
strategic preparedness for the 2025-2035 horizon.

Scope and Methodology

The analysis integrates financial, operational, and strategic data of leading publicly listed firms,
including Adani Green Energy Limited, Tata Power Solar, JSW Energy, Waaree Energies, Vikram
Solar, Borosil Renewables, Azure Power, Sterling and Wilson Renewable Energy Limited, and KPI
Green Energy. Data were sourced from BSE/NSE filings, MNRE, SECI, IEEFA, and World Bank
reports, alongside global benchmarks from the IEA and BloombergNEF.

Using publicly available data, the RIVA framework interprets the solar industry through four
dimensions:

e Resilience: The ability to absorb and adapt to disruptions.

e Intelligence: The capacity to convert data into coordinated decisions.

» Vision: The foresight to align business models with long-term sustainability.

e Analysis: The systematic transformation of insights into executable actions.
This diagnostic methodology combines interpretive analytics with strategic foresight—without
disclosing proprietary RIVA algorithms—to evaluate the sector’s readiness for volatile, uncertain,
complex, and ambiguous (VUCA) market conditions.

Key Findings

e Resilience:

The sector shows moderate resilience, constrained by high import dependency (70-75% of
modules and cells sourced from China), financial exposure, and climatic variability. Domestic
manufacturing growth under PLI schemes is improving, but liquidity and operational fragility
remain concerns.

 Intelligence:

The weakest dimension across firms. Despite large-scale data availability, decision latency
persists, DISCOM payment delays (145—180 days), fragmented grid data, and limited predictive
modelling impede real-time decision systems.

e Vision:

Strategic foresight is strong at the policy level (500 GW renewable energy target by 2030), but
corporate innovation remains limited. R&D investment in solar technology averages less than 1%
of total capital expenditure, signalling an innovation deficit despite expansion ambitions.
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e Analysis:
The industry demonstrates moderate analytical maturity, with diagnostic systems that track
performance but rarely integrate physical, financial, and ESG indicators. Profit margins remain
vulnerable to input cost volatility—a 10% module price rise erodes IRRs by over 120 basis points.

The RIVA-based diagnosis identifies systemic fragility amidst growth, suggesting that the sector’s
competitive edge will increasingly depend on how effectively firms operationalize resilience and
decision intelligence not just scale capacity.

Strategic Outlook

The RIVA Industry Dashboard positions India’s solar sector as moderate-to-high potential on
adaptability, with clear pathways for intelligence enhancement and analytical integration. Firms
adopting predictive diagnostics and multi-layered data ecosystems will outperform peers in both
efficiency and investor confidence.

The framework’s scalability also allows cross-industry benchmarking positioning RIVA as a
universal decision-intelligence system adaptable to other volatile sectors such as EV
manufacturing, critical minerals, or renewable finance.

This report demonstrates how VP Research Company’s proprietary RIVA Suite transforms
complex market data into strategic clarity and diagnostic insight. By bridging research, analytics,
and managerial action, RIVA offers a new paradigm for enterprise decision-making in a VUCA
economy—anchored in data, strengthened by foresight, and designed for resilience.
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Introduction

India’s energy landscape is undergoing a structural transformation driven by global sustainability
imperatives, domestic policy ambition, and rapid technological evolution. With an installed renewable
capacity exceeding 119 GW and solar energy contributing over 70 GW, India now ranks as the third-
largest renewable energy market globally, following China and the United States. The nation’s
strategic commitment to achieving 500 GW of non-fossil capacity by 2030 positions solar energy not
merely as a green alternative but as the backbone of its future industrial and developmental model.

1.1 India’s Renewables Surge: A Solar Renaissance

Over the past decade, India has undergone a remarkable transformation in its energy mix, driven by
ambition, policy support, and rapidly evolving clean-energy economics. As of October 2025, India’s
installed solar capacity has reached 129.92 GW. This represents more than a 40-fold increase from the
modest ~3 GW of just a decade ago.

Solar has now emerged as the single largest contributor to the nation’s renewable energy generation
portfolio, surpassing wind, hydro, and other non-fossil technologies. In the first half of 2025 alone,
India added approximately 21.9 GW of new solar and wind capacity, with solar installations growing
by ~51.6% compared to the same period in 2024.

Rooftop and distributed solar are also gaining traction: in 2025, India added 4.9 GW of rooftop solar
capacity between January and September, a staggering 161% year-on-year increase. These numbers
underline solar’s ascendancy not just in large ground-mounted parks but across decentralized,
demand-driven deployment models.

This rapid growth is supported by government targets, where India aims to reach 500 GW of non-
fossil (renewable + clean) capacity by 2030. Within this ambition, solar energy is expected to shoulder
a substantial share.

Thus, solar power is no longer a peripheral alternative; it is central to India’s ambition for energy
security, carbon neutrality (by 2070), and sustainable industrial growth.

Table 1: India Cumulative Solar Installed Capacity (2014—-2025):

Cumulative Cumulative

(MW) (GW)
2013-14 (base, as on 31-03-2014) o 2,821.91 2,822
201415 L1762 399353 3994
2015-16 3,130.36 7,123.89 7124
2016—17 5,058.63 12,782.52 12.783
2017-18 9,563.69 22,216.21 22,546
2018-19 6,750.97 29,097.18 29.097
201G—20 6,510.06 35,007.24 35.607
2020-21 5,628.80 41,236.04 41,236
202122 12,760.50 53,996.54 53.997
2022-23 12,783.80 66,780.34 66.780
2023-24 15,033.24 81,813.58 81.814
2024-25 23,832.87 105,646.45 105.646
z2oz5-267 (to 31-10-2025) 24,277.37 129,923.82 129.924

Source: Ministry of Renewable Energy, Government of India.
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India’s solar base expanded ~50x in a decade, with a sharp step-up in 2024—-2025—establishing solar
as the backbone of non-fossil expansion.

1.2 Structural Evolution: From Subsidy-Led to Market-Led Solar
The solar industry’s evolution in India has moved through several distinct phases:

e Subsidy & incentive-driven early adoption — where government support, viability gap
funding, and favourable tariffs made solar viable for first movers.

¢ Cost-competitiveness & module-price decline — global reductions in solar PV module and
balance-of-system costs, improved installation practices, and economies of scale have made solar
increasingly competitive with conventional coal-based power.

* Diversified deployment models — large utility-scale solar parks, rooftop & distributed solar,
hybrid systems combining solar with battery storage or other renewables; wider participation from
private companies, corporates (open access), and households.

¢ Manufacturing push and supply-chain localization — to reduce import dependence, lower
logistics risk, and build domestic capacity, especially in solar modules and PV components. Yet,
despite growth in domestic manufacturing capacity, dependence on imported upstream
components (cells, wafers, polysilicon) remains a vulnerability.

This structural evolution reflects a transition from “solar as niche policy-driven deployment” to “solar
as a scalable, market-driven, industrial-grade energy sector.”

At the same time, the shifting landscape has introduced multiple new layers of complexity from global
supply-chain dependencies to price volatility, from grid-integration and demand variability to
financing and regulatory clarity. These dynamics render traditional, static analysis frameworks
insufficient.

1.3 Key Power of Solar: Drivers & Strategic Importance
The strategic value of solar in India today stems from multiple converging drivers:

¢ Energy security & diversification: Reducing dependence on fossil fuels and imported energy
resources; hedging against oil and gas price volatility.

e Sustainability and climate goals: Achieving national and global targets for emissions
reduction, carbon neutrality, and compliance with global climate commitments.

¢ Economic growth and employment: Solar deployment and manufacturing create jobs, foster
domestic value-chain development, and attract both domestic and foreign investment.

¢ Rural electrification and decentralized energy access: Solar, especially rooftop, off-grid,
and distributed generation, plays a vital role in bringing electricity to underserved and remote
areas, reducing inequality and boosting rural development.

e Market potential and investment yield: As costs decline and technology improves (e.g.,
hybrid systems, storage integration), solar increasingly offers a viable return on investment
compared to conventional power.

Given these drivers, solar is not only a renewable alternative, but it is a strategic lever for India’s
economic, developmental, and energy transition objectives.

VP
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1.4 Emerging Risks, Complexities & Sectoral Fragilities
However, as the sector scales, its complexity intensifies. Several structural risks and challenges now
threaten to undermine solar’s growth trajectory:

Supply-chain vulnerability: Much of India’s PV modules, cells, and upstream material supply
remains dependent on imports — subject to global price fluctuations, trade restrictions, and
geopolitical risks.

Oversupply and manufacturing glut risk: Faster manufacturing capacity additions (modules,
cells) than actual demand could lead to oversupply, depressed prices, and financial stress,
especially for smaller firms.

Utility and grid integration challenges: High share of intermittent generation,
transmission/distribution constraints (T&D losses), grid curtailment and delays in transmission
infrastructure slow down realisation of theoretical capacity.

Land and environmental constraints: Large-scale solar needs a significant land area —
competing with agricultural, ecological, and social priorities; water scarcity impacts panel
cleaning; maintenance in high-temperature climates affects efficiency.

Off-taker and financing risk: Many solar projects depend on long-term power purchase
agreements (PPAs) and on utilities/DISCOMs whose financial health is uncertain; project delays
or cancellations raise risk (offtaker risk).

Market and demand uncertainty: Demand growth is somewhat dependent on regulatory/regime
stability, electricity pricing, and investment confidence; overshooting capacity growth without
demand absorption can lead to wastage or under-utilization.

These conditions make the solar sector a volatile, uncertain arena — especially as it seeks to scale
further, integrate storage, expand manufacturing, and meet 2030 targets.

1.5 Why a New Analytical Framework Is Needed

Given the sector’s dynamic complexity, traditional market research and financial analysis — though
useful are no longer sufficient. Static tools like discount-cash-flow models, cost-benefit analysis,
SWOT or PESTEL evaluations, or even current data dashboards provide snapshots, not adaptive
insight. In a fast-changing environment, they lack reflexivity, systemic understanding, and foresight.
What is required instead is a multi-dimensional analytical architecture capable of:

interpreting structural risk (supply-chain, demand, finance)

integrating heterogeneous data streams (market, supply, policy, environment)
anticipating future disruptions (oversupply, regulatory shifts, resource constraints)
guiding strategic decision-making with adaptive clarity
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1.6 The RIVA Framework: An Action Research and Decision Tool

Responding to this gap, VP Research Company introduces the RIVA Framework—Resilience,
Intelligence, Vision, and Analysis—as a proprietary Action Research and Decision Tool for
navigating uncertainty in high-impact industries. RIVA integrates principles from systems
thinking, strategic foresight, and data analytics to help organizations convert complexity into
clarity and volatility into opportunity. Designed specifically for volatile and data-intensive sectors
such as renewable energy, RIVA provides an interpretive structure that connects data
interpretation with decision responsibility.

In the context of India’s solar industry, the RIVA lens enables a holistic diagnosis of structural
strengths and weaknesses. It identifies how resilient the industry is to disruptions, how
intelligently it integrates data and innovation, how visionary its long-term alignment is with
sustainability goals, and how analytically robust its decision-making processes are. Unlike
conventional market reports that isolate trends, the RIVA-based approach synthesizes
technological, financial, operational, and institutional factors into a unified strategic perspective.

1.7 Purpose and Structure of This Report

This report applies the RIVA Framework to assess India’s solar industry’s current condition (as of
2025) and its future readiness (up to 2035). It combines recent data analysis, supply-chain
diagnostics, risk mapping, and strategic foresight to evaluate resilience, identify fragilities, and
recommend adaptive strategies for sustainable growth.

While the role of policy and governmental support is recognized, the core emphasis remains on
market-based resilience, business adaptability, and strategic decision-making, aiming to offer
industry players, investors, and stakeholders a robust, intelligent, and future-ready analytical
guide.

Subsequent sections of this report will explore the detailed market landscape, disruption mapping,
RIVA-based diagnostics, strategic roadmaps, and recommendations thereby providing a
comprehensive roadmap for navigating India’s solar journey in the VUCA era.
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Methodology: Applying the RIVA Framework

The RIVA (Resilience—Intelligence—Vision—Analysis) Framework was operationalized as a structured
interpretive lens to evaluate India’s solar energy industry through a combination of quantitative
market indicators and qualitative diagnostics. The intent was not to disclose the internal algorithmic
logic or proprietary weightage system of RIVA but to demonstrate its analytical applicability to real-
world, data-driven market assessment.

Data Sources
The analysis relied exclusively on secondary datasets and publicly available records to ensure
transparency and replicability while maintaining the confidentiality of RIVA’s internal mechanics.
Key datasets included:
e Ministry of New and Renewable Energy (MNRE): Installed capacity, generation growth, and
program-wise achievements.
e International Energy Agency (IEA): Global solar demand, cost trajectories, and technology
benchmarks.
e Institute for Energy Economics and Financial Analysis (IEEFA): Industry-level resilience
indicators and financial risk assessments.
e World Bank & IMF: Macroeconomic indicators such as GDP growth, energy intensity, and
investment climate.
e BSE/NSE Filings: Financial data of listed Indian solar companies to assess liquidity, leverage,
and profitability patterns.
e Policy White Papers & CSR Disclosures: Insights on sustainability commitments and long-term
vision alignment.
Each dataset was mapped against the four interpretive dimensions of RIVA, transforming discrete
quantitative information into structured diagnostic insights.
Analytical Lens
The RIVA framework interprets data through four interconnected lenses, each representing a
strategic capability critical for decision-making under VUCA conditions.

Table 2: RIVA Framework

Dimension Interpretive Focus Application in Solar Sector
Resilience Capacity of the solar industry to absorb | Evaluated supply-chain diversification, poliey
external shocks and adapt to disruptions. dependency, and financial siress buffers among solar

firms.
Intelligence | Degree of data-driven awareness and | Assessed transparency in reporting, digital monitoring
decision infrastructure. systems, and predictive forecasting use.
Vision Alignment between long-term strategy and | Analyzed corporate sustainability goals, expansion
sustainability imperatives. strategies, and Indias 2030-2047 renewable
commitments.
Amnalysis Diagnostic ability to convert data into | Evaluated decision loops between market signals,
actionable insight. investment timing, and operational reconfiguration.

Source: RIVA- Decision-making Tool, Copyright framework of VP Research company.




RIVA Market Research Report on

INDIA’S SOLAR INDUSTRY

These four dimensions collectively enable a dynamic understanding of market preparedness and
adaptive capability, going beyond static benchmarking.

Analytical Approach
RIVA was applied using a multi-step interpretive analytics process:

e Data Structuring: Relevant datasets were cleaned, normalized, and categorized into the RIVA
quadrants.

e Cross-Domain Mapping: Quantitative indicators (e.g., installation growth, import trends, balance
sheet metrics) were linked with qualitative dimensions such as management adaptability and
innovation alignment.

e Contextual Benchmarking: Industry resilience was benchmarked against both historical domestic
patterns and international comparators from IEA datasets.

e RIVA-Lens Interpretation: Each dimension generated an interpretive summary identifying
strengths, vulnerabilities, and forward risks. Proprietary diagnostic scoring models were not
disclosed; instead, results were expressed through narrative intelligence.

e Synthesis and Policy Interface: Insights were cross-validated with regulatory developments (e.g.,
ALMM, PLI, and SECI auctions) to contextualize adaptive readiness without framing policy as the
focal outcome.

Outcome Orientation

By combining market intelligence (quantitative) with diagnostic reasoning (qualitative), RIVA
transforms traditional data analysis into an action research framework. The outcome of this
application is a sectoral “strategic clarity map”, identifying where India’s solar sector stands in terms
of resilience, intelligence, vision, and analytical maturity.

This interpretive application also demonstrates how RIVA bridges the research—decision gap: it
transforms raw data into insights that can guide corporate strategies, investment decisions, and
ecosystem resilience without revealing the proprietary framework’s computational core.

RIVA®

Resilience Intelligence Vision Analysis

Action Research & Decision Tool powered by VP Research Company
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Industry Overview and Market Landscape

India's solar energy market is a rapidly expanding market globally. Approximately 5,000 trillion kWh
of solar energy occurs annually over India's land area (MNRE). Most regions in India receive 4-7 kWh
per square meter daily. Thus, the country possesses exceptional solar potential. This has made India a
prime market for solar industry growth. India's solar market stands at approximately 79 GW installed
capacity as of 2025 and is projected to reach 195 GW by 2030. It represents a compound annual
growth rate (CAGR) of 19.8% (Mordor Intelligence). Solar power capacity has experienced a
remarkable surge from 2.82 GW in 2014 to 123.13 GW as of August 2025 (Invest India).

Hence, India ranks 4th globally in Renewable Energy Installed Capacity and 3rd in Solar Power
capacity. (IRENA, 2025) The market environment has been strengthened through multiple
government initiatives. This includes 100% FDI under automatic route, waiver of interstate
transmission charges, and various deployment schemes covering solar parks, rooftop installations,
etc. (Invest India) Country's vast energy requirements and commitment to energy security along with
these policies, create many opportunities for solar firms operating across the value chain.

3.1 Understanding the Indian Solar Industry

A. Market Segmentation

Grid-connected systems supply to or draw from the electricity grid. On the other hand, off-grid
systems function autonomously in areas with weak or no grid access.

As of October 2025, India has 129.92 GW of installed solar capacity, of which utility-scale projects
dominate with about 98.72 GW, followed by 22.42 GW of grid-connected rooftop systems, and 5.45
GW of off-grid/distributed solar such as solar pumps, mini-grids, standalone home systems (MNRE).

Figure 1: India Solar by Segment (MNRE), Oct-2025

Indian Solar Market Segmentation (October 2025)

Off-Grid Solar
Hybrid Projects

Rooftop

Ground Mounted (Grid)

Source: Physical Progress (Programme/Scheme wise cumulative), Ministry of New and Renewable Energy
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B. Solar Value Chain

The solar value chain comprises distinct segments from manufacturing to installation and operation.
Polysilicon production, wafer fabrication, cell and module manufacturing, mounting systems, and
electrical components comprise the upstream side. Further it is followed by project development,
distribution, engineering, construction, and maintenance services as the components of the midstream
and downstream value chain. Companies in the industry vary from pure-play solar specialists to
diversified conglomerates, with most adopting partial vertical integration strategies to capture more
stable value across multiple segments of the chain (Green Rhino Energy).

C. Types of Business Models in Solar Industry

India’s solar industry operates through multiple business models that cater to diverse consumer
segments, risk appetites, and financing capacities. The CAPEX model remains dominant among
industrial and commercial users as well as residential consumers with sufficient upfront capital,
offering full ownership and long-term savings. In contrast, the OPEX or RESCO model has gained
significant traction by eliminating upfront costs for users; developers own and operate the assets while
selling power at pre-agreed tariffs through long-term PPAs. At the utility scale, large solar parks are
developed under 25-year power purchase agreements with DISCOMs or agencies such as SECI, where
tariffs are discovered through competitive auctions—making this model central to India’s national
renewable capacity expansion.

Beyond these conventional structures, corporates increasingly adopt open access and captive solar
models to reduce electricity costs and hedge against grid tariff volatility. Open access enables large
consumers to procure power directly from solar farms, while captive and group captive structures
allow partial ownership to optimize regulatory charges. Solar leasing models further broaden adoption
by offering asset usage through monthly rentals without ownership transfer. Parallelly, government-
and subsidy-driven models—including residential rooftop schemes and PM-KUSUM—play a critical
role in expanding solar penetration in agriculture and rural areas. Emerging hybrid and storage-based
models, combining solar with batteries, are becoming strategically important for applications
requiring reliability and round-the-clock power, particularly in commercial buildings and telecom
infrastructure. Collectively, this diversified business landscape underscores the sector’s complexity and
reinforces the need for robust, resilience-focused analysis to navigate evolving risks and opportunities.
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Table 3: Types of Businesses in the Solar Industry

Business Model

Explanation

CAPEX Model

The customer pays 100% upfront and owns the solar system, and
gets full savings. It is common in homes and industries.

OPEX / RESCO Model

The developer installs and owns the system. Customers buy
electricity at a fixed tariff (PPA). Zero upfront cost for the user.

Utility-Scale PPA
Model

Developers build large solar farms and sell power to
DISCOMs/SECI for 25-year PPAs discovered in auctions.

Open Access Solar

Corporates buy cheaper solar power directly from solar farms
using open access rules. This reduces the grid tariff burden.

Captive / Group
Captive Model

The consumer owns at least 26% of the project and avoids certain
charges. It is popular among large industries.

Solar Leasing Model

Customers lease the solar system for a monthly rental fee but the
ownership remains with the provider.

Government /
Subsidy-Driven
Models

Rooftop subsidy (residential), PM-KUSUM (solar pumps), rural
mini-grids are some examples. This model uses government
support to reduce cost.

Hybrid / Storage-
Based Model

Solar plus battery systems are used where reliability is important
Example: Commercial buildings, telecom towers.

Source: CRISIL Report, 2024.
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In this report, in order to understand the market positions of the solar companies Ratio Analysis and
DuPont Analysis have been employed. These analytical tests help interpret complex financial
statements and allow us to compare performances across firms. It also helps analyse the structural
financial robustness and forecast future stability under different policies and market scenarios.

a) Ratio Analysis: Key indicators of financial health across 12 selected solar firms have been
evaluated. Profitability through Net Profit Margin and Return on Asset, Liquidity through Current
Ratio and Quick Ratio, Leverage through Debt-to-Equity and Interest Coverage, and Efficiency
through Asset Turnover and Inventory Turnover) have been evaluated. They provide quantitative
results of how efficiently each firm manages operations, resources, and risks. It also identifies which
companies are better positioned to withstand market fluctuations and maintain solvency.

b) DuPont Analysis: It complements the ratio analysis by decomposing crucial key financials like the
Return on Equity and Return on Assets. This breakdown provides deeper insights regarding factors
that drive changes in these ratios.

The 12 companies selected represent a comprehensive cross-section of India's renewable energy
sector. It covers the entire solar value chain from upstream manufacturing through EPC services to
power generation. This portfolio collectively represents approximately 60-70% of India's organised
solar industry. Thus, it is ideal for understanding competitive dynamics, profitability patterns, and
investment opportunities across the solar firms thereby selected.

1..Adani Green Energy Ltd.

2.Tata Power Company Ltd.

3.JSW Energy Ltd.

4.Sterling & Wilson RE / Solar Ltd

5.Borosil Renewables Ltd

6.Solex Energy

7.KPI Green Energy Ltd

8.Zodiac Energy Ltd

9.Reliance Power
10.0rient Green Power Company Ltd
11.Websol Energy System Ltd
12.Suzlon Energy Ltd
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3.2 Market Research

This section examines the financial performance of major solar energy companies operating in India
through key profitability metrics over a five-year period (March 2021 - March 2025). The analysis
utilizes three primary profitability indicators to assess operational efficiency, overall profitability, and
shareholder value creation.

Gross Profit Margin measures the percentage of revenue remaining after deducting the cost of goods
sold. It indicates how efficiently a company manages its production costs and pricing strategy. This
metric provides a comprehensive view of overall profitability and operational efficiency. Return on
Equity (RoE) measures how effectively a company generates profits from shareholders' investments.

Table 4: DuPont Analysis

DUPONT ANALYSIS Adani Tata JSW Sterling & | Borosil Solex
(Figures for 20235) Green Power Energy | Wilson RE | Renewables | Energy
Energy | Company | Ltd. J/ Solar Lid | Lid
Lid. Lid.
Net Profit (Cr) 2001.00 477537 1982.88 85.55 -86.97 29.60
Average Shareholders’ Equity | 2o0010.50 | 40469.41 25049.65 | 974.77 946.23 113.57
ROE (Retwrn on Equuity)
Net Profit (Cr) 2001.00 4775.37 1982.88 85.55 -86.g97 29.60
Revenue (Cr) 11212.00 65478.24 11745.39 6301.86 1514.58 662.22
Net Profit Margin(A)
Revenue (Cr) 11212.00 65478.24 11745.39 6301.86 1514.58 662.22
Average Asset 90968.00 | 148132.39 74104.04 | 4965.27 1569.21 239.64
Asset Turnover Ratio(B)
Average Asset ggg68.00 | 148132.39 74104.04 | 4965.27 1564.21 239.64
Average Shareholders’ Equity | 20010.50 | 40469.41 25049.65 | 974.77 946.23 113.57
Equaty Mudtiplier (C) 5.00 3.66
Net Profit (Cr) 2001.00 477537 1982.88 85.55 -86.97 29.60
Average Asset gg9g68.00 | 148132.39 74104.04 | 4965.27 1564.21 239.64

Return on Asset (ROA) 2.00 3.22 2.68

Net Profit (Cr) 2001.00 4775.37 1982.88

Revenue (Cr) 11212.00 65478.24 11745.39 6301.86 1514.58 662.22
Net Profit Margin(A)

Revenue (Cr) 11212.00

65478.24 11745.39
Average Asset 00968.00 | 148132.39 74104.04 | 4965.27 1560.21 239.64
Asset Turnover Ratio (B) 0.11

Source: Authors calculation.
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e Adani Green has demonstrated strong gross margins, maintaining levels above 74% throughout
the period and reaching 89.96% in March 2025. The net profit margin has shown consistent
improvement from 5.63% in March 2021 to 13.88% March 2025. It indicates enhanced
operational efficiency. However, ROE has declined significantly from 24.39% in March 2021 to
13.47% in March 2025, primarily due to substantial equity base expansion as the company scaled
its operations. The company is in aggressive expansion mode, prioritizing growth over immediate
returns.

e Tata Power exhibits moderate profitability with gross margins ranging from 28.63% to 49.6%.
The Gross Profit Margin in 2025 is 35.67%. The net profit margin improved notably from 1.74%
in March 2021 to 6.08% in March 2025, though it remains relatively modest. ROE has remained
stable but low, hovering around 1.53-2.64%. It suggests limited efficiency in generating returns
from shareholder equity despite being an established player. This is a stable, dividend-paying
utility (dividend yield 0.51%-1.83%). The modest ROE reflects the capital-intensive, regulated
nature of the power sector.

e JSW Energy shows robust profitability metrics with gross margins between 36.94% and 52.06%.
Net profit margins have strengthened from 11.63% to 16.68% over the period. ROE peaked at
9.92% in March 2022 but moderated to 7.13% by March 2025, still indicating reasonable returns
to shareholders relative to the capital employed. This company demonstrates excellent pricing
power and operational efficiency with consistently high margins. The improving profit margins
despite lower asset turnover suggest premium project selection and execution capabilities.

e Sterling & Wilson faced severe profitability challenges with negative margins for most of the
period. The company recorded NPM of -58.04% in March 2023 and ROE of -117.13% in March
2022. Recent recovery shows NPM improving to 1.29% and ROE to 8.78% by March 2025,
suggesting a turnaround phase but still reflecting vulnerability. The company faced operational
challenges exhibited by a negative equity multiplier of -8.95 in March 2023. However it executed
a successful recovery. However, margins remain thin at 1.29%, indicating ongoing competitive
pressures in EPC contracting.

¢ Borosil maintains moderate profitability with a gross margin of 73.55% in March 2025. Net profit
margins have remained relatively stable around however declining post 2022 with a NPM of
-5.86. ROE declined from 14.59% to -8.7%. The company moved from profitability to losses, with
ROA falling from 11.45% to -5.98%. This is a clear case of operational distress. The solar glass
manufacturing business faced severe headwinds, with gross margins collapsing despite being in a
niche segment. This suggests oversupply, global competition or even execution failures.

e Solex Energy exhibits a strong improvement in profitability over the period, driven primarily by
rapid scale-up in revenues and improving operational efficiency. Net profit margins, while modest
in the early years at around 1.3 - 2.1%, have strengthened significantly to 5.98% by March 2025.
This reflects better cost absorption and pricing discipline. ROE shows a sharp upward trajectory,
rising from 5.25% in March 2021 to 34.87% in March 2025, indicating enhanced returns to
shareholders as profitability accelerated faster than equity expansion. Asset turnover improved
notably from below 1.0 in March 2022 to above 2.0 in March 2024, suggesting improved
utilisation of assets during the expansion phase.
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Table 5: DuPont Analysis

DUPONT ANALYSIS KPI Zodiac | Reliance | Orient Websol Suzlon
(Figures for 2025) Green Energy | Power Green Energy Energy

Energy Lid Power System Lid

Lid Company Lid

Litd

Net Profit (Cr) 325.28 19.97 2047.83 42.01 154.74 2071.63
Average Shareholders’ Equity 1732.74 72.07 13975.52 | 926.60 192.88 5013.02
ROE (Retuon on Equity)
Revenue (Cr) 1735.45 407.78 7582.80 283.02 575.46 10851.32
Net Profit Margin(A)
Average Asset 3614.00 200.03 | 42520.47 | 1630.77 433.61 10069.31
Asset Twmnover Ratio(B)
Average Shareholders’ Equity 1732.74 72.07 13075.52 | 926.60 102.88 5013.02
Equrity Multiplier (C)
Net Profit (Cr) 325.28 19.97 2047.83 42.01 154.74 2071.63
Average Asset 3614.00 200.03 | 42520.47 | 1630.77 433.61 10060.31
Rethurn on Asset (ROA)
Net Profit (Cr) 325.28 19.97 2047.83 42.01 154.74 2071.63
Revenue (Cr) 1735.45 407.78 7582.80 283.02 575.46 10851.32
Net Profit Margin(A)
Revenue (Cr) 1735.45 407.78 7582.80 283.02 575.46 10851.32
Average Asset 3614.00 200.03 | 42520.47 | 1630.77 433.61 10060.31

Asset Tinnover Ratio (B)

Return on Asset (A*B) 9.00 09.55 6.03 2.56 35.69 20.57

Source: Authors calculation.

e For KPI Green Energy Ltd, the gross profit margin declined from 56.85% in March 2021 to 33.62%
in March 2025. This indicates moderate margin compression likely due to competitive bidding
pressures in power purchase agreements. However, net profit margin remained robust at 18.74%
in March 2025 showcasing the company's ability to maintain operational efficiency irrespective of
the revenue pressure. ROE exhibits significant volatility, peaking at 53.26% in March 2023 before
moderating to 18.77% in March 2025. This reflects substantial equity base expansion as the
company raised capital for growth. Sustained 18.74% net margin demonstrates the company's
focus on quality projects with strong cash generation potential. The company focuses on capacity
expansion while avoiding near-term returns.
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e Zodiac Energy demonstrates consistently strong profitability relative to its size. Healthy margins and
efficient asset utilisation support it. Net profit margins remained stable in the range of 2.3%-5.0%
across the period, reflecting steady pricing power and cost control. ROE remained robust, rising from
17.49% in March 2021 to 27.71% in March 2025, indicating sustained value creation for shareholders.
Asset turnover ratios remained high throughout, consistently close to or above 2.0, suggesting efficient
deployment of assets in generating revenues. Thus, Zodiac Energy exhibits a balanced and sustainable
profitability structure, combining operational efficiency with moderate financial leverage.

e Reliance Power’s profitability profile reflects a highly volatile and structurally weak performance. Net
profit margins remained negative from March 2022 to March 2024, reaching a trough of -26.21%. This
indicates persistent operational and financial stress. Similarly, ROE was deeply negative during these
years, declining to -16.61% in March 2024, signalling significant erosion of shareholder value. Asset
turnover remained consistently low at around 0.15-0.18, highlighting poor asset utilisation and
underperforming capacity. The recovery in March 2025, marked by a net profit margin of 38.87% and
ROE of 21.09%, appears to be driven by exceptional profitability rather than a structural improvement
in asset efficiency. Although ROA turned positive at 6.93% in March 2025, the sustainability of this
recovery depends on improvements in operational performance rather than one-off gains. Reliance
Power’s profitability remains fragile and turnaround-dependent.

e Orient Green demonstrates a successful turnaround with ROE improving from -12.61% in March 2021
to 3.60% in March 2025. This suggests a transition from distress to modest profitability. Net profit
margin recovered dramatically from -22.20% to 15.94%, indicating comprehensive operational
restructuring and cost rationalization. The company achieved profitability in March 2022 and has
sustained positive margins with a GPM of 71.72% in March 2025. The company executed a successful
balance sheet repair after facing severe operational challenges in March 2021. The positive net margin
of 15.94% demonstrates restored operational viability, but the modest ROE of 3.60% suggests the
company operates in competitive or regulated segments, limiting pricing power. This is a recovery
story with operational stability now achieved. However, the growth acceleration and margin expansion
remain pending.

e Suzlon experienced significant challenges with highly volatile performance. The company showed
extreme swings in NPM from -2.71% to 48.20% and ROE from -234.48% in March 2023, then
moderating to 41.33% by March 2025, reflecting major restructuring activities and operational
instability. After near-bankruptcy, Suzlon successfully restructured debt, exited unprofitable
geographies, and focused on the Indian market. The 19.09% margin reflects successful cost
restructuring and better project selection. However, the company still carries restructuring scars like
contingent liabilities, warranty obligations on legacy projects, and reputational challenges affecting
customer confidence.

e Websol Energy System Ltd exhibits extreme volatility in profitability. It reflects operational instability
followed by sharp recovery. Net profit margins declined sharply from 44.17% in March 2021 to deeply
negative levels of —137.51% in March 2023 and —467.77% in March 2024, indicating severe losses
amid weak revenue generation. ROE deteriorated from a strong 42.83% in March 2021 to —80.91% in
March 2024. This reflects significant shareholder value erosion. However, profitability rebounded
strongly in March 2025, with net profit margin recovering to 26.89% and ROE surging to 80.22%.
These changes were driven by a sharp increase in profits to ¥154.74 crore.
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Table 6: Dividend Yield Table

Company Dividend Yield (%)

Adani Green Energy Limited -

Tata Power Company Limited
JSW Energy Ltd

Sterling & Wilson RE / Solar Ltd
Borosil Renewables Ltd

Solex Energy

KPI Green Energy Ltd
Zodiac Energy Ltd

Reliance Power

Orient Green Power Company Litd -

Websol Energy System Lid -

Suzlon Energy Ltd -

Source: Authors study.

The dividend yield profile reinforces the view that the Indian solar and renewable energy sector
remains predominantly growth-oriented rather than income-generating.

The continued absence of dividends among key solar manufacturers and developers such as Adani
Green Energy, Sterling & Wilson Renewable Energy, Borosil Renewables, Websol Energy System,
Orient Green Power, and Suzlon Energy indicates a strategic preference for retaining earnings to
finance capacity expansion, project development, and balance-sheet strengthening. This behaviour is
consistent with the capital-intensive nature of solar manufacturing and utility-scale project execution.

At the same time, the presence of modest dividend payouts by firms such as Tata Power (0.51%), JSW
Energy (1.25%), KPI Green Energy (0.19%), Solex Energy (0.04%), and Zodiac Energy (0.22%)
suggests the early emergence of a hybrid financial strategy. This combines limited shareholder returns
with continued reinvestment. However, these yields remain substantially lower than those observed
in mature conventional utilities.

Overall, profitability within the solar segment is largely reinvested rather than distributed, implying
that investor returns are driven primarily by capital appreciation until the industry reaches greater
operational maturity.
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B. Efficiency and Asset Productivity

The efficiency and the asset productivity of solar firms can be assessed through the following ratios. The
Asset Turnover Ratio measures how efficiently a company utilizes its assets to generate revenue. The
breakdown of Return on Equity through DuPont analysis has also been used.

Figure 2: Asset Turnover Ratio

Adani Green Energy Limited
Tata Power Company Limited
JSW Energy Ltd

Sterling & Wilson RE / Solar Ltd
Borosil Renewables Ltd

Solex Energy

KPI Green Energy Ltd

Zodiac Energy Ltd

Reliance Power

Orient Green Power Compan...
Websol Energy System Ltd
Suzlon Energy Ltd

0.0 0.5 1.0 1.5 20

Asset Turnover Ratio (%)

Source: Authors study.

e Adani Green Energy Limited shows highly volatile asset turnover ratios, starting at an exceptional
10.87 in March 2021 but drastically declining to 0.11-0.13 range in subsequent years. This dramatic
drop suggests massive asset base expansion through acquisitions and new projects that haven't yet
reached full operational capacity. The operating cash flow to sales ratio is exceptionally strong at 51-
93%, indicating that despite lower asset turnover, the company converts a substantial portion of
revenue into operating cash. The DuPont analysis reveals that ROE improvement from 15.63% to
20.63% in 2022 was driven primarily by increased equity multiplier from 4.44x to 18.54x, indicating
aggressive use of leverage rather than operational improvements. The company is building long-
gestation infrastructure. The low asset turnover is typical for capital-intensive renewable energy
projects during build-out phases. Expect improved efficiency as projects achieve commercial
operations.

e Tata Power Company Limited demonstrates stable but modest asset turnover ratios of 0.35-0.46,
typical for diversified power utilities with heavy fixed asset bases. The operating cash flow to sales
ratio fluctuates between 13-26%, which is reasonable for a utility but indicates significant capital
requirements and working capital needs. The DuPont analysis shows ROE ranging from 6.10% to
12.65%, with the peak in March 2023 driven by improved profit margins (6.91%) rather than asset
efficiency. The company maintains conservative leverage with equity multipliers of 3.66-4.13x.The
company is extracting more revenue from its asset base, but margin compression indicates
challenges in passing through costs.
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o JSW Energy Ltd exhibits strong asset efficiency with turnover ratios of 0.16-0.28, showing improvement over
the period. The operating cash flow to sales is volatile but improving, reaching 33% by March 2025. This
indicates better cash generation capabilities. The DuPont analysis reveals ROE increasing from 6.30% to
10.93% in 2022, primarily driven by profit margin expansion from 11.88% to 21.35%, demonstrating
operational excellence. The equity multiplier of around 2.96x shows moderate leverage usage. The high and
improving gross margins suggest JSW Energy secures favourable power purchase agreements or operates in
high-tariff markets, providing strong cash generation potential.

« Sterling & Wilson RE/Solar Ltd shows extremely volatile performance with asset turnover improving with 1.27
by March 2025 after a period of decline. The operating cash flow to sales turned dramatically negative in 2023-
2024 with -90.78%. Later recovered modestly to 0.6% in 2025. This volatility reflects project execution
challenges and working capital stress typical in EPC businesses. The DuPont analysis shows catastrophic ROE
figures in 2023-2024, turning slightly positive only in 2025, indicating severe operational distress during the
expansion phase. The EPC model generates lower margins as reflected by gross profit margin of 4.54% in March
2025. It is lower as compared to asset-owning models. The company operates in a commoditized, competitive
segment requiring continuous project wins.

» Borosil Renewables Ltd has exceptional asset efficiency with turnover ratios of 0.64-0.81 in 2021-2024. It is the
highest among manufacturing-focused peers. However, it declined to 1.02 in 2025 due to capacity expansion.
Operating cash flow to sales shows excellent performance at 32.06% and 26.92% in 2021-2022, but turned
negative in 2023 (-0.71%) . This was due to major expansion. Later it recovered to 6.75% by 2025. The DuPont
analysis reveals ROE of 19.05% and 23.70% in early years driven by strong profit margins. Later it stands at a
lower ROE of -9.19. Borosil's inability to maintain profitability reflects these structural challenges.

» Solex Energy exhibits a progressive improvement in asset productivity over the study period. Asset turnover
increased from 1.09 in March 2021 to above 2.0 in March 2024 before stabilising at 1.95 in March 2025. This
indicates improved utilisation of an expanding asset base. This rise in turnover coincides with strong revenue
growth, suggesting that newly deployed assets have been brought into productive use with limited gestation
delays. The improvement in ROA from 2.29% to 11.66% further confirms that efficiency gains are not merely
volume-driven but also profitability-enhancing. Operating cash flow to sales remained consistently positive and
strengthened in later years, indicating improving cash conversion alongside operational expansion. Solex
Energy demonstrates efficient capacity absorption, with productivity metrics supporting a transition from early-
stage growth to a more stable and operationally mature phase.

o KPI Green Energy Ltd shows volatile asset turnover. Asset turnover collapsed from 25.28 in March 2021 to 0.48
in March 2025. It reflects the capital-intensive nature of solar power generation where massive asset
accumulation. The declining turnover is typical during aggressive capacity buildout phases when commissioned
projects lag capital deployment. Operating cash flow to sales improved to 2.44% in March 2025 after volatile
earlier periods, indicating stabilizing operations. The low asset turnover reflects long-gestation infrastructure
projects rather than operational inefficiency. The company is in active expansion mode, and productivity
metrics should normalize as under-construction projects achieve commercial operations and begin generating
revenues.

» Zodiac Energy demonstrates consistently strong efficiency and asset productivity. Asset turnover remained high
throughout the period, ranging between 1.58 and 2.12, indicating effective utilisation of assets in revenue
generation. Despite fluctuations during expansion phases, turnover recovered quickly, suggesting minimal
gestation delays and agile execution capabilities. This operational efficiency is reflected in stable and relatively
high ROA, which remained in the high single-digit range and peaked above 10% in March 2024. Zodiac Energy
exhibits a balanced and resilient productivity structure. It is a combination of efficient asset deployment with
scalable operations, which supports sustainable profitability as the firm expands.
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e Reliance Power displays persistently weak asset productivity, reflecting structural challenges in
asset utilisation rather than short-term operational inefficiencies. Asset turnover remained
extremely low throughout the period, hovering around 0.15-0.18, indicating that a large asset base
has generated relatively limited revenues. This low turnover is characteristic of underutilised or
stalled power assets and highlights prolonged gestation and demand-side constraints. The negative
ROA observed from March 2022 to March 2024 further confirms inefficient capital deployment
during this phase. Although operating cash flow to sales remained positive in most years, its sharp
decline in March 2024 suggests stress in cash generation relative to revenues. The recovery in
March 2025, marked by improved cash flow and positive ROA, appears driven by exceptional
factors rather than a fundamental shift in asset productivity, which remains subdued.

e Orient Green Power Company Ltd shows highly volatile asset efficiency. Asset turnover shows
extreme volatility as it collapsed from 13.55 in March 2021 to just 0.02 in March 2022 and 2023.
Later it recovered slightly to 0.16 in March 2024 and March 2025. This pattern indicates
significant asset base fluctuations, possibly from asset sales, impairments. Operating cash flow to
sales shows alarming volatility. It fluctuated from positive 73.34% to negative -87.23% in March
2024 and -50% in March 2025. This highlights severe working capital issues or timing mismatches
in project cash flows. The company appears to be restructuring its portfolio, making year-to-year
comparisons challenging. The volatile metrics suggest investors should wait for stability before
assessment.

e Suzlon Energy Ltd shows improving asset efficiency with turnover ratios rising from 0.51 to 1.08
over five years. This indicates better capacity utilization. Operating cash flow to sales is modest
with a range 9-20%. Operating Cash Flow to Sales Ratio of 10% reflects working capital pressures
typical in manufacturing with inventory cycles. ROE was negative at -1.43% in March 2021 due to
negative margins -2.71%. Later it stabilised at a healthy 41.33% in March 2025. This stabilization
came from improved net profit margins between 10-19%. Asset turnover at 1.08x with moderate
leverage indicates successful operational turnaround in solar module manufacturing. Currently,
Suzlon operates with a much leaner cost structure which is evident in the high margins. The focus
on O&M services alongside equipment sales provides recurring revenue streams.

e Efficiency metrics for Websol Energy System Ltd highlight highly unstable asset productivity. The
company has a stressed manufacturing firm undergoing restructuring. Asset turnover collapsed
from 0.52 in March 2021 to a critically low 0.06 in March 2023 and 0.08 in March 2024, indicating
severe underutilization of assets relative to revenues. This resulted in negative ROA of -8.57% in
March 2023 and -39.03% in March 2024. In March 2025, asset turnover improved sharply to 1.33,
leading to ROA recovery at 35.69%. This reflects an improved capacity utilization resulting in
revenue generation. The earlier collapse in productivity appears linked to demand disruption and
operational inefficiencies rather than structural asset weakness. The recent improvements suggest
normalization.
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C. Liquidity and Solvency

Liquidity and Solvency of Solar firms are analysed through a set of ratios analysing the debt and equity
related variables. Current Ratio measures a company's ability to pay short-term obligations, calculated
as Current Assets divided by Current Liabilities. Quick Ratio (or Acid-Test Ratio) is a more stringent
measure of liquidity, excluding inventory from current assets, calculated as (Current Assets - Inventory)
divided by Current Liabilities. This ratio tests whether a company can meet short-term obligations
without relying on inventory sales. Debt-to-Equity Ratio measures financial leverage. It indicates the
proportion of debt financing relative to equity. Higher ratios suggest greater financial risk but can
amplify returns. For capital-intensive solar businesses, ratios of 1.5-2.5x are common, while ratios
above 5x indicate aggressive leverage. Interest Coverage Ratio measures the ability to service interest
payments, calculated as EBITDA (or Operating Profit) divided by Interest Expense and Debt Service
Coverage Ratio (DSCR) measures the ability to service total debt obligations (both interest and
principal).

Figure 3: Current Ratio
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Figure 4: Quick Ratio
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Figure 5: Leverage Ratio
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Source: Authors study.

e Adani Green Energy Limited shows liquidity with current ratios consistently below 1.0 (0.51-0.92),
indicating reliance on short-term borrowings and potential liquidity pressure. Quick ratios mirror
current ratios, suggesting minimal inventory. The debt-to-equity ratio is extremely high, ranging from
7.29x to an alarming 43.86x in March 2022, indicating aggressive leverage typical of renewable energy
developers. However it is stabilised in 2025. Interest coverage improved from 1.14x to 1.98x but
declined to 1.84x, showing modest debt servicing capability. DSCR declined from 2.95x to 0.38x,
indicating deteriorating ability to service total debt obligations despite strong operating cash flows,
likely due to massive expansion and debt-funded growth. The current ratio signals potential working
capital stress. However, debt service coverage from 2.95 to 0.38 suggests cash flow challenges in
meeting obligations. High leverage still remains a key risk factor.

e Tata Power Company Limited maintains borderline liquidity with current ratios of 0.78-0.88 and
quick ratios of 0.69-0.78, indicating tight working capital management typical for utilities with
predictable cash flows. Debt-to-equity ratios of 1.53-2.12x are moderate for the power sector. Interest
coverage improved from 1.84x to 3.28x, showing strengthening debt servicing ability. However, DSCR
remains below 1.0x indicating that principal repayments remain challenging despite adequate interest
coverage, reflecting the capital-intensive nature of utility expansion. While liquidity appears tight, the
improving interest coverage and debt service coverage (0.38) provide comfort. The company's
established operations and regulated revenue streams mitigate liquidity concerns.

e JSW Energy Ltd shows healthy liquidity with current ratios improving to a ratio of 1.03 in 2025. Debt-
to-equity ratios increased from 0.50x to 1.81x, indicating increased leverage for expansion. Interest
coverage is strong at 2.21-5.33x, peaking in 2022 and further at 2.69 in March 2025. This
demonstrates comfortable debt servicing. DSCR ranges from 1.02x to 4.59x, with the peak in 2022.
The DSCR in 2025 is 2.98 that indicates excellent ability to service total debt obligations during
profitable periods.
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The company is leveraging strategically for growth while maintaining comfortable debt coverage. The
strong cash flows (operating cash flow to sales of 33%) provide cushion for debt servicing.

¢ Sterling & Wilson RE/Solar Ltd demonstrates strong liquidity with current ratios of 1.28 in March 2025
and matching quick ratios. This indicates minimal inventory holdings typical for EPC contractors.
However, debt-to-equity ratios are highly volatile, including a negative figure in 2023 due to negative
equity from accumulated losses. Interest coverage turned deeply negative like a Interest coverage ratio
of -10.67x in 2022 and -7.03x in 2023 during crisis periods. However it recovered to 2.62x in 2025.
DSCR shows similar patterns with a ratio of 1 in 2025. This indicates severe financial distress followed
by gradual recovery. The improving solvency metrics indicate successful balance sheet restructuring.
However, the EPC business model requires careful working capital management, and the company is
now on stable footing after years of distress.

e Borosil Renewables Ltd maintains excellent liquidity with current ratios declining from 5.28 to 1,86 as
business scales. The decline reflects normalization as the company transitions from a funding-based
firm to operational scale. Debt-to-equity is very conservative at 0.25. Interest coverage is at 2.94
indicating negligible interest burden. DSCR of 12.02x in 2021 to 1.53x in 2025 suggest a decline as debt
increased for expansion. This demonstrates excellent financial stability and conservative leverage
strategy. The company maintains decent liquidity and low leverage in spite of the operational losses.

¢ Solex Energy displays moderate but improving liquidity over the period. The current ratios remained
above 1 in most years except March 2023, where aggressive expansion temporarily strained short-term
finances. The recovery of the current ratio to 1.47 and the quick ratio to 0.95 by March 2025 indicates
improved working capital management as operations scaled. The dip in liquidity during the mid-period
reflects the capital-intensive nature of rapid capacity expansion rather than structural weakness. From
a solvency perspective, debt-to-equity increased sharply during the expansion phase, peaking above 2.0
in March 2024, before moderating slightly in March 2025. Interest coverage and DSCR improved
meaningfully by March 2025, suggesting enhanced ability to service debt obligations from operating
earnings and cash flows.

e KPI Green Energy Ltd shows deteriorating liquidity with current ratios declining from 2.56 to 1.20
during rapid expansion before recovering to 2.76 in 2025. Quick ratios follow similar patterns. Debt-to-
equity increased from 1.86x in 2021 to 2.19x in 2022 before declining to 0.43x in March 2025. This
shows initial aggressive leverage for growth followed by deleveraging. Interest coverage improved from
2.87x in 2021 to 7.34x in 2025. This indicates strong profitability. DSCR of 2.91 demonstrates
moderate debt servicing capability throughout the expansion phase. The company has transformed into
one of the sector's most conservatively financed companies with minimal leverage with debt to equity at
0.43x and robust liquidity with current ratio 2.76x. This strong balance sheet positions the company to
weather sector volatility and fund organic growth without financial stress.

e Zodiac Energy demonstrates consistently strong liquidity, with current ratios close to or above 1.7
throughout the period and quick ratios remaining comfortably above 1.1. This indicates prudent
working capital management and sufficient short-term buffers despite ongoing expansion. The stability
of liquidity ratios suggests that growth has been financed without excessive short-term strain. In terms
of solvency, debt-to-equity ratios remained moderate in the early years and, although they increased
during expansion phases, did not reach distress levels.
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Interest coverage remained healthy across the period, even during years of margin compression,
indicating adequate earnings protection for lenders. DSCR values above unity in most years further
reinforce Zodiac Energy’s ability to service long-term debt obligations.

e Reliance Power exhibits persistently weak liquidity throughout the period. The current and quick
ratios remain well below unity across all years, indicating chronic short-term funding stress. These
low ratios reflect heavy reliance on external financing and limited current asset buffers to meet
short-term obligations. The deterioration in liquidity up to March 2024 underscores prolonged
operational stress and delayed cash inflows from large power assets. Solvency indicators further
highlight significant financial fragility. Debt-to-equity ratios remained elevated, exceeding 1.5 for
most of the period, while interest coverage fell below 1 and reached critically low levels in March
2024, signalling an inability to service interest obligations from operating earnings. Although March
2025 shows a notable recovery with interest coverage rising to 2.48 and DSCR improving to 1.68,
the turnaround appears recent and fragile.

e Orient Green Power Company Ltd represents improving current ratios wth 0.68 in 2021 to 2.24 in
March 2025. Quick ratio mirrors this improvement confirming the company rebuilt working capital
buffers. Debt-to-equity declined sharply from 2.58 in 2021 to 0.50 in 2025., This indicates
substantial deleveraging through either debt repayment, debt/restructuring, or equity infusion.
Interest coverage improved from low 0.57 to adequate 2.62 in 2025. However, debt service coverage
ratio tells a troubling story indicating that the company cannot fully cover principal and interest
payments from operating cash flows. Critical Financial Warning: The DSCR of 0.09 in March 2025
is alarming. It means that the company generates only 9% of the cash needed to service debt
obligations.

e Suzlon Energy Ltd shows extreme volatility reflecting its restructuring journey. Current ratios
improved from crisis levels of 0.57 in March 2021 to 1.91 in March 2025. Quick ratios similarly
improved from 0.33 to 1.51. Debt-to-equity improved from -1.23 (negative equity) to 0.05,
representing complete balance sheet repair. Interest coverage of 7.69 is strong. DSCR followed
similar patterns with a DSCR of 1.0x in March 2025. This suggests that the company can exactly
cover debt service with no margin for error. While representing remarkable recovery from near-
bankruptcy, Suzlon remains financially fragile with thin debt servicing margins requiring further
balance sheet strengthening for sustainable stability.

e Websol’s liquidity position was weak and stressed for most of the period. The current ratios are as
low as 0.30 in March 2023 and quick ratios falling to 0.07. These figures indicate acute short-term
solvency risk. Leverage remained moderate initially, with debt-to-equity at 0.14 - 0.19 during 2021
2023, but solvency metrics deteriorated sharply as profitability collapsed. Interest coverage turned
negative in March 2023 (-2.58x) and March 2024 (-1.39x), while DSCR also became negative. This
signals debt servicing stress. A strong recovery is visible in March 2025, with current ratio
improving to 1.91, interest coverage rising to 13.21x, and DSCR recovering to 3.77. This indicates
restored debt servicing capacity and improved financial stability.
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Takeaways

In conclusion, the Indian solar energy market is experiencing unprecedented
growth. It is driven by renewable energy targets and increasing global emphasis on
decarbonization. India has emerged as one of the world's fastest-growing solar
markets. However, the industry faces significant structural challenges.

The sector exhibits extreme capital intensity with asset turnover ratios consistently
below 0.5. It requires patient capital and multi-year gestation periods. Asset-owning
firms exhibit superior profitability with net margins ranging from 10-18%, while
equipment manufacturers and EPC contractors face margin compression below 5%
due to intense global competition.

Profitability and financial health too vary dramatically. Established players like JSW
Energy and Solar Industries maintain ROE above 25%, while manufacturers like
Borosil Renewables face operational losses.

Excessive leverage, liquidity constraints, dependence on imported solar modules and
cells, trade vulnerabilities, land acquisition and grid integration bottlenecks, policy
uncertainties and limited access to affordable long-term financing for smaller
developers are some of the issues. The manufacturing ecosystem too, remains
underdeveloped. Addressing these challenges is crucial for scaling up capacity to
meet India's target of 500 GW of renewable energy by 2030 and ensuring financial
sustainability.

A positive growth trajectory will depend on the ability of the solar industry to strike a
balance between capacity expansion and financial prudence, domestic
manufacturing and cost competitiveness. The sector must transition from the
current phase of capital-intensive buildup with compressed returns toward
operational maturity. This would generate sustainable cash flows and attractive risk-
adjusted returns. Installed capacity, along with technological innovation,
manufacturing self-reliance, and financial sustainability, will help India to emerge as
a global leader in solar energy.
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Disruption Mapping (2025-2035): RIVA Diagnostic View

The solar industry in India faces an increasingly complex risk landscape marked by rapid
technological shifts, environmental volatility, financial vulnerabilities, and evolving policy
frameworks. Within the RIVA (Resilience—Intelligence—Vision—Analysis) Framework, these
disruptions were systematically categorized and mapped to diagnose where vulnerabilities and
adaptive strengths intersect.

The purpose was to view disruptions not merely as risks but as transformation triggers capable of
redefining the sector’s strategic trajectory over the coming decade.

Technological Disruptions

e Positive Breakthroughs: Rapid innovation is poised to transform solar technology.
Advancements in photovoltaics such as perovskite and tandem solar cells, bifacial panels, and
quantum dot cells promise higher efficiency and lower costs than traditional silicon panels. For
example, next-generation perovskite-silicon tandem cells are achieving record efficiencies in labs,
while quantum dot PVs could broaden light absorption for more energy yield. Similarly, energy
storage technology is improving; the falling cost and rising capacity of battery systems (including
lithium-ion and emerging alternatives like flow batteries or even future solid-state batteries) will
enable better integration of intermittent solar by providing backup power after sunset.
Breakthroughs in grid management (smart inverters, Al-driven demand response) and
forecasting are also enhancing the ability to handle large solar influx. Together, these technologies
could disrupt the status quo positively by making solar power more reliable and widely applicable
for instance, ultra-lightweight solar materials might expand solar adoption to new surfaces
(vehicles, fabrics), and improved storage can turn solar into a 24x7 power source. Over the next
decade, such innovations can dramatically lower the cost per kWh and increase solar’s share in
the grid.

e Technical Challenges: On the flip side, technology poses some challenges. Integrating new
tech at scale can be difficult. For example, solar panel recycling and waste management will
become critical as early installations approach end-of-life. By 2030, India must prepare for a
growing volume of expired panels needing recycling or disposal to avoid environmental harm.
Grid integration technologies must keep pace; without smart grids and storage, the benefits of
advanced PV or higher solar capacity could be curtailed by instability. There’s also a risk that if
breakthrough technologies (like perovskites) don’t mature as fast as hoped or face reliability
issues, the anticipated cost reductions might be delayed. Nonetheless, India’s proactive stance,
including government incentives for cutting-edge solar tech and emphasis on storage in policy

discussions, suggests that technological disruptions will largely be positive opportunities if
managed well. India is uniquely positioned to harness these breakthroughs to meet its ambitious
targets, provided there is continued support for R&D and pilot deployments.
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Policy and Regulatory Disruptions

e Favourable Policies: Policy support has been a major driver of India’s solar boom, and continued
or new policies could positively disrupt the industry. The government’s long-term targets and
schemes create a stable demand pipeline — e.g. the goal of 280 GW of solar by 2030 (within the 500
GW renewables pledge) and programs like PM Kusum (for solar pumps and farmers) or rooftop
solar subsidies encourage broad adoption. Production-Linked Incentive (PLI) schemes and
domestic content mandates are boosting local manufacturing of panels and cells, which could
reduce import dependency and create jobs. The introduction of a 40% customs duty on imported
modules in 2022, for instance, aims to foster an indigenous solar manufacturing base. Additionally,
many states offer net metering, tax breaks, or feed-in tariffs for solar. India’s participation in
international initiatives (like the International Solar Alliance) and climate finance agreements also
brings in favourable support. Over the next 5—10 years, consistent and supportive policies such as
streamlined permitting, continued transmission charge waivers for renewables, and extensions of
incentives can greatly accelerate solar deployment.

e Regulatory Uncertainty: On the negative side, an unstable or unclear regulatory environment
could disrupt the industry’s momentum. Investors and developers cite policy flip-flops and
bureaucratic hurdles as key risks. For example, frequent changes to rooftop solar net metering rules
or delays in announcing auctions for solar capacity create uncertainty. In some cases, state
governments have attempted to renegotiate or cancel signed power purchase agreements (PPAs)
with solar producers during periods of low power prices, undermining investor confidence. Court
rulings and inconsistent regulations have also had impacts. Recently, a High Court struck down the
federal Green Open Access Rules 2022, leaving corporate renewable procurement in limbo. Such
events highlight regulatory risk: projects can be stalled if there’s no clarity on tariffs or if
distribution companies (DISCOMs) refuse to buy power. Permitting and land clearance delays due
to complex rules can further slow projects. Overall, while India’s policy direction is broadly
supportive, regulatory uncertainty or ad-hoc changes represent a negative disruption that could
dampen investment in the short term. Addressing this will require stable, transparent regulations
and harmonization of policies across central and state governments.

Economic and Financial Disruptions

e Market Growth & Cost Trends: Economically, the solar sector stands to gain from continuing
cost declines and economies of scale. The cost per watt of solar PV has dropped dramatically (over
80% reduction in the past decade globally), and further improvements in technology and
manufacturing could make solar the outright cheapest source of power in India. Massive investment
inflows are expected as India’s market grows — domestic and international investors are attracted by
the huge energy demand and climate commitments. In fact, global financial institutions have
committed hundreds of billions of dollars to support India’s green projects (about $386 billion
announced by late 2024), indicating robust funding appetite. As module prices fall and financing
mechanisms like green bonds expand, solar projects could see improved margins. Additionally,
carbon pricing or renewable purchase obligations could increase demand for solar. These positive
economic trends can disrupt the energy mix in favour of solar, making new coal power economically
uncompetitive over time.
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¢ Financing Risks & Cost Challenges: However, several economic challenges loom. A major
issue is the financial distress of DISCOMs (power distribution companies) in India. Many
DISCOMs carry heavy losses and have struggled with late payments and subsidy burdens, which in
turn affect their ability to pay solar generators or sign new PPAs. This offtaker risk makes investors
wary and has stalled some renewable projects when DISCOMs are unwilling or unable to buy more
expensive power. Furthermore, the industry is exposed to interest rate and currency fluctuations —
higher global interest rates or a depreciating rupee can raise the cost of project finance and
imported equipment. Supply chain price volatility (discussed more under geopolitical) has
economic impacts too: for instance, a spike in polysilicon or freight costs can increase solar project
costs and squeeze developer margins. There’s also a risk of overcapacity or tariff wars in
manufacturing if too many players set up module factories under government incentives without
proper demand, which could lead to a glut and financial losses. Thus, ensuring financial
sustainability (through DISCOM reform, innovative financing, and risk mitigation) will be critical
to navigate economic disruptions.

Environmental and Climate Disruptions

e Climate Variability: Ironically, climate change itself poses challenges for solar energy
operations. Changing weather patterns and rising extreme events can impact solar generation.
Studies indicate that increasing air pollution (aerosol “dimming”) and higher ambient
temperatures could reduce solar panel efficiency in India, potentially cutting average photovoltaic
output by a few percent. One study projects that by mid-century, PV efficiency may decline by
about 3.3%, translating to a loss of ~600—840 GWh of annual generation, due to combined effects
of pollution and heat. In the short run (next few years), this effect is subtle, but if air quality issues
worsen, solar installations, especially in northern India, could yield less energy than expected.
High temperatures above 45°C degrade panel performance, a concern as heatwaves become more
common. Additionally, altered monsoon patterns (more cloudy days or heavy rainfall) could cause
more variability in solar output year-to-year.

e Extreme Weather Impacts: Increasing frequency of extreme weather events, a well-known
consequence of climate change is another risk. Severe cyclones, storms, and floods can damage
solar farms, especially in coastal or flood-prone regions. Strong winds or hail can physically harm
panels, while flooding can damage inverters and wiring in ground-mounted installations. For
instance, a cyclone hitting western India could temporarily knock out a solar park’s generation.
Dust storms in arid regions (like Rajasthan) may become more frequent, rapidly soiling panels and
increasing maintenance needs (cleaning). Furthermore, water scarcity in drought-prone areas can
disrupt panel cleaning regimes (most large plants rely on water to wash off dust); if droughts
intensify, cleaning schedules might be reduced, affecting output. All these environmental factors
are negative disruptions, potentially increasing the operating costs or reducing the energy yield of
solar assets. They underscore the need for climate-resilient project design (robust mounting
structures, insurance for natural disasters, and alternative cleaning technologies). On a positive
note, the drive to combat climate change is exactly why India is pushing solar, so in a broader
sense, worsening climate impacts will likely reinforce policy support for renewables. But

operationally, the industry must brace for the physical impacts of climate variability on solar
infrastructure.
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Social Disruptions

¢ Land Acquisition and Community Opposition: Social factors, particularly those related to land use
and local communities, could significantly disrupt solar expansion in India. Land acquisition
remains a critical bottleneck for large solar projects. India’s high population density and
competing demands for land (agriculture, housing, industry, conservation) make securing large
contiguous tracts difficult. Projects have been delayed or downsized due to land access issues.
Often, unclear land records, fragmented ownership, and high compensation expectations pose
hurdles. In several instances, local stakeholders farmers, pastoralists, or fishermen have protested
solar installations that they feel encroach on their livelihoods. For example, in Rajasthan and
Gujarat, farmers have objected that big solar parks limit grazing land for cattle or infringe on
common land, and there have been protests against land being acquired at low prices. Even
innovative projects like floating solar can face pushback: a planned floating solar farm in
Maharashtra saw hundreds of fishers protest, fearing harm to their fishing grounds and way of
life. Such conflicts represent social disruptions that can stall projects, attract litigation, or create
reputational risks for companies.

e Workforce and Public Perception: Another social aspect is the workforce and skill development.
The solar sector needs a skilled labor force for installation, maintenance, and manufacturing. If
skill development does not keep pace, labor shortages or quality issues could disrupt project
timelines. There is also a just transition element: as India shifts from coal to renewables, ensuring
that communities dependent on fossil fuel industries find opportunities in the solar economy is a
social challenge — failing to do so could create political resistance. On the positive side, solar
growth brings opportunities for job creation and energy access.

Geopolitical and Supply Chain Disruptions

e Supply Chain Dependence: The solar industry’s globalized supply chain is a double-edged
sword. India currently relies heavily on imports for solar hardware, especially photovoltaic
modules and critical materials. In particular, a large share of solar panels (or the cells inside them)
are imported from China, which dominates global solar manufacturing. Moreover, many critical
minerals required for solar panels, batteries, and other clean energy tech such as lithium, cobalt,
nickel, and rare earth elements are 100% imported by India. This reliance exposes the sector to
geopolitical risk. Trade disputes, tariffs, or diplomatic conflicts could disrupt the supply or raise
the cost of these imports. For example, if tensions with China rise or if other nations impose
export controls on key minerals, Indian solar developers might face supply shortages or price
spikes.

¢ Global Market and Cooperation: On the positive side, geopolitics can also bring opportunity.
India’s positioning as a leader in climate action has led to international partnerships and
investment. There is growing climate finance available from development banks and foreign
governments to fund renewable infrastructure. International cooperation such as technology
transfer agreements, or the International Solar Alliance, an help India access cutting-edge
technology and capital. If India can scale up its domestic manufacturing (as it’s attempting via PLI
schemes), it could turn a vulnerability into a strength, possibly even exporting solar equipment in

the long term.
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The table below summarizes how each major disruption could impact India’s solar industry in the short
term (next 5 years) and long term (5-10+ years), along with an assessment of the severity or significance

of the impact:

Impact Assessment of Key Disruptions

Table 7: Short-term vs long-term impact of various disruptions on India’s solar sector.

Short-Term Impact

(to ~z028)

Long-Term Impack
(to ~2035)

Technological
breakthroughs

(e.g. high-efficiency PV,
storage advances)

Gradual efficiency gains and pilot projects
improve economics; storage costz slowly
falling — moderate positive impact as new
tech begins adoption.

Potential transformative positive impact — major cost
reductions and efficiency jumps make solar vasthy
muore competitive: storage ubiquity enables 24x7 solar

supply.

High
(Opportunity)

Favourable policies
(solar targets,

incentives)

Wew schemes (subsidies, tax breaks,
mandates) boost investor confidence and
project pipeline — short-term acceleration
of installations and manufacturing.

Strong policy support sustains growth trajectory:
meeting zo30 targets becomes feasible. Over time,
policies mav phase out az solar becomes market-
driven, Positive effect on stability.

High
(Crucial Boost)

Regg]ato!:y uncertainty
(policy flip-flops, PPA

issmes)

Investors cautious due to unclear rules:
zome projectz delaved or canceled (e.g.
dus to PPA renegotiations or court
rulings) - short-term disruption to
imvestment.

If unresolved, could undermine long-term targets —
projects fail to materialize, higher risk premiums raise
costs. Conversely, reforms could remove this barrier.

High
(Wegative Risk)

Economic/financial
issnes

(DISCOM health,
financing)

DISCOM payment delayz and losses
hinder new PPAs:; higher interest rates
increase project costs — moderate short-
term drag on deployment.

Without reform, DISCOM inzolvency or poor credit
could severely limit solar growth; financing remains a
constraint. If resolved, a robust financial ecosvstem
greatly boosts zcale-up.

High
(Megative,
unless
mitigated)

Supply chain constraints
(import dependence)

Module/import price fluctmations or
shortages can delay projects and squeeze
margins — noticeable short-term impact
(e.z. past polyvsilicon shortages spiked
costs).

If domestic manufacturing succeeds, reliance drops:
otherwise, geopolitical shocks could seriously disrupt
supply of panels /batteriez. Local zupply chain boosts
winld greatly enhance resilience.

Medium

(could become
High if crisis)

Land acquisition
challenges
(social opposition)

Land and community issues cause project
delavs in certain states; developers forced
to zeek alternate zites or pay higher costs
— moderate impact now with some
projects stalled.

Could become a major barrier if most best sites are
taken or if public resistance grows, potentially stalling
large-scale solar expansion. Imnovative solutions
(agrivoltaics, floating solar) can alleviate long-term
land pressure.

High
(Megative)

Climate variability &
extreme weather

Minimal effect on overall generation in
near term (few percent output variance);
isolated extreme events (ztorms, floods)
mav damage specific installations — low to
moderate short-term impact.

Gradual efficiency decline (~3% by 2o050) dus to
heat/pollution; more frequent extremes could require
higher maintenance and resilient design — moderate
long-term impact on operational efficiency and
reliability.

Medinm
(Megative)

Grid infrastructure
limitations
(transmission,
curtailment)

Some regions see curtailment of solar at
peak times (e.g. ~12% solar output
curtailed in Oct 2025, with up to 40% on
certain days) — immediate izzue leading to
wasted generation.

Without upzsrades or storage, large-scale curtailment
could significantly cap usable zolar capacity; inability
to transmit/store surplus would jeopardize reaching
2030 targets. Solving this (grid expansion, batteries) iz
critical for long-term viability.

High
(Megative)

Geopolitical risks
(trade wars, global
crises)

Potential moderate disruptions: eg. a
tariff hike or import ban could temporarily
raise costz or delay projects; global
conflicts may affect supply logistics.

In a pessimistic scenario, persistent geopolitical
tenzions could seriously impede equipment supply
and deter foreign investment. In a better caze, India’s
diplomacy and manufacturing push reduce rizk.
COrverall, a wildcard but one that can have high impact
if triggered.

Medium-High
(Megative)

Source: Analysis of VP Research Company.
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As seen above, technological and policy developments largely represent positive opportunities (with
high long-term benefits), whereas regulatory, land, grid, and certain economic/geopolitical issues pose
significant risks to the industry if not addressed.

In the short term, some of these disruptions are already evident. For instance, grid curtailment and
DISCOM financial strain are present challenges today. Long-term, the severity of disruptions like land
limitations or grid bottlenecks could escalate if left unmanaged, potentially derailing India’s lofty solar
ambitions. The next section outlines strategies to build resilience against these disruptions.
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4.1. Resilience: Structural Fragility and Systemic Capacity

Key Focus Areas: Supply-chain dependence, climate exposure, land and operational constraints
Analytical Findings:

India’s solar industry has achieved rapid scale expansion, yet this growth has been accompanied by
structural fragilities that constrain its ability to absorb and adapt to systemic shocks. Despite an
installed capacity exceeding 119 GW, resilience remains narrowly distributed across the value chain.
Upstream supply dependence remains acute, with over 70% of modules and nearly 80-85% of cells
sourced from a single geography, exposing the sector to price volatility, geopolitical disruptions, trade
restrictions, and currency fluctuations. This concentration transforms external shocks into cascading
risks across procurement, project execution timelines, and financial viability.

Operational resilience is further constrained by limited backward integration and the high capital
intensity of domestic manufacturing. Firms remain vulnerable to liquidity compression during global
disruptions, particularly when coupled with delayed receivables and rising financing costs. Financial
fragility is visible at the firm level: market research of listed companies indicates average current ratios
below 1.2 and debt—equity ratios ranging between 1.8 and 2.3, reflecting limited balance-sheet buffers
for shock absorption. High leverage magnifies exposure to interest rate cycles and refinancing risks,
particularly under delayed project commissioning.

Climate-related resilience has emerged as a material operational risk. Yield variability in high-capacity
states such as Rajasthan and Gujarat has increased to 8-10% annually, driven by particulate
accumulation, heat stress, and erratic weather patterns. These fluctuations directly affect generation
assumptions, debt service coverage ratios, and maintenance costs. Spatial resilience is increasingly
shaped by land-use conflicts and environmental clearances. Large solar parks in Maharashtra and
Karnataka have experienced project gestation delays of 18—24 months due to community opposition
and regulatory processes, introducing uncertainty into execution schedules and capital deployment.

Under the RIVA framework, resilience is interpreted not merely as capacity growth but as the system’s
ability to withstand sequential disruptions without cascading failures. India’s solar sector exhibits
expansion strength but systemic fragility demonstrating robust capacity addition alongside weak
adaptability to structural shocks.

India’s solar sector shows expansion strength but systemic fragility: robust capacity growth, yet low
redundancy in supply chains, contract enforceability, climate variability buffers, and financing
structure. The sector’s resilience will be determined less by new MW additions and more by whether the
ecosystem builds shock absorbers: diversified sourcing, domestic intermediates, climate-adaptive
O&M, land governance, and bankable payment security mechanisms.
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4.2. Intelligence: Data Architecture, Financial Signalling, and Information
Transparency

Key Focus Areas: Grid diagnostics, financial visibility, data integrity
Analytical Findings:

RIVA identifies the “Intelligence Gap” as the most critical drag on solar sector efficiency. Intelligence,
in this context, is not merely informational access but the ability of enterprises and regulators to
convert dispersed data into coordinated decision signals. While data availability has increased,
decision-making remains constrained by fragmented data architectures and delayed information flows
across grid operators, developers, financiers, and regulators.

Grid curtailment continues to impose efficiency losses estimated between 3—8% annually, particularly
in Rajasthan, Tamil Nadu, and Andhra Pradesh. The absence of real-time generation—demand
correlation and limited predictive load-balancing capacity results in underutilization of installed assets.
Curtailment risk is insufficiently priced into bidding strategies and project valuations, weakening long-
term financial sustainability. If grid constraints are not translated into predictable economic signals,
investors cannot price curtailment risk correctly leading to systematic underestimation of true
portfolio risk.

Financial intelligence remains impaired by elongated receivable cycles. Analysis of listed firms
indicates average receivables ranging from 145 to 180 days, primarily driven by DISCOM payment
delays. This creates a structural mismatch between reported revenues and realized cash flows,
distorting liquidity assessment, credit risk evaluation, and capital allocation decisions. Financing
strategies often rely on historical averages rather than dynamic portfolio performance metrics, limiting
the sector’s ability to anticipate stress.

Information asymmetry further constrains intelligence maturity. Public disclosures related to PPAs,
curtailment clauses, payment security mechanisms, and project-level performance lack uniformity. As
a result, investors and lenders operate with lagging indicators rather than forward-looking intelligence.
RIVA characterizes this condition as a “decision latency trap,” where the time lag between insight
generation and strategic response increases exposure to avoidable risk.

Under the RIVA Intelligence lens, these factors highlight a disjointed data ecosystem where market
actors operate on lagging indicators rather than live intelligence. This deficiency curtails both
enterprise efficiency and investor confidence, producing what RIVA defines as a “decision latency
trap”: the time lag between insight generation and actionable response.
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4.3. Vision: Strategic Maturity and Innovation Readiness

Key Focus Areas: Innovation roadmap, investment foresight, sustainability alignment
Analytical Findings:

While India’s policy vision targeting 500 GW renewable capacity by 2030 appears ambitious, RIVA’s
diagnostic interpretation reveals an execution gap between national foresight and corporate strategic
readiness.

Global photovoltaic markets are transitioning toward advanced technologies, including tandem and
perovskite cells, grid-forming inverters, and integrated storage solutions. In contrast, domestic
production remains largely silicon-dependent, with R&D expenditure among listed firms averaging
below 1% of total capital expenditure. This suggests limited preparedness for next-generation
competitiveness and technology-driven differentiation.

Firms with a “vision gap” treat storage as optional; firms with strong vision treat storage as central to
future bankability.

Investment strategies continue to prioritize asset-heavy expansion over efficiency enhancement and
lifecycle optimization. Financial analysis shows a decline in return on invested capital across leading
firms, from approximately 9-10% in FY2019 to 6—7% in FY2024, despite increasing output.

Market research notes ROIC decline across leading firms despite output expansion. Under RIVA, this
is not merely “thin margins”; it indicates that growth is being pursued without sufficient
differentiation (technology, efficiency, data-driven dispatch, superior contracting). Vision maturity
means shifting from MW-maximization to value-per-MW optimization such as, higher utilization;
better payment security; hybridized revenue streams; and, superior risk-adjusted returns.

This indicates diminishing value creation per unit of capacity added. Strategic documents and public
filings emphasize tariff-based competition more strongly than storage integration, digital grid
alignment, or circular economy planning.

A visionary strategy requires planning for circular supply chains, recycling partnerships, design-for-
disassembly, and ESG-linked finance because regulation and markets will increasingly price lifecycle
responsibility.

Under RIVA’s Vision dimension, this pattern reflects a strategic asymmetry: strong national foresight
combined with modest corporate innovation orientation. The sector remains growth-driven but not
yet innovation-driven, a distinction that will shape competitiveness as global markets increasingly

reward efficiency, resilience, and technological advancement over scale alone.
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4.4. Analysis: Decision Loops, Efficiency Mapping, and Structural
Coherence

Key Focus Areas: Cost efficiency, performance mapping, adaptive decision cycles
Analytical Findings:

RIVA’s Analysis dimension focuses on the interpretive infrastructure of decision-making, the way data
is synthesized into action. Across the solar value chain, the research found inconsistent diagnostic
capability between generation, financing, and distribution entities. While analytical tools are present
across the solar value chain, they remain fragmented and insufficiently integrated into strategic
control systems.

The average cost of solar power procurement in India has declined to ¥2.5-2.8/kWh, yet profit
margins remain thin due to input price volatility and high debt servicing. Cost sensitivity analysis
indicates that a 10% increase in module prices can reduce project internal rates of return by 120-150
basis points. However, these sensitivities are rarely embedded into bidding thresholds, procurement
strategies, or contract structures, limiting their practical impact on risk mitigation. Operational
efficiency has plateaued, with the ratio of operational to installed capacity remaining between 85—
88%, reflecting losses due to curtailment, maintenance delays, and data lag effects.

Firm-level diagnostics reveal the absence of integrated dashboards linking physical performance
(generation), financial metrics (liquidity and receivables), and environmental indicators (climate and
ESG exposure). This fragmentation produces what RIVA defines as “diagnostic inertia,” where data
exists but fails to trigger timely corrective action. Policy instruments, financial mechanisms, and
operational systems remain siloed, weakening system-wide feedback loops.

From a transdisciplinary perspective, the sector faces interconnected disruption risks spanning
geopolitics, climate variability, financial tightening, cyber vulnerabilities, land-use conflicts, and
materials governance. These risks do not operate independently; rather, they interact and amplify one
another through the absence of unified decision architecture.

RIVA’s analytical synthesis indicates that India’s solar sector possesses diagnostic capability but lacks
structural coherence. Policy, finance, and operations remain siloed. Despite multiple government
schemes (PLI, ALMM, SECI auctions), there is limited cross-domain synchronization. The analytical
gap lies not in policy design but in the absence of unified decision architecture connecting enterprise
data to strategic control points. The sector’s long-term resilience will depend on its ability to convert
fragmented analytics into continuous feedback systems that enable early detection, adaptive response,
and strategic recalibration.
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Strategic Outlook

The diagnostic interpretation of India’s solar sector through the RIVA (Resilience—Intelligence—
Vision—Analysis) framework offers an integrated picture of its current position and future
readiness. The following dashboard summarizes the sector’s structural strengths and adaptive
potential as derived from market evidence, corporate filings, and national renewable progress
indicators. This profile translates complex industry data into an actionable diagnostic model that
investors, firms, and policymakers can interpret for benchmarking, risk evaluation, and strategic
planning.

Table 8: RIVA Industry Dashboard — Solar Sector, India (2025-2035)
RIVA Current Industry Future Readiness Outlook

Dimension Score

Moderate High, contingent upon maturing domestic supply chains and
diversification

Low—Moderate High, if Al-driven grid diagnosties and finaneial analyties
become mainstream

High Very High, with deep-tech innovation and R&D-driven
strategy

Moderate High, through predictive diagnosties and real-time decision
mapping

Source: Research by VP Research Company.

The RIVA diagnostic model reframes traditional solar industry assessment from a static, capacity-
oriented view to a dynamic, decision-intelligence framework. Unlike conventional performance
metrics focused on installed megawatts or tariff trends, RIVA evaluates how effectively the ecosystem
can sense, adapt, and act in the face of uncertainty.

* Resilience reflects the sector’s material and structural robustness. The heavy import orientation
constrains agility but offers measurable pathways to risk reduction through domestic integration
and manufacturing maturity.

e Intelligence captures the informational architecture the ability to process real-time grid, financial,
and operational data. India’s current data opacity depresses this score but offers immense
potential value once transparency reforms and Al forecasting are institutionalized.

 Vision illustrates strategic foresight. The Indian solar market already exhibits strong policy-level
direction; however, competitive advantage will hinge on firms transforming this vision into
innovation ecosystems rather than capacity pipelines.

e Analysis measures the coherence between insight and execution. The sector’s abundant data flows
remain underleveraged, resulting in a moderate score that could rise sharply with adoption of
predictive diagnostics and unified decision systems.
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Way Forward

To ensure the sustainable growth of India’s solar industry despite the disruptions identified, all
stakeholders, industry players, policymakers, and investors must adopt proactive strategies. Below are
recommended resilience measures for each group:

For Industry Players (Project Developers and Manufacturers)

* Diversify Supply Chains: Solar project developers should qualify multiple suppliers for panels,
inverters, and batteries to avoid over-reliance on any single country or company. Where feasible,
they can enter into long-term supply contracts to lock in prices or even invest in upstream
ventures (e.g. polysilicon plants or cell factories through joint ventures) to secure supply.
Manufacturers, on the other hand, should hedge against raw material shortages by stockpiling
critical inputs and developing alternative sourcing channels.

e Invest in Innovation and Quality: Embrace new technologies proactively — for example, pilot
advanced PV modules (bifacial, perovskite tandem) in projects to gain experience. Likewise,
integrate storage and smart energy management in project bids (as seen in recent hybrid/round-
the-clock renewable tenders) to stay ahead of grid requirements. By improving the technological
sophistication and efficiency of projects, the industry can maintain profitability even as tariffs
remain very competitive. Also, focus on quality in construction and O&M: build solar farms to
withstand extreme weather (robust mounting structures, use of hail-resistant panels, proper
drainage systems) and develop protocols for quick recovery after events. These steps will reduce
downtime and financial losses from environmental disruptions.

e Community Engagement and Benefit Sharing: Given social challenges, developers should
engage local communities from the planning stage. Conduct transparent public consultations for
new solar parks or installations, and work with locals to address concerns (e.g. redesign layout to
leave grazing corridors for cattle, or allow farming under solar panels in agrivoltaic setups).
Implement Corporate Social Responsibility (CSR) initiatives in project areas — such as providing
skills training, improving local infrastructure, or offering a share of profits/rent to the community
— to build goodwill. For instance, some solar parks use a land lease model (as in Karnataka’s
Pavagada park) where farmers become lessors and receive annual payments, turning them into
stakeholders in the project. Such models can mitigate opposition and foster a sense of ownership
among locals.

e Operational Resilience: Solar asset operators should adopt strategies for climate resilience
maintain insurance for natural disasters, schedule regular maintenance (like more frequent
cleaning cycles if in dust-prone areas, possibly using robotic dry cleaning to save water). Use data
and forecasting to anticipate weather-related dips in generation and plan accordingly. Diversifying
project locations across different states or regions can also spread risk (so a localized issue doesn’t
affect an entire portfolio). Additionally, be prepared for regulatory changes by staying agile: for
example, if a state alters net metering rules, companies should have business models that can
switch to net billing or other arrangements for rooftop solar. An agile and well-informed approach
will help companies navigate policy shifts without severe disruption.
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For Policymakers and Regulators

e Provide Stable, Long-Term Policy Signals: Maintain consistency in goals and regulations
(e.g. long-term solar purchase obligations, feed-in tariffs or transparent auction schedules) so
that investors have clarity. Avoid abrupt changes in net metering rules or retrospective PPA tariff
cuts, which can erode confidence. A clear roadmap to 2030 and beyond, with interim targets, will
guide industry expectations.

e Strengthen Grid & Storage Infrastructure: Invest heavily in transmission lines (Green
Energy Corridors) to connect solar-rich regions to demand centres, and upgrade the grid for
flexibility. Accelerate deployment of energy storage systems (batteries, pumped hydro) with
policy support. For example, provide viability gap funding or extend the transmission charge
waiver for hybrid & storage projects. This will reduce curtailment and ensure solar power can be
utilised fully.

¢ Reform DISCOM Finances: Implement power sector reforms to improve DISCOM health,
enforce financial discipline, reduce losses, and ensure timely payments to generators. The
government might consider a payment security mechanism or guarantee fund for renewable
PPAs, so developers are assured of revenue. Tariff rationalization (cost-reflective retail tariffs)
and smart metering can help DISCOMs cut losses. Systemic measures to stabilize DISCOM
finances and ensure fair PPA practices are critical to enable projects to proceed.

e Facilitate Land and Approvals: Simplify and standardize land acquisition processes for
renewable energy projects. Create land banks or solar park zones with pre-cleared land to fast-
track projects. Encourage use of alternative sites (canal tops, reservoirs, degraded land) by
supporting the NISA (New and Innovative Solar Applications) approach. This includes
agrivoltaics, floating solar, and BIPV, which reduce the need for fresh land and can ease local
opposition. Where communities are involved, ensure consultations and adequate
compensation/rehabilitation for land owners to minimize conflicts.

 Enhance Regulatory Transparency: Strengthen institutions like state electricity regulators
and appellate tribunals to ensure rules are upheld uniformly. Streamline the approval process for
solar projects (single-window clearances) and enforce contractual sanctity e.g. penalize
unwarranted PPA cancellations or payment delays. Newer areas like energy storage and green
hydrogen require clear regulatory frameworks too. By addressing regulatory hurdles with clear
policies (e.g. predefined tariff mechanisms for energy storage, or detailed procedures for open
access), the government can greatly reduce uncertainty.

* Promote Domestic Manufacturing & Supply Security: Continue and expand schemes
like PLI for solar modules to build an end-to-end solar supply chain domestically. Incentivize
diversification of supply (e.g. sourcing polysilicon from multiple countries) and maintain
strategic reserves of critical minerals if possible. Trade policy should balance the need to protect

nascent domestic industry with ensuring sufficient imports in the interim (for instance,
managing the timing of import tariffs or providing exemptions when local supply is short).
Supporting R&D in advanced PV and battery technologies will also reduce reliance on foreign
technology in the long run.
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For Investors and Financial Institutions

* Thorough Risk Assessment and Diversification: Investors (including banks, funds, and
equity providers) should perform detailed due diligence on solar projects, specifically examining
regulatory risk (state policy stability, PPA enforceability) and off-taker risk (creditworthiness of the
purchasing DISCOM or corporate). Diversifying investments across different states, off-takers, and
project types (utility-scale, C&I, rooftop) can spread exposure. For foreign investors, partnering
with local firms or development banks can help mitigate unfamiliar risks.

* Use of Risk Mitigation Instruments: Capital providers can leverage instruments like political
risk insurance, partial risk guarantees, or credit enhancements to guard against disruptions. For
instance, guarantee schemes by India’s Payment Security Mechanisms can protect against
DISCOM payment defaults. Insurance products can cover project delays due to land litigation or
weather events. By pricing and hedging these risks, investors can protect returns even if
disruptions occur.

* Engage in Policy Dialogue: Large investors and industry associations should actively engage
with policymakers to advocate for stable, investor-friendly policies. By sharing on-ground
experiences (e.g. difficulties faced due to certain regulations), investors can help shape a more
conducive regulatory environment. This dialogue can push for solutions like standardized PPA
contracts, faster dispute resolution mechanisms, or better net metering policies, which ultimately
reduce risk for all parties.

* Long-Term Commitment with Flexibility: Given the long horizon of solar assets (25+ years),
investors should adopt a long-term view aligned with India’s climate goals. This might mean
accepting slightly lower returns in the short run for stable gains later, under the premise that early
movers will benefit as the market matures.

Collaborative and Additional Strategies

e Public-Private Collaboration: Many resilience measures require joint effort. For instance,
solving grid constraints will need both government investment and private sector innovation
(battery projects). Stakeholders should collaborate on pilot projects (such as large-scale storage
deployment or agrivoltaic farms) to demonstrate solutions that can then be scaled.

e Continuous Monitoring and Flexibility: The solar landscape is dynamic. All players should
continuously monitor technological trends (so as not to be left with stranded older tech), policy
developments, and market signals.

e Building Local Capacity: Finally, an underlying strategy is investing in local human and
institutional capacity. Training programs for technicians, engineers, and policymakers can ensure
that India has the expertise to handle cutting-edge solar tech and complex grid management in the
coming years.

By implementing the above strategies, policymakers can create an enabling ecosystem, companies can
safeguard and optimise their operations, and investors can confidently contribute capital to India’s
solar growth. The next 5-10 years will be pivotal with disruptive challenges to overcome, but also
immense opportunities to modernise and expand India’s energy system. If resilience measures are
pursued in earnest, India’s solar industry can not only withstand potential disruptions but indeed
thrive, delivering on its promise of clean, abundant power for the nation’s future.
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Conclusion

The RIVA Framework—Resilience, Intelligence, Vision, and Analysis redefine how industries can be
understood, benchmarked, and future-proofed in a VUCA environment. Applied to India’s solar
industry, RIVA demonstrates that the sector’s trajectory is not limited by ambition but by coherence;
the ability to convert data into decision, disruption into foresight, and policy intent into enterprise
strategy.

The findings of this report position India’s solar industry at a crossroads between scale-driven
expansion and intelligence-driven transformation. The RIVA framework reveals that while
technological and financial momentum has been achieved, structural integration across supply chains,
data ecosystems, and innovation networks remains incomplete. To progress from resilience awareness
to resilience capability, enterprises and investors must approach strategy through four connected
diagnostic lenses:

* Resilience: Prioritize diversification and redundancy across supply chains, manufacturing
clusters, and climatic geographies. Firms with balanced import—domestic sourcing and adaptive
site portfolios will demonstrate superior shock resistance in the next decade.

e Intelligence: Transition from static data collection to dynamic intelligence systems. The
competitive edge will belong to companies that can correlate grid data, financial transactions, and
operational performance through unified analytics dashboards.

e Vision: Link long-term sustainability goals with measurable innovation investments. Future
market leadership will hinge not merely on installed capacity but on technological distinctiveness
and forward-compatible product portfolios.

e Analysis: Institutionalize decision quality as a measurable variable. Firms integrating real-time
diagnostics and predictive analytics will be better positioned to manage capital efficiency,
operational precision, and investor confidence.

These recommendations are not prescriptive but diagnostic they represent how the RIVA model
interprets and prioritizes transformation pathways rather than prescribing external actions. Each
insight reaffirms the value of a data-integrated, foresight-driven, and decision-linked business
intelligence system.
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