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Abstract 

India has rapidly expanded its renewable energy capacity and climate-tech startup base since 2020, yet 

only a minority of green energy innovations convert into viable enterprises. Evidence suggests that 

roughly 15–25% of patented or publicly funded sustainable energy technologies reach meaningful 

commercialization globally, with similar or lower conversion rates in India. This paper examines the gap 

between research and market deployment in India's green energy sector and argues that business model 

innovation—especially recurring-revenue and hybrid pricing models—is as critical as technological 

innovation. Using recent literature on barriers to renewable energy adoption, green entrepreneurship, and 

early-stage climate-tech financing, the paper: (i) summarises key post-2020 technological advances, (ii) 

analyses India-specific commercialization bottlenecks, (iii) reviews the emerging policy and funding 

ecosystem for climate-tech startups, and (iv) proposes practical business model structures that can self-

fund climate R&D through product sales. The central claim is that aligning revenue with delivered 

climate impact, while leveraging India's evolving policy instruments, can significantly increase the 

proportion of green energy research that becomes sustainable business. 

 

Keywords: green energy innovation, renewable technology commercialization, climate-tech startups, 

business models, recurring revenue, India energy transition, policy and entrepreneurship 

 

1. Introduction 

India's energy transition is accelerating, driven by ambitious targets of 500 GW non-fossil capacity by 

2030 and its commitment to net-zero by 2070. Between 2020 and 2024, global renewable capacity grew 

from about 2.5 TW to 4.4 TW, with solar capacity alone increasing by more than 160%, reflecting rapid 

technological progress and falling costs. At the same time, India's climate-tech startup landscape has 

expanded sharply. A 2023 report titled *Climate Tech Investment Trends in India: A 2022 

Retrospective* estimates that Indian climate-tech start ups raised approximately US$2 billion across 279  
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venture deals between 2020 and 2022 (Climate Tech Investment Trends in India, 2023). 

Despite this momentum, a persistent "innovation-to-enterprise" gap remains. Studies of sustainable 

energy technologies highlight that a large share of inventions stall at laboratory or pilot stage due to 

financial, regulatory, technical and market barriers (World Bank, 2020). This paper addresses a central 

question: **How can India convert a higher proportion of its green energy innovation into viable 

enterprises, and what role can business model design play in that process?** 

 

2. Recent Advances in Green Energy Technologies (Post-2020) 

Globally, 2020–2025 has seen step-changes in performance and cost across several green technologies. 

2.1 Solar Photovoltaics 

Perovskite-silicon tandem solar cells have pushed record efficiencies above 34%. In April 2025, Chinese 

manufacturer LONGi Solar achieved 34.85% efficiency, a jump of 51.7% from the ~23% baseline of 

2020 and a significant breach of the ~29% Shockley-Queissel limit for single-junction silicon (LONGi 

Solar, 2025). Beyond cell efficiency, commercial-scale perovskite modules above 18% have begun to 

appear; Chinese company UtmoLight announced 18.1% efficiency for 0.72 m² modules in March 2025, 

marking the first commercial-scale perovskite production at scale. Durability remains a concern but 

recent work (2025) using aluminium oxide protective layers has demonstrated retention of 90% 

efficiency after 1,000 hours at 55°C, compared to <200 hours without protection. 

Bifacial and floating solar systems have also improved system-level performance. Bifacial panels 

capture light from both front and rear surfaces, yielding 15–30% additional yield in reflective 

environments (snow, sand). Floating solar on water bodies benefits from passive cooling, pushing 30% 

additional output vs. fixed rooftop systems. 

2.2 Battery Storage and Energy Density 

Lithium-ion battery pack prices fell from roughly US$165/kWh in 2020 to near US$100/kWh in 2025, 

with some markets reporting even lower prices (US$94/kWh in China). This 39.4% cost reduction was 

driven by cell manufacturing overcapacity, economies of scale, lower raw material costs (lithium 

carbonate fell from US$70,000/metric ton in 2022 to under US$15,000 in 2024), and widespread 

adoption of lower-cost lithium-iron-phosphate (LFP) chemistry. Battery storage levelized cost of storage 

(LCOS) has plummeted from approximately US$220–300/MWh in 2020 to below US$100/MWh by 

2025, a 55% decline. 

The most significant advancement is the transition from liquid lithium-ion to solid-state electrolytes. By 

late 2025, companies like Chery unveiled solid-state battery modules with 600 Wh/kg—exactly double 

the typical 270–300 Wh/kg of current generation EV batteries. This 100% improvement in energy 

density directly translates to doubled electric vehicle range or halved battery weight, critical for electric 

aviation and heavy trucking. 

2.3 Green Hydrogen 

Traditional electrolysers operated at approximately 65% efficiency (51.2 kWh/kg H₂) in 2020. By 2025, 

Australia's Hysata demonstrated capillary-fed electrolyser technology achieving 98% cell energy 
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efficiency (41.5 kWh/kg H₂)—a 21% reduction in energy input per kilogram of hydrogen produced 

(Hysata, 2022). This addresses one of green hydrogen's main cost barriers: excessive electricity 

consumption. IRENA studies estimated that green hydrogen cost could fall below US$2/kg by 2030 

(down from US$4–6/kg in 2020) (International Renewable Energy Agency, 2020). 

2.4 Wind Energy and Capacity Factors 

Onshore wind capacity factors improved from approximately 36% in 2020 to 40–42% for newer 

turbines. Offshore wind capacity factors have surged from roughly 40% to 43–63% for latest-generation 

projects. Global wind capacity additions accelerated from 86 GW in 2020 to 120–150+ GW projected in 

2025—a 74% increase in annual deployment. 

2.5 AI and System-Level Optimization 

AI-driven building management and industrial optimization systems have delivered 9–30% reductions in 

energy consumption. Google's DeepMind applied machine learning to wind farm management, enabling 

36-hour-ahead output predictions that increased the financial value of wind energy by approximately 

20%. The UK National Grid ESO's AI-based solar forecasting similarly reduces the need for costly 

standby generators. 

 

Summary: The Five-Year Transformation Between 2020 and 2025, the following improvements were 

realized: 

Technology 2020 Baseline 2025 Achievement Improvement 

Perovskite Solar Efficiency ~23% 34.85% +51.7% 

Battery Pack Cost US$165/kWh US$100/kWh -39.4% 

Solid-State Battery Density ~300 Wh/kg 600 Wh/kg +100% 

Green H₂ (Capillary-fed) 51.2 kWh/kg 41.5 kWh/kg 21% energy input 

Global Renewable Capacity 2.5 TW 4.4 TW +76% growth 

Solar Capacity (Global) 0.7 TW 1.87 TW +167% growth 

Building HVAC AI Savings Baseline | 9–30% Efficiency gains 

 

3. Barriers to Commercialisation in India's Green Energy Sector 

Empirical work on barriers to renewable and sustainable energy technologies in India and other 

countries identifies a consistent set of constraints. These can be grouped into four categories. 

3.1 Financial and Market Barriers 

High upfront investment, long payback periods, and perceived technology risk discourage both 

institutional and retail investors. Studies emphasise limited access to affordable credit for SMEs and 

early-stage ventures, and market uncertainty around tariffs, open access charges, and future regulation 

(World Bank, 2020). Fossil fuel infrastructure and subsidies further distort relative prices, making 

innovative green options appear less competitive in the short term. For green energy projects 
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specifically, lenders often demand high collateral and extensive historical data on similar projects, 

barriers that are particularly acute for novel technologies or first-of-a-kind deployments. 

3.2 Technical and Infrastructure Barriers 

Many green technologies demonstrate promising performance at laboratory or pilot scale but lack 

proven, bankable track records at industrial scale. Grid constraints, limited storage capacity, and high 

technical losses remain significant concerns in India's power system, complicating integration of 

variable renewables. In particular, inadequate transmission infrastructure and frequency regulation 

challenges have led to curtailment of renewable energy and delayed offtake agreements. There is also 

evidence of skill gaps in design, installation, and maintenance for advanced technologies in smaller 

firms and in rural regions, limiting the ability of MSMEs and distributed energy ventures to scale 

operations. 

3.3 Policy, Regulatory and Institutional Barriers 

Analyses of India's energy transition highlight policy inconsistency across states, slow permitting, and 

occasional retroactive changes to contracts as major deterrents for investment (Government of India, 

2021). Some states have altered power purchase agreements (PPAs) or curtailment rules after projects 

were commissioned, deterring new entrants. Intellectual property regimes also matter: strong IP 

protection can create monopolies and high licensing fees, especially for low- and middle-income 

countries, slowing diffusion and raising costs for SMEs by as much as 50% in licensing. These factors 

together reduce the willingness of incumbents and financiers to adopt novel technologies originating 

from startups or research institutions. 

3.4 Social and Behavioural Barriers 

Literature on sustainable energy adoption in India underscores low awareness, risk aversion, and 

behavioural inertia among end-users as important obstacles, especially for distributed solutions like 

rooftop solar and energy-efficiency measures. Cultural and land-use conflicts can slow or block large 

projects, particularly in wind and utility-scale solar. Incumbent utilities, which often resist distributed 

renewables out of concern for grid stability and revenue loss, can also create political obstacles to 

supportive policies. 

 

4. Policy and Funding Ecosystem for Climate-Tech Startups in India 

India has responded with a complex but strengthening policy mix aimed at both large-scale renewable 

deployment and innovation-driven entrepreneurship. Key instruments include mission-oriented 

programs, startup funding schemes, and concessional green finance. 

4.1 Mission-Oriented Schemes 

The National Green Hydrogen Mission (₹19,700 crore through 2030) supports electrolyser 

manufacturing and production, opening opportunities for deep-tech startups across the hydrogen value 

chain (Ministry of New and Renewable Energy, 2025). Production-linked incentive schemes for solar 

modules, advanced chemistry cell batteries, and electric vehicles provide multi-year, output-linked 
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subsidies that support domestic manufacturing and deep-tech innovation. FAME II and associated EV 

policies provide direct EV subsidies and indirect support for battery, charging, and software start ups. 

4.2 Direct Startup Funding 

The Startup India Seed Fund Scheme (SISFS) offers up to ₹20 lakh for proof-of-concept and ₹50 lakh 

as convertible debt for recognised start ups, with tax holidays and easier regulatory compliance 

(Government of India, 2024). The Department of Science and Technology's NIDHI-PRAYAS program 

provides prototyping grants (~₹10 lakh) and deep-tech support for energy, storage, and climate 

resilience. MeitY's digital innovation programs (TIDE 2.0, SAMRIDH) support digital and SaaS 

solutions for smart grids, energy analytics, and climate data. The Ministry of New and Renewable 

Energy's start up challenge for rooftop solar (₹2.3 crore pool, 2025) offers grants up to ₹1 crore for 

distributed RE and rooftop innovations, with mentorship, pilots, and market access. 

4.3 Concessional Green Finance 

SIDBI's Green Finance Scheme finances up to 70–80% of project cost at concessional rates (Small 

Industries Development Bank of India, 2025). IREDA provides loans for energy-efficiency and 

renewable projects. The Green Climate Fund, channelled through SIDBI, offers concessional lending via 

partial risk sharing facilities, reducing collateral and early-stage risk hurdles. 

4.4 State-Level Support: Telangana Example 

Telangana's rooftop solar subsidies combine central subsidy (PM Surya Ghar Muft Bijli Yojana, 

₹30,000–₹78,000) with state top-up (₹10,000–₹30,000 per kW), totalling ₹40,000–₹1,08,000 per 3 kW 

system (Telangana Renewable Energy Development Corporation, 2025). MSME parks can access 30% 

subsidies on rooftop solar. The state's EV policy offers 100% road tax and registration exemption for 

EVs, plus purchase subsidies (up to ₹1.5 lakh on cars). Telangana's Clean and Green Energy Policy 2025 

targets 20,000 MW renewable capacity by 2030, channelling large capex into projects where startups 

can compete as engineering, procurement, and construction (EPC) providers, SaaS vendors, or 

component suppliers (Government of Telangana, 2025). 

 

5. The Role of Business Model Innovation 

A growing body of work on green entrepreneurship and climate-tech in India argues that business model 

design is a critical missing link between research outputs and market success. Traditional models based 

on hardware sales or one-off engineering, procurement, and construction contracts often struggle to 

recover high development costs and provide limited funding for continuous R&D. 

5.1 Evidence from Climate-Tech Business Models 

Case studies of Indian and global climate-tech firms show increasing adoption of models that combine 

hardware with recurring software or service revenue, circular economy models, and performance-based 

contracts. Several successful ventures pair asset sales with SaaS fees, monitoring services, or shared-

savings arrangements, leading to more resilient cash flows and better incentives to optimise system 

performance (International Energy Agency, 2023). Reports on energy performance contracting highlight 

the potential of shared-savings and guaranteed-savings models to align incentives between service 
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providers and clients, though they also emphasise the complexity of measurement and verification and 

the need for robust contractual frameworks (U.S. Department of Energy, 2021). 

5.2 Usage-Based and Hybrid Pricing Models 

Literature on consumption-based pricing in software and infrastructure sectors describes several 

advantages and risks of usage-based pricing (Zuora, 2025). On the positive side, usage-based pricing 

aligns charges with realised value, lowers upfront barriers, and allows revenue to scale naturally with 

adoption. On the negative side, it can introduce revenue volatility, "bill shock" for customers, and 

significant metering and billing complexity. Best-practice guidance therefore often recommends a hybrid 

model combining a fixed subscription component with a variable usage-based component (Stripe, 2025). 

In the context of energy and climate products, this could mean a base platform fee (covering software, 

support, and a baseline volume of usage) plus a per-unit fee linked to kWh managed, tonnes of CO₂ 

accounted for, or number of assets (sites, meters, electric vehicles) under management. For capital-

intensive offerings, hybrid models can also combine fixed service fees with a percentage share of 

verified energy savings. 

 

6. Proposed Framework: Business Models That Fund R&D Through Product Sales 

Building on the above, this section proposes a practical framework for designing green energy 

businesses that can self-fund ongoing R&D from recurring revenue. 

6.1 Hardware-Enabled SaaS for Energy Systems 

In this model, the startup sells or finances physical devices—such as solar controllers, EV chargers, or 

building energy sensors—while charging ongoing subscription fees for monitoring, optimisation, and 

reporting software. International examples of "hardware-enabled SaaS" demonstrate that combining 

modest hardware margins (5–15%) with high-margin recurring software (60–80% gross margin) can 

lead to healthier unit economics and more reliable funding for product development (Chargebee, 2020). 

Applied to India, such a model could support rooftop solar + storage management for MSMEs or 

residential clusters. The subscription layer may also provide automated reporting for environmental, 

social, and governance (ESG) or carbon disclosure, a growing requirement for large customers. 

**R&D Funding Loop:** 

 Field data from deployed units improves algorithms and firmware 

 Better algorithms justify higher pricing or upsells 

 Recurring revenue (70%+ gross margin) is reinvested in next-generation features and hardware 

6.2 Energy-as-a-Service and Performance Contracting 

Energy-as-a-Service models treat efficiency or on-site generation as a service rather than an asset 

purchase. Providers finance and install the solution, then charge clients through multi-year contracts (5–

10 years) with payments linked to realised savings or service levels. Reviews of energy performance 

contracting identify this as an effective mechanism to overcome capital constraints, particularly when 

combined with robust measurement and verification protocols (International Energy Agency, 2023). 
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For climate-tech startups, adopting shared-savings (e.g., 60–40 split between customer and provider) or 

guaranteed-savings contracts can generate predictable, long-term revenue streams that justify continued 

R&D spending, while ensuring customers only pay when outcomes are delivered. 

**R&D Funding Loop: ** 

 Multi-year contracts provide visibility for 5–10 year R&D budgets 

 Field deployment data feeds improvement in controls and forecasting 

 Each new version deployed improves savings, justifying expansion across customer base 

 Higher performance translates to higher savings share and more R&D capital 

6.3 Usage-Based and Impact-Linked Pricing 

Usage-based pricing can be particularly appropriate for climate-SaaS and data platforms, where the main 

value lies in monitoring, forecasting, and decision support. Charging per MWh of energy managed, per 

asset monitored, or per tonne CO₂e measured or reduced directly links revenue to environmental impact, 

reinforcing the climate mission while scaling with customer use. 

To mitigate the drawbacks of pure usage-based models—such as revenue volatility and billing 

uncertainty—start ups can adopt hybrid schemes with minimum commitments or tiered bundles 

(Basic/Pro/Enterprise). Guidelines from SaaS and billing platforms emphasise the importance of clear 

communication, dashboards, and alerts to avoid customer dissatisfaction from unexpected charges 

(Togai, 2024). 

**R&D Funding Loop:** 

 Field data from thousands of deployments feeds machine learning and optimisation 

 Better algorithms increase customer savings or efficiency 

 Higher quality and impact justify premium pricing and upsells 

 Growing installed base generates compounding data advantage 

6.4 Circular Economy and Materials Recovery Models 

Circular business models, particularly in battery and solar panel recycling, can integrate ongoing R&D 

into operational processes. Revenues from recovered materials, refurbishment services, or take-back 

programs can support incremental improvements in separation and processing technologies, which 

directly increase yields and profit margins. Given India's projected growth in EV and solar deployment, 

such models are likely to become increasingly important in the medium term. 

**R&D Funding Loop: ** 

 Each new generation of batteries or panels entering the market (2–10 years later) provides new 

material streams 

 Incremental process improvements (separation, extraction, purity) increase material recovery value 

 Higher margins from improved recovery fund development of next-generation recycling technology 

 Scalable circular ecosystem attracts policy support and financing 
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7. Practical Example: Rooftop Solar + Battery Controller for MSMEs 

To illustrate the framework, consider a climate-tech start up offering IoT-based energy management for 

small and medium enterprises (MSMEs). 

7.1 Market Opportunity 

India has approximately 6.3 crore MSMEs; electricity accounts for 10–20% of operating costs. Most run 

on unreliable grid power or diesel gensets. Rooftop solar + battery storage can cut electricity bills by 40–

60% and improve power reliability. Current barriers include high upfront capex, unfamiliarity with 

hybrid systems, and lack of real-time monitoring and optimisation. 

7.2 The Product 

The startup offers an IoT controller + cloud dashboard to optimise rooftop solar + battery (or grid) 

usage: 

 Auto-shifts HVAC, production loads, and EV charging to solar hours 

 Stores excess generation in battery for peak hours 

 Remote monitoring, alerts, and predictive maintenance 

 Integrates with existing meters and inverters 

7.3 Business Model and Pricing (Hybrid Subscription + Usage + Performance) 

Base Subscription: ₹6,000/month per MSME site 

 Includes: cloud dashboard, up to 50 MWh/month of energy monitoring, integration with 1 battery 

pack, 24/7 support, monthly reports 

Usage Component: ₹10/MWh for consumption beyond 50 MWh/month 

 Aligns with value delivered (more sites/larger operations = more monitoring) 

Performance Bonus: Shared Savings 

 If system achieves >40% energy reduction vs. baseline, startup receives 10% of annual realised 

savings above baseline 

 This aligns incentives: startup benefits only if customer truly saves 

Example MSME Economics: 

Baseline electricity: ₹2 lakh/month (20 MWh @ ₹10/unit) 

After solar + battery + optimization: ₹1 lakh/month (45% reduction) 

Monthly bill to startup: 

= ₹6,000 base 

+ (50 - 50) × ₹10 (no usage overage if <50 MWh analyzed) 

+ 10% × (₹1 lakh savings) / 12 

= ₹6,000 + ₹833 

= ₹6,833/month 

7.4 Funding Path and R&D Loop 

 Stage 1: Months 0–6 (Prototype) 

o Secure ₹30 lakh DST/MNRE grant 
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o Build MVP, pilot with 3 MSMEs, validate unit economics 

 Stage 2: Months 6–18 (Early Traction) 

o Secure ₹1.5 crore Series Seed from climate-tech VCs + SIDBI concessional finance 

o Scale to 25 MSME sites, refine pricing, lock in 3–5 anchor customers 

o Define repeatable go-to-market (channel partnerships with solar installers, utilities) 

 Stage 3: Year 2 (Growth) 

o Secure ₹10 crore Series A (corporate VCs, green bonds, impact investors) 

o Reach 150+ MSMEs, ₹3–5 crore ARR 

o Invest 8% of revenue into R&D: 

o Improved load-shift algorithms (machine learning) 

o Integration with more battery chemistry and suppliers 

o Predictive maintenance (predicting component failures) 

o Carbon footprint reporting (ESG compliance) 

 Stage 4: Year 3+ (Scale & Impact) 

o Target 500+ customers, ₹50+ crore ARR 

o Prove climate impact: tonnes CO₂e avoided per year, MWh managed 

o Dedicated R&D team (3–5 FTE) working on second-generation hardware: 

o Integrated battery + IoT module (reduce costs, improve reliability) 

o Edge AI (run algorithms locally, not just in cloud) 

o Vehicle-to-grid (V2G) integration 

o Industrial heat and cold storage optimization (textile, food, chemicals) 

 R&D Funding Loop: 

o Field data from 150+ installations → train better load-shift algorithms 

o Improved algorithms → realize 2% more customer savings → higher shared-savings fees 

o Higher fees → 8% of ARR allocated to R&D → next-gen hardware + features ready by 4th Year 

o Competitive advantage compounds: data + algorithms + hardware integration → higher retention, 

lower churn 

 

8. Implications and Recommendations 

The analysis suggests several implications for stakeholders aiming to increase the proportion of green 

energy innovation that becomes commercially viable. 

 For Researchers and Universities: 

o Engage with incubators and early-stage funds that understand recurring-revenue and performance-

based models 

o Frame inventions in commercially attractive ways (manufacturability, scalability, unit economics) 

o Structured technology transfer and spin-off support significantly enhance commercialization 

outcomes 
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o Consider licensing or equity arrangements with startups, especially where the IP is complex or 

requires ongoing development 

 For Entrepreneurs:  

o Explicit design of revenue models—choosing appropriate mixes of subscription, usage-based, and 

outcome-linked pricing—should be considered as important as the technical architecture 

o Scalable, market-oriented business models are critical for long-term viability 

o Integrate government grants, concessional finance, and pilot opportunities from the outset 

o In Telangana: leverage state subsidies (solar, EV, MSME support) to de-risk early customers and 

demonstrate impact 

 For Policy Makers:  

o Streamline access to grants, concessional finance, and pilot opportunities for startups that adopt 

recurring-revenue and performance-based models 

o Enhance integration between public R&D funding, startup programs, and demand-side instruments 

(public procurement, state clean-energy targets) 

o Strengthen IP frameworks and licensing support for green technologies, particularly for technology 

transfer to MSMEs and SMEs 

o Create state-level innovation hubs with mentorship, pilot sites, and offtake guarantees (similar to 

Telangana's Clean and Green Energy Policy) 

 For Investors and Impact Funds:  

o Support climate startups with recurring-revenue models, which exhibit lower churn and better 

LTV/CAC ratios 

o De-risk with performance contracts: shared-savings and guaranteed-savings structures reduce 

platform risk and align incentives 

o Support long-term R&D budgets: climate-tech typically requires 5–10 year investment horizons 

before profitability 

o Invest in measurement and verification capabilities: robust MV is essential for performance 

contracting and customer trust 

 

9. Conclusion 

India's green energy transition requires not only technological breakthroughs but also robust pathways 

from research to sustained revenue. The post-2020 period has delivered impressive advances in solar, 

storage, hydrogen, and digital optimisation, yet commercialization rates remain limited by financial, 

technical, regulatory, and behavioural barriers. Business model innovation—particularly recurring-

revenue, usage-based, and performance-linked approaches—offers a pragmatic route to self-fund climate 

R&D and align economic incentives with environmental outcomes. 

By consciously integrating such models with India's evolving policy and financing ecosystem—

including Startup India, MNRE missions, DST grants, SIDBI concessional finance, and state-level 
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incentives—green energy innovators can increase the share of research that becomes viable enterprise. 

The real-world example of an MSME energy management startup illustrates how a hybrid pricing model 

combining subscriptions, usage fees, and shared savings can generate both predictable revenue and 

strong incentives for continuous innovation. 

The window is narrow: India's 1.6 lakh climate-tech startups, ₹62 billion in clean-energy investment, 

and strengthening policy momentum create a rare opportunity. What is needed now is disciplined, 

market-grounded business design that turns research into sustainable enterprises capable of self-funding 

their own R&D and accelerating the pace of India's energy transition. 
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