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1 Overview of Indian Macroeconomic landscape 

1.1 Global macroeconomic overview 

1.1.1 GDP growth 

The International Monetary Fund (IMF) revised its global growth projections upward for CY 2026, citing factors like 

improved financial conditions, and fiscal stimulus in major economies. In its World Economic Outlook update (WEO) 

July 2026, the IMF observed that Global growth in CY 2025 was 0.2% above that predicted in the January WEO. 

Global growth is projected at 3.0% for CY 2026 and 3.4% in CY 2027. The forecast for CY 2026 is 0.3% lower than 

that in the reference forecast of January 2026 WEO also 0.1% lower than WEO April 2026 and for CY 2027 the 

forecast is 0.2% higher than WEO January 2026 and WEO April 2026. This reflects major test from the outbreak of 

war in the middle east. 

Relative to the forecast in January, growth in CY 2026 for China is revised upward by 0.1% point to 4.6%. In the 

United States, with tariff rates settling at lower levels, the economy is projected to expand at a rate of 2.3% in 2026. 

In India, growth is projected to be 6.4% in CY 2026 and 6.7% in CY 2027, with CY 2026 numbers revised slightly 

downward and CY 2027 numbers revised upward, reflecting a more benign external environment than assumed in 

the January and April reference forecast. 

Figure 1: GDP growth rate for major economies (y-o-y in %) 

 

*For India financial Year (April-March) CY 25 is Fiscal 2026; 

Source: World Economic Outlook Database (July 2026) by IMF; Crisil Intelligence 
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As per IMF, global inflation is expected to continue to increase, with headline inflation increasing from 4.1% in CY 

2025 to 4.4% in CY 2026 and 3.7% in CY 2027. The overall picture hides cross-country variation in forecasts, however, 

the conflict in the middle east is acting as a supply shock, are expected to pass through to consumer prices gradually 

and hit inflation in the second half of CY 2026. India’s inflation has been on a steady downward trajectory, easing from 
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5.4% in CY 2023 to 4.1% in CY 2025 and now is expected to moderate to 4.4% in CY 2026 which is supported by 

middle east war crisis below normal monsoon amid EL Nino conditions. 

Table 1: Inflation projections by IMF 

Country CY23 CY24 CY25 CY26 (P) CY27(P) 

Brazil 4.6 4.4 5.0 4.0 3.4 

China 0.2 0.2 0.0 1.2 1.5 

India 5.4 4.6 2.1 4.7 4.0 

Japan 3.3 2.7 3.2 2.2 2.3 

Russia 5.9 8.4 8.7 5.6 4.3 

United Kingdom 7.3 2.5 3.4 3.2 2.4 

United States  4.1 3 2.7 3.2 2.1 

World  6.7 5.8 4.1 4.7* 3.9* 

*As per IMF World Economic Outlook update (July 2026); Note: For India financial year; CY23 is FY23-24 and so on; (P): Projected 

Source: IMF World Economic Outlook database: (April 2026); Crisil Intelligence   

1.1.3 Increasing per capita GDP 

Even though, the per capita GDP of India is lower than other countries, with consistent increase in GDP, the per capita 

income is expected to rise gradually. As per IMF WEO, India’s the per capita GDP (at current prices) is expected to 

grow at CAGR ~5% over a period of 4 years between CY 2023-2027 and will see the highest growth in CY 2026. 

Figure 2: Per capita GDP, current prices (expressed in U.S. dollars) 

 

Note: For India financial year; CY23 is FY23-24 and so on; (P): Projected 

Source: IMF World Economic Outlook database: (April 2026); Crisil Intelligence 

1.2 India macroeconomic overview 

India’s economic performance over recent years has been marked by remarkable resilience, even as global 

headwinds such as trade disruptions, policy shifts in advanced economies, and volatile capital flows have 

challenged growth worldwide. In fiscal year 2025-26, India’s real GDP is estimated to grow at 7.7%, outpacing 
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most major economies and maintaining its status as the fastest-growing large economy. This robust growth is 

underpinned by strong domestic demand, prudent fiscal and monetary policies, and ongoing structural reforms in 

manufacturing, labor, and trade. Inflation has remained subdued, giving policymakers room to support growth, 

while foreign direct investment and capital markets have shown buoyancy. Despite some moderation in export 

growth and investment activity, India’s outlook remains stable, demonstrating its capacity to adapt and thrive amid 

persistent global uncertainties. 

On 27th February 2026, India’s Ministry of Statistics and Programme Implementation (MoSPI) released the new 

series of annual and quarterly national accounts estimates with base year 2022–23, which replaced the previous 

series with base year of 2011–12. Accordingly, India’s real GDP is estimated to rise to Rs 323.12 trillion in fiscal 

2026, up from Rs. 299.89 trillion in fiscal 2025 and Rs 280.00 trillion in fiscal 2024. This implies 7.7% growth in 

fiscal 2026, accelerating from 7.1% in fiscal 2025, a reflection of an economy still fundamentally powered by 

domestic consumption. 

According to the IMF’s WEO April 2025, India is projected to become the fourth largest economy in the world in fiscal 

2026. Further, IMF WEO April 2026, initially estimated India’s real GDP growth at 7.6% for fiscal 2026 and 6.5% for 

fiscal 2027. These estimates were subsequently revised to 7.7% for fiscal 2026 and 6.4% for fiscal 2027 in IMF WEO 

update for July 2026, positioning India among the fastest growing top 10 economies globally. IMF has estimated that 

India will be the world's third-largest economy by fiscal 2031 surpassing both Japan and Germany. Additionally, World 

Bank has estimated India’s GDP growth rate at 6.6% in fiscal 2026. In the last 5 years, Indian GDP has been growing 

consistently. Except for years affected by COVID-19 pandemic, India’s growth has been highest amongst the top 10 

economies.  

With the receding risk of global recession, India has been identified as an economic growth center by various 

International Agencies as well as global rating firms.  

There is a strong positive correlation between India's GDP growth and its electricity requirement, with economic 

expansion directly fueling increased demand for energy. This relationship is often described as "growth-led energy 

consumption," where rising GDP requires more power for industrialization, urbanization, and other economic activities. 

The graph below illustrates a historical pattern of synchronized growth between GDP and energy requirements, 

indicating a strong correlation between the two indicators.   

Figure 3: Correlation between GDP and energy consumption growth 

 

Source: MoSPI, CEA, Crisil Intelligence 
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1.2.1 Gross Value Added 

The real GVA of India has grown by 7.7% in fiscal 2026 from 9.5% in fiscal 2025. This GVA growth has been mainly 

due to a significant growth of 9.1% in the tertiary sector which is the service sector, and growth of 6.6% in the 

secondary sector which is known as the industry sector in 2025-26. The share of tertiary sector has increased from 

53% in fiscal 2022 to 56% in fiscal 2026 due to increased demand from developing primary and secondary sectors, 

rising per capita income leading to more demand for services. Share of primary sector decreased to 16% from 18% 

over the same period due to faster growth in the industrial and service sectors, increased urbanization etc. Share of 

secondary sector remained constant at around 29%.   

Figure 4:India-GVA at basic prices 

 

PE: Provisional estimates, FRE: first revised estimates; FE: final estimates;  

Source: Ministry of Statistics and Programme Implementation, Crisil Intelligence  

1.2.2 Interest Rates 

The Monetary Policy Committee (MPC) kept the repo rates unchanged during its meeting in May-2026. A total 

cumulative reduction of 100 bps in fiscal 2026. The MPC changed the stance from accommodative, signalling that 

rate cuts will continue. 

Given easing inflation and a mild rise in growth, though, Crisil Intelligence expects rate cuts to continue in our base 

case. The quantum rate cuts, however, are expected to be 75-100 bps in the current cycle vs the 225 bps cuts around 

the pandemic. A shallower Fed rate cut cycle and weather risks will have a bearing on the extent of rate cuts in India 

as well. 
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Figure 5: Repo, CRR cuts mark further monetary easing (%) 

 

Source: RBI, SBI, Crisil Intelligence 

While money market rates have seen a sharp drop, bank lending rates have not eased to the same extent as the repo 

rate. This means the full effect of past rate cuts is still unfolding. 

1.2.3 CPI Inflation 

Consumer Price Index (CPI) inflation rose mildly to 3.48% in April 2026 from 3.40% in March 2026 driven by an uptick 

in food inflation while core inflation was broadly unchanged. While the conflict in West Asia entered its second month 

in April, the upside risks to retail inflation seem to be materialising at a snail’s pace, indicating that the consumer 

remains largely protected so far. Food inflation picked up to 4.2% in April 2026 from 3.9% in March 2026. 

Crisil Intelligence expects CPI inflation to average 5.1% fiscal 2027 against 2.0% in fiscal 2026, driven by a low-base 

effect and expectations of intensifying price pressures in major segments. 

Crisil Intelligence expects the MPC to keep rates and stance unchanged in the forthcoming monetary policy. 

Figure 6: CPI inflation (%, y-o-y) 

 

(P): Projected; Source: NSO, CEIC, Crisil Intelligence 
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1.2.4 Urbanisation 

Urbanisation is one of the big growth drivers, as it leads to rapid infrastructure development, job creation, development 

of modern consumer services, and mobilisation of savings. 

The share of the urban population in India in overall population, which stood at ~31% in 2011, has been consistently 

rising over the years, and is estimated to reach ~36% by 2026, spurring increasing consumer demand. It is expected 

to further increase to 40% by 2030. 

Indeed, urban consumption in India has shown signs of improvement and given India’s favourable demographics, 

along with rising disposable income, the trend is likely to continue and drive the country’s economic growth. 

Figure 7: Urban population as a % of total population of India 

 

P: Projected 

Source: Census 2011, World Bank, Crisil Intelligence 
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Figure 8: All-India per capita net national income (at constant prices) 

 

PE: Provisional estimates, FAE: first advance estimates; FRE: first revised estimates; FE: final estimates;  

Source: Economic Survey, NSO, MOSPI, Crisil Intelligence 

1.2.6 Per capita power consumption India vs Global 

With a growing economy and strong GDP growth, the per capita electricity consumption is also expected to grow 

substantially. As per the Central Electricity Authority (CEA), the electricity consumption per person rose to 1,460 kWh 

in fiscal 2025, from 1,010 kWh in fiscal 2015 at a CAGR of 3.75%, primarily led by increasing economic activities, 

rising domestic consumption, rural and household electrification.  

Per capita consumption is expected to gradually improve in the long term as well, as power demand picks up on the 

back of improvements in access to electricity, in terms of quality and reliability, rising per capital income, increasing 

electric vehicles (EV) penetration, demand from data centers, cooling load, railway electrification, intensive rural 

electrification, resulting in the realisation of latent demand from the residential segment, increased penetration of 

consumer durables.  

One of the key objective of the Draft National Electricity Policy 2026 by Ministry of Power is to increase per capita 

electricity consumption to 2,000 kWh by 2030 and over 4,000 kWh by 2047, ensuring energy efficiency and 

responsible usage. With the per capita electricity consumption growing at 3.86% (fiscal 2020 to fiscal 2025), the 

electricity demand is targeted to grow by 6.50% in the next 5 years , underscoring the need for expanding power 

generation capacity and improving energy efficiency.  
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Figure 9: Per capita electricity consumption  

 

T: Objective of Draft National Electricity Policy 2026 by Ministry of Power 

Source: Ministry of Power,  

Despite this healthy increase, the per-capita electricity consumption of India remains significantly lower than other 

major as well as developing economies and also lower than global average per capita electricity consumption of 

3.8 MWh. 

Figure 10: Key economies- per capita electricity consumption CY 2024 

 

 

* As per CEA for fiscal 2025; **As per CY 2023; rest of the countries data is as of CY2024 

Source: World Bank, IMF, EIA, Crisil Intelligence 

1.3 India as an emerging manufacturing hub 

Some of the tailwinds for growth in manufacturing in India are summarised below: 

• Make in India: The Make in India initiative was launched by Prime Minister in September 2014 to encourage 

foreign companies to set up manufacturing units in India. The initiative’s focus on developing a robust 

manufacturing sector promises to elevate India's economic trajectory and generate employment opportunities 

for its vast young workforce. Now, with the "Make in India 2.0" phase encompassing 27 sectors, the program 

continues to drive forward with significant achievements and renewed vigour, reinforcing India's position as a 

major player in the global manufacturing landscape. 
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• Startup ecosystem/ Startup India: Startup India, launched on January 16, 2016, is an initiative by the 

Government of India to promote entrepreneurship and startup ecosystem in the country. The initiative aims to 

foster a culture of innovation and entrepreneurship in India, and to create a supportive ecosystem for startups 

to grow and thrive. Under this initiative, eligible companies can get recognised as Startups by Department for 

Promotion of Industry and Internal Trade (DPIIT), to access a host of tax benefits, easier compliance, IPR fast-

tracking and more. 

• Digital India: Digital India was launched on July 1, 2015, with the vision to transform India into a digitally 

empowered society and knowledge economy. Digital India has been improving the lives of all citizens through 

the digital delivery of services, expanding the digital economy and employment opportunities. 

• PLI Scheme: Production Linked Incentive (PLI) Schemes for 14 key sectors have been announced with an 

outlay of Rs. 1.97 trillion (over US$26 billion) to enhance India's Manufacturing capabilities and Exports. The 

purpose of the PLI Schemes is to attract investments in key sectors and cutting-edge technology; ensure 

efficiency and bring economies of size and scale in the manufacturing sector and make Indian companies and 

manufacturers globally competitive. 

• National Manufacturing policy: The Government of India has announced a national manufacturing policy with 

the objective of enhancing the share of manufacturing in GDP to 25% within a decade and creating 100 million 

jobs. It also seeks to empower rural youth by imparting necessary skill sets to make them employable. 

• Attractive state subsidies: Certain states like Maharashtra provide attractive benefits to industrial sector, 

especially for high thrust sectors like solar manufacturing etc. These include stamp duty exemption, interest 

subsidy, power rate concession etc. 

• GST Reforms: In July 2017, India implemented the Goods and Services Tax (GST). GST replaced a fragmented 

and complex indirect tax regime and simplified taxation and optimised logistical costs. In September 2025, the 

Central Government under new GST regime simplified the tax structure by decreasing the slabs and changing 

rates. The rationalization of GST rates across the renewable energy value chain from 12% to 5% will bring down 

the cost of clean energy projects. 

• Increasing foreign direct investments (FDI): India remains one of the most popular FDI destinations in the 

world, ranking as the eighth-largest recipient of FDI in CY 2023, the third-highest recipient of FDI in greenfield 

projects and the second-highest recipient of FDI in international project finance deals according to the World 

Investment Report 2023. 

• R&D: Research and development (R&D) in manufacturing in India has gained significant importance in recent 

years, driven by the government's initiatives to promote innovation and entrepreneurship in the country, 

infrastructure development, and a growing demand for innovative products and services. 

• Logistical Advantages: Due to its strategic location, India has access to major markets, trade routes, ports. 

India’s infrastructure is upgrading to improve logistics and warehousing. Also, there have been enhanced trade 

relations, with free trade agreements (FTAs) being concluded with UK recently and under deliberation with 4 

European Free Trade Association (EFTA) countries. 

India has lower labour costs due to its large, predominantly young population and a significant number of workers in 

unskilled and semi-skilled labour segments. While wages vary by state, industry, and skill level, the overall cost of 
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labour is highly competitive compared to other Asian nations, making it an attractive incentive for foreign direct 

investment in manufacturing and other sectors. Other countries such as the United States, Germany and Japan, have 

high labour costs due to robust labour regulations and strong unions, whereas India's labour market is more flexible 

and competitive. For instance, India's labour costs are attractive to businesses looking to outsource or set up 

operations in the country, with many companies already taking advantage of the country's skilled and affordable 

workforce. These factors make India an appealing destination for investments and business operations, especially in 

industries that require a large-scale labour force. 

Figure 11: Labour cost and labour force comparison across key economies 

Note:  * For CY 2025 rest for CY 2024; Statutory gross monthly 

minimum wages in US dollars converted using 2021 purchasing 

power parities (PPP $), latest year 

Source: International Labour Organisation; Crisil Intelligence  

Note: *For CY 2024, 

Source: World Bank; Crisil Intelligence 
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2 Overview of Indian Power Sector 

2.1 Introduction to generation, transmission & distribution 

India is the world’s third largest producer and consumer of electricity, reflecting its growing demands which is driven 

by industrialisation, urbanisation and rising living standards. India has a widespread power network with 

interconnected regional grids. The power generation profile is dominated by conventional (coal, lignite, natural gas, 

oil, hydro and nuclear power) sources, although, non-conventional sources (such as wind, solar, and biomass and 

municipal waste) are rapidly gaining traction. Transmission and Distribution infrastructure has expanded over the 

years for evacuation of power from generating stations to load centres through the intra-state and inter-state 

transmission system (ISTS). The summary of installed generation and transmission capacity as of fiscal 2026 is given 

below.   

 

 

*As of fiscal 2025;  

Source: CEA, Niti Aayog; Crisil Intelligence 

2.2 Regulatory framework 

Electricity is a concurrent subject in India with the Ministry of Power (MoP), Government of India (GoI), mainly being 

responsible for creating the overall policy framework for the power sector in the country. All state-level policies and 

issues come under the purview of the respective state governments. 

At the national level, the Central Electricity Regulatory Commission has been established, and at the state level, the 

State Electricity Regulatory Commissions (SERCs) have been set up by the state governments to regulate electricity 

markets, encourage competition and private investment. This division of power allows for both national-level policies 

and state-specific regulations to be implemented in the electricity sector. The State Governments have a major role, 

particularly in creation of generation capacity, state level transmission and distribution. The Central Government 

assists the States in the attainment of this objective by developing national electricity policy, national electricity plan 

and other rules, guidelines and schemes in consultation with the State Governments and the CEA for development 

of the power sector, providing supply of electricity to all areas and protecting interests of consumers and other 

stakeholders keeping in view availability of energy resources, technology available to exploit these resources, 

economics of generation using different resources, and energy security issues. 

Installed capacity 533 GW

Fossil fuel - 47%
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Transmission line length
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Figure 12: Institutional and structural framework 

 
Note: MoP: Ministry of Power, MNRE: Ministry of New and Renewable Energy; ERC: Electricity Regulatory Commission, JERC: Joint 

Electricity Regulatory Commission, NLDC: National Load Despatch Centre, RLDC- Regional Load Despatch Centre, RPC: Regional 

Power Committee, SLDC- State Load Despatch Centre, SPC: State Power Committee, IPP: Independent Power Producer, CTU- 

Central Transmission Utility; ISTS: Inter State Transmission System, STU- State Transmission Utility, InSTS: Intra State Transmission 

System 

Source: Crisil Intelligence 

2.3 Key regulatory developments supporting renewable energy 

The development of grid interactive renewable power has essentially taken off with the Electricity Act 2003, which 

mandates the SERCs to promote cogeneration and generation of electricity from renewable energy (RE) sources by 

providing suitable measures for connectivity with the grid and sale of electricity and fix certain minimum percentages 

for purchase of renewable power in the area of each distribution licensee. In June 2008, a National Action Plan on 

Climate Change (NAPCC) was announced, which included eight major national missions, with the one on solar energy 

the National Solar Mission (NSM) being central. The NSM was launched in January 2010, with a target of 20 GW grid 

solar power. In June 2015, this target was increased to 100 GW by Dec-2022 and a cumulative target of 175 GW of 

RE capacity by Dec-2022 was set which included 100 GW from solar, 60 GW from wind, 10 GW from bio-power, and 

5 GW from small hydropower. 

Furthermore, the Government of India has made some verified Commitments at COP26 and in the 2022 NDC- 

• Net-zero by 2070: At COP26 in Glasgow, India pledged to achieve net-zero emissions by 2070, marking a 

major long-term climate commitment 

• Updated NDC targets (August 2022): 
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o Raise non-fossil installed power capacity to 50% by 2030 

o Reduce emissions intensity of GDP by 45% (from 2005 levels) by 2030 

o Cut cumulative carbon emissions by 1 billion tonnes between fiscals 2021–2030 

o Add 500GW non-fossil capacity by fiscal 2030 (Part of the COP26 “Panchamrit” pledges) 

In the past few years, the government has taken several initiatives to promote Renewable Energy in the country: 

● Permitting foreign direct investment (FDI) up to 100% under the automatic route 

● Full Waiver of ISTS charges for inter-state sale of solar and wind power for projects which have been 

commissioned by June 30, 2025, however 75% waiver for projects commissioned by June 30, 2026, followed 

by 50% & 25 % waiver for those commissioned post June 30, 2027, and June 30, 2028.   

● Declaration of trajectory for renewable purchase/consumption obligation (RPO/RCO) wherein trajectory 

for RPO for wind, hydro purchase obligation (HPO) and other RPOs has been laid down up to fiscal 2030 

● Setting up of ultra-mega renewable energy parks to provide land and transmission to RE developers on a 

plug-and-play basis 

● Laying of new transmission lines and creating new sub-station capacity for evacuation of renewable power 

under the Green Energy Corridor (GEC) Scheme 

● Standard bidding guidelines for tariff based competitive bidding process for procurement of power from 

grid-connected solar PV and wind projects 

● Generation-based incentive (GBI) to the wind projects commissioned on or before March 31, 2017 

● Electricity (Promoting Renewable Energy through Green Energy Open Access) Rules, 2022 in order to 

further accelerate the RE programme with the end goal of ensuring access to affordable, reliable, sustainable 

and green energy for all 

● Letter of credit (LC) or advance payment to ensure timely payment by distribution licensees to RE generators 

● Late Payment Surcharge (LPS) Rules, applicable to discoms in case of delayed payments to the generating 

companies and transmission licensees for power purchase/ transmission of electricity 

● Revamped distribution sector scheme (RDSS) for improving the quality and reliability of power supply to 

consumers through a financially sustainable and operationally efficient distribution sector. The objective is to 

reduce AT&C losses to 12-15% at pan-India levels and reduction of average cost of supply (ACS) - average 

revenue realised (ARR) gap to zero by fiscal 2025 

● National Green Hydrogen Mission for the development of green hydrogen production capacity of at least 5 

million tonne per annum (mtpa) with an associated RE capacity addition of about 125 GW in the country by 

2030 

● Issued Transmission System plan for integration of over 500 GW RE capacity by 2030 which include 

8,120 circuit km (ckm) of high voltage direct current (HVDC) transmission corridors (+800 kV and +350 kV), 

25,960 ckm of 765 kV AC lines, 15,758 ckm of 400 kV lines and 1,052 ckm of 220 kV cable at an estimated 

cost of Rs 2.44 trillion. It also includes transmission system required for evacuation of 10 GW offshore wind 

located in Gujarat and Tamil Nadu at an estimated cost of Rs 0.28 trillion. 

● Issuance of bidding trajectory for renewable power bids aims to achieve a target of 280 GW solar 

capacity (of the 500 GW of installed capacity from non-fossil sources) by 2030. The bids for 40 GW of solar 
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energy capacity per annum, of the total trajectory of 50 GW RE capacity are to be issued each year from 

fiscal 2024 through fiscal 2028 

● The viability gap funding (VGF) for Battery storage proposed in the budget for fiscal 2024 with capacity 

of 4000 MWh which has been increased to 13,200 MWh. The VGF for the scheme was an initial outlay of Rs. 

94 billion including a budgetary grant of Rs. 37.6 billion. In June 2025, Central government approved 

additional VGF worth Rs. 54 billion for setting up 30,000 MWh of BESS. The National Electricity Plan by CEA 

for the period fiscals 2022-32 estimated likely requirement of BESS by fiscal 2027 as 8.68GW / 34.72 GWh 

and by fiscal 2032 as 47.24GW / 236 GWh. 

2.4 Review of power demand-supply in India 

2.4.1 Installed capacity and fuel mix 

The total installed generation capacity as of March 2026 was 533 GW, of which ~178 GW of capacity was added 

over fiscal 2019- fiscal 2026. The overall installed generation capacity has grown at a CAGR of 6.3% over the same 

period. Coal and Lignite-based installed power generation capacity has maintained its dominant position over the 

years and accounts for ~43% as of March 2026. However, RE installations (including large hydroelectric projects) 

have reached ~275 GW capacity as of March 2026, compared with ~123 GW as of March 2019, constituting ~52% 

of total installed generation capacity. This growth has been led by solar power, which rapidly rose to ~150 GW from 

~28 GW over the same period.  

Figure 13: Historical Fuel-wise installed capacity (GW) 

 

Thermal power includes coal, lignite and gas; Other Renewable energy sources (RES) include biogas, bagasse, small hydro 
and waste-to-energy 

Source: CEA, Crisil Intelligence 
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Figure 14: Details of source wise installed capacity as of March 2026 (GW, % share) 

  

Source: CEA, Crisil Intelligence 

2.5 Power sector growth outlook 

2.5.1 Long-term drivers and constraints for demand growth 

Power demand is closely associated with a country’s GDP. A booming economy automatically leads to a surge in 

power demand. India is already the fastest-growing economy in the world, with an average GDP growth of 5.5% 

over the past decade. The trickle-down effect of Aatmanirbhar Bharat relief package, government spending on 

infrastructure through the National Infrastructure Pipeline, commissioning of the dedicated freight corridors, 

expansion of the services industry, rapid urbanisation, and increased farm income from agriculture-related reforms 

are key macroeconomic factors fostering power demand. Significant policy initiatives such as 24x7 power for all, 

Sahaj Bijli Har Ghar Yojana (SAUBHAGYA) scheme to provide electricity connections to all households, green 

energy corridor to facilitate the evacuation of RE power, green city scheme to promote the development of 

sustainable and eco-friendly cities, PLI scheme, and low corporate tax rates (15% “Made in India” corporate tax for 

new manufacturing companies incorporated on or after 1st October 2019 and has commenced manufacturing on or 

before March 31, 2024), among others, have aided large scale manufacturing in India, further boosting power 

demand in the country. 
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Figure 15: Factors influencing power demand 

 

Source: Crisil Intelligence  

Apart from macroeconomic factors, power demand would be further fueled by railway electrification where the 

government aims to achieve 100% electrification by fiscal 2026 and under-construction metro rail projects of over 

1,018 km is expected to add about 120-125 BU of demand by fiscal 2030. Further, growing demand for charging 

infrastructure due to increased adoption of electric vehicles would add 40-50 BU. Electrification of industrial 

processes, establishment of data centers which would require 2-3 GW of power by fiscal 2027 and higher demand 

from key infrastructure and manufacturing sectors. However, increasing energy efficiency, a reduction in technical 

losses over the longer term, and captive as well as off-grid generation from renewables are expected to offset 

about 1% of overall electricity demand. 

2.5.2 Overview of energy requirement and peak demand 

India's electricity requirement and availability have risen at a CAGR of ~4.86% between fiscals 2019 and 2025. The 

energy deficit declined to 0.3% in fiscal 2024 and 0.1% in fiscal 2025 from 0.5% in fiscal 2019 due to an increase 

in capacity addition growth of 5.3% over the same period. Despite the high base of preceding three years, Crisil 

Intelligence expects power demand to grow by 5.5-6.0% in the next five years which will be supported by 

infrastructure-linked capex, strong economic fundamentals along with expansion of the power footprint via 

strengthening of T&D infrastructure, coupled with major reforms initiated by the GoI for improving the overall health 

of the power sector, particularly that of state distribution utilities, are expected to improve the quality of power supply, 

thereby propelling power demand.  
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Figure 16: Overview of Energy requirement and energy supply (fiscals 2019-30) 

  

P: Projected, Source: CEA, Crisil Intelligence 

Peak electricity demand in India has grown from 177 GW in fiscal 2019 to 250 GW in fiscal 2025 clocking an average 

growth rate of 5.9% however it moderated to 245 GW in fiscal 2026. The peak demand touched ~271 GW in May 

2026. The constant rise in peak demand can be attributed to economic growth, seasonal vagaries, and an increasing 

daily average temperature that India has experienced over the last decade.  

Figure 17: Expected peak demand position (fiscals 2019-30) 

 

*Actual in May 2026 

Source: CEA, Crisil Intelligence 

Peak demand is expected to grow at an annual average of 5-6% over fiscal 2024-30 to reach nearly 335 GW by 

fiscal 2030 with an expected persistent high temperature, rising urbanization, economic growth and infrastructure 

push leading to higher power consumption. 
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As per CEA India’s installed power capacity is expected to reach 609.6 GW by fiscal 2027 and increase to 900 GW 

by fiscal 2032, from its current capacity of 533 GW in March 2026. However, as per Crisil Intelligence estimates, 

the capacity additions in the conventional power generation segment are projected to be around 35-40 GW 

cumulatively from fiscals 2027 to 2031, supported by planned projects to meet peak demand and replace ageing 

coal plants. Coal capacity additions are expected to be driven entirely by the central and state sectors, as major 

private gencos continue to focus on expanding RE capacity. 2-3 GW of coal-based capacity is expected to retire as 

per CEA’s National Electricity Plan 2023. 

Nuclear power capacity additions of ~4-6 GW and ~5-10 GW of large hydro power installations is also expected by 

fiscal 2031. As per CEA, about 74 GW of storage capacity (27 GW PSP and 47 GW BESS) would be required by 

2032. However, Crisil estimates 50-55 GW of energy storage over fiscals 2027-2031.   

By fiscal 2031, Solar capacity addition of over 220-250 GW is expected to be driven by various government 

initiatives, favourable policies, competitive tariffs, innovative tenders, development of solar parks and green energy 

corridors, etc. RE capacity is estimated to account for about ~52-57% of the installed capacity of ~835-845 GW by 

fiscal 2031. RE is expected to account for over 80% of the additional capacity between fiscal 2027 and 2031. 

Figure 18: All India installed estimated capacity addition by fiscal 2031 (in GW) 

  

Othe RE includes biomass, bagasse and waste to energy 

Source: CEA, Crisil Intelligence 

2.6 Long-term national generation adequacy study by CEA 

CEA has undertaken a long-term National Generation Adequacy Study to identify the least-cost option for 

generation capacity expansion for the period 2026–27 to 2035–36, ensuring reliable supply to meet projected 

electricity demand. The objective of the study is to minimize the total system cost, including the costs of future 

capacity investments and the cost of operating the entire generation fleet, while meeting all relevant technical 

requirements for different generation technologies. 

As per the mid-term review of the 20th Electric Power Survey (EPS) undertaken by CEA, the projected peak 

electricity demand and energy requirement in 2035–36 are 459 GW and 3,365 BU, respectively. 
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Figure 19: Projected peak electricity demand and energy requirement 

 

Source: CEA, Crisil Intelligence 

Based on the generation planning studies, the projected installed capacity by the end of 2035–36 is 1,121 GW, 

comprising 315 GW Coal, 20 GW Gas, 22 GW Nuclear, 78 GW large Hydro, 509 GW Solar, 155 GW Wind, 16 

GW Biomass, and 6 GW small Hydro. In addition, energy storage of 174 GW/888 GWh is envisaged by 2035–36, 

consisting of BESS of 80 GW/321 GWh and pumped storage (PSP) of 94 GW/567 GWh. 

Figure 20: Projected installed capacity by the end of 2035–36 

 

Source: CEA, Crisil Intelligence 

Non-fossil fuel-based installed capacity is projected to be about 786 GW (approximately 70% of total installed 

capacity) by 2035–36, compared with about 52% as of March 2026. Correspondingly, fossil fuel-based installed 

capacity is projected to be about 30% by 2035–36, compared with about 48% as of January 2026. 
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2.7 Investments in generation, transmission, and distribution 

infrastructure 

The total investment in the power sector between fiscals 2022-26 was about Rs. 12 trillion. Crisil Intelligence 

expects investments of Rs 37-42 trillion in the power sector over fiscals 2027-31. Generation segment investments 

are being driven by capacity additions with robust growth in RE installations, followed by distribution investments 

led by the RDSS scheme.  

Figure 21: Segment-wise break-up of total investments (Rs. Tn, % share of total) 

 

Source: Crisil Intelligence 

Investments in the generation segment are expected to increase from Rs ~12 trillion to ~Rs 27.0-32.0 trillion over 

fiscals 2027-31. Investments in RE capacity, which are expected to be over double in the next five years, in line 

with capacity additions, will constitute over 54% of overall generation investments.  

To achieve the RE generation target, a strong transmission infrastructure is needed to integrate large scale RE 

capacities into the grid. This is expected to lead to transmission investments of Rs 4.0-5.0 trillion between fiscals 

2027-2031 from ~Rs 2.6 trillion between fiscals 2022-2026 led by upcoming ISTS projects. 

The distribution segment is expected to attract investments worth Rs 4.0-5.0 trillion over fiscals 2027 to 2031 vis-

à-vis ~Rs 4.6 trillion between fiscals 2022-2026. This is driven by the government's thrust on the RDSS scheme, 

entailing an outlay of Rs 3.04 trillion for state discoms, to be allocated until fiscal 2026. So far, Rs 2.52 trillion 

worth of DPRs have been sanctioned by nodal agencies (PFC and REC) as of December 2024. 

The chart below provides a detailed view of the power sector's sub-sectors, which are slated to receive 

investments between fiscal 2027-31.  
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Figure 22: Breakup of investments in power sector 

 

FGD: Flue Gas Desulphusrisation, GEC: Green Energy Corridor 

E: Estimates, F: Forecast; Source: Crisil Intelligence 

2.8 Key performance indicators of distribution sector entities 

2.8.1 Current state of discom financial health 

As per PFC’s Report on Performance of Power Utilities for fiscal 2025, loss on accrual basis for distribution utilities 

decreased from Rs 594.97 billion in fiscal 2023 to Rs 255.53 billion in fiscal 2024. Total borrowings by distribution 

utilities increased from Rs 6.84 trillion as on March 31, 2023, to Rs 7.26 trillion as on March 31, 2025. 

Figure 23: Total borrowings for discoms 

 

Source: MoP, PFC, Crisil Intelligence 

Non-green 
investments

52%

GEC
1%

Smart 
metering

0%

FGD
5%

Other Non 
fossil
7%

RE
35%

FY22-26
INR 19 trillion

Non-green 
investments

40-45%

GEC
0-1%Smart 

metering
1-5%

FGD
0-5%

Other Non 
fossil

10-15%

RE
40-45%

FY27F-31F
INR 37-42 trillion

4.65 4.93 5.01
5.79

6.17
6.87

7.52 7.26

12%

6%

2%

16%

7%

11%
9%

-3%
-5%

0%

5%

10%

15%

20%

0

1

2

3

4

5

6

7

8

FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25

(Rs. trillion)

Total borrowings % change in y-o-y borrowing



 

Page 22  

2.8.2 Review of AT&C loss and ACoS-ARR gap of state discoms 

The AT&C losses for distribution utilities improved significantly from 21.9% in fiscal 2021 to 16.5% in fiscal 2022 

due to an increase in collection efficiency from 92.5% to 97.2%. Collection efficiency increased due to 

improvement in subsidy disbursal by the state governments. The aggregate subsidy receipts of 109% were 

received in fiscal 2022. The AT&C loss further improved to 15.3% in fiscal 2023. However, the collection efficiency 

decreased by 1.2% from 97.6% in fiscal 2023 to 96.4% in fiscal 2024 which has led to an increase in AT&C loss 

in fiscal 2024 to 15.7% which further declined to 15.04% in fiscal 2025.  

Figure 24: AT&C loss trajectory (%) 

 

Source: PFC, Crisil Intelligence 

The cash adjusted Average Cost of Supply (ACoS), and Average Revenue Realized (ARR) gap narrowed to Rs. 

0.33/kWh as of March 2022 driven by higher subsidies disbursement by state governments and better cash 

collections. In fiscal 2023, the gap again increased to Rs. 0.59/kWh due to an increase in power purchase cost. 

However, during fiscal 2024, the gap decreased by Rs. 0.20/kWh to Rs. 0.39/kWh. In fiscal 2025 the gap further 

reduced by Rs 0.32/kWh to Rs 0.07/kWh. 

Figure 25: ACS-ARR gap 

 

Source: PFC, Crisil Intelligence 
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Low power offtake by discoms and credit risk 

Despite significant availability of power, offtake by discoms in various Indian states is low on account of their weak 

financial position. In fact, some discoms opt for load shedding instead of buying power as they face revenue 

under-recovery (a gap between ACS and ARR). The national average of under-recovery was Rs 0.39 per kWh in 

March 2024. Also, counterparty credit risk arising from the weak financials of discoms is an underlying risk as 

reflected in high receivables of Genco’s. 

Financial health of generators 

Private sector coal-based power plants without long-term power purchase agreements (PPAs) are struggling due 

to underutilization, with an average PLF of ~57% over the past five years. Although the PLF has improved to 

69.9% in fiscal 2025, driven by increased energy demand, the financial performance of these plants has 

deteriorated, characterized by declining sales, shrinking net margins, and rising debt levels, however it depleted 

to 64.0% in fiscal 2026. The financial health of discoms remains fragile, despite the implementation of the UDAY 

and other bailout schemes, and they are unlikely to enter into new long-term PPAs in the near future due to 

existing contractual obligations. As a result, private power producers are expected to face challenges in servicing 

their debt, which will have a negative impact on operational projects and therefore there is a limited participation 

from private players to invest in additional thermal projects. 

Global Supply Chain Dependency 

One of the critical challenges for India’s solar sector is its high dependency on global supply chains, particularly 

for components like polysilicon, wafers, and solar cells. China has a market share of ~ 80% of the global polysilicon 

and wafer manufacturing capacity, making it a crucial player in the solar PV value chain. Any disruptions arising 

from geopolitical tensions, trade policy shifts, or logistical bottlenecks in China can lead to supply shortages, price 

volatility, and delays in project execution in India. 

Fuel availability 

For thermal plants, which form 80% of the installed capacity of conventional energy, fuel accounts for a large 

proportion of operating costs at 75-80%. Over Fiscals 2011-14, domestic coal availability was a major issue as 

total non-coking coal production grew a mere 1.7%, owing to stringent environmental regulations. This partly 

contributed to a decline in PLFs from ~75% in Fiscal 2011 to 64.0% in fiscal 2026. Also, players were compelled 

to rely more on expensive imported coal which adversely impacted the returns of players. Despite increasing coal 

production, insufficient rake availability led to inadequate coal dispatches to plants, which were reeling under 

increased power demand. However, going forward, coal-based plants will be increasingly utilised for flexible 

operations to service rising peak demand, particularly those plants commissioned over the past decade and those 

in the commissioning pipeline.  

There are challenges on the gas front too. Availability of domestic gas reduced sharply after production from 

Reliance Industries’ KG-D6 field plummeted. Over the years, government support for gas-based generation in 

terms of gas supply assurance has dwindled, thereby leaving gas-based plants, which typically operate on 

domestic gas, short on fuel supply. The same is reflected in PLFs of gas-based plants which remained stagnant 

at 15-18% over the last five years.  

Timely execution of projects 

Power projects are highly capital intensive and have a long gestation period. Therefore, completion of projects in 

a time bound manner is very critical for developers to avoid huge time and cost overruns. In recent years RE 
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projects have faced challenges similar to conventional projects. Some of the key issues include land acquisition 

delays, inadequate connectivity and transmission issues and hurdles in securing environmental and forest 

clearances. 

Hydro power projects have also been crippled due to execution challenges. Securing necessary approvals 

(environmental and forest clearances), land acquisition; relocation of project-affected people, inadequate 

infrastructure for power evacuation, and other logistical issues have constantly hampered the pace of project 

execution in the sector. Moreover, any delays in the commissioning of projects further raises the cost of the project. 

This, in turn, escalates the power tariff, thereby increasing the power purchase cost of discoms, making them 

reluctant to buy electricity from such projects. 

Changes in emission norms 

Coal-based plants need to adhere to emission norms prescribed by the Ministry of Environment, Forest & Climate 

Change (MOEF&CC). There is additional capital expenditure associated with the equipment to be installed for 

keeping emissions below prescribed levels. Thus, any revision in such norms has an impact on the cost of 

generators. 

In December 2015, the government notified the revised standards for coal-based thermal power plants in the 

country, aimed at minimising pollution and limiting water usage. For example, the upgrade of electrostatic 

precipitators (ESP), installation of FGD plants and modification of combustion systems, and upgrade of cooling 

towers to reduce specific water consumption would escalate the capital cost of coal-based plants by Rs 1.5-2.0 

million per MW, if adequate land is available for expansion. If land is not available, the cost could rise further. 

Although capital expenditure incurred towards these modifications can be passed on to discoms, it requires 

approval from the respective regulatory commission and the PPA clause should also allow it.  

Regulatory and policy issues 

After the cancellation of coal block allocation in September 2014, a number of plants were stalled due to a lack of 

fuel. Although the latest coal linkage policy notified in May 2017, SHAKTI, aims to resolve this bottleneck, it has 

added a clause for providing discounts on existing PPA tariffs which would hurt project returns. Also, the denial of 

compensatory tariffs on account of international price changes, cancellation of PPA bids by Uttar Pradesh, backing 

down of wind and solar generation despite their ‘must-run’ status, and re-negotiation of PPAs are some of the key 

risks affecting the generation sector. 
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3 Overview of Indian Solar Power market 

3.1.1 India-total primary energy mix 

With biofuels and biomass, India’s total primary energy supply in fiscal 2025 reaches to about 1,061.4 Mtoe. In 

this expanded energy mix, coal remains the dominant source, contributing nearly 52%, followed by oil (25%), 

natural gas (6%), and renewable energy sources including nuclear power (5%), while biofuels and biomass 

contribute around 12% of total primary energy supply. 

Figure 26: India- total primary energy mix 

 

Source: India Energy Scenario for the year 2024-25 by BEE, MoP, Crisil Intelligence 

Fossil fuels constitute more than 80% of India's primary energy supply. However, the power sector is rapidly 

shifting. Non-fossil fuel sources now account for over 52% of India's installed electricity capacity, driven by an 

installed renewable energy capacity of 275 GW (as of March 2026). India's overall primary energy basket remains 

heavily dependent on imports to meet industrial, transport, and domestic demands.  

3.2 Overview of Indian RE sector 

The Indian RE sector stands as a cornerstone of India’s commitment to sustainable development, harnessing 

clean energy sources that generate electricity without the deleterious emissions associated with fossil fuel 

combustion. By accelerating the adoption of RE, India aims to significantly mitigate carbon emissions, thereby 

contributing to global efforts to combat climate change and preserve environmental integrity. In contrast to finite 

conventional resources, renewable source are abundant across India’s diverse topography, from the solar-

abundant regions of Rajasthan to the wind-rich coastal belts of Gujarat and Tamil Nadu, offering resilience against 

resource depletion. Supported by robust policy frameworks, such as the National Solar Mission and the 

Government of India’s target of achieving 500 GW of non-fossil fuel-based capacity by CY2030, these renewable 
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sources are instrumental in enhancing energy security, fostering economic progress, and advancing sustainable 

development.   

‘Must-run’ status was provided to solar and wind power as per clause 5.2(u) of Central Electricity Regulatory 

Commission (Indian Electricity Grid Code) Regulations, 2010. Further, the Electricity (Promotion of Generation of 

Electricity from Must-Run Power Plant) Rules, 2021, extended must-run status to a wind, solar, wind-solar hybrid 

or hydro power plant (in case of excess water leading to spillage). 

RE installations (incl. large hydro) have increased around fourfold to ~275 GW as of March 2026, as compared 

with ~63 GW as of March 2012, led by various central and state-level incentives. As of March 2026, installed grid 

connected RE generation capacity (incl. large hydro) in India constituted ~52% of the total installed generation 

base in India. This growth has been led by solar power, which has grown to ~150 GW from merely ~0.9 GW over 

the discussed time period (i.e., from March 2012). 

Figure 27: India’s RE (incl. large hydro) capacity was 52% at the end of March 2026 

 

Conventional: Coal, Gas, Lignite, and Nuclear  

Source: MNRE; CEA, Crisil Intelligence 
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Figure 28: India’s RE (incl. large hydro) penetration was about 26% at end of March 2026 

 

Conventional: Coal, Gas, Lignite and Nuclear  

Source: MNRE; CEA, Crisil Intelligence 

With the increased support of the Government and improved economics, the RE sector has become attractive 

from an investor’s perspective. During last 7 years, India added around 150 GW of RE (incl. large hydro) 

capacities. The installed RE (incl. large hydro) capacity has grown from 114 GW in fiscal 2018 to 275 GW in March 

2026 at a CAGR of ~11.6%. Solar segment led the capacity additions with cumulative additions of ~128 GW 

followed by wind ~22 GW. The other RE sources added ~10 GW. 

Figure 29: Historical RE Capacity additions in India 

 

Source: CEA, MNRE, Crisil Intelligence  
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When fuel supplies or power-system performance face disruption due to geopolitical tensions such as Ukraine-

Russia War, Middle-East crisis, costs can rise quickly (through higher import bills and price volatility), and 
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grid reliability, and resilient supply chains help reduce vulnerability to global shocks and improve stability and 

affordability over the long run. With developing economy, energy security becomes central to AI, food, technology 

and industrial supply chains. 

Figure 30: Electrification, data centres and AI, cooling and energy security to drive energy markets 

 

Source: Crisil Intelligence 

India’s power demand profile is increasingly being reshaped by heatwaves and air-conditioning needs, alongside 

growing load from artificial intelligence, data centres, and the overarching drive for energy security. At the same 

time, electric vehicle adoption in India is picking up momentum, supported by government measures, 

environmental objectives, and perceived economic advantages. 

India has set ambitious targets to accelerate EV penetration, with the goal that electric vehicles account for about 

30% of new vehicle sales by fiscal 2030 from about 7.6% in fiscal 2024. Transport electrification is also advancing 

on rail: Indian Railways has reached near-complete electrification of its broad-gauge network, covering the large 

majority of route kilometers as of mid-2026. The country is further modernizing mobility and freight through plans 

to expand metro networks and to build out the Dedicated Freight Corridor (DFC), strengthening both urban 

connectivity and logistics efficiency. 

According to the Petroleum Planning and Analysis Cell (PPAC), India’s crude import bill rose by 2.85% during 

fiscal 2025, reaching USD137.2 billion compared to USD 133.4 billion in fiscal 2024. Further, according to PPAC, 

India imported 239.2 million metric tonnes (MMT) of crude oil during fiscal 2025, an increase of 2.1% from 234.2 

MMT in fiscal 2024. India’s reliance on crude oil imports increased to 88.7% during fiscal 2026, up from 88.3% in 

fiscal 2025, amid rising demand. Similarly, as per PPAC, India’s LNG import bill rose by 11.2% during fiscal 2025, 

reaching USD14.9 billion compared to USD 13.4 billion in fiscal 2024. Furthermore, as per PPAC, India imported 

35,720 million standard cubic meters (MMSCM) of LNG during fiscal 2025, an increase of 12.3% from 31,795 

MMSCM in fiscal 2024. India’s reliance on LNG imports remained static at 50.1 % during fiscal 2026 as well as 

fiscal 2025. 

Bulk of India’s energy basis is petro based that will move to electro state in future. India consumed over 243 MMT 

of petroleum products in fiscal 2026. Diesel (HSD) alone accounted for nearly 95 MMT (about 39% of total 

consumption) highlighting the country’s heavy reliance on oil to support transport, agriculture, and industrial 

activity. 
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Figure 31: India's petroleum consumption by end-use sector 

 

Source: Industry consumption report POL and NG for Fiscal 2026 by PPAC, Crisil Intelligence 

Road transport dominates India's petroleum use, accounting for 48% of total consumption, with freight, two/three-

wheelers, and buses presenting the most critical targets for electrification. According to findings from NITI Aayog, 

targeted shifts toward electric power in these specific segments offer the highest potential to curb oil dependency 

and reduce emissions. 

Data centres are expanding steadily as well. India generates ~20% of world’s digital data. Total data center 

capacity in India has grown from a few hundred megawatts in 2020 to roughly the order of magnitude of 1-1.5 

GW by 2025 and is expected to rise substantially further to 8-10 GW by fiscal 2030 i.e. 6-7 times. Government 

attention is focused not only on power availability, but also on key enabling infrastructure for the data-centre 

ecosystem, including water. Crisil Intelligence estimates the global data centre capacity to grow from roughly 97 

GW in 2024 to 220–230 GW by 2030, driven by artificial intelligence, cloud computing, and digital transformation. 

Thus, around 3-4% of global data centre capacity will be based in India.  

Furthermore, the IEA’s estimates for data centre growth imply cumulative investment in data centres of USD 3.9 

trillion globally between 2026 and 2030. As per Government of India, data centres, especially AI-focused facilities, 

form the backbone of modern digital infrastructure. Government of India further estimated investments of 

nearly USD 70 billion are already underway in India’s data centre sector, with an additional USD 90 billion in 

announced projects, highlighting the scale of expansion.  

Growth in data centres is supported by three main drivers: rapid enterprise adoption of public cloud as digital 

transformation progresses; rising investment in AI technologies that require high-density computing; and the 

rollout of 5G, which increases demand for low-latency services and encourages data-centre placement closer to 

where consumption happens. 

Under today’s policy settings, the IEA expects India’s cooling demand to more than double by 2035 as incomes 

rise and temperatures increase. Cooling already makes up slightly more than 10% of India’s total annual electricity 

demand. However, on hot summer nights, air conditioners account for a much larger share of electricity use, rising 

to as much as one-third of total power consumption during peak periods. As per Bureau of Energy Efficiency 

(BEE), air conditioners are present in 17% of urban homes of India compared to 4% in rural areas. 

In parallel, India’s peak demand continues to be pushed higher as the climate warms. In recent peak conditions 

(~271 GW in May 2026), the system met demand with a supply mix still led by thermal power (62.8%), with solar 

contributing meaningfully (22%) during peak daylight hours, along with hydro (5.8%) and wind (5%), and smaller 

shares from other sources—signaling growing role of solar when sunlight is available. 
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The policy message is straightforward: India’s next infrastructure build-out will be shaped by the overlap of energy 

security, digital sovereignty, and climate resilience. Conventional thermal generation will still be needed to ensure 

reliability, and coal availability will continue to influence system performance. Over time, however, the greatest 

value will come from delivering clean electricity that can operate with the dependability customers expect. 

This opens the door to more sophisticated hybrid system designs than standalone solar. The potential 

beneficiaries include grid equipment makers, energy storage providers, renewable-plus-storage platforms, 

pumped-hydro operators, transmission utilities, data-centre power suppliers, and companies able to supply truly 

round-the-clock green power. 

For policymakers, the central task is to plan the system ahead of the demand surge. Power planning must account 

for cooling needs, data-centre growth, AI compute loads, and industrial electrification. Measures such as time-of-

day tariffs, smart metering, higher-efficiency air-conditioning standards, demand response, and storage-linked 

renewable procurement will matter alongside new capacity. 

India’s transition is therefore more than replacing fossil fuels with renewables. It is a strategic shift from relying on 

imported hydrocarbons toward building energy systems that India can control domestically. 

An Electrostate is a nation that treats energy as a manufactured, domestically controlled commodity rather than 

an imported raw resource. It is a country where domestic electrons, green molecules and digital grids replace 

imported crude oil as the core energy architecture. It is an ecosystem of clean energy with national security, 

affordability, competitiveness and digital sovereignty as its foundation. By heavily electrifying transportation (EVs), 

heating, and industrial processes, the economy relies on domestic sources like solar, wind, and nuclear, drastically 

reducing vulnerability to global oil shocks 

• Transport runs primarily on electricity: EVs, electrified rail, metro systems, charging corridors and, where 

needed, hydrogen derivatives. 

• Industry shifts to electrification plus green molecules: green hydrogen, green ammonia and green 

methanol for steel, fertilizers, chemicals, refineries and shipping. 

• Energy landscape shift to domestic production: Energy security is supported not only by renewable 

generation but by domestic manufacturing capability across the entire clean-energy value chain. 

• The grid becomes the central nervous system of the economy: AI-dispatched, storage-backed, cyber-

secure and linked to India Stack-scale digital systems. Modernizing the grid with AI, smart metering, and high-

voltage transmission lines allows for the decentralized management of millions of power sources 

India’s energy transition is fundamentally about energy security. The goal is to cut exposure to disruptions in fuel 

supply and power availability, while still managing costs and maintaining reliable electricity. That means scaling 

cleaner domestic generation, integrating it more effectively for resilience, and upgrading the grid, transmission, 

and system flexibility so renewables can meet demand consistently. 

At the same time, India is accelerating electrification in transport, cooking, and industry to reduce dependence on 

imported oil and improve long-term energy affordability. For sectors that are harder to electrify, “green molecules” 

such as hydrogen and sustainable fuels are increasingly part of the plan. A key additional security measure is 

building domestic capability in energy technologies and fuel supply chains, so essential inputs don’t become 

constraints during periods of global volatility. 
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Figure 32: India’s energy transition essentially aims at energy security  

 

Source: Crisil Intelligence 

Scale domestic RE & storage: Rapidly expand homegrown renewable generation and grid-scale storage to 

improve reliability and reduce exposure to imported fuels or equipment. 

Expand grid, transmission & flexibility: Strengthen and connect networks while adding operational flexibility 

(e.g., demand response and dispatchable resources) to integrate more renewables safely. 

Electrify transport, cooking & industry: Shift end-uses from fossil fuels to electricity through EVs, clean 

cooking, and electrification of industrial heat where feasible. 

Build green molecules: H2, biofuels, CBG: Produce lower-emissions hydrogen, sustainable biofuels, and 

biomethane/CBG to support sectors that are harder to electrify directly. 

Localize manufacturing & supply chains: Develop domestic capabilities for critical components and fuels to 

improve resilience against trade disruptions and price volatility. 

Building Domestic Resilience: Coordinate these actions together to increase energy security, affordability, and 

long-term competitiveness. 
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3.4 Key policy and regulatory initiatives 

The Government has taken several measures to promote RE in the country, including permitting FDI up to 100% 

under the automatic route; waiver of ISTS charges for inter-state sale of solar and wind power for projects to be 

commissioned by 30th June 2025; declaration of long term growth trajectory for RPO up to the year 2029-30; 

setting up of Ultra Mega Renewable Energy Parks to provide land and transmission to RE developers for 

installation of RE projects at large scale; schemes such as Pradhan Mantri Kisan Urja Suraksha evam Utthaan 

Mahabhiyan (PM-KUSUM), Solar Rooftop Phase II, 12000 MW Central Public Sector Undertaking (CPSU) 

Scheme Phase II; laying of new transmission lines and creating new sub-station capacity under the Green Energy 

Corridor Scheme for evacuation of renewable power; approval of National Green Hydrogen Mission with an aim 

to make India a global hub for production, utilization and export of Green Hydrogen and its derivatives, etc. 

Central Government’s Decarbonization Targets and Nationally Determined Contributions (NDCs) under 

the Paris Agreement 

As per the updated NDC, India has an enhanced target to reduce emissions intensity of its GDP by 45% by 2030 

from 2005 level and achieve about 50% cumulative electric power installed capacity from non-fossil fuel-based 

energy resources by 2030. 

Renewable purchase obligations 

To boost RE consumption, RPO followed by Renewable Consumption Obligation (RCO) trajectory has been 

notified till 2029-30, including separate RPO for Decentralized Renewable Energy. The RCO, which is applicable 

to all designated consumers under the Energy Conservation Act 2001, will attract penalties on non-compliance. 

Implementation of Electricity (Promoting Renewable Energy Through Green Energy Open Access) Rules, 

2022 

Green Energy Open Access is allowed to any consumer with contract demand of 100 kW or above through single 

or multiple single connection aggregating 100 kW or more located in same electricity division of a distribution 

licensee. 

Under open access, captive power projects are exempt from paying cross subsidy surcharge (CSS), as per 

Section 42(2) of the Electricity Act 2003. In its judgement dated 10 December 2021, the Supreme Court ruled that 

captive power consumers are not liable to pay an additional surcharge under Section 42 (4) of the Electricity Act, 

2003.  

Implementation of ISTS charges waiver 

The MoP issued an order on 21 August 2020, waiving ISTS charges and losses for solar and wind power projects 

commissioned on or before 30 June 2023, to promote renewable energy adoption. This was followed by an 

amendment on 15 June 2021, extending the waiver of ISTS charges (but not losses) for solar and wind projects 

commissioned until 30 June 2025. Subsequently, an order dated 23 November 2021, clarified that projects 

commissioned after 30 June 2025, including solar, wind, PSP, and BESS, will face a phased reintroduction of 

ISTS charges. Starting 1 July 2025, ISTS charges will increase annually by 25% of the applicable rate, reaching 

100% of ISTS charges from 1 July 2028. However, MoP vide order dated 10 June 2025 has granted 100% Inter 

ISTS charges waiver for co-located BESS projects, commissioned on or before 30 June 2028. 



 

Page 33  

Introduction of General network access 

In October 2021, the MoP launched the General Network Access (GNA) initiative, providing non-discriminatory 

access to the interstate transmission network nationwide for designated interstate customers. The Central 

Transmission Utility grants GNA for a specified period and maximum megawatt capacity, allowing for more flexible 

transmission planning and implementation. A key benefit of GNA is that it enables generators and drawees to plan 

their power requirements without needing to identify a specific source of purchase or sale, thereby streamlining 

the process for IPPs to access the transmission network without having to specify target beneficiaries. 

The Electricity (Late Payment Surcharge and Related Matters) Rules, 2022” (“LPS Rules”)  

In June 2022, LPS Rules were introduced to address cash flow challenges faced mainly by gencos and transcos 

and to promote timely payments across the power sector. These rules provide a mechanism for settlement of 

outstanding dues of gencos, ISTS Licensees and Electricity Trading Licensees. The rules provisioned for 

converting Discoms’ outstanding dues to these companies into EMIs for gradual liquidation of these dues. Further, 

to encourage timely settlement of power dues, short-term access for power procurement through exchanges shall 

be entirely regulated for distribution licensees that fail to clear their bills two and a half months from the date of 

bill presentation by the generating company. If the dues remain unpaid for an additional month after short-term 

access is regulated—or for a total period of three and a half months—long-term and medium-term access shall 

also be regulated by 10%. This reduction shall be progressively increased by 10% for each subsequent month of 

default, with the corresponding reduction applied to the approved drawl schedule of the defaulting entity. 

In November 2024, Grid Controller of India released an implementation procedure for LPS Rules. It establishes 

that payment security mechanism (PSM) can be a Letter of Credit (LC) or LC backed by an escrow account. The 

Discoms have been provided a choice of making advance payment for the equivalent quantum of power to be 

scheduled from the gencos. 

The provision of power is contingent upon the maintenance of a satisfactory PSM or, in its absence, the receipt 

of advance payment. Failure to comply with this requirement may result in Genco forfeiting its right to impose LPS 

on Discom. In the event of non-payment of outstanding dues by the specified deadline, Genco’s obligation to 

supply power will be reduced to 75% of the contracted amount, with the remaining 25% being eligible for sale 

through power exchanges. Furthermore, if the Discom fails to establish a PSM or defaults on payment for a period 

of 30 days, the Genco will be entitled to sell 100% of the contracted power through power exchanges, thereby 

mitigating potential losses due to non-payment. 

Since their notification, there has been significant progress in recovering outstanding dues, with most distribution 

companies now adhering to regular payment schedules. The total unpaid bills have reduced from around Rs. 1.4 

trillion in June 2022 to around Rs. 480 billion in February 2024. As per MoP’s Praapti portal the current dues as 

of 18 June 2026 were about Rs. 228.28 billion. As such the issue of nonpayment by Discoms is resolved to a 

great extent and provided much required regulatory certainty. The major driver for this trend has been LPS Rules, 

which converted legacy dues to EMI instalments. The LPS rule helped bring down days payable from 169 in fiscal 

2022 to 113 in fiscal 2025. 

3.5 Evolution of Solar Power in India 

Solar is becoming the dominant engine of renewable build-out in India. The growth in the solar power sector over 

the last five years has been robust. About 122 GW of solar capacity was added in the segment over fiscals 2019-
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26, registering a CAGR of ~27.01%, although starting from a low base. Despite the second wave of COVID-19 

pandemic, fiscal 2022 witnessed solar capacity additions of ~14 GW. In a relief to developers, the MNRE provided 

a total extension of seven-and-a-half months for the projects affected by the first and second waves of the 

pandemic. This has delayed commissioning in fiscal 2022, leading to a spillover into fiscals 2023 and 2024. In 

fiscal 2023, solar capacity additions stood at ~13 GW, with ~2.2 GW coming from rooftop solar projects. Similarly, 

in fiscal 2024, solar capacity additions stood at ~15 GW, with ~3 GW coming from grid connected rooftop solar 

projects. During fiscal 2025, ~23.83 GW solar capacity was added leading to 106 GW of installed capacity as of 

March 2025. Further during fiscal 2026, ~ 44.6 GW was added which is the highest amount of solar capacity that 

elevated the total solar capacity to ~ 150 GW. 

Figure 33: Historical installed solar capacity in India (GW) 

 

Source: CEA, MNRE, Crisil Intelligence  

The domestic solar PV segment in India has seen an uptick in recent years across the various segments such as 

utility scale, rooftop and open access solar projects. India-average annual module demand for (i) utility scale solar 

projects increased from 10.55 GW in Fiscal 2023 to 12.04 GW in Fiscal 2024 to 16.9 GW in Fiscal 2025 and then 

28 GW in Fiscal 2026, (ii) rooftop solar projects increased from 2.23 GW in Fiscal 2023 to 2.99 GW in Fiscal 2024 

to 5.15 GW in Fiscal 2025 and then 8.3 GW in Fiscal 2026 and (iii) open access solar projects increased from 

2.10 GW in Fiscal 2023 to 2.50 GW in Fiscal 2024 to 4.50 GW in Fiscal 2025 and then 8.3 GW in Fiscal 2026. 

The imposing of solar RPOs across Indian states in 2011 by GoI, coupled with the sharp drop in capital costs, led 

most states to release solar polices. This resulted in a spur in solar sector investments. Until fiscal 2012, only 

Gujarat and Rajasthan had state solar policies. Following the success of Gujarat’s solar policy, other states such 

as Andhra Pradesh, Tamil Nadu, Karnataka, Madhya Pradesh, and Telangana introduced their respective solar 

polices. 

3.6 Solar competitiveness  

Construction lead time for power plants dictates how fast energy can reach the grid. Solar is the fastest technology, 

taking few months to build. Wind requires 1-2 years, gas takes 2-4 years, and coal requires up to 5 years or more. 

Solar has among the shortest lead times because it is easier to design, procure, transport, modular MW by MW 

build, install, and commission. Its standardized supply chain and modular construction allow faster execution 

compared with wind, gas, and coal. Solar can be deployed for utility-scale, rooftop, hybrid and off-grid segments. 
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Figure 34: Typical construction-lead time to build, by technology 

 

Note: Timelines may vary depending on the time taken for land acquisition, approvals, involvement of forest or other local issues 

Source: Crisil Intelligence 

Solar power drives India’s capacity additions because it is the cheapest source of new power, scales rapidly, and 

receives government backing. Cost-competitiveness, supportive government policies, fast implementation, 

favourable geography have led to massive corporate and state-level investments, ensuring solar remains the 

cornerstone of India’s push toward clean energy. 

3.7 State wise potential of solar power across India 

The National Institute of Solar Energy (NISE) estimated the country’s solar potential at 748.99 GW, assuming 

solar PV modules cover 3% of the geographical surface. India is a perfect location for solar energy because of its 

location. India has among the world’s highest solar irradiation with strong year round sun. It has 300 days of 

sunshine each year, with daily peak electricity use being in the evenings and a seasonal peak in the summer.  

The daily average Global Horizontal Irradiance (GHI) in India is around 5 kWh/m2 in north-eastern and hilly areas 

to about 7 kWh/m2 in western region and cold desert areas. The annual GHI varies from 1600 – 2200 kWh/m2. 

States like Gujarat, Rajasthan, Madhya Pradesh, Andhra Pradesh, Karnataka, and Tamil Nadu offer more solar 

irradiance as compared to other parts of India, which makes them desirable for installing solar projects. 
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Figure 35: State wise solar energy potential  

 

Note: MNRE has now estimated the feasible ground mounted solar potential of 3,403 GW in Sep 2025. 

Source: NISE: MNRE, Crisil Intelligence 

Table 2: State wise solar energy potential and installed capacity for key states (as of March 2026) 

c State Potential (GW) Installed capacity (GW) % Potential exploited  

1.  Rajasthan 142.31 41.01 28.82% 

2.  Jammu & Kashmir 111.05 0.09 0.08% 

3.  Maharashtra 64.32 19.62 30.50% 

4.  Madhya Pradesh 61.66 5.99 9.71% 

5.  Andhra Pradesh 38.44 7.49 19.48% 

6.  Gujarat 35.77 29.3 81.91% 

7.  Himachal Pradesh 33.84 0.36 1.06% 

8.  Odisha 25.78 0.88 3.41% 

9.  Karnataka 24.70 11.1 44.94% 

10.  Uttar Pradesh 22.83 4.12 18.05% 

11.  Telangana 20.41 5.07 24.84% 

12.  Chhattisgarh 18.27 1.81 9.91% 

13.  Jharkhand 18.18 0.26 1.43% 

14.  Tamil Nadu 17.67 13.58 76.85% 

15.  Others 113.76 9.58 8.42% 

Source: MNRE, NISE, Crisil Intelligence  
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3.8 Various modes and model of operations 

In the current scenario, different operating business models are available for solar PV systems. 

Figure 36: Various business models for renewable energy systems 

 

Source: Industry, Crisil Intelligence   

Renewable Energy Certificates (RECs) are market-based instruments that represent the environmental benefits 

of generating electricity from renewable sources. One REC is equivalent to 1 MWh of electricity generated from 

an RE source. RECs serve as a mechanism to support and incentivize the generation of renewable energy. RECs 

can be traded on the power exchanges in India. 
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3.9 Key drivers for solar energy capacity additions 

Figure 37: Growth drivers for the solar sector in India 

 

Source: Crisil Intelligence 

Some of these growth drivers are detailed below: 

Declining module prices and tariffs 

The global average solar module price, which constitutes 55-60% of the total system cost, declined 73% to 

$0.47/Wp in 2016 (average for January-December) from $1.78/Wp in 2010. Innovation in the manufacturing 

process has reduced costs, putting downward pressure on module prices. Prices continued to decline to $0.22/Wp 

by end-August 2019, owing to the wide demand-supply gap in the global solar module manufacturing industry. 

Module prices further reached $0.22/Wp level in fiscal 2021. Owing to the ramp-up in the production of upstream 

components, module prices started to fall in 2023 and to $0.15-0.20/Wp in April-November 2023 from $0.23/Wp 

in January 2023. 

Solar module prices for domestic modules (imported cell based) reached $0.22/Wp in fiscal 2024 and continued 

to decline in fiscal 2025, reaching $0.14-0.16/Wp, stimulating growth in solar capacity. Moreover, prices for 

domestic cell-based modules stood at $0.22-0.25/Wp at the end of fiscal 2025 compared to $0.28-0.30 /Wp in 

fiscal 2024. Crisil Intelligence expects prices to be in the range of $0.15-0.17/Wp for imported cell-based modules 

and $0.21-0.24/Wp for domestic cell-based modules in fiscal 2026. Crisil Intelligence estimates that in fiscal 2027, 

imported cell-based modules will be priced at around $0.15–$0.17/Wp, while domestic cell-based modules (pre-

GST) will be around $0.24–$0.26/Wp. This is expected as industry players work through excess inventory of older 

technologies at lower prices, while positioning TopCon technologies at higher price premiums. 
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Figure 38: Module prices expected to be range bound in fiscal 2027 as well 

 

FOB China prices excl. GST 

Source: Industry, Crisil Intelligence  

The Ministry of Finance imposed BCD of 25% and 40% on solar cells and modules, respectively, effective April 1, 

2022. The imposition of BCD led to an increase in capital costs for projects based on imported modules by 20-

25%, and an increase in tariffs by Rs 0.2-0.5 per unit (with the tariffs ranging from Rs 2.6-2.8 per unit). 

Subsequently, BCD got revised to 20% on solar cells and 20% on solar modules. effective May 1, 2025. However, 

the AIDC rate of 20% on modules and 7.5% on cells keep the effective BCD rate of solar modules at 40% and for 

cells 27.50%. 

Strong government thrust 

The GoI has laid significant emphasis on climate change, for which it provided a framework, NAPCC, where it 

proposed an eight-pronged strategy NSM, energy efficiency, sustainable habitat, water planning, Himalayan 

ecosystem, afforestation, sustainable agriculture, and strategic knowledge on climate change. As can be seen, 

the GoI has laid significant emphasis on solar power. This is also evident from the 100 GW out of 175 GW target 

set out by the GoI. Government support to the solar sector in India is reflected by the following:  

● National Solar Mission 

Through the CPSU programme under the JNNSM, the government is encouraging cash-rich central PSUs to set 

up renewable energy projects. The government expanded the CPSU programme from 1 GW to 12 GW in February 

2019 to provide impetus to the domestic solar module manufacturing industry. Central-level allocations under 

NVVN Batch II, NSM Phase II Batch III and IV have been almost entirely commissioned. 

● Operational support to execute solar projects  

Apart from providing incentives, the government has lent significant support to the solar power sector for execution 

of projects.  
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Solar parks: One of the most important initiatives by the GoI has been setting up solar parks in the country. Such 

parks significantly reduce construction/ execution risk as they include a contiguous parcel of land, evacuation 

infrastructure (HV/EHV substation evacuating to state grid substation), and other ancillary infrastructure and 

utilities such as road, water, and drainage. Currently, 25 states have started preparing land banks for solar parks, 

either through their own implementing agencies or through joint ventures with SECI. The GoI had approved 55 

solar parks with an aggregate capacity of 41,234 MW as of March 2026. An aggregate capacity of 21,312 MW of 

solar projects has been commissioned as of March 2026 while 7,065 MW capacity is under construction, and 

12,282 MW is under award/tendering process. 

● Bidding of 50 GW annual capacity  

The Government has decided to invite bids for 50 GW of renewable energy capacity annually for the next five 

years i.e., from fiscal 2024 till fiscal 2028. These annual bids of ISTS connected renewable energy capacity will 

also include setting up of wind power capacity of at least 10 GW per annum. 

● T&D Infrastructure 

Robust generation capacity addition over the years and government's focus on 100% rural electrification through 

last mile connectivity has led to extensive expansion of the T&D system across the country. The total length of 

domestic transmission lines rose from 413,407 ckm in fiscal 2019 to 506,513 ckm in fiscal 2026. Inter-regional 

power transmission capacity of the National Grid has grown strongly from 99,050 MW in fiscal 2019 to 120,340 

MW in fiscal 2026, at a CAGR of 2.8%. Subsequently, transformation capacity rose from 899,663 MVA in fiscal 

2019 to 1,450,126 MVA in fiscal 2026, growing at a CAGR of 7.1%. 

The National Electricity Plan (Transmission), developed by CEA in consultation with various stakeholders, outlines 

a comprehensive strategy to achieve the Indian government's energy transition goals. It details the transmission 

infrastructure required to support 500 GW of RE capacity by 2030, increasing to over 600 GW by 2032. As per 

the Plan, 191,474 ckm of transmission lines and 1,274 Giga Volt Ampere (GVA) of transformation capacity would 

be added (at 220 kV and above voltage level) in the 10-year period from 2022-23 to 2031-32. A total expenditure 

of Rs 9.12 trillion has been planned to augment power transmission infrastructure capacity in the country by 2032. 

Availability of debt and equity finance to the solar sector 

To facilitate growth of renewable energy and, in particular, the solar power sector, the GoI has provided several 

fiscal and regulatory incentives to developers. These incentives have been elaborated below.  

Some steps taken by the government to ensure availability of low-cost finance are as follows: 

● Funding from lending institutions such as IREDA and PFS: Government financial institutions such as PTC 

India Financial Services Limited (PFS), Rural Electrification Corporation (REC) and Indian Renewable 

Development Agency (IREDA) are also financing many solar projects. Apart from these, financial institutions 

like ⁠NaBFID, ⁠IIFCL, ⁠REC Limited, and ⁠Power Finance Corporation (PFC) also form the heavy backbone of 

India's green transition. As per MNRE, RE sector in India has attracted Foreign Direct Investment (FDI) 

amounting to approx. USD 22.3 Bn since FY 14 till FY 26. During the same period, 12 Public sector banks, 

IREDA, PFC, REC, NaBFID, IIFCL & SIDBI have cumulatively deployed approx. INR 12.78 trillion in RE 

sector. 

● Green bond / masala bonds market: A green bond is like any other bond; however, it invests the proceeds 

to support green energy or renewable energy projects. The tenure of the bonds typically ranges from 18 

months to 30 years and currently they are being issued for a tenure 5 year and 10-year tenure. India is the 
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second country after China to have national-level guidelines for green bonds; in India’s case, they were 

published by SEBI.  

● Pension funds / endowment funds: Pension / endowment funds are expected to play a key role in financing 

solar projects. Long-term 25-year PPAs with limited operational risk are very suitable to this investor category.  

● Private equity investments and debt investments: In a quest to reduce the cost of capital for projects and 

further improve project economics, many players have increasingly resorted to private equity and debt 

investments to free up capital. The proceeds are used to invest in new projects. Developers have been 

exploring several diverse instruments / sources to raise finance such as green bond issuances, external 

borrowings, private placements (qualified institutional buyers), etc.  

● Infrastructure investment trusts (InvITs): InvITs own, operate and manage revenue generating infrastructure 

projects and operating assets. These are typically long-term investments since projects as well as assets 

have long term contracts and a life of 15-20 years providing steady cash flow over a long term. Since 

operating assets are largely strategic in nature, they are shielded from cost and time overruns as well as 

seasonal fluctuations of demand and supply.  

● Funding from multilateral banks and International Solar Alliance (ISA): The Central government channelises 

the funds available from multilateral banks and financing institutes such as World Bank and KfW. Funds are 

also provided to the Indian government under the Climate Investment Fund of the World Bank.  

• Sovereign wealth fund (SWF): A SWF is a state-owned investment fund that manages a country's financial 

assets, and invest in various assets, such as stocks, bonds, real estate, and private equity, to generate returns 

and diversify their country's wealth. India’s SWF, the National Investment and Infrastructure Fund (NIIF) is set 

up as a collaborative investment platform between Government of India, Global Investors, Multilateral 

Development Banks and Domestic Financial Institutions. Some of the major global SWFs are Abu Dhabi 

Investment Authority (ADAI), Canada Pension Plan Investment Board (CPPIB), Ontario Teachers’ Pension 

Plan, PSP Investments, Temasek, etc. These funds invest in infrastructure projects such as renewable 

energy, ports, roads, manufacturing, etc. 

Solar tariffs are much lower than coal-based power tariffs. 

Solar tariffs showed a rapid decline from fiscal 2016 to fiscal 2020, with a rapid fall in component pricing, 

technological improvements in efficiency, and the government's policy push. While declining module prices 

contributed to a reduction in tariffs over fiscals 2017-2019, access to low-cost financing was the primary driver for 

the decline in tariffs over fiscals 2020-2022. Over the said period, global investments in the Indian renewable 

energy segment picked up via green bond issuance and external commercial borrowings, helping the lower cost 

of debt for the space. The participation of global players and entities with strong credit profiles (CPSUs) has helped 

tariffs remain in the Rs 2.4 - 2.6 per unit range even until fiscal 2022 when supply-side disruptions started to 

emerge. Tariffs recorded a 16% uptick in fiscal 2023, when it rose to Rs 2.8 per unit before declining to Rs 2.61 

per unit in fiscal 2024, a drop of close to 7%. Tariff drop in fiscal 2024 was majorly on account of price decline in 

upstream components, mainly solar cells, where prices fell by ~47% in fiscal 2024. In fiscal 2025, the tariffs 

remained consistent as last year with a weighted average tariff of Rs. 2.63 per unit however in fiscal 2026 limited 

projects were awarded with a weighted tariff of Rs. 2.31 per unit. 

In recent years, there has not been any major development in the case of thermal power bidding. However, 

considering the previously bid prices of thermal power, solar power tariffs have been on the lower side. 
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Figure 39: Competitively bid solar and wind power tariffs are much lower than coal-based power tariffs 

 

W.A. – Weighted average levelized tariffs. 
Source: Details of Case I bids, Bidding of power from stressed assets, CEA, Results by various agencies; Crisil Intelligence 

However, while looking at solar tariffs, one will have to increasingly factor in grid integration costs as the 

penetration level of renewable energy increases. This is expected to increase the procurement cost of solar power 

plants and hence an incremental focus on hybrid and complex hybrid. However, considering the rapid fall in 

component pricing, technological improvements in efficiency, and the government's policy push, solar tariffs are 

expected to be competitive compared wind as well as hybrid and conventional generating sources such as coal, 

gas, nuclear and hydro power.   

Figure 40: Weighted average solar tariff trend 

 

Note: *Represents safeguard duty for six months this fiscal. ^Represents imposition of BCD on cells and modules.  

**Reclassification by finance ministry. New BCD of 20% on module along with 20% of AIDC.  

Similarly, 20% of BCD on cells along with 7.5% AIDC. The module prices growth rate for fiscal 2027 reflect prices of domestic-cell solar 

modules. 

Source: Crisil Intelligence 
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Renewable energy sources such as solar and wind energy are becoming increasingly competitive as compared 

to thermal (coal) power in terms of cost, with solar being the cheapest option. Hydro energy is still a viable option, 

but its high capital cost and long gestation period make it less attractive.  

The tariff discovered for new coal based Thermal Power Projects selected through Tariff Based Competitive 

Bidding (TBCB) route is in the range of INR 5.38 - 6.30 /kWh. This is based on bidding carried out in the year 

2025. Tariffs for coal-based power plants in India are rising due to higher capital costs, underutilisation of the 

plants, and transportation of fuel. 

Table 3: Comparison of tariffs of various sources of energy 

Parameter Solar Wind Hybrid 
Hybrid with 

storage 
(FDRE) 

Hydro 
(with storage) 

Thermal 
 (Coal) 

Fuel Not required 
(Sunlight) 

Not required 
(Wind) 

Not required Not required 
Not required 

(Water) 
Coal 

Capital cost (Rs. 
Cr/MW) 

4.5-5.0 7.5-8.5 5.8 – 6.3 14-16 10-12 8-10 

Tariffs (Rs./kWh) 
2.50-2.75 3.20-3.50 3.30 – 3.80 4.40 – 4.90 2.50-3.50 4.50-6.30* 

PLFs 

20-25% 25-30% 40-45% 

PLF of 45-50% 
with 80-90% 
availability of 
contracted 

capacity during 
peak hours  

40-50% 75-85% 

Payback Period 
(Years) 

6-8 7-9 5-6 5-7 12-15 10-12 

IRR  
14-16% 12-14% 14-16% 17-18% 12-14% 10-12% 

Land 
requirement/MW 

High High High High Low Low 

Complexities in 
terms of execution 

Low Medium Medium Medium High High 

Note: Solar capex is based on AC capacity; Hybrid and FDRE project capex may vary depending on the configuration of solar, wind 
and BESS capacities; *Depending upon the source of the fuel 

Source: Crisil Intelligence 

Favourable technology 

Solar power is becoming increasingly attractive due to falling module prices and improving efficiency resulting 

from excess manufacturing capacity in China and technological advancements, respectively. On the project 

development front, developers are exhibiting a heightened preference for bifacial modules that are compatible 

with tracker technology and typically have higher efficiency relative to mono-facial modules. On the other hand, 

multi-crystalline modules are being phased out due to lower efficiency and higher degradation rates. Currently, 

the solar PV market is dominated by monocrystalline silicon technology. TOPCon technology has also made 

inroads in India’s solar module manufacturing sector with adoption and switching existing manufacturing lines to 

TOPCon.  Ongoing technological innovation in the manufacturing processes is crucial to reduce material intensity, 

especially for critical minerals like silver and copper. These efforts aim to minimize vulnerabilities in the supply 

chain and increase the solar adoption rate. 

Green ammonia push 
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The Indian Government has approved a Rs 197.44 billion National Green Hydrogen mission that aims to make 

India a ‘global hub’ for using, producing and exporting green hydrogen. The objective of the Mission is to develop 

green hydrogen production capacity of at least 5 MMT per annum.  

As the government pushes towards the target production of 5 million tonnes of green hydrogen per year by 2030 

more solar capacities are expected to commission to cater to the demand of producing green hydrogen. However, 

developers may tie-up via grid / open access and not go to the captive route generation under this segment will 

remain a monitorable. 

3.10 Review of competitive bidding 

For solar projects over 2009-2013, most states signed PPAs at Feed-in Tariff (FiTs) determined by the state 

commission on a fixed regulated equity return of ~16%. For wind energy projects, states followed the FiT 

mechanism until March 2017. However, from fiscal 2018 onwards, the sector veered towards competitive bidding. 

Nodal agencies continued to assess bidding guidelines and implemented several positive amendments to the 

same. 

Figure 41: Positive changes to bidding guidelines undertaken to support bidder interest 

 

Source: MNRE, Crisil Intelligence  
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Overall, the above amendments are a positive sign for the developers, as they grant extension in SCOD for events 

that have been hampering commissioning, stipulate some form of state government guarantee, and ease liquidity 

in the sector by way of introducing alternative payment security mechanisms. These changes provide a positive 

boost to the open access market as well and simplify procedures or provide provisions to stimulate bidder interest. 

However, the sector requires consistent positive regulatory support to spur capacity additions, despite a healthy 

pipeline. 

In February 2025, the MNRE issued revised guidelines for solar, wind, and WSH projects and introduced several 

key changes. Procurers can now specify the sub-station for project connectivity. Generators that fail to maintain 

the minimum CUF for two consecutive years will be liable to pay damages. The guidelines also clarify the definition 

of "Change in Law" which now refers to any event related to the project that occurs from 7 days prior to the last 

date of Bid Submission. Additionally, the period for signing PPAs and power sale agreements can be extended to 

12 months after receiving LoA, and tariffs discovered through bidding must be adopted by the appropriate 

Commission within 30 days. Other changes include the introduction of Insurance Surety Bonds, revised rules for 

Performance Bank Guarantees, and a requirement for procurers to seek approval from the appropriate 

Commission for any deviations from the guidelines. 

The CEA in February 2025 released new guidelines, advising mandatory incorporation of storage with standalone 

solar. Energy Storage System (ESS) would need to have a minimum back up of two-hour equivalent and need to 

be installed equal to 10% of the solar capacity of the project. Auctions previously conducted under this format 

have seen tariff range between Rs 3.2-3.6 per unit. The tariff trend for such tenders is expected to remain in the 

same range in fiscal 2026 as well. The tariff below for fiscal 2026 has an upside. The MNRE released the ALMM 

II on 31st July 2025. This mandate states that all the projects allocated after one month of the cut-off date (i.e. 

release date of ALMM II) are to procure solar modules from ALMM I, who in turn will procure the cells from ALMM 

II. As domestically manufactured solar modules are 40-50% more expensive than imported cell-based modules, 

the tariffs for the projects bid from 1st September 2025 may see an upward trend. Crisil Intelligence will monitor 

this development over next few quarters to capture the impact. 

3.11 Domestic Content Requirement (DCR) 

Under some of the current schemes of MNRE wherein government subsidy is given, namely CPSU Scheme 

Phase-II, PM-KUSUM and Grid-connected Rooftop Solar Programme Phase-II, other rooftop installations, open 

access projects, it has been mandated to source solar PV cells and modules from domestic sources as per 

specifications and testing requirements fixed by MNRE.   

Central Public Sector Undertaking (CPSU) Scheme: A scheme for setting up 12 GW Grid- Connected Solar 

PV Power Projects by CPSUs with domestic cells and modules is under implementation.  

Grid-connected Rooftop Solar Programme: Targeted to achieve a cumulative installed capacity of 40 GW by 

March 2026 from Grid Connected Rooftop Solar (RTS) projects. Under the scheme, for Component A: Central 

financial assistance to Residential sector – 4 GW and for Component B: Incentives to DISCOMs – for initial 18 

GW Capacity were provided. The Central Government in February 2024 launched the PM Surya Ghar: Muft Bijli 

Yojna. PM Surya Ghar Yojana has subsumed this scheme. Allocations done under the previous scheme and 

balance budgetary allocations will now be added in PM Surya Ghar Yojana. As of July 2026, the installed capacity 

was 13,619.76 MW with Rs. 264.69 billion subsidies released under the PM Surya Ghar scheme. 

The Pradhan Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyan (PM-KUSUM): All three components of 

the scheme aim to add Solar capacity of about 34.8 GW by March 2026 with the total Central Financial support 

of Rs. 344.22 billion. Components B and C of PM KUSUM Scheme mandate DCR resulting into an estimated 
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demand of 24.8 GW for DCR. However, subsequently, MNRE waived off the DCR for solar cells under the 

Component C of the scheme. As on June 2026, out of sanctioned 10 GW capacity, around 1,726.9 MW capacity 

was installed under Component A of PM KUSUM Scheme. In India, government subsidies, similar to rooftop solar 

incentives will make home batteries more accessible to middle-class and neo-middle-class consumers, as well as 

farmers seeking to optimize energy costs. The MNRE has extended the project commissioning and financial 

closure deadlines of projects under PM KUSUM scheme to March 2027. The Central Government is also 

preparing PM-KUSUM 2.0, which will include a dedicated 10 GW Agri-PV component to promote the co-location 

of solar panels with crops. 

Pradhan Mantri Surya Sarovar Yojana (PM-SSY): Indian government has approved the scheme for the 

development of Floating Solar Photovoltaic (FSPV) Projects with ESS with a total outlay of Rs 50.7 billion. The 

scheme envisages the development of 5 GW of FSPV projects with co-located ESS having a minimum storage 

capacity of two hours i.e.,10,000 MWh. The projects will be sanctioned during fiscal 2027 to 2031, with 

disbursement of financial support continuing up to fiscal 2033. 

Introduction of ALMM List-II for Solar PV Cells 

MNRE in December 2024, issued amendment to ALMM Order 2019 and introduced List-II for solar PV cells under 

the ALMM framework. This amendment, set to take effect from 1st June 2026. From 1st June 2026, all solar PV 

modules used in projects – including government-backed schemes, grid connected utility scale projects, net-

metering projects, and open access renewable energy initiatives – will be required to source their solar cells from 

domestic manufactures enlisted in ALMM List-II, ensuring quality and reliability in solar PV cells used in India’s 

energy infrastructure. For projects that have already been bid out but whose last date of bid submission is before 

the issuance of Dec-2024 order, an exemption will apply, allowing them to proceed without the requirement to use 

solar PV cells from List-II, even if their commissioning date is post-1st June 2026. However, for all future bids, the 

requirement to source both solar PV modules and cells from the respective ALMM lists will be mandatory, marking 

a decisive shift towards quality assurance and sustainability in India’s solar power sector. 

In March 2025, MNRE issued revised DCR norms for solar PV Cells and specified that only those based on 

crystalline-silicon technology and manufactured in India using an undiffused silicon wafer (black wafer) will qualify 

as domestically produced. These wafers fall under Customs Tariff Head 3818, and all manufacturing processes, 

from wafer to solar cell, must be conducted within India. Solar cells made using imported diffused silicon wafers 

(blue wafers) will not be eligible under MNRE’s DCR-mandated programmes. 

On 28th July 2025, MNRE issued amendments to implementation of ALMM for Solar PV cells wherein the last 

date of bid submission of 09.12.2024 in the earlier order will now shift to a cut-off date which is exactly 1 month 

after the publication of ALMM List-II. As per this amendment, solar projects bid until the cut-off date will be 

exempted from the requirement of solar PV cells from ALMM List-II. 

MNRE has recently released the first list of approved solar cells, which includes several manufacturers with a total 

of 13 GW of annual capacity. This ALMM List-II will come into effect from July 1, 2026. DCR market is expected 

to result in an average demand of domestically manufactured cells in excess of 40 GW per annum over the next 

4-5 years. 

Since prices of Indian solar cells are higher than alternatives from China even with BCD, this will lead to increase 

in the capex of the future solar plant needing a tariff hike of about 40-50 paise per unit as offset. The 

implementation of ALMM for solar PV cells is expected to boost domestic cell manufacturing and reduce reliance 

on imports. However, with average annual demand of 38-43 GW from fiscal 2026 to 2030, timely commissioning 

of solar cell projects will be crucial to ensure capacity is adequate to meet demand. The ALMM cell mandate could 

also pose challenges for Companies that don’t develop domestic cell manufacturing capability as they would not 

be complying and, thus, could face module-supply challenges that can impact their market share over the long 
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term. Overall, the non-tariff barrier will protect domestic manufacturers that are vulnerable to global supply shocks 

and even aid exports as the United States, a key market, continues to manufacture modules at 30-35% higher 

prices owing to lack of upstream components. 

Introduction of ALMM List-III for Solar wafers 

MNRE on 12th September 2025 issued a draft Amendment to ALMM Order for Implementation of ALMM for 

Wafers. According to the said amendment it is proposed to issue List-III of wafers under ALMM, which shall be 

effective from 1st June 2028. For enlistment in ALMM list of Wafers, the Wafer-Manufacturer should also have the 

ingot manufacturing capacity equivalent to the wafer manufacturing capacity that it intends to get enlisted in 

ALMM. Thus, the wafer manufacturing capacity enlisted in ALMM List-III shall actually reflect the manufacturing 

capacity of ingots and wafers. All projects falling under the purview of ALMM shall have to mandatorily source 

their solar PV modules from models and manufacturers enlisted in ALMM List-I for solar PV modules and such 

solar PV modules in turn shall have to use solar PV cells from amongst the models and manufacturers enlisted in 

ALMM List-II for solar PV cells, and such solar PV cells in turn shall have to use wafers from amongst the models 

and manufacturers enlisted in ALMM List-III for wafers. 

3.12 RPO obligations in India 

Renewable Purchase Obligation which was introduced under Electricity Act 2003 and the National Tariff Policy 

2016 has now been replaced with RCO notified under the Energy Conservation (Amendment) Act, 2022 by which 

the designated consumers (discoms, open access consumers and captive power users) are obliged to consume 

a certain percentage of electricity from eligible non-fossil sources, as a percentage of the total consumption of 

electricity.  

The MoP through a notification in October 2023, mandated a minimum share of consumption of non-fossil 

sources by designated consumers. The mandate also outlines distinct sub-targets for wind, hydro, and distributed 

renewable energy, contributing to the broader national energy transition goals. RCO could be met directly by 

consuming renewable energy or through purchase of RECs.  

Further, the designated consumers who are open access consumers or consumers with captive power plants 

shall fulfill their obligation as per the specified total RE consumption target as mentioned in the Table below, 

irrespective of the RE source. The Bureau of Energy Efficiency has clarified that RCO is applicable from April 1, 

2024, and any non-compliance shall attract penalty under Energy Conservation Act, 2001. 

Table 4: Energy consumption targets by MoP notified in October 2023 

 Category FY25 FY26 FY27 FY28 FY29 FY30 

Wind Energy 0.67% 1.45% 1.97% 2.45% 2.95% 3.48% 

Hydro Energy 0.38% 1.22% 1.34% 1.42% 1.42% 1.33% 

Distributed RE 1.50% 2.10% 2.70% 3.30% 3.90% 4.50% 

Other non-fossil energy 27.35% 28.24% 29.94% 31.64% 33.10% 34.02% 

Total 29.91% 33.01% 35.95% 38.81% 41.36% 43.33% 

Source: Ministry of Power, Crisil Intelligence 

Wind RCO component is for the new wind projects commissioned after 31st March 2024 and hydro components 

shall be met only by energy produced from Hydro Power Projects (including Pump Storage and Small Hydro 

Projects), commissioned after 31st March 2024. The older wind projects, all solar projects and other RE projects 

would come under “Other non-fossil energy” component.     
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While RCOs have helped drive RE capacity additions, lack of strict enforcement has resulted in non-uniform RCO 

compliance across states. Going forward, it is critical that strict enforcement across states is ensured by the 

respective SERCs and BEE. 

3.13 Movement of the project capital costs and O&M expenses 

Solar project CAPEX trend has largely followed global module price trends – between fiscals 2011 and 2021, EPC 

cost for utility-scale projects reduced by around 65% to Rs ~39 million/MWp due to falling module prices. While 

landed module cost increased temporarily in Q2 2022 due imposition of BCD on China modules, over H2 of CY 

2022 and CY 2023, led by a massive supply glut in China, prices across the solar value chain declined sharply – 

China module prices decreased by around 57% in two-year period ended December 2023 to USD 0.12/Wp. As a 

result, EPC costs for utility-scale projects declined by around 33% in the two-year period ended December 2024 

to Rs 23 million/ MWp. On the BoS front, while prices of commodities like copper and aluminum (used for building 

mounting structures and other key components) are volatile, the effect on overall EPC cost is marginal due to low 

share in CAPEX. 

On the O&M front, costs have decreased by around 30% in the last 3-4 years to around Rs 0.18-0.25 

Mn/MW/annum due to experience gained by service providers coupled with technology adoption including robotic 

cleaning. Robotic cleaning not only helps in achieving better efficiency but also is more environmentally friendly 

since they use less water and no chemical cleaners. 

Figure 42: Declining Module prices leading to lower capital costs 

 

E: Estimated; P: Projected; Source: Industry, Crisil Intelligence 

 

Figure 43: Demand, experience and technological improvement leading to lower annual O&M costs 
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E: Estimated; P: Projected 

Source: Industry, Crisil Intelligence 

 

3.14 India’s RE targets and potential for solar capacity additions 

in next 5 years 

India’s 500 GW target is a national climate pledge to reach 500 GW of non-fossil fuel electricity capacity by 2030. 

Announced at the COP26 summit in Glasgow in 2021, this goal is a core part of the country's "Panchamrit" strategy 

to fight climate change and hit net-zero carbon emissions by 2070. The main drivers and support are summarised 

below: 

1) Annual bidding trajectory: The MNRE has decided to invite bids for 50 GW of renewable energy capacity 

annually for five years i.e., from fiscal 2024 till fiscal 2028.  These annual bids of ISTS connected renewable 

energy capacity also include setting up of wind power capacity of at least 10 GW per annum. Considering 18-

24 months of commissioning period, this provides an opportunity for 250 GW of RE capacity by 2030 and 240 

GW for solar. 

2) PM KUSUM 1.0: PM-KUSUM Scheme is a scheme for de-dieselisation of farm sector and enhancing the 

income of farmers. All three components of the scheme aim to add Solar capacity of about 34.8 GW by March 

2026 with the total Central Financial support of Rs. 344.22 billion. As reported by States, as on 28 February 

2026, 12.2 GW capacity has been installed under the scheme. The MNRE has extended the project 

commissioning and financial closure deadlines of projects under PM KUSUM scheme to March 2027. 

3) PM KUSUM 2.0: The Central Government is preparing PM-KUSUM 2.0, which will include a dedicated 10 

GW Agri-PV component to promote the co-location of solar panels with crops. This initiative will enable 

farmers to generate electricity while continuing agricultural activities on the same land, creating a new model 

for decentralised renewable energy generation in rural India. 

4) PM Surya Ghar Muft Bijli Yojna: The Central Government in February 2024 launched the PM Surya Ghar: 

Muft Bijli Yojna for rooftop solar plant project with an investment of over Rs. 750 billion. The scheme targets 

about 1 crore households and to provide them 300 units of free electricity every month. As of July 2026, the 

installed capacity was 13,6 GW with Rs. 264.69 billion subsidies released under the PM Surya Ghar scheme. 

5) C&I Installations (Rooftop as well as utility scale): C&I installations in India led by solar and hybrid 

renewable systems drive over 60% of the nation's rooftop solar market. Growth is propelled by high grid tariffs, 

corporate ESG goals, and financial returns with a 3 to 5-year payback period. Around 60-80 GW of RE 

capacity is expected by MNRE from C&I sector by 2030. Out of this around 35-45 GW can be from solar.  

6) PM Surya Sarovar Yojana: The PM-SSY is a Rs. 50.7 billion central sector scheme approved to develop 5 

GW of floating solar capacity, integrate 10 GWh of energy storage, and utilize inland water bodies across 

India through fiscal 2031. 

7) Green Hydrogen and Green Ammonia Tenders: The National Green Hydrogen Mission targets 5 MMTPA 

Green Hydrogen production capacity by 2030. Under the incentive scheme for Green Hydrogen production 

(Mode-1), companies have been awarded a Green Hydrogen capacity of 8,62,000 TPA. Under the incentive 

scheme for procurement of Green Hydrogen for refineries (Mode 2B), companies have been awarded a total 

capacity of 20,000 TPA. Further, SECI under green ammonia (SIGHT Scheme Mode 2A, Tranche I) allocated 

724,000 TPA across 13 fertilizer projects. A cumulative RE capacity of around 25.7 GW will be required to 

serve green hydrogen and green ammonia projects awarded till date, out of which around 12-15 GW can be 

from solar by fiscal 2031.    
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Thus, considering the above schemes and their balance targets, India has around 315-325 GW of potential for 

solar capacity additions by fiscal 2031 i.e. around 70 GW per year. Considering overloading, this provides an 

opportunity of around 90 GWp per year for solar PV modules. 

Figure 44: Government estimated potential for solar capacity additions in next 5 years 

 

Source: MNRE, PM KUSUM Dashboard, PM Surya Ghar Dashboard, Press Releases by PIB 

However, when viewed against current ground realities and past experience, it may be difficult to fully realise the 

solar potential estimated by MNRE. The sector is slowly moving away from plain vanilla solar projects towards 

complex projects and is operating in an increasingly evolving policy and regulatory environment. In addition, 

challenges such as the mismatch between cell and module manufacturing capacities, limited availability of DCR-

compliant modules, constraints in securing contiguous land, transmission connectivity bottlenecks, limited 

willingness to sign new PPAs, and the weakened financial position of Discoms could all affect the pace and scale 

of capacity addition. Therefore, a more measured outlook may be appropriate while assessing the practical 

exploitability of the estimated solar potential.  

3.15 Outlook of overall grid-connected solar energy capacity 

additions 

Solar sector growth in India primarily spurred by robust government backing, demonstrated through an aggressive 

tendering strategy. Some of the key catalysts include technological advancements, affordable financing, 

supportive policies, thrust on go-green initiatives/sustainability targets, cost optimisation due to increased grid 

electricity tariffs, subsidy initiative (especially in rooftop solar) and various incentives such as ISTS charge waiver.  

Crisil Intelligence expects 220-250 GW of solar capacity additions across all segments over fiscal 2027-2031. 

This will be driven by additions under: 

• Other central schemes: SECI has also started tendering projects outside the JNNSM Batch programme. It 

has initiated the ISTS scheme and has currently allocated capacity of more than 38 GW. 
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• State solar policies: ~27 GW of projects are under construction and are expected to be commissioned over 

the fiscal 2027-2031 based on tendered capacities by states. 

• PSUs: The CPSU programme under JNNSM has been extended to 12 GW in February 2019. The government 

is also encouraging cash-rich PSUs to set up renewable energy projects. NTPC has already commissioned 

a total of over ~3.7 GW of capacities as of fiscal 2025. It has a target of installing ~35 GW of renewable energy 

capacities by fiscal 2028. Similarly, NHPC had allocated 2 GW of projects in FY 2020, while the Indian 

Railways has committed to 20 GW of solar power by FY 2030. Other PSUs such as NLC, defence 

organizations, and governmental establishments are also expected to contribute to this addition. 

• Rooftop solar projects: Crisil Intelligence expects 50-60 GW of rooftop solar projects (under the capex and 

opex mode) to be commissioned by fiscal 2031, led by PM Surya Ghar Yojana and industrial and commercial 

consumers under net/gross metering schemes of various states. 

• Open-access solar projects: Crisil Intelligence expects 35-45 GW of open-access solar projects (under the 

capex and opex mode) to be commissioned by fiscal 2031, led by green energy open access rules 2022, 

sustainability initiatives/RE 100 targets of the corporate consumers, better tariff structures and policies of 

states such as Uttar Pradesh and Karnataka, which are more long term in nature. 

Figure 45:Year wise expected solar capacity addition 

 

CAGR for cumulative capacity 
P: Projected; Source: Crisil Intelligence  

Also, global conglomerate such as Amazon, Microsoft have set their sustainability goals and are procuring more 

and more renewable energy in India to set off their global GHG emission. This also provides a lucrative opportunity 

for IPPs to sign PPAs for RE capacity. 

The MNRE has amended the solar bidding guidelines, solar-wind hybrid projects guidelines, and also guidelines 

for procurement of round-the-clock (RTC) power. The amendments include incorporating several provisions 

related to extension in commissioning timelines, the definition of force majeure, payment security, and terms of 

default (discussed in detail later). Overall, the amendments are positive and aimed at resolving hurdles faced by 

developers. 
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Further, an amendment to open access regulations via the green energy open access rules through energy 

banking regulations, changes in minimum contract demand, standardizing calculation of charges, etc will solve 

the key issues of high levies, absence of banking provisions, and standardization across procedures prevalent in 

the open access market. 

Crisil Intelligence outlook factors in the prevailing market dynamics, where regulatory/policy support is key. The 

renewable energy domain is highly dependent on policy support, and any uncertainty surrounding this is 

considered negative. 

3.16 Key challenges/bottlenecks/threats for solar capacity 

additions 

Notwithstanding the high potential of solar energy, it is mired with some challenges. Overcoming these challenges 

will be critical for the successful implementation of solar projects. 

Availability of contiguous parcels of land: With rapid capacity additions and intense competition, it becomes 

imperative for developers to acquire land at competitive costs and in areas with high levels of solar irradiance. 

The 41 GW solar park scheme, which provides land to successful bidders for setting up the projects, is facilitative 

in this aspect; however, other than the scheme, capital costs and, hence, tariffs vary between the states depending 

on land prices and irradiance quality. 

Adequacy of evacuation infrastructure: Grid integration of renewables is key to the sector's growth. Instances 

of delay in readiness of transmission infrastructure at solar parks have caused concern among developers. 

However, an aggressive roadmap to add an incremental ~100 GW via new schemes and existing available 

capacity to the grid should be adequate for the expected solar capacity additions’ timely execution is critical. 

Despite aggressive bid awards and issuance of LOAs, multiple projects have failed to secure signed PPAs due to 

evacuation bottlenecks. The limited availability of transmission capacities has made it difficult for the developers 

to secure grid connectivity.  

Delay in development of transmission evacuation infrastructure: There is a limited margin available at 

existing/under implementation 220 kV and 400 kV bays of ISTS substations which create bottlenecks for 

connecting new RE projects. The transmission projects face multiple challenges such as right of way issues, forest 

clearances, and supply chain constraints. Due to such challenges, the government has estimated that 

transmission connectivity for only about 60 GW of RE capacity is expected by fiscal 2027. Furthermore, if a 

developer applies for connectivity today in Rajasthan/Gujarat (RE rich States), the connectivity may not be 

available till FY2030. 

Availability of low-cost capital: With the emergence of several large players in the sector, scale and experience 

have aided fund-raising to an extent, especially with the backing of several foreign investors. However, after 

factoring in the weak rupee, the conservative risk appetite of lenders, and other added cost pressures, it is 

imperative for developers to maintain prudent capital management over the long term. To mitigate these factors, 

developers have been tapping alternative/new routes to raise money from time to time. Furthermore, the other 

key monitorable are deterioration in the financial profile of distribution utilities resulting in offtake issues and 

payment defaults, declining power deficit, and aggressive bidding. 
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3.17 Review of C&I solar PV capacity addition in India 

The C&I users consume more than 50% of the electricity generated in India, but only a small percentage of their 

energy procurement comes from renewable energy sources. C&I users have emerged as an important standalone 

business segment in recent years in the renewable energy market, indicating their huge, untapped potential. 

Although the present market size is small, specialised developers catering to C&I consumers such as CleanMax, 

Continuum Green Energy etc. have emerged with innovative business models and competitive prices etc. The 

C&I segment already accounts for 70-80% of the country’s rooftop solar installations and is making headway in 

the utility-scale solar space as well through open access and group captive routes.  

The Indian C&I solar sector added ~13+ GW over fiscals 2019 to 2025, with the total installed solar capacity as 

of March 2025 at ~33+ GW. The market has gained momentum over the last few years, with consumers keen on 

reducing their power bills, as well as carbon emissions. Increasingly, there is also very strong interest among 

investors with leading independent power producers, private equity funds, and other institutional investors 

committing huge sums to this market. 

Solar power is preferred over other renewable energy sources by C&I consumers due to its ease of 

implementation, versatility, and negligible operating costs. Moreover, solar power prices have declined 

significantly over the past few years, making it more affordable for C&I consumers. In contrast, state discoms 

continue to charge C&I consumers very high tariffs compared with residential and public sector consumers to 

provide subsidies to agricultural and below poverty line consumers. Thus, large industries across segments and 

commercial consumers, including metro corporations, railways, airports, hotels, and multinational corporations, 

can generate substantial savings by meeting their electricity requirements through solar power-based captive, 

group captive, and open access projects. 

Crisil Intelligence expects 35-45 GW of projects to be commissioned under the open access utility segment fiscal 

2027- 2031, led by the go-green initiatives/sustainability targets of C&I consumers, effective long-term policies 

and lower offtake risk and lower offtake risk combined with conducive policies such as the Green Open Access 

Regulations. 

Additionally, in the proposed Draft Electricity Amendment Act 2022, several progressive measures have been 

proposed for the solar sector, including the introduction of a pan-India RPO with a strict penalty mechanism. 

Discoms and other large electricity customers are obligated to purchase a specific percentage of their power from 

solar energy sources under these RPOs. These measures will provide a significant boost to the uptake of rooftop 

solar in the C&I segment. 

Figure 46: Outlook on open access additions over fiscals 2027 to 2031 
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Source: Crisil Intelligence  

3.18 Review of rooftop solar PV capacity additions in India 

The rooftop solar installed capacity was ~25.7 GW in March 2026, with ~5.2 GW added in fiscal 2025 and ~8.7 in 

fiscal 2026. Gujarat (20%), Maharashtra (25%), Kerala (8%), and Rajasthan (7%) accounted for 60% of these 

additions. Several factors such as increased consumer awareness, advancements in technology and proactive 

subsidy initiatives implemented by central and state governments drove the additions. 

The PM Surya Ghar Yojana in February 2024 is expected to boost residential offtake of solar rooftop, specifically 

by addressing cost hurdles. The government emphasized to provide for the installation of solar panels to 10 million 

households. It will provide subsidy for installing rooftop solar for residential houses, which will help save money 

on electricity bills. 

he subsidy, under the scheme, has been increased to Rs 30,000 per kW from Rs 18,000 for plant sizes up to 2 

kW. For plant sizes of 3 kW, the maximum subsidy available is Rs 78,000, which also serves as the cap for project 

sizes larger than 3 kW. Under this scheme, the government estimates the electricity benefit to be up to 300 units 

per month per household. This essentially means the 66% jump in subsidy support has been directed to smaller 

rooftop projects, which, as per market estimates, would represent most of the solar rooftop potential in India and 

may face affordability challenges due to their small size. 

Crisil Intelligence expects ~50-60 GW of projects to be commissioned under the solar rooftop segment over the 

next five years (2027-31). Additions to the tune of 10-15 GW each is expected from C&I space under net/gross 

metering schemes, as well as residential rooftop consumers. The addition is influenced by various factors such 

as consumer awareness, availability of cheap source of funding and grid availability. Overall, the rooftop segment 

is expected to witness an investment of Rs 3.5-4.0 trillion during fiscal 2027 and 2031. In addition to this, an 

upside is expected on account of high residential capacity additions than estimated under the PM Surya Ghar 

Yojana. 

Figure 47: Projected rooftop capacity additions over fiscals 2027 to 2031 

 

Source: Crisil Intelligence  
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3.19 Competitive mapping of RE IPPs 

Table 5: Operating parameters of key players in RE 

Operating 
Parameters 

Avaada 
Energy Pvt. 

Ltd.** 

Adani Green Energy 
Limited 

ReNew Energy 
Group PLC 

Acme Solar 
Holdings 
Limited 

Tata Power 
Renewable Energy 

Limited 

NTPC Green 
Energy Limited 

Juniper 
Green 

Energy** 

Ownership/Group Avaada Group Adani Group ReNew 
Acme Cleantech 

Solutions 
TATA Power Co. Ltd. NTPC Ltd 

Juniper 
Renewable 

Holdings Pte. 
Ltd.. 

Years in 
Business (As of 
31 March 2026) 

~17 year ~10 years ~15 years ~23 years ~19 years ~4 Years ~8 Years 

Operational Capacity (MW) as on 31 March 2026 

Solar    7,040.00*   13,515.00        6,136.00  2,840.00  4,577.00 9,302.00        1,250.87*  

Wind      2,563.00        4,411.00  150.00  846.00   837.00         69.30  

Hybrid   3,216.00 - - 1,110.00 - - 

FDRE   - 1,644.00 - - - - 

Sub-Total  7,040.00 19,294.00 12,191.00 2,990.00 6,533.00 10,139.00 1,320.17 

Under Construction/Development Capacity# (MW) as on 31 March 2026 

Solar 9,200.00  

Not Available 

1,575.00 300.00 679.00     13,667.00  99.51 

Wind  200.00 284.00 - 45.00       6,228.00  312.85 

Hybrid  7,600.00 -  750.00 3,049.00  -  3,927.35 

FDRE  9,600.00 5,573.00  4,031.00 1,902.00  -  4,409.70 

Sub-Total 26,600.00* 7,432.00 5,081.00  5,676.00   19,895.00 8,749.41 

Total Operational 
Capacity + 
Pipeline (MW) 

 33,640.00*  19,294.00$     19,623.10  8,071.00  11,638.00   30,034.00  10,069.58 

Solutions offered 

IPP, EPC, 
O&M, Solar 

PV 
Manufacturing, 
RTC/Storage 

IPP, EPC, O&M, 
Storage, Solar PV 

manufacturing 

IPP, EPC, O&M, 
Storage, Solar PV 

manufacturing 

IPP, EPC, O&M, 
Storage, 

Hybrid, FDRE 

IPP, EPC, O&M, 
RTC/Storage 

IPP, RTC/Storage 
IPP, 

Storage 
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Operating 
Parameters 

Avaada 
Energy Pvt. 

Ltd.** 

Adani Green Energy 
Limited 

ReNew Energy 
Group PLC 

Acme Solar 
Holdings 
Limited 

Tata Power 
Renewable Energy 

Limited 

NTPC Green 
Energy Limited 

Juniper 
Green 

Energy** 

Key Offtakers for 
Operational 
Capacity 

SECI, NTPC, 
NHPC, SJVN, 
Various State 
Discoms such 
as MSEDCL, 
GUVNL 
subsidiaries, 
Haryana 
Discoms, 
Rajasthan 
Discoms, 
Karnataka 
Discoms, 
Corporates 
etc.  

TANGEDCO, 
ESCOMs, UPPCL, 
BESCOM, PSPCL, 
NTPC, SECI, 
GESCOM, MSEDCL, 
PSPCL HESCOM, 
NPCL, GUVNL, 
TSSPDCL, Merchant 
etc.,  

SECI, NTPC, REC-
DVC, SJVN, PTC, 
corporates, MSEDCL, 
APSPDCL, GUVNL, 
MPPMCL, 
TSNPDCL, Others 
etc 

SECI, NTPC, 
GUVNL, 
CSPDCL, 
MSEDCL, 
UPPCL, 
MPPMCL, 
PSPCL, 
TSNPDCL, 
TSSPDCL, 
APSPDCL, 
NBPDCL & 
SBPDCL etc. 

SECI, SJVN 
TANGEDCO 
APDISCOMs, 
GUVNL BESCOM, 
UPPCL, NPCL, 
MSEDCL, TPCD, 
KSEB, MPPCL, 
JVVNL, JdVVNL etc. 

SECI, GUVNL, 
RUMSL, IREDA, 
NVVNL, 
REC/NTPC, 
MPPMCL, Raj. 
Discoms, AP 
Discoms, UPPCL, 
Telangana Discoms 
etc.  

MSEDCL, 
GUVNL, 
TPCL, SECI, 
NTPC, 
SJVN, NHPC 
etc. 

In-house EPC 
and O&M 
capabilities 

Yes Yes Yes Yes No No Yes 

*DC Capacity, ** Data as of June 2025; # including capacity with PPA, with LOA or planned, $Operational capacity  

Source: Industry, Company websites, Crisil Intelligence



 

Page 57  

4 Overview on Indian wind solar hybrid market 

4.1 Overview of WSH capacity additions (FY 2019-2026) 

Wind solar hybrid (WSH) is fast becoming the preferred RE option in India. There are two types of WSH projects 

– pure-play ones and those with storage. There are also projects that may come up under the government’s RTC 

power scheme, which has a mandatory 51:49 blend of RE and thermal.  

India has introduced RTC generation tenders, including WSH tenders to strengthen clean generation combining 

solar, wind and storage technologies. The MNRE introduced the National Wind-Solar Hybrid Policy on May 14, 

2018. The main objective of the policy is to provide a framework for the promotion of large grid-connected wind-

solar PV hybrid systems and efficient utilisation of transmission infrastructure and land. It also aims to reduce the 

variability in renewable power generation and achieve better grid stability. It is expected that India will witness 

~52-56 GW of WSH capacity in the next five years (fiscal 2027 to fiscal 2031). 

4.2 Key benefits of wind solar hybrid 

Some of the key advantages of WSH and FDRE projects include improved land and transmission infrastructure 

utilisation, reduced generation variability and complimentary generation profiles. Standalone solar and wind 

projects exhibit relatively low CUF. However, the amalgamation of these two technologies leads to a higher CUF, 

resulting in enhanced overall efficiency of the WSH plant. Moreover, the cost of co-located solar and wind projects 

is lower compared to that of their respective standalone counterparts, making them economically attractive. 

Consequently, tenders conducted for such WSH projects have yielded competitive tariffs, with prices ranging from 

Rs 3.0 - 3.5/kWh. These factors contribute to the growing allure and widespread adoption of WSH projects. 

Figure 48: CUF trends for Wind and Solar 

 

Source: MNRE, Crisil Intelligence 

WSH projects are well suited for a time-of-day tariff regime wherein during the morning/evening peak hours 

additional tariffs are charged and during night (off peak) hours, rebate in tariff is provided. Since generation 

patterns of wind and solar are usually complementary, with wind power generation picking up after sunset and 
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reaching peak generation late night. Thereby, the wind project can generate more revenue by selling power during 

evening peak hours when the tariff would be 10-20% higher than the normal tariff. 

Further, WSH in conjunction with firm and dispatchable RE (FDRE) can provide a reliable and stable power supply 

to meet the demands of utilities. FDRE projects (assured peak, load following, RTC, and specific peak power 

supply) offer firm power supply as per demand given by utilities and a higher CUF compared to pure-play solar 

and wind projects. Furthermore, the expected tariff ranges have resulted in being higher than the norm of Rs 2.5 

- 2.6/kWh (for standalone solar with imported cell-based modules), approaching the range of Rs 3 - 5/kWh (for 

WSH and FDRE). 

FDRE tenders have emerged as a promising alternative to newly constructed/under-construction thermal projects. 

The cost of under construction thermal projects ranges from Rs 90-120 million per MW (depending on technology 

and size) and are often plagued by time and cost overruns, delays in commissioning. The tariffs of new thermal 

projects is around Rs 4.50-6.10/kWh (depending on fuel source), and the variable cost would keep on increasing 

due to rising cost of coal. In contrast, FDRE projects can be developed at a lower cost per MW and can be 

commissioned in a shorter period (24-30 months). Furthermore, FDRE projects offer different power supply 

options (peak power supply, time-block basis dispatch of power, RTC power), which can be tailored to meet 

specific demand requirements, depending on the technology configuration and battery storage capacity. This 

makes FDRE projects an increasingly appealing choice for power generation, providing a reliable, efficient, and 

cost-effective solution for meeting India's growing energy needs.  

4.3 New business models in wind solar hybrid  

With a large quantum of the pipeline already in place for solar/wind-only projects, nodal authorities are now turning 

to issue tenders that aim to improve the quality of power supplied to off-takers. Some key changes have been 

made to tender structures concerning the quantum of generation available from RE sources and the ability to 

match peak demand. 

While there are multiple combinations now issued in the market some key distinctive features are as follows: 

• Plain vanilla WSH tenders require simple blending of solar and wind resources to achieve higher PLFs 

compared to those achieved on standalone basis and inject power for more hours during the day, compared 

to either source on standalone basis. 

• Peak power tenders demand injection of renewable energy during peak periods of power demand in the day, 

typically four hours per day. The peak power tenders ensure energy availability during peak periods (2 to 4 

hours of morning or evening period) as per Discoms requirements. The buying entities need to specify daily 

peak hours (2-4 hours) to draw power. Peak power tenders require capacity utilisation factor of 40% along 

with 90% availability during peak period. 

• RTC tenders are designed to enable injection of renewable power asking for higher availability from the power 

sources. RTC tenders ensure a stable and reliable power supply throughout the day, meeting both peak and 

off-peak demand. These tenders require generators to supply power 24X7, with a guaranteed minimum 

capacity factor. RTC tenders typically require annual availability of 75-85% with time block-wise availability of 

50%. 



 

Page 59  

• FDRE/RTC tenders require availability of firm and dispatchable of renewable power with multiple 

requirements across availability, peak timing supply and / or following of a particular load profile. FDRE 

tenders ensure grid stability and reliability. To provide firm power, developers are required to install mandatory 

energy storage system (either battery energy storage system or pumped hydro storage system) which are 

charged through renewable energy and discharged as per power requirement of buying entities. Further, to 

meet the energy obligations under PPAs developers generally install higher renewable energy capacity than 

the contracted capacity. FDRE tenders need to maintain monthly demand fulfilment ratio (DFR) of at least 

80% for each time block of 15 minutes on monthly basis. 

Figure 49: Tariff range of Rs.3-5 /kWh to provide high returns compared to plain vanilla projects 

 

Note: FY26 Weighted average is calculated across all projects allocated under respective models for the period Apr 2025 -January 2026. 

Source: Crisil Intelligence  

Till January 2026, all these tender models have seen successful allocations, with Peak power at 42 GW and RTC 

at 13 GW, mainly driven by central entities. 

Consequently, while the newer implementation models improve the dispatchability of power for off-takers, in the 

current scenario, they would still require a higher tariff to be executed. However, considering the tariffs being lower 

than thermal power, offtakers are showing interest in signing PPAs for these new tenders. 

Since these projects are still relatively new and have been allocated recently, execution dynamics are yet to be 

clearly observed. Crisil Intelligence expects new business models, i.e. all forms of WSH and FDRE to add more 

than 55 GW between fiscal 2027 and 2031. Furthermore, technological improvements, especially on the storage 

side, may further reduce cost requirements over the longer term, making implementation more feasible. 
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4.4 Trend in year wise tenders awarded in WSH 

India issued over 135 GW of completed utility scale renewable energy tenders since fiscal 2021 across all 

technologies including complex WSH tenders with storage. The tendering activity increased about five-fold 

between fiscal 2023 and 2024 due to significant increase in government targets, innovative tendering solutions, 

Discom’s shift to offtake more stable and firm power and increase in power sector investment.  

The tendering activity for utility scale RE projects has outpaced the government’s target of 50 GW for fiscal 2024. 

The government selected SECI, NTPC, SJVN and NHPC as RE implementing agencies (REIA). 

Hybrid and Complex Hybrid RE tenders (including peak power tenders) have shown significant growth over the 

years. The share of Complex Hybrid RE tenders has increased from 32% in fiscal 2021 to 59% in fiscal 2025 and 

further to 87% in fiscal 2026.  

Apart from this, over 46 GW of standalone ESS tenders were also issued including pumped hydro storage. The 

average allocation of tenders has been above 85% of the tendered capacity in the last five years.  

Figure 50: RE tender auctioned capacity annually 

Includes only utility scale tenders concluded during the year; 

Source: Central and State nodal agencies, Crisil Intelligence 

4.5 Key growth drivers 

WSH and FDRE segment in India is experiencing rapid growth, driven by several key factors: 

• Opportunity: India has around 696 GW (120 m hub height) wind potential and around 750 GW of solar 

potential (MNRE now estimates the ground mounted solar potential of 3,403 GW in Sep 2025). Currently only 

around 10% of the potential is developed and balance 90% of the potential yet to be exploited. This provides 

huge opportunities for wind and solar energy development. 
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• Geographical advantages: India’s coastline provides high wind speed as well as excellent solar potential. 

States such as Gujarat, Maharashtra, Karnataka, Tamil Nadu, Andhra Pradesh have excellent wind as well 

solar potential. Such an advantage provides a great opportunity for supply of WSH power. Depending on the 

project requirements, the WSH projects can be co-located or located in different locations, making it more 

flexible even if natural resources are located in different places.  

• Complementary resources: Wind and solar sources complement each other. Due to their inherent 

characteristics, they generate power during different times of the day as well as seasons. Therefore, for 24X7 

supply, they complement each other and hence WSH projects provide more reliable power and can be used 

for RTC supply (especially with energy storage). 

• Resource optimisation: Co-located WSH plants can help with resource optimisation. With optimum land 

utilisation and infrastructure sharing, the wind and solar resources can be optimally utilised leading to better 

CUF as well as cost optimisation. With energy storage facilities, the WSH plants help with better grid 

management and higher penetration of RE into existing power systems. 

• Policy push: Government of India’s policy push has also helped the WSH segment. A confluence of increased 

RPO targets, VGF funding, ISTS waiver, PLI and solar park schemes, have helped both the resources to 

thrive. 

4.6 Outlook on the WSH capacity additions in India 

By early 2025, India has made notable progress in wind-solar hybrid energy, with an installed capacity of 

approximately 1.44 GW. Looking ahead, the country is poised for substantial expansion in this area. India's 

overarching goal is to achieve a remarkable 500 GW of renewable energy capacity by 2030, with wind-solar 

hybrids anticipated to be a crucial component in realizing this ambitious vision.  

With a large quantum of pipeline already in place for solar/wind-only projects, nodal authorities are now turning to 

issue tenders that aim to improve the quality of power supplied to off-takers. Some key changes have been made 

to tender structures concerning the quantum of generation available from RE sources and the ability to match 

peak demand. 

While there are multiple combinations now issued in the market some key distinctive features are as follows: 

• Plain vanilla hybrid tenders require simple blending of solar and wind resources to achieve higher PLFs 

compared to those achieved on standalone basis and inject power for more hours during the day, 

compared to either source on standalone basis. 

• Peak power tenders demand injection of renewable energy during peak periods of power demand in the 

day, typically four hours per day. 

• Round-the-clock tenders are designed to enable injection of renewable power asking for higher availability 

from the power sources. 

• FDRE tenders with multiple requirements across availability, peak timing supply and / or following of a 

particular load profile. 



 

Page 62  

Over the past year, the tariffs for FDRE, RTC and Hybrid auctions have fluctuated significantly due to their 

complexity and additional requirements. This price variation is mainly driven by the complexity of integrating solar 

and wind energy generation with energy storage and dispatchable energy management, which requires 

optimization to ensure a stable power supply. As industry transitions towards hybrid solutions, RE players have 

enhanced their capabilities by developing robust expertise in both solar and wind projects, enabling them to 

effectively integrate and optimize these technologies to meet the growing demand for hybrid energy solutions.  

In comparison to new coal which is at Rs. 5.81/ kWh, firm renewable power is cheaper, making it much more 

attractive for DISCOMs. 

Figure 51: Tariff discovered in recent WSH tenders 

 

Source: Industry, Crisil Intelligence 

4.7 Constraints in setting up WSH power plants. 

Lack of good sites  

Ideal locations for WSH should have good irradiation and experience high wind speeds. However, such locations 

are hard to find, especially as major windy areas with strong grid evacuation facilities have been saturated. The 

preferred locations for WSH projects are usually Gujarat and Rajasthan for pan India tenders. Due to lack of good 

sites, sites having good solar irradiance and good wind speeds are in demand leading to fierce competition for 

these sites. 

Grid balancing requirement poses implementation risks 

Developers are required to balance the grid before injecting electricity generated from a co-located WSH plant. 

This means they need to simulate the ideal wind and solar generation mix from the plant to optimize the WSH 

curve. This may lead to additional implementation risks for a developer. 
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Optimal sizing 

The size of the WSH plant differs from state to state depending on the resource availability. Optimal sizing of 

storage is also critical. Overloading or oversizing may lead to under utilisation during the peak generation period 

(daytime in summer or night-time in monsoons) resulting in storage capacity remaining unutilised or idle.  

4.8 Energy Storage and green Hydrogen 

4.8.1 Energy storage 

As per the updated NDC, India stands committed to reduce emissions intensity of its GDP by 45% by 2030, from 

2005 level and achieve about 50% cumulative installed electricity capacity from non-fossil fuel-based energy 

resources by 2030. This is expected to result in significant RE capacity additions by 2030. However, the increasing 

penetration of variable RE into the grid has risks with respect to grid stability and resilience. Energy storage will 

play an important role in ensuring the firmness and sustainable growth of RE in the electricity mix. 

Usage of battery storage is expected to be strong across the generation, transmission, and distribution segments 

as well as at the consumer end. The National Renewable Energy Laboratory has also forecasted a fall in the 

price of storage solutions, especially lithium-ion technology. With the greater adoption of lithium-ion battery 

storage, improvement in battery efficiency, and large-scale manufacturing, Crisil Intelligence expects installation 

costs for utility-scale lithium-ion batteries to fall to U.S.$ 75 to U.S.$ 85 per kWh by Fiscal 2030 from U.S.$ 100-

110 per kWh in Fiscal 2026. 

The installed capacity of ESS in India as of March 2026 is 7.42 GW of PSP and 0.79 GW of BESS Projects. With 

the announcement of several large-scale PS projects across the country, the PS segment is also expected to 

witness significant adoption. According to the CEA’s report on optimum power generation mix study in April 2023, 

India will require at least 41.7 GW/208 GWh of BESS (5 hours duration) and 18.9 GW of PSP by fiscal 2030. 

Subsequently, the NEP by CEA for the period 2022-32 estimated likely requirement of BESS by fiscal 2027 as 

8.68GW / 34.72 GWh and by fiscal 2032 as 47.24GW / 236 GWh. 

4.8.2 Green Hydrogen 

The National Green Hydrogen Mission was approved by the government on January 4, 2022. The mission aims 

to make India a leading producer and supplier of green hydrogen in the world. According to Government estimates, 

the mission would result in development of green hydrogen production capacity of at least 5 million metric tonne 

per annum with an associated renewable energy capacity addition of about 125 GW in the country. The Mission 

will have wide ranging benefits- creation of export opportunities for Green Hydrogen and its derivatives; 

Decarbonisation of industrial, mobility and energy sectors; reduction in dependence on imported fossil fuels and 

feedstock; development of indigenous manufacturing capabilities; creation of employment opportunities; and 

development of cutting-edge technologies. As per government estimates, achievement of mission targets is 

expected to reduce a cumulative Rs. 1 lakh crore worth of fossil fuel imports by 2030 and nearly 50 MMT per 

annum of CO2 emissions are expected to be averted through production and use of the targeted quantum of 

Green Hydrogen. 

The initial outlay for the Mission will be INR 197.44 billion, including an outlay of Rs 174.90 billion for the Strategic 

Interventions for Green Hydrogen Transition Programme (SIGHT) programme, Rs 14.66 billion for pilot projects, 

INR 4 billion for R&D, and Rs 3.88 billion towards other Mission components.  
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As of March 2024, India is the third largest consumer & producer of hydrogen in the world after China and USA, 

In fiscal 2020, India’s hydrogen demand stood at 6 million tonnes per year. ~48% hydrogen is used in fertilizers 

to produce ammonia/urea and ~46% in refineries for hydrodesulfurization. India’s grey hydrogen market is 

estimated to be ~ USD 9-10 billion considering production costs of ~USD 1.5-1.8 per kg. Additionally, India’s 

annual Ammonia consumption for fertilizer production is about 15 MTPA, roughly 15% of this demand (over 2 

MTPA) is currently met from imports. Driven by captive consumption by refineries, fertilisers and ammonia, the 

hydrogen demand is expected to reach ~11-12 MTPA by 2030 making it ~USD 22-25 billion market. Out of this 

~4-4.5 MTPA is expected from refineries and ~6-6.5 MTPA from Fertilisers. Very small quantum (~0.5 to 0.75 

MTPA) will be from Petrochem and other industries. Considering ~8-10% of hydrogen demand from fertilisers and 

22-24% of hydrogen demand from refineries can be met through green hydrogen in 2030, ~1.4-1.8 MTPA will be 

from green hydrogen. Considering a production cost of ~USD 2 to 2.5 per kg, the green hydrogen market is 

expected to be ~USD 3-4 billion in 2030. 

Financial  

Year 

 Grey Hydrogen Green Hydrogen 

Particulars 
Demand 

(MTPA) 

Market 

(USD Bn) 

Demand 

(MTPA) 

Market 

(USD Bn) 

2020 

Fertilisers 2.9-3.0 4.0-4.5 - - 

Refineries 2.8-2.9 4.0-4.5 - - 

Others 0.6-.09 0.5-1 - - 

Total 6.0-6.5 9.0-10.0   

2030 

Fertilisers 6.0-6.5 12.0-13.0 0.2-0.4 0.4-1.0 

Refineries 4.0-4.5 8.0-9.0 1.2-1.4 2.4-3.0 

Others 0.5-0.75 1.0-1.5 - - 

Total 11.0-12.0 22.0-24.0 1.4-1.8 3.0-4.0 

 

 



 

Page 65  

5 Assessment of solar module/cell manufacturing 

ecosystem 

5.1 PV module manufacturing value chain 

Crystalline silicon (c-Si) technology is largely deployed in solar PV globally as well as in India. The technology is 

also expected to comprise the largest pie in India’s ambitious target of 280 GW solar capacity addition by 2030. 

India does not have a manufacturing base for polysilicon ingots and wafer; hence, players import these 

components, incurring high cost. However, with supportive manufacturing policies, existing industry players have 

planned for backward integration into ingots and wafers. 

Figure 52: Schematic of c-Si PV module supply chain 

 

Source: Crisil Intelligence 

Indian corporates have also started GW-scale manufacturing set ups in India. Apart from this, there are many 

companies having capacities in the 500-1000 MW range.  

Table 6: Key domestic solar module manufacturers with operating capacity (as of March 2026) 

Sr. no. Name 
Installed capacity 

(MW) 

1.  Waaree Energies Ltd. 25,800# 

2.  Goldi Solar Ltd. 15,200 

3.  Rayzon Solar Ltd. 11,300 

4.  Premier Energies Photovoltaic Ltd 11,100 

5.  Emmvee Photovoltaic Power Ltd. 10,300 

6.  Vikram Solar Ltd. 9,500 

7.  Avaada Electro Ltd. 8,500^ 

8.  ReNew Photovoltaics Pvt. Ltd. 6,400 

9.  Tata Power Renewable Energy Ltd. 4,900 
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Sr. no. Name 
Installed capacity 

(MW) 

10.  Mundra Solar PV Ltd. (Adani) 4,000 

11.  Saatvik Green Energy Ltd. 4,800 

12.  First Solar  3,300 

#incldung 1.3 GW of Indosolar and 1.6 GW capacity in US 

Source: Company websites, Crisil Intelligence. 

Global manufacturers such as LONGi Solar, Trina Solar, JA Solar, Jinko Solar, etc. are present across the PV 

value chain, and operate on a larger scale; hence, enjoy significant cost advantages. 

India and other net PV importers, like the U.S., have implemented several policies throughout time to reduce their 

reliance on China for PV products. The use of tariff barriers, such as safeguard duties in India and anti-dumping 

taxes in the US, is one of them. 

India’s cumulative module manufacturing nameplate capacity has reached ~193 GW as per ALMM list updated 

on 1st May 2026 and the cumulative cell manufacturing capacity is about ~31 GW as per ALMM list updated on 

30th April 2026. As a result, currently there is limited industry supply of high-quality, next-generation domestic solar 

cells. The nameplate module capacity in India is expected to touch 220-230 GW and cell capacity of 40-50 GW 

by March 2028. The difference in the manufacturing capacities of solar cell and module is partly due to the lack 

of vertical integration of domestic solar fabrication plants. However, the operational capacity could be less than 

50% of the nameplate capacity due to inadequate vertical integration, higher dependence on imported raw 

materials, higher cost of production, and intense competition. Going forward with ALMM in cells as well as modules 

plus integrated capacities under PLI getting commissioned, utilisation is expected to improve.  

5.2 Solar module design and technology 

Solar modules use sunlight as a source of energy to generate DC electricity. The primary raw materials and 

components used in the manufacture of solar modules are solar cells. Solar cell is the most critical segment along 

the solar value chain, which is also the segment with the most frequent technology improvement for reducing 

costs and improving conversion efficiencies. A solar module is constructed using individual solar PV cells, and 

solar cells are made from layers of silicon semiconductor materials. Solar PV cells are connected electrically in 

series and/or parallel circuits to produce higher voltages, currents, and power levels. Such a connection of 

modules in a series and/or parallel combination is known as solar PV array or PV module array. The number of 

solar cells in the module determines the output power. A standard PV module consists of many layers; glass, 

encapsulation sheet, the interconnected cells, a second layer of encapsulation sheet and plastic back sheet. 

These layers help to protect against environmental elements. Furthermore, a junction box, an interface of a solar 

module with the external world, is integrated with module to channel the power generated by the solar module to 

the external world. 

Monofacial modules generate electricity using solar cells on only one side, which directly faces the sun. They do 

not rely on reflective surfaces or require specialized mounting equipment for installation, as long as the solar cells 

are positioned towards sunlight. 



 

Page 67  

Bifacial solar modules feature a dual-sided design that allows the solar modules to capture sunlight from both the 

front and back surfaces. Unlike Monofacial solar modules that only harvest light on one side, bifacial solar modules 

take advantage of the albedo effect where light is reflected from the ground or other surrounding surfaces onto 

the rear side of the solar module. This results in additional energy capture, which can significantly enhance the 

overall energy yield of the system. To maximize their potential, bifacial solar modules are often paired with special 

mounting systems and are best situated where ground reflectivity is high, such as on white gravel or snow. These 

solar modules are most beneficial at higher latitudes where the sun’s path can be more effectively exploited 

through the dual capture surfaces and in large scale power plants which use sun tracker for mounting solar 

modules. The dual-glass design not only allows the solar modules to absorb light from multiple angles but also 

provides superior protection against environmental stressors, ensuring a long operational life and consistent 

power generation.  

Currently, the solar PV market is predominantly dominated by monocrystalline silicon technology. This is primarily 

due to its high efficiency levels and competitive pricing. However, ongoing technology innovation in manufacturing 

processes is crucial to reduce material intensity, especially for critical minerals like silver and copper. These efforts 

aim to minimize vulnerabilities in the supply chain. 

In addition to process improvements, the development of new solar cell designs is essential for achieving further 

efficiency gains while simultaneously reducing material intensity and manufacturing costs. Multiple companies are 

actively working on tandem and perovskite technologies. These innovative designs hold the potential to enhance 

the performance of solar cells. However, additional investment in R&D will be required to bring these technologies 

to full commercialization. 

Table : Existing vs upcoming technologies 

Parameters Mono PERC TOPCon HJT 

Initial Capex $ 31-38 mn./GW $ 38-46 mn./GW $ 69-75 mn./GW 

Cell Efficiency* 23.2% - 23.7% 24.5% - 25.5% 24.5% - 25.2% 

Module Efficiency 20.0% – 21.5% 22.0% - 23.0% 22.0% - 23.0% 

Bi-faciality 70% - 75% 80% - 85% 80% - 90% 

Complexity Moderately complex Less than HJT Most complex 

Temperature Co-efficient of 

Power (Pmax Temperature 

Co-efficient) 

• -0.35% / °C. 

• PERC cells experience 

a more noticeable power 

decline at elevated 

temperatures 

• -0.29% / °C. 

• Offers a significant 

power improvement 

over PERC cell at 

elevated temperatures 

• -0.24% to -0.26% / °C.  

• Lowest temperature 

coefficient - HJT cells 

experience minimal 

power loss even at high 

temperatures. 

Losses and Damages p-type Mono PERC cells are 

prone to LID and PID losses. 

Such losses are high 

compared to peers 

PID and LID losses in 

TOPCon are lower 

compared to Mono PERC,  

Not prone to PID and LID 

losses, since general cell 

construction is n-type 

Note: Initial capex for module manufacturing lines pertains to Chinese set-ups. 

*Without bi-faciality, depending on the local conditions and bi-faciality, the efficiencies can be higher. 

Potential Induced Degradation (PID) and Light Induced Degradation (LID) 

Source: Industry, Crisil intelligence 

TOPCon technology, considered more cost-efficient than heterojunction technology for large-scale solar 

manufacturing, offers lower production costs and compatibility with existing PERC lines, enabling faster and more 

economical scaling. Additionally, TOPCon enhances performance levels by delivering higher power conversion 
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efficiencies, which contribute to better PLFs in solar power generation. TOPCon technology offers a bifaciality rate 

of between 80.0% to 85.0%, superior to PERC’s 70.0% to 75.0%, allowing TOPCon solar modules to gather more 

energy from their rear side. This quality is particularly beneficial for large-scale, ground-mounted utility projects. 

In the coming years, it is expected that advanced cell technologies such as N-type TOPCon, heterojunction (HJT), 

and back contact will gain greater market shares. These cell technologies hold the potential for achieving 

additional efficiency gains in solar panels. Globally, solar developers are increasingly adopting TOPCon 

technology in solar cells due to its higher efficiency, lower cost and improved performance compared with older 

technologies such as monocrystalline passivated emitter and rear cell (“PERC”) technology and it is expected to 

become the dominant technology in the medium to long term. 

The evolution of cell technology in India has mirrored the global market. According to the module batch enlistment 

in the ALMMs over Fiscals 2022 to 2025, the share of Mono PERC has risen sharply from 16% in March 2022 to 

63% in March 2025, with TOPCon also making notable gains to reach 14% by the end of the period. Consequently, 

lower efficiency cells, such as Multi C-Si, have been largely phased out, with their market share dwindling to 

negligible levels by March 2025, down from a dominant 73% in March 2022. The shift in technology is on account 

of the shift in preference of end-user demand.  

Figure 53: India-TOPCon share inches up while Mono PERC continues to be largest 

 

 

Note: The share of technology denotes the count of module batch enlistment per technology divided by total module batch  

enlistment in the respective month. 

MNRE has not released ALMM for March 2023 and thus ALMM for February 2023 has been used. 

Source: MNRE, Crisil Intelligence 

Thus, a shift is also witnessed in the overall industry scale, with India's solar cell manufacturing shifting 

significantly to TOPCon between Fiscal 2020 to 2026. While mono PERC dominated cell manufacturing in the 

past Fiscals, the share of cell manufacturing capacities, which is either configured for TOPCon or is fungible 

between TOPCon and mono PERC, had reached an estimated 60% to 65% in Fiscal 2025. While PERC had 

earlier become widely accepted in the solar panel industry, advancements in process technology such as HJT 

and TOPCon technology are anticipated to provide significant competition. 
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TOPCon technology is slowly getting prominence in Indian solar manufacturing Industry with leading players 

already offering it and others planning an upgrade from mono-PERC or parallel operations of the two given the 

easy fungibility across the technologies. Most of the leading players have already started offering TOPCon 

modules. Some of them are planning to switch to TOPCon from existing Mono-PERC or set up greenfield TOPCon 

manufacturing facilities. e.g., Avaada Electro, Jupiter, Waaree, Premier, Adani, Emvee, Gautam Solar, TATA 

Power, Saatvik Green etc. On average, TOPCon and HJT cells are expected to offer an incremental efficiency 

gain of at least 1% over mono PERC cells. This has enabled the possibility of higher electricity generation. 

Preference for TOPCon has already surged, while HJT has yet to find wide commercial adoption. 

TOPCon technology is rapidly emerging as the preferred choice among solar developers in India and is expected 

to become the dominant technology in the medium to long term. TOPCon enhances PERC solar cells by 

incorporating a tunnelling oxide layer, which aids in decreasing recombination losses and elevating overall solar 

cell efficiency. Traditional PERC technology has an efficiency of between 23.2% and 23.7% (i.e. indicating the 

maximum solar energy conversion to electricity). This advanced technology involves complex processes, such as 

precise tunnel oxide layer formation, deposition of a highly doped polysilicon layer for efficient passivated contacts, 

and techniques like high-temperature annealing and intricate patterning. These processes yield solar cells with 

significantly improved efficiency, up to 26% and enhanced longevity, delivering superior energy conversion rates 

and reduced degradation over time. This makes TOPCon solar modules highly efficient and resilient, particularly 

in hot climates, and positions them favorably compared to most other technologies, such as multi-crystalline, 

MonoPERC, and thin-film modules. As a result, customers increasingly prefer TOPCon modules as their higher 

efficiency and energy output reduce overall project costs. Potential future advancements, including TOPCon 

tandem and TOPCon back-contact designs, are expected to further increase efficiency and capability. Further 

technologies such as Bi-Poly and zero bus bar (0BB) are in pipeline for saving cost and efficiency improvements. 

Discussions are also in progress for replacement of copper for silver in metallization process for TOPCon further 

saving cost. 

India's solar industry is currently oversupplied with low-to-mid efficiency PERC-based cells and modules, but 

these are being rapidly replaced by global and domestic developers in favor of more advanced technologies. As 

a result, the market is expected to undergo a significant shift towards high-efficiency, low-cost products, leaving 

outdated capacity underutilized. 

Indian solar industry is slowly shifting towards high-efficiency, low-cost products, making low-to-mid efficiency 

PERC-based cells and modules less prevalent. The transition from MonoPERC to TOPCon technology is not just 

an industry trend, but a critical risk-mitigation strategy for project lenders and financers. TOPCon offers several 

advantages, including higher module efficiencies, bifacial capability, and lower degradation, resulting in higher 

plant yields and stronger repayment ability for project developers. With a higher efficiency ceiling, TOPCon 

modules can achieve higher plant yields, making them more attractive to developers and financers. 

The adoption of TOPCon technology also aligns with global standards, as institutions like the IFC and World Bank 

now consider PERC a "transition technology". Additionally, TOPCon modules are more competitive in the export 

market, particularly with trade restrictions on Chinese modules in the US and EU. The use of TOPCon technology 

is also future-proofs projects for storage and hybrid applications and provides long-term cash flow stability due to 

lower annual degradation rates. Overall, financing TOPCon manufacturing ensures higher repayment security, 

export competitiveness, and alignment with global lending norms, making it a more attractive option for project 

developers and financers compared to financing MonoPERC plants, which may lead to technology obsolescence 

risk. 
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Crisil Intelligence expects that by Fiscal 2030, nearly 80% of India's cell manufacturing capacity will be TOPCon-

capable or fungible. This transition is also aligned with global trends which has already seen TOPCon adoption. 

The early adopters in the industry are expected to benefit from the demand arising from ALMM-II from June 2026 

as their capacities will be ramped up compared with those expected to commission in the future. 

5.3 Solar Cell manufacturing more complex than module 

assembly 

A solar cell is a non-mechanical device that converts sunlight directly into electricity by the ‘photovoltaic effect.’ 

The photovoltaic effect is a process that occurs in some semiconducting materials, such as silicon. At the most 

basic level, the semiconductor absorbs a photon, exciting an electron which can then be extracted into an 

electrical circuit by built-in and applied electric fields. It is a type of device whose electrical characteristics (such 

as current, voltage, or resistance) change when exposed to light. The primary component, solar cells are the 

fundamental building blocks of solar modules. The following key raw materials and components are used in the 

manufacturing of solar cells: 

Silicon Wafers: Silicon wafers are the fundamental building blocks of solar cells. These wafers are thin slices of 

silicon, which is a semiconductor material essential for converting sunlight into electricity. The wafers are produced 

by slicing cylindrical silicon ingots derived from high-purity silicon. Solar cell performance/ efficiency is directly 

influenced by the quality and purity of the semiconductor materials used. 

Silver Paste: In the manufacturing process of solar cells, photovoltaic silver paste is coated or printed on the 

surface of the cell to form a metal electrode grid. Silver paste is essential for creating conductive contacts on the 

front surface of solar cells. Silver has excellent electrical conductivity and can provide a good electron transport 

path, playing a role in electron collection and conduction in the process of converting solar energy to electrical 

energy in PV cells. These conductive grids of silver paste help in collecting the current and transferring it to the 

circuitry of the cell, thereby increasing the efficiency of the cell. Silver paste is typically screen-printed with a grid 

pattern on the front-side (facing the sunlight) of a silicon wafer and co-fired with the printed back-side aluminum 

and back-contact silver paste in order to form a circuit. This facilitates the collection and transfer of the electric 

current generated by the silicon wafer. 

Aluminium paste: The aluminium paste is generally screen printed and dried on the perforated dielectric 

passivation layer on the backside of the silicon wafer. Upon firing in a furnace, it forms a back surface field that 

reflects electrons back into the silicon, allowing them to be collected as current. This process improves the overall 

efficiency of the solar cell. 

Other Gases and Chemicals: Various gases and chemicals are utilized throughout the solar cell manufacturing 

process. The two most common doping elements used are boron and phosphorus; Boron creates p-type silicon 

with positive charge carriers (holes) and Phosphorus creates n-type silicon with negative charge carriers 

(electrons). Cleaning and etching of silicon wafers often involve sulfuric acid, hydrofluoric acid, potassium 

hydroxide and hydrogen peroxide to remove organic and inorganic contaminants such as silicon dioxide. 

5.3.1 Solar cell manufacturing process 

Making solar cells from silicon wafers involves fabrication steps such as etching the silicon, doping the wafers to 

create positive and negative charge areas and the depositing of conducting and non-reflecting films. When the 

wafers are treated with chemicals, they are rinsed at the end of the process steps, but traces of chemicals may 
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remain. Such chemical traces can shorten the life span of the solar cells and reduce their efficiency while also 

impacting the next steps. Therefore, the solar cell manufacturing process begins with ultrasonic cleaning to 

remove grease and surface particles from the wafers. The process flow for manufacturing TOPCon cells is 

primarily dictated by the choice of the deposition technology to form TOPCon layers and whether the layers are 

in-situ doped or require an external doping. Ultrasonic cleaning is followed by chemical cleaning and texturing 

carried out in wet benches, which eliminates organic and metallic contaminants. 

Surface texturing is a critical step in the TOPCon solar cell manufacturing process that helps increase cell 

efficiency. The goal of texturing is to create micrometer-scale pyramids on the silicon wafer surface that reduce 

reflectivity and increase light trapping. This textured surface reduces optical loss by lowering light reflection and 

increasing the optical path, which enhances light absorption. The wafers are then subjected to a diffusion process, 

where dopants are introduced to create a p-n junction, which is essential for converting sunlight into electricity. 

TOPCon cells are mainly adapted on n-type wafers; thus, boron diffusion is employed instead of phosphorus. The 

boron diffusion process in the front field is conducted for emitter formation. The process continues with high-

temperature diffusion to form the p-n junction, which is the core of the solar cell responsible for separating the 

charge carriers generated by light. An edge isolation procedure is then employed to remove the unwanted diffusion 

around the edges of the solar cell and electrically isolate the front and rear surfaces. This is followed by applying 

an anti-reflection coating on the sun-facing side of the wafer via the deposition of a thin silicon nitride layer, further 

improving light absorption. Depending on the polysilicon doping mechanism, annealing may be required. Finally, 

metallization is carried out by screen printing metal paste onto both sides of the wafer to facilitate the flow of 

electrical current, which is then subjected to high-temperature co-firing in a belt furnace to create ohmic-contact 

electrodes. The completed solar cells are subsequently tested, sorted and prepared for use in the solar module 

manufacturing process. 

Figure 54: Schematic diagram of solar cell manufacturing process 

 

LPVCD: Low Pressure Chemical Vapor Deposition; PECVD: Plasma-enhanced chemical vapor deposition 

Source: Industry, Research Reports, Crisil Intelligence 

TOPCon technology incorporates a thin tunnel oxide layer to passivate the surface of the solar cells. This 

passivation reduces recombination losses, which improves the conversion efficiency of solar cell. By limiting 

carrier recombination at the contact surface, this technology contributes to better overall solar cell performance 
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and more efficient power output. Converting from a mono PERC solar cell to a TOPCon solar cell involves 

upgrading the rear side of the PERC cell with an ultra-thin tunnel oxide layer and a polysilicon film, which requires 

advanced equipment like Plasma-Enhanced Chemical Vapor Deposition (PECVD) or Atomic Layer Deposition 

(ALD) and laser doping, making it a more complex and costly process than the initial PERC manufacturing. 

5.3.2 Solar Module manufacturing process 

A solar module is a framework of photovoltaic cells that converts sunlight into direct current electricity. Solar 

modules use sunlight as a source of energy to generate direct-current electricity. The performance of solar 

modules can differ based on specific site conditions, including irradiance, temperature, shading and voltage levels. 

A solar module is constructed through a series-parallel configuration of individual solar cells. This interconnected 

array is then safeguarded from the elements with layers of glass, encapsulant and backsheet material. 

Additionally, a junction box is integrated to facilitate the extraction of electrical power from the solar module. The 

key components of solar modules are shown in the following figure. 

Figure 55: Solar module key components 

 
Source: Industry, Crisil Intelligence  

5.3.2.1 Backsheet 

The backsheet of a solar module provides structural durability, electrical insulation, and resistance to moisture. It 

acts as a protective layer for the solar cells, ensuring insulation from direct current and reducing the risk of 

electrical shocks. The backsheet also serves as a barrier against ultraviolet (“UV”) rays, humidity, and temperature 

fluctuations, all of which could adversely affect the performance of the solar module. An additional function of the 

backsheet is to support the internal reflection of photons, redirecting them back towards the solar cells to maximize 

energy generation. The innermost layer bonds with the encapsulant, securing the entire cell assembly in place 

over an extended period.  

Backsheet

Provides mechanical strength, electrical isolation, and 
moisture resistance. It protects against ultraviolet rays and 
temperature changes, reflecting photons back into the cells 
to enhance efficiency and holding the cell assembly in 
place.

Encapsulant

Ensures light transmittance, holds the cell assembly 
together, and adheres to both glass and backsheet. It 
prevents cell short-circuiting, limits shrinkage at high 
temperatures, and maintains stability under prolonged 
ultraviolet exposure.

Glass

Facilitates light transmission while reducing reflection, 
providing mechanical strength and stability. It is coated with 
an anti-reflective layer to minimize light loss and is tempered 
for durability against external weather and shocks. 
Additional components include aluminum frames, ribbon, 
and junction boxes. 
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5.3.2.2 Encapsulant  

Encapsulants help with light transmission, ensuring that the solar cells receive sufficient photons for effective 

power output. They also help hold the solar cell assembly together, preventing individual solar cells from touching 

or short-circuiting. This is achieved through the encapsulant’s gel content, which provides the necessary molecular 

strength to stabilize the module and minimize shrinkage during the high-temperature lamination process. It is 

important for encapsulants to maintain strong adhesion to both the front glass and the backsheet, and to be 

durable under elevated temperatures and prolonged UV exposure to ensure the long-term stability of the solar 

module. Encapsulation also shields the cells from mechanical stress, water ingress, enhances UV protection and 

keeps the efficiency of the solar cells intact. 

5.3.2.3 Glass and Auxiliary Components  

The glass used in solar modules is essential for light transmission while minimizing reflection. It also provides the 

solar module with structural strength and compositional stability. Glass is the initial surface that sunlight interacts 

with, making its ability to transmit light effectively while reducing reflective losses critical to the solar module’s 

performance.  Untreated glass naturally reflects approximately 4% to 10% of incoming light, which can significantly 

lower energy output. To address this, solar glass is coated with an anti-reflective layer that reduces reflection to 

as little as 1%, depending on the quality. The glass is also tempered to provide mechanical strength, protecting 

the module from external forces, weather fluctuations and impact.   

In addition to solar glass, other essential raw materials and auxiliary components used in manufacturing solar 

modules include aluminum frames for structural support, ribbons for connecting cells and junction boxes for 

electrical connections.   

The solar module manufacturing process begins with the electrical connection of PV cells in series using thin 

wires or metal ribbons. These connections are carefully soldered to the front and back contacts of each cell, 

enabling the flow of electrons between cells. The number of cells connected in series determines the module's 

voltage, while the number of parallel cell strings determines its current. 

Next, the connected cell matrix is laminated between layers of ethylene-vinyl acetate (EVA) and tempered glass 

on the front, with a polymer backsheet on the back. This encapsulation process, which involves applying heat and 

pressure to melt the EVA, protects the cells from environmental stressors such as moisture, dust, and mechanical 

stress. 

The laminated cell matrix is then framed, typically using anodized aluminium, to provide structural support and 

facilitate easy installation. Junction boxes are attached to the back of the module, housing the output terminals 

and bypass diodes that safeguard the cells against overheating caused by shading or damage. 

Finally, the completed PV module undergoes rigorous testing to ensure it meets performance and safety 

standards. This quality control process guarantees that the module can withstand environmental conditions and 

generate clean electricity for an extended period. By connecting and packaging individual cells into larger 

modules, manufacturers create a durable and efficient product that can produce electricity for decades. However, 

power reliability has emerged as a critical challenge for the solar manufacturing sector in India due to grid outages, 

voltage fluctuations, and load imbalances. 

In the context of solar PV module manufacturing, quality refers to a module’s ability to: 
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• Adhere strictly to design and engineering specifications. 

• Sustain high energy yield and electrical performance throughout its lifecycle. 

• Withstand operational and environmental stresses without degradation or failure. 

Figure 56: Solar Module manufacturing process 

 

EVA: Ethylene-vinyl acetate; TPT: Tedlar Polyester Tedlar, EL: Electroluminescence 

Source: Industry, Crisil Intelligence 

Glass-to-glass (G2G) solar modules provide a superior durability profile compared to glass-to-backsheet (G2B). 

G2G solar modules are more durable, efficient, and reliable than G2B options, offering higher energy yield, 

superior environmental resistance and longer operational lifetimes validated for over 30 years 

By replacing the polymer backsheet with tempered glass, G2G modules offer: 

• Higher resistance to mechanical stress, microcracks, moisture ingress, and UV radiation. 

• Bifacial compatibility, enabling energy generation from both sides and increasing energy yield by 8–12% 

depending on albedo. 

• Longer lifetime and lower degradation rates, with PID and UV-induced degradation (UVID) resistance 

significantly improved. 

• Thermal stability and fire resistance, making them suitable for hot, humid, and high-irradiance climates 

such as India and the Middle East. 

• Better bankability, as G2G modules are increasingly validated by independent labs like TÜV and 

Fraunhofer for 30+ year lifetimes. 



 

Page 75  

The following table summarises the estimated costs for setting up solar PV cells and modules manufacturing 

facilities. 

Table 7: Estimated costs for setting up solar PV cells and modules manufacturing facilities 

Particulars 
Avaada  
Electro 

Premier 
Energies 

Waaree 
 Energies 

Vikram  
Solar 

EMMVEE  TATA  
Power 

Project 

6 GW cell + 6 
GW module 

TOPCon facility 

4 GW TOPCon 
cell and 

module Facility 

6 GW Ingot 
Wafer, Cell and 

Module 
manufacturing 

3 GW Module 
and Cell 

manufacturing 

6 GW Module 
and Cell 

manufacturing 

4.3 GW Module 
and Cell 

manufacturing  

Total cost (Rs. Mn) 39,500.00 33,583.29 90,499.59 25,386.87 55,100.00 43,000.00 

Cost/GW (Rs. Mn) 6,583.33 8,395.82 15,083.27 8,462.29 9,183.33 10,000.00 

Source: Documents filed before SEBI, Crisil Intelligence 

Avaada Electro Ltd.’s (AEL) capital expenditure per GW of installed capacity as of March 31, 2026, is materially lower 

than peers for facilities of similar scale in India. AEL has one of the lowest unit capex for setting up an integrated solar 

PV manufacturing facility in India. 

5.4 Cell to Module Loss 

Cell-to-module (CTM) loss refers to the reduction in power that occurs when individual solar cells are integrated 

into a finished solar module. While a standalone cell may deliver a certain level of performance under standard 

testing conditions, its output can decrease once it is interconnected, encapsulated, and assembled into a complete 

module. 

These losses are a natural part of the module manufacturing process and arise from a combination of optical, 

electrical, and physical factors. Key contributors include laser cutting, unpassivated cut edges, cell interconnection 

losses, internal electrical resistance, cell-to-cell mismatch, glass reflection, encapsulant absorption, inactive 

spacing within the module, and losses from the junction box and cables. 

Even a small reduction in CTM loss, such as 1–2%, can have a meaningful impact on the final module power 

output. Therefore, module manufacturers must carefully optimise each stage of production to preserve as much 

of the cell’s original performance as possible and deliver a higher-efficiency, more reliable module. A sample 

calculation for increase in power output for G12 and G12R modules at different cell efficiency levels is summarized 

in following table. 

Table 8: Additional power output can be achieved with 2% reduction in CTM loss  

Cell efficiency 
Power of one 
full cell (Wp) 

Combined power 
of 66 cells (Wp) 

Power with 4% 
CTM loss (Wp) 

Power with 2% 
CTM loss (Wp) 

Additional 
power (Wp) 

(1) (2) @ (3) = 66 Nos* (2) (4) = (3) * (1-4%) (5) = (3) * (1-2%) (6) = (5)-(4) 

G12 Module 

23.61% 10.41 687.19 659.70 673.45 13.74 

25.50% 11.25 742.20 712.51 727.36 14.84 

25.40% 11.20 739.29 709.72 724.51 14.79 

25.30% 11.16 736.38 706.93 721.65 14.73 

25.10% 11.07 730.56 701.34 715.95 14.61 

G12R Module 

23.61% 9.03 596.22 572.37 584.30 11.92 

25.50% 9.76 643.95 618.19 631.07 12.88 

25.40% 9.72 641.42 615.77 628.60 12.83 

25.30% 9.68 638.90 613.34 626.12 12.78 

25.10% 9.60 633.85 608.49 621.17 12.68 
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@efficiency*area*irradiance; e.g. for G12= 25.5%*210 mm*210mm*1000W/M2 and for G12R=25.5%*180 mm*210mm*1000W/M2 

Source: Industry, Crisil Intelligence 

Thus, a module manufacturer can deliver ~15 Wp and ~13 Wp more output in G12 and G12R modules 

respectively with 2% reduction in CTM losses. 

CTM Losses can be minimized by following various steps at each process to minimize damage and ensure 

electrical matching at the half-cell level used in module production. 

1) Apply LOS (limits cutting-induced damage before the cell is cut) 

Light soaking (LOS) technology is applied prior to cutting to reduce defect formation and mechanical/electrical 

damage pathways that are triggered during the cut. By minimizing pre-cut stress and controlling process 

conditions, the cell maintains better bulk and surface integrity, limiting the earliest sources of CTM loss. 

2) Cut full cells into half-cells (reduces resistive and interconnection loss) 

After LOS, full cells are cut into half-cells. This step intentionally changes current distribution: half-cells carry 

reduced current in the module electrical paths compared with full-cell configuration. Lower current through module 

interconnects reduces resistive (ohmic) heating losses and improves the electrical efficiency of the assembled 

module. 

3) Passivate every cut edge using EPD (prevents recombination at exposed surfaces) 

Following cutting, every newly created cut edge is passivated through ⁠edge passivation deposition (EPD). Cut 

edges introduce fresh semiconductor surfaces and dangling bonds that increase carrier recombination. Edge 

passivation restores surface/electrical quality at these exposed regions, reducing recombination-related loss and 

helping preserve the gains from the LOS and half-cell conversion steps. 

4) Apply UV treatment after LOS and EPD (activates/strengthens passivation in the correct sequence) 

UV treatment is applied after both LOS and EPD, not before. This sequencing ensures that the passivation layers 

and chemistry introduced by EPD are properly developed/activated, so that UV contributes to stable edge 

passivation and improved carrier lifetime outcomes. 

5) Test and sort half-cells after edge passivation (power grading based on the actual cut-cell units) 

Half-cells are tested and sorted only after the edge passivation sequence is complete. This ensures that power 

grading reflects the performance of the cut and passivated half-cell—not the full-cell datasheet output. As a result, 

any loss effects induced by cutting and subsequent edge treatment are captured during selection, improving the 

probability of high module-level matching. 

6) Use closely matched half-cells in module production (reduces mismatch-driven CTM loss) 

Finally, half-cells used together in module assembly are closely matched. Electrical mismatch between paired 

half-cells leads to current limiting and reduced module power extraction. Tight pairing reduces these mismatch 

effects, improving the overall conversion efficiency and lowering the CTM loss attributable to cell-to-cell variability. 

Overall CTM loss is addressed by (1) preventing damage before cutting (LOS), (2) reducing interconnection 

resistive losses through half-cell architecture, (3) eliminating recombination at cut edges via EPD, (4) ensuring 

passivation quality through correctly sequenced UV treatment, and (5) grading and pairing half-cells based on 

their post-process electrical performance to minimize mismatch. 
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5.5 India Solar PV manufacturing landscape 

5.5.1 Domestic solar module demand and import reliance 

As of May 2026, India has ~31 GW installed capacity of solar cells and ~193 GW of modules (respective ALMM 

lists). Even though India is one of the top ten solar module producers, it is far behind its biggest competitor China. 

Considering this, large number of solar cells need to be imported due to inadequate capacity as well as technology. 

Figure 57: Domestic production to increase ~2 times by FY2030 over FY 2025 

 

Note: The nos. are in Wp basis; DC Capacity with 150-160% overloading; P: Projected 

Source: Crisil Intelligence 

Domestic module production capacity is expected to increase by 30-35% on-year in March 2027, to 210-220 GW. 

Utilisation rate is expected to average between 32-42% between fiscals 2027-2030. About 5-10% of production 

is to be driven towards exports to the extent of 5-15 GW in fiscal 2030. Exports in fiscal 25 in terms of value fell 

by 42% due to weak export demand. 

Re-emergence of ALMM coupled with increasing production capacity is expected to reduce import reliance by 

fiscal 2030. Demand from solar energy remains robust with 220-250 GW of additions expected between fiscals 

2027-2031. Further, the application of BCD creates level playing field for manufacturers. 

Crisil Intelligence anticipates that import dependency for modules will decline to 1-5% by fiscal 2030. 

Nevertheless, India will continue to depend on imports for upstream components such as polysilicon, wafers, and 

cells. 

 

 

13 20
35 60-70

65-75

4
20 12 5-15 0-5

3

9

7 5-10

5-15

13

13 35 60-70
75-80

FY23 FY24 FY25 FY26P FY30P

Consumption Imports Exports Production

22%

45%

35%
10-15%

1-5%

ALMM 

Imposed

ALMM List-II to be 
imposed from June 2026

Import dependence

(GWp)
5-10%

10-15%17%
30%

18%

Export



 

Page 78  

5.5.2 Domestic solar PV chain capacity 

India aims to build its presence across all stages of PV manufacturing over the next two to three years. In 

November 2020, the GoI introduced the PLI scheme for manufacturing high-efficiency solar PV modules with a 

financial outlay of INR 45 billion. It later enhanced the outlay by Rs 195 billion under the Union Budget for fiscal 

2023. 

Crisil Intelligence expects solar PV manufacturing Capacity to reach 240-260 GWp by fiscal 2030, with full 

integration from polysilicon to modules expected to account for ~25% of capacities, largely driven by PLIs. Crisil 

Intelligence expects module manufacturing capacity to grow 1.5 times by fiscal 2030 with ~25% of the capacity to 

be fully integrated and integrated units to come only post fiscal 2026. Gujarat will be at the epicenter of additions 

with ~55-60% additions in the next five fiscals. 

Figure 58 : India-Current and projected manufacturing capacity, GWp 

 

P: Projected; Source: Industry, Crisil Intelligence 

India is expected to add 220-250 GW of solar capacity over fiscal 2027-2031. Considering the average module 

price of USD 0.25/Wp, this capacity addition provides a total opportunity of USD ~55-60 Bn over fiscals 2027-

2031. 

The domestic demand for solar modules has been driven by the competitively bid utility segment at 66%, followed 

by the rooftop segment at 18% and open access segment at 16% between Fiscals 2019 and 2025. Fiscal 2026 

witnessed the highest demand for modules 44 GW (62 GWp). Fiscal 2026 witnessed a significant bump up, driven 

by increase in solar additions (44.61 GW) against Fiscal 2025 (22.83 GW), which along with DC overloading, 

resulted in a sharp increase in solar module demand to 62 GWp in Fiscal 2026. The average demand per annum 

is expected to increase 2.5 times between Fiscals 2027 and 2031 over Fiscal 2021 and 2025. 
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Figure 59: India-average annual module demand of 65 to 70 GWp between Fiscals 2027 and 2031 

 

Note: Demand includes DC overloading 

The total of ranges for the subsegments may not add to the range of the total owing to round off and range limits 

Source: Crisil Intelligence 

The domestic solar PV segment in India has seen strong uptick in recent years across the various segments such 

as utility scale, rooftop and open access solar projects. Going forward the annual solar PV demand in country is 

expected to accelerate sharply, with demand in fiscals 2027-2031 expected to be more than 2.5 times as 

compared to the rate from fiscals 2021-2025. This along with self-sufficiency initiatives of government will lead to 

sharp rise in demand for DCR modules at more than 65-70 GWp per year. On the other hand, local solar cell 

capacity in the country (especially TOPCon based) is still relatively in short supply. 

5.6 Backward integration is critical 

Backward integration is a strategic imperative aimed at optimising costs, reducing dependence on external 

suppliers, improving quality control and margins, ensuring traceability of origin (key for some export markets) and, 

in the Indian context, complying with local procurement policy rules. It is important to have control over raw 

materials to finished products. Integrated solar PV module manufacturing involves silicon production/processing, 

ingot casting, wafer production, cell fabrication and module assembly. The proposed ALMM List III provides a 

push for self-reliance in solar PV module manufacturing. The proposal mandates ingot manufacturing capacity 

equivalent to the wafer manufacturing capacity. Thus, the ALMM List III will encourage integration of wafers and 

ingots in domestic solar PV module manufacturing.   

While India’s module manufacturing capacity has increased rapidly to ~193 GWp as per ALMM list dated 1st May 

2026, the domestic integration of solar cell capacity has only been to the extent of 15% to 20% of module 

manufacturing capacity (assuming full utilisation). Raw material costs form the bulk (80% to 85%) of Indian solar 

cell manufacturers' operating costs. Of the raw material expenditure, the major component is also imported 

(wafers), exposing the solar cell manufacturers to foreign exchange risks. This can, in turn, impact project 

profitability. Imports are a necessity as upstream components required for cell manufacturing, i.e., polysilicon 

ingots and wafers, are not readily available in India. 
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Figure 60: Solar cell manufacturers’ cost structure 

 
Source: Industry, Crisil Intelligence 

 
Figure 61: Module manufacturers’ cost structure 

 
Source: Industry, Crisil Intelligence 

In addition to advantages such as improved efficiency, reduced transportation costs, economies of scale, 

optimized production flow, better quality control and supply chain security, integrated solar PV manufacturing 

plants allow manufacturers greater flexibility to adapt to changes in demand and access advanced technologies, 

so as to achieve competitive advantages in terms of both quality and price. Without backward integration, 

manufacturers are more susceptible to global price volatility and lose cost-control levers during technological 

transitions, and sourcing raw materials/inputs from external suppliers can constrain process tuning at different 

stages of manufacturing and impact module yield in some cases. An integrated setup also creates a barrier to 

entry into the solar market for new manufacturers, which arises from factors such as economies of scale, access 

to specialised expertise, technological know-how and control over key aspects of the value chain. 
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5.7 Opportunities for export from India 

India has the potential to become a global leader in the manufacturing of solar modules. The country has a large 

pool of skilled labor, a growing manufacturing ecosystem, and abundant access to raw materials. Additionally, the 

Indian government has introduced several policies to support the domestic solar industry. India's solar module 

manufacturing capacity is expected to reach ~240-260 GWp by fiscal 2030. Domestic demand for solar modules 

is estimated to be around 65-70 GW in the same year. This means that India will have a surplus of solar modules 

that can be exported to other countries. This directly affects the solar cell market and demand. 

Developing countries are increasingly investing in solar energy to meet their growing energy demand. This 

presents a significant export opportunity for Indian solar module manufacturers. The Indian government is 

providing several incentives to support the export of solar modules such as increasing domestic capacity under 

PLI scheme, duties on imports etc. Indian solar module manufacturers can diversify their markets by exporting to 

countries where there is high demand for solar modules and low import duties.  

India has an immense opportunity to export solar cells and modules. This can help the country achieve its energy 

security goals and usher in a manufacturing renaissance. Indian solar module manufacturers need to overcome 

a few challenges, such as competition from China and high import duties in some countries. However, there are 

several opportunities for Indian solar module manufacturers to export their products, such as growing demand in 

developing countries, government support, and diversification of markets. The export demand for Indian solar 

modules is potentially on the rise due to anti-China sentiment and government support. 

Currently India, with its strong solar manufacturing capabilities and being a reputed supplier of high-quality solar 

modules, benefitted to a large extent because of this shift. Indian solar module manufacturers have been able to 

capitalize the opportunity created by ULFA by expanding production capacities as well as meeting the stringent 

requirements for exporting to the US market. Resultantly, India’s export to US have been surged significantly after 

implementation of ULFA and exports to US have seen substantial increases in fiscal 2022. 

Figure 62: Export of modules from India in value terms 

 

Source: Ministry of Commerce; Data for HS Code 85414011; FY 21-22 (HS Code 85414011+85414012): FY 23 onwards (HS 
Code 85414300 +85414200); Crisil Intelligence 

Until recently, India had the same HS code for solar cells whether they were assembled as modules/panels – 85414011. In 
the Union Budget 2020, the Ministry of Finance segregated the HS codes as following: 

85414011 - Solar cells (not assembled); 85414012 - Solar cells (assembled in modules or made up into panels) 
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854143- Photovoltaic cells assembled in modules or made up into panels; 85414200- Photovoltaic cells not assembled in 
modules or made up into panels; 85414300-Photovoltaic cells assembled in modules or made up into panels 

From April 2021, separate data 85414012 is available; however, historical data is not available for said code. 

During fiscal 2026, USA accounted for ~96% of the exports of solar modules (in value terms), followed by 

Bangladesh and UAE. Also, during fiscal 2025, USA accounted for ~97% of the exports of solar modules, followed 

by Bangladesh and Sri Lanka and during fiscal 2024, US accounted for ~98% of the total exports of solar module 

followed by Somalia and South Africa. Post fiscal 2024, the Indian module exports declined due to increased 

scrutiny, port inspections, bar code verifications for Chinese component inclusion coupled with increase in 

domestic demand.  

Shortfall in manufacturing upstream solar components in USA, such as silicon wafers and solar cells, creates a 

significant export opportunity for countries like India to supply these essential parts and modules, driven by global 

efforts to diversify solar supply chains away from overreliance on China. While the U.S. aims to onshore some 

manufacturing, its current lack of upstream capacity makes it a prime export market for countries with established 

solar supply chains. 

Figure 63: Total U.S. Module Supply Chain Capacity by Component and Status 

 

Source: SEIA Solar and Storage Supply Chain Dashboard, June 2026, Crisil Intelligence 

*Polysilicon values have been converted to GW using NREL's assumption of 2.0 g/W 

The United States maintains various tariff structures on imported solar products, including Section 201 safeguard 

tariffs on crystalline silicon photovoltaic cells and modules. Additionally, anti-dumping and countervailing duties 

apply to imports from China and, increasingly, to products from Southeast Asian countries that are suspected of 

serving as transshipment points for Chinese-manufactured components. These trade barriers, while creating 

some protection for domestic manufacturers, also introduce supply chain risks and cost considerations that 

manufacturers must navigate carefully.  

As of May 2026, the United States continues to aggressively protect its domestic solar industry by applying a mix 

of Section 201 safeguard tariffs, heavy preliminary Anti-Dumping (AD), and Countervailing Duties (CVD). These 

dual-layer AD/CVD penalties have pushed the total cumulative tariff burden on solar imports from some regions 

above 200%. 
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Country 

Weighted-Average Dumping 
Margin AD) 

Cash Deposit Rate* Subsidy Rates (CVD) Total 

From to From to From to From to 

 (1) (2) (3) (4) = (2) +(3) 

India 123.04% 123.04% 107.77% 107.77% 125.87% 125.87% 233.64% 233.64% 

Indonesia 35.17% 35.17% 35.17% 35.17% 85.99% 143.30% 121.16% 178.47% 

Laos 22.46% 22.46% 22.06% 22.06% 80.67% 80.67% 102.73% 102.73% 

China 26.71% 165.04% 26.71% 165.04% 9.07% 117.41% 35.78% 282.45% 

Taiwan 11.45% 27.55% 11.45% 27.55% 0.00% 0.00% 11.45% 27.55% 

Cambodia 125.37% 125.37% 117.18% 117.18% 534.67% 3403.96% 651.85% 3521.14% 

Malaysia 8.59% 81.24% 1.92% 81.24% 32.49% 168.80% 34.41% 250.04% 

Thailand 111.45% 202.90% 111.45% 172.68% 263.74% 799.55% 375.19% 972.23% 

Vietnam 58.07% 271.28% 52.54% 271.78% 68.15% 542.64% 120.69% 814.42% 

*Adjusted from subsidy provided in respective Country 

Source: US DOC, Crisil Intelligence  

India's solar module exports to the US have declined significantly after the US Commerce Department imposed 

a steep ~126% countervailing duty and additional anti-dumping duties on Indian photovoltaic cells and modules. 

These duties effectively eroded the profit margins of major Indian exporters, severely disrupting a previously 

booming trade. 

Furthermore, the US administration has also imposed new tariffs on solar imports from Southeast Asian Countries 

namely Cambodia, Vietnam, Malaysia, and Thailand. These new tariffs will be in addition to the 10% baseline 

tariffs already imposed. On July 31, 2025, USA issued an executive order setting out the new reciprocal tariff rates 

for individual countries. As per the terms of the order, the new tariff rates took effect on August 7, 2025.  For India, 

the initial 25% tariff came into effect from August 7, 2025, the additional 25% tariff came into effect from August 

27, 2025. However, as of February 2026, a new U.S.-India trade deal has reduced tariffs on Indian solar modules 

and energy storage components to 18%, down from a previous high of nearly 50% (combining penalties and base 

duties). This reduction offers significant relief, strengthening the competitiveness of Indian modules in the U.S. 

market, which represents 97% of India's exports.  

Table 9: Summary of Tariff imposed by USA on various SA countries 

Country Total Tariffs* 

China 30% 

Cambodia 19% 

Malaysia 19% 

Vietnam 20% 

Thailand 19% 

Laos 40% 

Indonesia 19% 

India 18% 

*Incl. additional tariffs  

Source: Industry, U.S. Dept. of Commerce, Crisil Intelligence  
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The extent of impact will vary depending on exposure, ability to pass on incremental costs to customers, and 

relative tariff disadvantage versus competing nations. A potential second-order impact, including a slowdown in 

US demand and disparate tariffs across nations that could alter trade dynamics globally, also warrants close 

monitoring. Any potential trade agreement between the two nations in the coming days will bear watching. 

5.8 Trends in module prices 

Low prices to prevail across the value chain 

On a global scale, the global polysilicon production capacity was estimated at around 3.5-4.0 million tones by end 

of December 2025 in China accounted for more than 90%. Weakened demand and lower consumption coupled 

with oversupply, resulted in a dramatic price drop of 71% to $8 per kg in March 2024, down from $28 per kg in 

December 2022. Consequently, downstream components also witnessed significant price reductions, with wafer 

prices plummeting by 65-70% to $0.12-0.15/piece as of March 2025. Prices for critical metals used in packaging 

and manufacturing, including gold, silver, and copper, have risen sharply, increasing the overall costs of wafer 

foundry, packaging and testing operations. 

The oversupply of polysilicon also prompted the world's largest monocrystalline solar wafer supplier to cut the 

prices of its photovoltaic wafers twice between April and May 2023, reducing prices by 33% as cell manufacturers 

sought to fulfill their order requirements. Cell prices were also down ~ 76% over December 2022 levels, $0.036 

per Wp in March 2025. Module prices fell by 52% to $0.11 per Wp during the same period. Module prices are 

expected to remain stable or decline marginally due to the supply glut in China coupled with subdued demand in 

international markets like the US and EU. 

Figure 64 : Wafer and cell prices 

Note: Prices are free-on-board (FOB) China basis as applicable. 

Source: Crisil Intelligence 

Declining module prices 

Module prices experienced a remarkable surge of 22% in fiscal 2022 and a subsequent 7% increase in fiscal 

2023. However, in fiscal 2025, module prices remained stable, standing at $0.11/Wp in March 2025. The sharp 

decline observed in previous years can be attributed mainly to the supply glut in China and low upstream 

components including polysilicon. Domestic module prices (based on imported cells) declined in line with China 

prices to $0.14-0.16/Wp in fiscal 2025 but maintained a sizeable premium over China prices.  Crisil Intelligence 

estimates that in fiscal 2027, imported cell-based modules will be priced at around $0.15–$0.17/Wp, while 

domestic cell-based modules (pre-GST) will be around $0.24–$0.26/Wp. This is expected as industry players 
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work through excess inventory of older technologies at lower prices, while positioning TOPCon technologies at 

higher price premiums. 

Figure 65 : Module prices, USD/ Wp 

 

Note: Prices are free-on-board (FOB) China basis as applicable at the end of each quarter. 

Source: Industry, Crisil Intelligence 

Crisil Intelligence anticipates China module prices to remain stable or decline marginally over fiscal 2025 due to 

the supply glut. China’s anti-involution measures, coupled with stricter power consumption and efficiency norms, 

are expected to phase out low-quality overcapacity that previously enabled the dumping of low-cost modules and 

cells into India. With compliance standards pushing up production costs in China, the pricing gap with Indian 

manufacturers is set to narrow. This will likely reduce dumping significantly, enhance the cost-competitiveness of 

Indian players, and strengthen the pricing power. 
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Figure 66 : Cost Comparison of Imported vs Domestic module 

 

For domestic- using imported Cell; BCD comprises of BCD+AIDC 
Source: Industry, Crisil Intelligence 

5.9 India-Policy framework for solar PV cells and module 

The Indian government has taken several policy initiatives to promote solar module manufacturing in India. These 

initiatives include DCR mandate for use of domestically manufactured solar cell and modules, PLI Scheme, 

imposition of BCD on import of solar PV cells & modules, mandated registration of solar cell and module under 

the ALMM for complying with BIS standards, incentives for research and development, and support for training 

and skill development. Some of the key government initiatives to support a domestic PV manufacturing industry 

are as follows: 

A) Safeguard duty - The government imposed a safeguard duty on solar cells and modules imported from China, 

Malaysia, Thailand, and Vietnam in July 2018. The duty was initially set at 25% for the first year, followed by 

a phased down approach for the second year, with the rate reduced by 5% every six months until it ended 

in July 2020. The purpose of the duty was to protect the domestic solar manufacturing industry from cheap 

imports from China. In July 2020, the government extended the safeguard duty for another year, with the 

rate set at 14.90% from July 30, 2020, to January 29, 2021, and 14.50% from January 30, 2021, to July 29, 

2021. 

B) Basic customs duty - The government imposed a basic customs duty of 40% on solar modules and 25% on 

solar cells on April 1, 2022. This was done in an effort to boost domestic manufacturing of solar components 

and reduce India's reliance on imports. The BCD applies to all imports of solar modules and cells, regardless 

of the country of origin. BCD was subsequently revised to 20% on solar cells and 20% on solar modules. 

effective May 1, 2025. However, the AIDC rate of 20% on modules and 7.5% on cells keep the effective BCD 

rate of solar modules at 40% and for cells 27.50%. 
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C) Approved list of models and manufacturers - The ALMM was introduced in 2019 to ensure the quality and 

performance of solar modules used in India. It is a list of solar cell and module types and manufacturers in 

India that have been certified by the Bureau of Indian Standards. Only modules that are listed on the ALMM 

are eligible for use in government sponsored solar projects. The minimum module efficiency of 20% for 

application in grid scale solar power plants, 19.5% for rooftop and solar pumping and 19% for solar lighting 

is required. Further, the MNRE has mandated ALMM List-II for solar PV cells to be effective from 1st June 

2026 onwards. All projects including government-backed schemes, net-metering projects, and open access 

will be required to source their solar cells from ALMM List-II for module manufacturing. Also, MNRE has 

proposed to include solar wafers under the Approved List of Models and Manufacturers (ALMM) in a move 

aimed at promoting the domestic manufacturing of the entire solar cell manufacturing chain. The ALMM for 

solar wafers will be effective from June 1, 2028. 

D) Tariff ceiling provisions: In 2019, for Phase II of the CPSU programme for developing 12 GW of capacity 

solar projects, the MNRE has provided a lucrative usage charge ceiling of Rs 3.50 per unit. Subsequently 

the said ceiling charge was reduced to Rs 2.80 per unit in FY 2020 and to Rs 2.45 per unit in fiscal 2021. 

The ceiling/usage charges wer exclusive of any other third-party charges like wheeling and transmission 

charges and losses, point of connection charges and losses, cross-subsidy surcharge, SLDC/ RLDC 

charges, etc. as may be applicable. 

E) PLI scheme for domestic module manufacturing - On November 11, 2020, the government introduced the 

PLI scheme for 10 key sectors to enhance India’s manufacturing capabilities and exports under its 

Aatmanirbhar Bharat initiative.  

One of the 10 sectors for which PLI was approved is high-efficiency solar PV modules, for which, the MNRE has 

been designated as the implementing ministry. The financial outlay for the PLI scheme is INR 45 billion over a 

five-year period. This was later increased to Rs 240 billion. 

In September 2021, IREDA, the implementing agency, released the list of PLI scheme participants, and the 

scheme received a response of 54.8 GW worth of bids for a 10 GW scheme. Bids of ~19 GW were submitted for 

the manufacture of polysilicon, 32 GW for wafers, and 54.8 GW for cells and modules.  

In March 2023, the government, through SECI, allocated 39.6 GW of domestic solar PV module manufacturing 

capacity under the PLI scheme (Tranche-II) to 11 companies, with a total outlay of ~Rs 140 billion.  

Table 10: Capacity awarded (in MW) under the PLI scheme (Tranche-I and II) 

Player Polysilicon Wafer Cells Modules 

Shirdi Sai Electricals Ltd. 4,000 4,000 4,000 4,000 

Reliance New Energy Solar Ltd. 4,000 4,000 4,000 4,000 

Adani Infrastructure Pvt. Ltd. 737 737 737 737 

Total PLI Tranche I 8,737 8,737 8,737 8,737 

Indosol (SPV of Shirdi Sai) 6,000 6,000 6,000 6,000 

Reliance New Solar Energy Ltd. 6,000 6,000 6,000 6,000 

First Solar Inc. 3,400 3,400 3,400 3,400 

Waaree Energies Ltd.  6,000 6,000 6,000 
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Player Polysilicon Wafer Cells Modules 

Avaada Electro Ltd.  3,000 3,000 3,000 

ReNew Photovoltaics Pvt. Ltd.  4,800 4,800 4,800 

JSW Energy Ltd.  1,000 1,000 1,000 

Grew Energy  2,000 2,000 2,000 

Vikram Solar Ltd.   2,400 2,400 

AmpIn Energy Transition Pvt. Ltd   1,000 1,000 

Tata Power Renewable Energy Ltd.   4,000 4,000 

Total PLI Tranche II 15,400 32,200 39,600 39,600 

Total PLI Tranche I+II 24,137 40,937 48,337 48,337 

Source: MNRE, SECI, IREDA, Crisil Intelligence 

5.10 Overview of global Solar PV manufacturing 

5.10.1 Overview of global solar module demand 

According to the IEA, solar PV alone is forecast to account for a massive 80% of the growth in global renewable 

capacity between 2026 and 2030 as a result of construction of new large solar power plants as well as an increase 

in rooftop solar installations by companies and households.  

Figure 67: Historical and Projected growth in global installed capacity base in solar* PV over CY26-30 

 

*Solar PV Utility scale as well as distributed systems  

(E): Estimated; (P): Projected 

Source: IEA Renewables 2025, Crisil Intelligence 

As per main case of IEA, global annual renewable capacity additions rise from 683 GW in 2024 to almost 890 

GW in 2030. Solar PV and wind account for 96% of all renewable capacity additions through 2030 because they 
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are the most affordable options to add new capacity in almost every country in the world, and policies in more 

than 130 countries continue to support them. 

Figure 68: Historical and Projected annual solar* capacity additions in major economies 

 

*Solar PV Utility scale as well as distributed systems  

(P): Projected; Source: IEA Renewables 2025, Crisil Intelligence 

5.10.2 Drivers for global solar module demand 

1. Policy Support and Regulatory Incentives: Governments worldwide are implementing supportive policies, 

including tax credits, subsidies, net metering, FiTs, and renewable energy targets, to encourage the adoption 

of solar energy. 

2. Declining Costs of PV Modules and Components: The cost of PV modules has fallen by over 80% in the 

last decade, making solar one of the cheapest sources of electricity globally, driven by technological 

advancements, economies of scale, and manufacturing efficiencies. 

3. Global Decarbonization Goals: Countries are committing to net-zero targets by 2050 or 2070, driving 

massive growth in renewable energy capacity additions, with solar PV playing a key role due to its scalability 

and rapid deployment capabilities. 

4. Technological Advancements: Innovations in PV technology, such as the transition from PERC to TOPCon, 

HJT, and perovskite tandem cells, are improving module efficiency and energy yields, while advanced 

manufacturing techniques are reducing production costs and improving supply chain efficiencies. 

5. Rising Corporate Renewable Demand: Corporations are increasingly adopting renewable energy for 

Environmental, Social, and Governance (ESG) goals, driving growth in PPAs and green energy procurement, 

particularly in regions like North America, Europe, and parts of Asia. 

6. Energy Security Concerns: Geopolitical risks surrounding fossil fuel supply chains are pushing nations to 

accelerate renewable energy adoption, including PV manufacturing, to reduce dependence on imported 

energy and improve energy security. 

7. Growing Energy Demand in Emerging Economies: Rapid industrialization and urbanization in emerging 

markets like India, Southeast Asia, Latin America, and Africa are driving demand for cost-effective and 

scalable energy solutions like solar PV, making it an increasingly important part of the global energy mix 
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5.10.3 Restraints for global solar module demand 

Challenges to global solar module demand include volatile raw material costs (like silicon), strained supply chains 

due to geopolitical tensions and trade policies, significant grid integration limitations, the high capital costs of 

setting up large-scale manufacturing plants, and insufficient infrastructure. 

1. Trade barriers: Trade tensions and tariffs imposed by countries like the US, India can disrupt the global solar 

supply chain, increase costs, and impact demand. 

2. Supply Chain Constraints: The solar industry relies on a complex global supply chain, and any disruptions 

to this chain can impact module production costs and delivery. 

3. Shortage of critical minerals: The solar industry relies on certain raw materials like polysilicon, silver, and 

copper. Shortages or price volatility of these materials can impact module production and costs.  

4. Geographical concentration in global supply chains: Global solar module supply chain is highly 

concentrated in a few countries, particularly in Asia. Concentration of PV supply chains brings vulnerabilities, 

posing potential challenges for the energy transition. 

 

5.11 Overview of global solar module manufacturing capacities 

Over the past decade, there has been a significant geographical transformation in solar PV manufacturing 

capacity and production. China reinforced its dominant position as a manufacturer of wafers, cells, and modules 

by increasing its share of global polysilicon production capacity nearly three times. China’s role in supply chain 

becomes more critical as it holds more than 75% of cells and module lines, leading to high dependence from a 

global supply chain perspective. 

In terms of wafers, China faces minimal competition as it dominates the manufacturing sector. However, when it 

comes to cells and modules, Southeast Asia, particularly countries like Vietnam, Malaysia, and Thailand, 

possesses significant manufacturing capacity. These countries have emerged as key players in cell and module 

production, offering strong competition to China in this segment of the solar PV industry. 

Germany maintains its status as a major supplier of polysilicon for the crystalline silicon (c-Si) PV module industry. 

In addition to Germany, the United States and Japan also possess significant polysilicon manufacturing capacity. 

However, these countries primarily focus their production on semiconductor-grade products, rather than 

specifically catering to the PV industry. 

Module assembly in the solar PV industry has a relatively diversified geographic distribution. However, it is 

important to note that the majority of inputs required for module assembly, such as wafers, cells, and other 

components, are manufactured in China. Despite the diversified assembly locations, China remains the primary 

source for the manufacturing of essential PV components. 

Over the past decade, the global landscape of solar photovoltaic manufacturing has undergone a notable 

geographical shift, influencing production capacity and distribution dynamics. To effectively reach residential, 

commercial, and industrial consumers, solar module manufacturers have established extensive distributor 

networks or appointed franchise partners to facilitate market access. Additionally, retail consumers tend to exhibit 

higher price sensitivity in solar installations, largely due to the smaller scale of projects, the expectation of a 

shorter payback period, and increased competition within the sector. The presence of local representatives plays 

a crucial role in consumer acceptance of solar products. With growing awareness, an increasing number of 

consumers are expressing interest in solar installations. Distribution channel partners facilitate consumer 

outreach while also educating them about emerging technologies in the sector. Given the industry's diverse 

geographical footprint, robust local support and a well-established distribution network are essential for fostering 
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strong customer relationships and ensuring seamless market accessibility. Additionally, end users often lack 

technical expertise regarding complex products such as solar modules, limiting their ability to make informed 

selections. However, by engaging with trusted partners, consumers can gain greater confidence in their choices, 

and such networks can be effectively utilized to expand market reach. By addressing price sensitivity and 

strategically leveraging distribution networks, solar module suppliers can strengthen their presence and increase 

market share within the retail segment. 

Having integrated solar PV manufacturing plants that produce wafers, cells, and modules all under one roof have 

certain advantages such as improved efficiency and cost reduction. With reduced transportation costs and 

economies of scale, these plants can optimize their production flow and have better quality control. Integrated 

solar PV manufacturing plants also provide greater flexibility and supply chain security. The manufacturer can 

respond to changes in demand efficiently, dependence on external suppliers gets reduced and with access to 

advanced technologies, it can certainly gain competitive advantages in terms of quality as well as price. 

According to the IEA, global solar module manufacturing capacity has seen a significant increase, reaching an 

estimated 1,124 GW in CY 2024 from 250 GW at the end of CY 2019. This growth in global manufacturing capacity 

has outpaced global demand, with CY 2024's solar module demand being nearly half of the total module 

manufacturing capacity. 

Figure 69 : China’s share in solar value chain 

 

As on end of CY 2025; Source: Company websites, Crisil Intelligence 

First mover advantage combined with technological development under various incentive programs, has helped 

large scale integrated manufacturing base to be set up in China. Chinese dominance can be expected to continue 

as players such as Jinko are looking to expand their capacities more than 1.5 times, while polysilicon 

manufacturers such as Xinte have already booked orders for next 3-5 years for a facility yet to commission. 

Chinese solar PV manufacturers follow a highly integrated "cluster model" of manufacturing, with in-house 

production of key components coupled with a large scale of operations. This Chinese cluster model, of having 

manufacturers, suppliers, logistics, labour, etc co-located in a single campus enables scale-driven cost leadership 

and supply chain resilience. 
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Over the past decade, China has emerged as the top destination for solar PV manufacture as a result of favourable 

government policies, continuous innovation and accelerated investments in the segment, surpassing Europe, 

Japan and the United States. As per NREL, in CY 2025, global PV shipments were approximately 706 GW close 

to that of 2024. In CY 2025, 98% of PV shipments were c-Si technology, compared to 35% in 2015. About 2% 

were thin film. Global manufacturing capacity for solar PV modules has crossed 1400 GW, 1200 GW of Solar cells 

and 1200 GW for polysilicon/ingot/wafer.   

The cumulative global solar module and cell manufacturing capacity is expected to cross 1.5 TW in CY 2026 – 

China is leading the pack, but Asia is showing signs of diversification, particularly with India’s rapid growth. China 

has been leading the solar manufacturing sector with an installed capacity of over 1000 GW of solar modules in 

CY 2025. The country’s sustained investment in solar energy infrastructure, ambitious energy targets, and 

favorable regulatory environment have propelled its position as the world’s largest solar market. While China 

remains the dominant player in the global solar market, the ongoing trends suggest potential diversification within 

the supply chain.  

The Asia-Pacific region ranks second in solar module installations, with a total capacity of around 300 GW. 

Countries like Japan, South Korea and Australia have emerged as significant contributors to solar energy 

deployment, driven by supportive policies, technological advancements and growing environmental awareness. 

Overdependence on China for cells, modules, wafers and other raw materials have created an environment which 

is fostering a ‘China Plus One’ strategy in the industry, encouraging the diversification of manufacturing bases. 

These positive external factors coupled with favorable labor costs, government support and incentives position 

India as an attractive and competitive location for solar manufacturing. The country’s strong commitment to 

renewable energy, ambitious targets, and favorable regulatory framework have attracted substantial investments 

in solar power projects, positioning India as one of the key players in the global solar market. Solar cell capacity 

serves as a fundamental indicator of a region’s readiness to harness solar energy for electricity generation.  

China leads the global solar cell capacity market with a capacity of over 500 GW in 2025. India also made notable 

strides with a solar cell capacity of 30 GW at the end of financial year 2026. A heightened focus on solar 

photovoltaic supply chain diversification has emerged in recent months, with governments in the United States, 

Europe and India spearheading the initiative. However, differences in policy design between India and the United 

States have led to the promotion of different PV production segments. While India’s PLI focuses on integrated 

facilities, the US IRA provides tax credits for various PV segments, leading to mostly segment-specific project 

announcements.  Over the past decade, China has emerged as the top destination for solar PV manufacture as 

a result of favourable government policies, continuous innovation and accelerated investments in the segment, 

surpassing Europe, Japan and the United States. Global PV shipments during CY 2025 crossed 700 GW, of which 

the top 10 players, including LONGi Solar, Trina Solar, Jinko Solar, accounted for a share of ~ 70% in shipments. 
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5.12 Comparative summary of global solar PV module manufacturers 

Over the past decade, China has emerged as the top destination for solar PV manufacture as a result of favourable government policies, continuous 

innovation and accelerated investments in the segment, surpassing Europe, Japan and the United States. Global PV shipments during CY 2025 crossed 

700 GW, of which the top 10 players, including LONGi Solar, Trina Solar, Jinko Solar, accounted for a share of ~ 70% in shipments. 

Table 11: Comparative summary of global module manufacturers 

Parameter LONGi Green Energy 

Technology Co. Ltd. 

Trina Solar Co., 

Ltd. 

JinkoSolar Holding 

Co., Ltd. 

JA Solar 

Technology Co., 

Ltd 

Canadian Solar 

Inc. 

Risen Energy 

Co. Ltd. 

Number of manufacturing factories 8 in China, 1 each in 

Malaysia and Vietnam 

4 in China, 1 

each in USA, 

UAE Thailand, 

Indonesia and 

Vietnam 

14 in China, 

Vietnam, Malaysia 

and USA 

12 in China, 

Vietnam and 

Malaysia 

20 in Canada, 

China, Brazil, 

Thailand and 

Vietnam 

4 in China, 1 in 

Malaysia 

Experience in PV module 

manufacturing 

25 years 28 years 19 years 20 years 24 years 23 years 

Operational capacity 

(As on Dec-25) 

120 GW modules  

80 GW cells  

170 GW wafers 

120 GW modules 

105 GW cells 

60 GW wafers 

10 GW trackers 

130 GW modules 

95 GW cells 

120 GW wafers 

100+ GW modules 

70+ GW* cells  

80+ GW* wafers 

51.3 GW modules 

32.4 GW cells 

37 GW wafers 

31 GW ingot 

48 GW modules 

27 GW cells 

Product shipments 

(CY 25) 

111.56 GW wafers 

86.58 GW modules 
~67 GW modules 

86.8 GW modules, 

 
~65 GW modules 

and cells 

 

24.3 GW modules ~12 GW 

modules 

Key Products and services  Solar PV modules, 

wafers, solutions for 

C&I, utility, and rooftop 

use 

Solar PV 

modules, solar 

trackers, utility 

solutions, EPCM 

services 

Solar PV modules, 

energy storage 

systems, C&I and 

rooftop solutions 

Solar PV modules, 

energy storage 

systems for 

domestic and C&I 

use 

Solar PV modules, 

energy storage, 

inverters, EPC 

Solar PV 

modules, energy 

storage systems, 

EPC services 
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Parameter LONGi Green Energy 

Technology Co. Ltd. 

Trina Solar Co., 

Ltd. 

JinkoSolar Holding 

Co., Ltd. 

JA Solar 

Technology Co., 

Ltd 

Canadian Solar 

Inc. 

Risen Energy 

Co. Ltd. 

Ky Technologies offered TOPCon, Mono PERC, 

bi-facial module, half-

cut cells, HPBC 

Bi-facial PERC, 

TOPCon, HJT, 

half-cut cells 

Half-cell, bi-facial 

and tilling ribbon 

technologies, PERC 

and TOPCon 

TOPCon, Mono 

PERC, bi-facial 

module, half-cut 

cells 

TOPCon Bifacial 

and Monofacial, 

HJT modules, Dual 

Cell PERC, 

Mono PERC, bi-

facial PERC, bi-

facial HJT 

modules, 

TOPCon 

Key Financials 

(CY 25) 

Revenue $10.3 bn $9.8 bn $2.5 bn $7.19 bn $5.6 bn $1.7 bn 

Net profit ($0.94 bn) ($1.02 bn) $7.9 mn $0.67 bn $104 Mn NA 

Canadian solar, Trina Solar, Jinko and JA Solar shipment for the FY25 as per the summary of financial statement and investor presentations, the solar cell produced are self-
utilized for module production. 

Source: Company websites, Annual Reports, Crisil Intelligence 
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6 Competitive assessment of solar cell and module manufacturing 

6.1 About Avaada Electro Ltd. and Avaada Group 

Avaada Electro Limited (AEL) is the manufacturing arm of the Avaada Group, one of India’s largest and fastest-growing integrated energy transition 

conglomerates. It is a wholly-owned subsidiary of Avaada Ventures Private Limited, a member of the Avaada group, an integrated energy transition 

conglomerate. 

The Avaada Group has an established track record in renewable energy and strong fund-raising capabilities. The Avaada group has consistently demonstrated 

a superior execution track record across the green energy value chain, consistently delivering complex projects on time and at scale, transforming itself into 

one of India's leading integrated green energy conglomerates. Avaada group has a presence across over 250 project sites across 9 States throughout India, 

as of June 30, 2025. Under the guidance of experienced management and leadership, the Avaada group has broadened its footprint across renewables, solar 

manufacturing, green hydrogen and energy storage. Since its inception in 2009, concurrent with the launch of India’s National Solar Mission, the Avaada group 

has successfully developed and commissioned over 7.0 GWp of renewable energy capacity nationwide.  

The Avaada group’s flagship independent power producer, Avaada Energy Private Limited, had as of March 31, 2026, an operational portfolio of approximately 

7.00 GWp and a secured project pipeline of an additional 26.60 GWp (of which approximately 24.60 GWp would be for solar projects), which encompasses 

signed power purchase agreements of 10.00 GWp equivalent and letters of award of 16.60 GWp equivalent with reputable central and state government 

entities and private sector counterparties. Avaada Energy’s projects are located in 9 states across India namely Rajasthan, MP, Gujarat, Maharashtra, UP, 

Bihar, Karnataka, Haryana, Tamil-Nadu. 

Avaada Energy Private Limited is one of the largest renewable independent power producers in India with total capacity of approximately 33.64 GWp, as of 

March 31, 2026. Avaada Energy Private Limited had a diverse base of off-takers comprising central government entities such as SECI, SJVN, NHPC and 

NTPC, state government entities like GUVNL, MSEDCL as well as prominent private sector customers as of March 31, 2026. Moreover, through this group 

entity, AEL has access to over 250 solar sites across India that will serve as base for local franchises for solar module sales. 

AEL are among the top 10 largest vertically integrated solar PV manufacturers (cell and equivalent module) in India based on operational solar cell and module 

manufacturing capacity as of July 31, 2026. Leveraging the Avaada group’s experience of over 16 years and know-how, AEL benefits from a proven track 

record of timely project execution and institutional credibility. With over 16 years of operational experience in the solar energy sector as the Avaada group, 

AEL’s commitment to product quality, advanced development capabilities and strong brand recognition reinforces its ability to maintain a competitive edge in 

the industry.  AEL’s Dadri, Uttar Pradesh manufacturing facility was commissioned in just four months from the start of construction and Nagpur, Maharashtra 

manufacturing facility was developed from greenfield to operational readiness within seven months, which are among the fastest commissioning of facilities of 

similar scale in India. In addition to fast execution, AEL also prioritize quality and through collaborations with global technology firms such as RCT Solution 
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GmbH and SSB Solution GmbH, it has established N-type TOPCon production lines, resulting in some of India’s most advanced manufacturing operations. 

Backed by the Government of India’s Rs. 9.61 billion Production Linked Incentive (PLI) allocation, Avaada Electro is establishing one of the most advanced 

integrated solar manufacturing ecosystems in the country. Once Nagpur Facility is fully operational, AEL’s solar cell manufacturing unit is proposed to achieve 

average committed efficiencies of 25.50% with 30 years of lifetime (calibrated as per the standards set by ISE Fraunhofer, a leading global research institute 

for solar technology, which represents a benchmark attained by few Indian players in commercial volumes). All its manufacturing facilities will be designed with 

flexible production lines and scalable infrastructure, enabling it to respond to evolving demand, technology shifts and policy incentives in the Indian solar sector. 

AEL has designed its manufacturing facilities with the aim of achieving high capital efficiency. AEL's manufacturing facilities are also positioned in close proximity 

to core demand centres in Maharashtra, Gujarat, Rajasthan and Madhya Pradesh, providing a freight advantage for the delivery of its solar modules to project 

sites. Over the past year, Avaada Electro's operational module capacity has grown from 1.5 GW as of September 30, 2024, to 8.5 GW as of September 30, 

2025, following the commissioning of its Nagpur, Maharashtra manufacturing facility. As a result, Avaada Electro's total module manufacturing capacity has 

increased by approximately 5.6 times over these 12 months. Most module manufacturers start their new lines with glass-to-backsheet combination and later 

switch to glass-to-glass, considering the higher complexity. AEL is among the few solar PV manufacturers in India who successfully started operations in both 

its facilities directly with glass-to-glass modules.  

The average cycle time (which reflects the speed of operation and measures the time taken to produce one module) at AEL’s Nagpur facility is approximately 

16 seconds, which is one of the fastest cycle times in industry. Demonstrating its commitment to technological leadership, AEL was among the first Indian 

manufacturers to introduce large-format 720 Wp G2G modules, positioning it at the forefront of high-output solar module innovation. It is among the few solar 

PV manufacturers in India who successfully started operations in both of its facilities directly with G2G solar modules. The 720 Wp TOPCon modules are 

compatible with multiple advanced cell formats which set a new benchmark in utility-scale deployment by reducing overall project costs, making better use of 

land (<2 acres of land required per MW of power generation) and allowing projects to be completed more quickly and with less labour. By needing fewer 

modules and components per megawatt, customers spend less on materials and installation, require less space for each project and can deliver energy sooner 

since fewer modules translate to shorter installation timelines; Additionally, there is significantly increase in rooftop solar installation potential. Back contact 

(BC) technology eliminates traditional front-side busbars and maximises the active cell area, allows for significant gains in efficiency and module output.  AEL 

has also developed a phased technology roadmap aimed at timely integration of back contact (BC) solar cell lines in the medium term for superior output and 

aesthetics, positioning them alongside global leaders in solar product innovation. AEL's current manufacturing operations utilise TOPCon technology as the 

baseline, which has enabled it to achieve best-in-class average cell efficiencies of approximately 25.5%, more than 30 years of lifetime, as calibrated by 

Fraunhofer ISE. Avaada Electro has established N-Type TOPCon production lines, resulting in some of India’s most advanced manufacturing operations. This 

R&D/innovation strategy aligns with Avaada group’s long-term commitment to sustainability, system-level optimization and technology leadership, positioning 

AEL as a global player in next-generation solar manufacturing 

Once fully operational, solar cell manufacturing unit of AEL is designed to achieve minimum committed efficiencies of 25.5%, as independently calibrated by 

ISE Fraunhofer, a leading global research institute for solar technology, which represents a benchmark attained by few Indian players in commercial volumes. 

Fraunhofer ISE calibration represents the industry’s highest quality assurance, carrying the credibility of an international certification and setting it clearly above 
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many regional alternatives for both technical and market purposes. AEL is one of the fastest growing module manufacturing companies in India and has 

established itself as one of the key players in India’s solar energy market. AEL offers PV cells and modules with efficiencies range between 25.5% and 26.5%, 

which is in line with the products available in market on similar technology. AEL’s current and planned manufacturing infrastructure is focused on TOPCon 

technology, aligning them with global and domestic industry trends as this technology becomes the mainstream standard. Among the top 10 largest solar PV 

manufacturers in India in terms of installed capacity as of March 31, 2026, AEL is the only solar PV manufacturer to entirely adopt TOPCon technology for all 

its existing solar module manufacturing lines. Avaada Electro had a 4.04% market share in terms of ALMM-enlisted module manufacturing capacity and had a 

share of ~4.98% in modules with efficiencies >23% based on ALMM enlisted capacity (ALMM List dated July 1, 2026). AEL’s 23.61% efficiency bifacial glass-

to-glass N-Type TOPCon modules represent one of the highest commercially listed module efficiencies in India as of March 31, 2026, aligned with global 

benchmarks. Avaada Electro has developed a manufacturing platform characterised by a cost structure that positions it among the most efficient solar PV 

module producers in India. AEL’s solar cell efficiency as listed in the ALMM-II, ranges from 24.5% to 26.3%, the highest among all established solar cell 

manufacturers in India. Integrated approach of AEL involves having manufacturers, suppliers, logistics, labour and others co-located in a single campus 

enabling scale-driven cost leadership and supply chain resilience. AEL’s integrated approach mirrors the Chinese cluster model, at its Nagpur campus. AEL’s 

vertical integration strategy helps in insulation from raw material cost inflation and forex fluctuation and de-risk from shortage of key components along with 

better control over quality. AEL's EBITDA margin of 23.74% in Fiscal 2026 is one of the highest among the listed peers in the industry. With domestic solar 

deployment set to accelerate, including demand for domestically manufactured modules and cells (DCR-linked demand) rising from 2026 onwards, AEL stands 

to benefit from several government-backed initiatives, such as large-scale utility tenders, the PM-KUSUM Scheme (for agricultural feeder solarisation), the 

CPSU Scheme (for state-owned project developers) and the rapidly growing residential and commercial rooftop segments. India’s rooftop solar market is 

rapidly expanding, with industry estimates projecting strong annual demand growth. Furthermore, as an ALMM-certified manufacturer pursuing backward 

integration for solar cell production, AEL is positioned favourably to benefit from the requirement that, with effect from June 2026, all solar modules used in 

projects mandated to source their solar modules from ALMM certified manufacturers will also be required to source their solar cells from domestic 

manufacturers. AEL is well placed given amalgamation of its technical know-how, Avaada group’s execution track record along with strong sectoral tailwinds. 

Some of the key competitors of AEL across its business verticals include Waaree Energies, Premier Energies, Vikram Solar, Goldi Solar, RenewSys India, 

Mundra Solar, Jupiter International, Websol Energy System Limited and Emmvee Photovoltaic Power Limited. 

6.2 Competitive mapping of solar cell and module manufacturers in India 

Table 12: Comparative summary of domestic cell and module manufacturers 

Particulars Units 
Avaada 

Electro Ltd. 

Waaree 
Energies 

Ltd. 

Vikram 
Solar Ltd. 

Emmvee 
Photovoltaic 
Power Ltd. 

Premier 
Energies 

Ltd. 

Mundra 
Solar PV 

Ltd. 

ReNew Energy 
Global 

FS India 
Solar 

Ventures 
Pvt. Ltd. 

Jupiter 
International 

Ltd. 

Manufacturing facilities  2 in Uttar 
Pradesh 
1 in 
Maharashtra 

4 in Gujarat 

1 in West 
Bengal and 2 
in Tamil 
Nadu 

2 in Karnataka 
2 in 
Telangana 

1 in Gujarat 
1 each in HP 
and UP 

1 in Tamil 
Nadu 

2 in Himachal 
Pradesh 
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Particulars Units 
Avaada 

Electro Ltd. 

Waaree 
Energies 

Ltd. 

Vikram 
Solar Ltd. 

Emmvee 
Photovoltaic 
Power Ltd. 

Premier 
Energies 

Ltd. 

Mundra 
Solar PV 

Ltd. 

ReNew Energy 
Global 

FS India 
Solar 

Ventures 
Pvt. Ltd. 

Jupiter 
International 

Ltd. 

Operational Module Capacity MW 8,500 25,800 9,500 10,308 11,100 4,000 6,400 3,400 - 

U/C / planned module capacity MW 5,100 2,600 6,000 6.000  6,000 - - 3,200 

Total module capacity MW 13,600 28,400 15,500 16,308 11,100 10,000 6,400 3,400 3,200 

Operational Cell Capacity MW 3,000* 5,400 - 2,943 3,600 4,000 2,500 3,400 960 

U/C / Cell capacity MW 9,000 10,000 12,000 6,000 7,000 6,000 4,000 - 9,000 

Total cell capacity MW 12,000 15,400 12,000 8,943 10,600 10,000 6,500 3,400 9,960 

Enlisted capacity as per ALMM List I 
(July-26) 

MW 
8,240 18,553 7,659 8,774 5,153 4,353 5,434 3,433 - 

Market share % ALMM-I  4.04% 9.09% 3.75% 4.30% 2.52% 2.13% 2.66% 1.68% - 

Enlisted capacity as per ALMM List II 
(July-26) 

MW 
610 5,251 - 1,553 3,283 4,237 1,766 3,212 779 

Market share % ALMM-II  1.89% 16.31% - 4.82% 10.20% 13.16% 5.48% 9.97% 2.42% 

Key products and services  Solar PV 
modules and 
cells, EPC 
services, 

Solar PV 
modules, 
Inverters, 
Batteries, 
EPC 
services, 
O&M 
Services, 
and solar 
water pumps 

Solar PV 
modules, 
EPC 
services, 
O&M 
services 

Solar PV cells 
and modules, 
EPC and solar 
water heater 
solutions 

Solar PV 
cells and 
modules, 
EPC 
services, 
O&M 
services, and 
water pumps 

Solar PV 
cells and 
modules, 
EPC 
services, 
O&M 
services 

Solar modules 
and cells, EPC 
services, solar 
water pumps 

Solar PV 
Module and 
cells  

Solar PV cells 
and EPC 

Key module technologies  TOPCon and 
bifacial 
modules 

Mono PERC, 
Topcon, HJT 
and bifacial 
modules  

Mono PERC, 
Topcon and 
bifacial 
modules 

Mono PERC, 
Topcon and 
bifacial modules 

Mono PERC, 
Topcon and 
bifacial 
modules 

Mono PERC, 
Topcon and 
bifacial 
modules 

Mono PERC, 
Topcon and 
bifacial modules 

Thin film 
(CdTe) 
modules 

- 

Key cell technologies  N type 
TOPCon 

Mono PERC, 
N type 
TOPCon 

- N type TOPCon Mono PERC Mono PERC,  
N Type 
TOPCon  

Mono PERC Thin film 
(CdTe) 

Mono PERC 

Module efficiency range   22.11%-
23.61% 

22.54: - 
23.23% 

20.01%-
23.69% 

20.19%-23.42% 
19.32%-
22.86% 

20.12%-
22.97% 

21.87%-23.61% 
18.06%-
19.49% 

- 

Cell Efficiency range  24.50%-
26.30% 

22.00-
25.80% 

- 20.0% to 26.0% 20.97% to 
26.00 % 

22.6% to 
25.7 % 

22.4% to 23.8% NA 20.0 % to 23.80 
% 

 Module Power output range  610-720 Wp 505-730 Wp 425-640 Wp 505-610 Wp 490-695 Wp 500-650 Wp 505-560 Wp NA - 

NA: Not available, *as of July 2026 

Source: Company websites, MNRE ALMM List-I dated 6 July 2026 and List-II 30 April 2026, Crisil Intelligence 
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Capacity addition plan of Indian solar PV manufacturers 

Considering the favourable environment, various Indian solar PV manufacturers have planned for capacity expansion. Also, with the announcement in Union 

Budget for fiscal 2023 on the enhancement of the outlay of Rs 195.00 billion under the PLI scheme for high efficiency modules under the second tranche of 

the scheme, the segments could see a further boost. Moreover, the ALMM orders issued by MNRE act as a trade barrier by encouraging domestic 

manufacturers of solar cells and modules, thus making it one of the key drivers for the development of domestic PV manufacturing.  

Table 13: Existing and planned module capacity additions of some of the leading players as on March 2026 

Sr. no. Name 
Installed capacity 

as of March-2026 (MW) 
FY27 FY28 Planned capacity (MW) Total capacity (MW) 

1 Waaree Energies^ 25,800  2,600 2,600 28,400 

2 Goldi Solar 15,200  6,000 6,000 21,200 

3 Rayzon Solar 12,000     12,000 

4 Premier Energies 11,100     11,100 

5 Emmvee Photovoltaic 10,308  6,000  6,000 16,308 

6 Vikram Solar 9,500 6,000  6,000 15,500 

7 Avaada Electro 8,500   5,100 5,100 13,600 

8 Grew Energy  6,410     6,410 

9 ReNew Power 6,400       6,400 

10 RenewSys 5,600     5,600 

11 Insolataion Energy 5,500   1,500 1,500 7,000 

12 Reliance New Energies 5,000  5,000  5,000 10,000 

13 TATA Power 4,900       4,900 

14 Saatvik Green Energy 4,800   4,000 4,000 8,800 

15 Adani Mundra PV 4,000  6,000  6,000 10,000 

16 Gautam Solar 4,000 1,000   1,000 5,000 

17 Solex Energy 4,000  2,500 2,500 6,500 

18 SAEL 3,700   5,000 5,000 12,700 

19 FS India Solar Ventures  3,300       3,300 

20 Websol Energy 550 2,000 2,000 4,000 4,500 

21 Shri Sai Shirdi Electricals   1,000 9,000 10,000 10,000 

22 Jupiter International   1,600 1,600 3,200 3,200 
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^Including 1.3 GW of IndoSolar and 1.6 GW in USA,  

Based on publicly available information, announcement and not validated to actual progress on ground 

Source: Industry, Company websites, Crisil Intelligence  

 

Table 14: Technology offered by leading players as on March 2026 

Sr. no. Name 
Installed capacity 
as of March-2026 

(MW) 
Key technologies offered as per ALMM List dated 1 March 2026 

1 Waaree Energies 25,800 

• Mono c-Si PERC Module (Glass to Backsheet) 

• Bifacial Mono c-Si PERC Module (Glass to Glass) 

• N TOPCon Module 

• Bifacial N - Type TOPCon Module 

• Bifacial N-Type TOPCon Module (Glass to Glass). 

• Bifacial Hetero-junction Monocrystalline Silicon (HJT) Module (Glass to Glass) 

2 Goldi Solar 15,200 

• Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Module 

• Bifacial N Type TOPCon 

• Bifacial N-Type TOPCon Module (Glass to Glass) 

3 Rayzon Solar 12,000 

• Mono c-Si PERC Modules 

• Bifacial Mono c-Si PERC Modules (Glass to Transparent Backsheet) 

• Bifacial Mono c-Si PERC Modules (Glass to Glass) 

• Bifacial N-Type TOPCon Modules (Glass to Glass) 

4 Premier Energies 11,100 

• Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Module (Glass to Glass) 

• Bifacial N-Type TOPCon Modules 

• Bifacial N-type TOPCon Module (Glass to Transparent) 

• Bifacial N-Type TOPCon Module (Glass to Glass) 

5 Emmvee Photovoltaic 10,308 

• Mono C-Si PERC Modules 

• Bifacial Mono c-Si PERC Modules (Glass to Transparent Backsheet) 

• Bifacial Mono c-Si PERC Modules (Glass to Glass) 

• Bifacial N-Type TOPCon Modules (Glass to Glass) 

6 Vikram Solar 9,500 

• Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Modules (Glass to Glass) 

• Bifacial Mono c-Si PERC Modules (Glass to Transparent Backsheet) 



 

Page 101  

Sr. no. Name 
Installed capacity 
as of March-2026 

(MW) 
Key technologies offered as per ALMM List dated 1 March 2026 

• Bifacial N-Type TOPCon Module (Glass to Glass) 

7 Avaada Electro 8,500 
• Bifacial N-Type TOPCon Modules 

• Bifacial N Type TOPCon Module (Glass to Glass) 

8 Grew Energy  6,410 

• Mono c-Si PERC Module 

• Bifacial Mono c-Si PERC Module (Glass to Transparent Backsheet) 

• N Type TOPCon Module 

• Bifacial N-Type TOPCon Module (Glass to Glass) 

9 ReNew Power 6,400 

• Mono PERC C-Si Modules 

• Bifacial Mono c-Si PERC Module 

• Bifacial N-Type TOPCon Module (Glass to Glass) 

10 RenewSys 5,600 

• Mono c-Si PERC Modules 

• Bifacial Mono c-Si PERC Module 

• Bifacial N type TOPCon Modules 

• Bifacial N type TOPCon Modules (Glass to Glass) 
Source: MNRE ALMM List I (March 1, 2026), Crisil Intelligence  

 

Table 15: Existing and planned cell capacity additions of some of the leading players as on March 2026 

Sr No Name 
Installed capacity 

as of Mar-2026 
(MW) 

FY27 FY28 
Planned 

capacity (MW) 
Total capacity 

(MW) 

1 Waaree Energies 5,400   10,000 10,000 15,400 

2 TATA Power 4,900       4,900 

3 Adani Mundra PV 4,000   6,000 6,000 10,000 

4 Premier Energies 3,600 7,000   7,000 10,600 

5 FS India Solar Ventures  3,300       3,300 

6 Avaada Electro  3,000* 3,000 6,000 12,000 12,000 

7 Emmvee Photovoltaic 2,940       2,940 

8 ReNew Power 2,500   4,000 4,000 6,500 

9 Websol Energy 1,200 2,150 2000 4,150 5,350 
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Sr No Name 
Installed capacity 

as of Mar-2026 
(MW) 

FY27 FY28 
Planned 

capacity (MW) 
Total capacity 

(MW) 

10 Jupiter International 960 3,000 6,000 9,000 9,960 

11 RenewSys 130   2,500 2,500 2,630 

12 Vikram Solar   9,000  3,000 12,000 12,000 

13 Shri Sai Shirdi Electricals   1,000 9,000 10,000 10,000 

14 Reliance New Energies     10,000 10,000 10,000 

15 SAEL     5,000 5,000 5,000 

16 Saatvik Green Energy     6.000 6,000 6.000 

17 Goldi Solar   4,000   4,000 4,000 

18 Rayzon Solar     3,500 3,500 3,500 

19 Grew Energy    3,000 5,300 8,300 8.300 

20 Solex Energy    2200 800 3,000 3,000 

21 Gautam Solar     2,000 2,000 2,000 

22 Insolataion Energy  4,500  4,500 4,500 

23 Renewsys  4,500  4,500 4,500 

Based on publicly available information, announcement and not validated to actual progress on ground *As of July 2026 

Source: Industry, Company websites, Crisil Intelligence  

 

 

Table 16: Competitive assessment of solar cell and module manufacturing 

Particulars Units Avaada Electro Ltd. Waaree Energies Ltd. Emmvee Photovoltaic Power Limited 
  FY26 FY25 FY24  FY26 FY25 FY24  FY26 FY25 FY24 

Operational KPIs               
   

Annual Installed 
Capacity 

  
              

   

Modules GW 8.50 1.5 - 25.8 15.0 12.0  10.30 6.02 1.59 

Cells GW NIL NIL - 5.4 5.4 -  2,.94 2.94 NIL 

Effective Installed 
Capacity 
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Particulars Units Avaada Electro Ltd. Waaree Energies Ltd. Emmvee Photovoltaic Power Limited 
  FY26 FY25 FY24  FY26 FY25 FY24  FY26 FY25 FY24 

Operational KPIs               
   

Modules GW 6.05 0.76 - NA NA 11.01  NA 2.75 1.23 

Cells GW NIL NIL - NA NA NA  NA 1.25 NIL 

Actual Production            

Modules GW 3.77 0.63 - NA NA 4.78  2.99 1.48 0.48 

Cells GW NIL NIL - NA NA NA  1.52 0.53 NIL 

Capacity Utilization            

Modules % 62.31% 83.18% - NA NA 43.42%  43.30% 53.91% 38.76% 

Cells % NA NA - NA NA NA  69.90% 42.83% NA 

Order Book MW 19,106.22 2,555.00 -  NA 25,000.00 19,926.00  9,399.00 4,891.64 1,100.25 

Financial KPIs            

Revenue from 
operations 

₹ million 53,035.24 9,116.15  NIL  265,367.70  144,445.00  113,976.09  50,498.77 23,356.13 9,519.35 

EBITDA ₹ million 12,588.60 2,416.77  (0.69) 59,086.40  27,216.40  15,744.23   17,343.75 7,219.38 1,204.39 

EBITDA Margin % 23.74% 26.51% NM 22.27% 18.84% 13.81%  34.34% 30.91% 12.65% 

Profit/loss) for the 
period / year after 
tax 

₹ million 8,887.36 1,733.00  225.62   38,841.50  19,281.30  12,743.77   10,815.52 3,690.14 288.99 

PAT Margin % 16.41% 18.57% 74.62%  14.26% 12.99% 10.96%  21.19% 15.63% 3.03% 

Net Debt ₹ million 23,497.57 (2,343.03) (3,390.94)  (41,762.80) (66,135.10) (32,969.41)  (236.46) 14,843.08 9,262.84 

Net Debt to Equity (Times) 1.48 (0.40) (0.82)  (0.28)  (0.69) (0.79)  (0.01) 2.77 5.49 

Net Working Capital ₹ million 10,970.89 979.14  6,545.31   48,693.00  41,915.40  25,899.41  15,750.08 3,351.87 2,867.94 

Return on Equity % 81.51% 34.56% 5.59%  31.04% 27.53% 41.75%  51.12% 104.60% 18.69% 

Return on Capital 
Employed 

% 26.68% 19.61% 3.70%  30.34% 25.48% 40.90% 35.90% 22.32% 5.02% 

 

Particulars Units 
Premier Energies Ltd. Vikram Solar Ltd. Websol Energy System Limited 

FY26 FY25 FY24  FY26 FY25 FY24  FY26 FY25 FY24  

Operational KPIs                  

Annual Installed Capacity   
    

  
      

  
      

  
  

Modules GW 11.10 5.13 3.36  9.50 4.50 3.50  0.55 0.55 0.55  
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Particulars Units 
Premier Energies Ltd. Vikram Solar Ltd. Websol Energy System Limited 

FY26 FY25 FY24  FY26 FY25 FY24  FY26 FY25 FY24  

Cells GW 3.60 1.20 NA  NA NA NA  1.20 0.60 NA  

Effective Installed Capacity            

Modules GW NA NA 1.67  NA 1.65 1.78  NA NA NA  

Cells GW NA NA NA  NA NA NA  NA NA -  

Actual Production            

Modules GW 3.57 NA 1.01  3.32 1.29 0.86  0.26 NA NA  

Cells GW 2.27 NA NA  NA NA NA  0.71 NA -  

Capacity Utilization            

Modules % NA NA 60.29%  75.00% 78.12% 48.09%  70%+ NA NA  

Cells % NA NA NA  NA NA NA  90%+ NA NA  

Order Book MW 9,389.00 5,303.00 NA  8,200.00 10,340.82 4,376.16  NA NA NA  

Financial KPIs            

Revenue from operations ₹ million 78,243.74  65,187.45  31,437.93  48,022.51  34,234.53  25,109.90  10,494.40  5,754.58  258.59  

EBITDA ₹ million 23,772.30  17,808.75  4,778.00   9,166.20  4,920.11  3,985.79   4,285.30  2,526.73  (75.31)  

EBITDA Margin % 30.38% 27.32% 15.20%  19.09% 14.37% 15.87%  40.83% 43.91% (29.12%)  

Profit/loss) for the period / 
year after tax 

₹ million 15,096.89  9,371.32  2,313.60   4,704.21  1,398.31  797.18   3,030.00  1,547.41  (1,209.62)  

PAT Margin % 18.81% 14.09% 7.30%  9.68% 4.04% 3.16%  28.60% 26.80% (451.10%)  

Net Debt ₹ million 12,138.81 (8,845.24) 9,983.98   (6,116.83) 829.71  7,385.82   (217.00)  664.56  1,826.89   

Net Debt to Equity (Times) 0.28  (0.31) 1.51   (0.19) 0.07  1.66  (0.03)  0.24  1.70   

Net Working Capital ₹ million 26,677.64  24,495.21  2,959.48   17,495.89  6,148.60 5,559.78   2,971.90  783.01  (493.11)  

Return on Equity % 42.35% 54.03% 43.73%  21.34% 16.57% 19.67%  66.69% 80.22% (80.91%)  

Return on Capital Employed % 26.84% 29.98% 19.92% 20.79% 23.99% 20.14% 46.26% 46.97% (53.67%)  

Source: Annual Reports, Results announcements, Investor presentations, regulatory filings before SEBI, Crisil Intelligence  

NA – Not Available as not available or reported for the particular period; NM: Not Measurable-as there is no Revenue from Operations 

Note: Operational KPIs are as reported by peers in their Annual Reports, Results announcements, Investor presentations and regulatory filings before SEBI;. 

Formulae used: 

• Revenue from Operations: The total revenue from operations. 
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• EBITDA: Profit before exceptional items and tax plus Finance Costs, Depreciation & Amortisation expenses minus other income. 

• EBITDA Margin: EBITDA as a percentage of Revenue from Operations 

• PAT: Profit for the year  

• PAT Margin: Profit for the year/ period during the given period as a percentage of total income during that period 

• Net Debt: Total debt minus cash and cash equivalents minus other bank balances and current investments  

• Net Debt to Equity: Total Net Debt / Total Equity 

• Net Working Capital: Total current assets minus total current liabilities 

• Return on Equity (ROE): Profit for the period/ year (owners share) divided by average total equity (excluding non-controlling interest) where average total equity is the average of 

opening and closing total equity (excluding non-controlling interest). 

• Return on capital employed (ROCE): Profit before tax plus finance cost divided by capital employed where capital employed is the sum of total equity (excluding non-controlling 

interest), total debt (including lease liabilities), deferred tax liabilities (net of deferred tax asset) less intangible assets including goodwill.  
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7 Threats and challenges for Indian solar module/cell 

manufacturing industry 

7.1 Policy and regulatory uncertainty 

The Indian solar energy segment is largely dependent on government policies. Government policies play a 

crucial role in shaping the solar module manufacturing landscape in India. Key policy measures include 

applicability of ALMM, safeguard duty, BCD and solar module manufacturing PLI scheme. Despite a very 

supportive government, the policy framework has been in flux with several amendments and reversals. Policy 

formulation and implementation is often hampered by shifting and conflicting priorities, poor design, 

disjointedness between different arms of the government and disregard for practical considerations. A 

representative example of policy flux in the PV module market is given below.  

 

7.1.1 Market demand variability 

Market demand fluctuations is influenced by changes in government policies, incentives for solar projects, 

changes in solar tendering capacity, shifts in export markets. The government tenders play a crucial role in 

driving demand for solar modules in India. Inconsistent tender schedules can create uncertainty for 

manufacturers, making it difficult to plan production and manage inventory. Indian Solar PV manufacturers still 

operate their plants at ~50% of its capacity due to lack of demand from private IPPs. Sudden spikes in demand 

can strain production capacity, while dips can lead to underutilisation of resources. Similarly, an economic 

downturn or growth spurts in export markets can lead to fluctuating demand for solar modules.  

7.1.2 Competitive pressure 

There are multiple players in this sector who have announced their plans to setup manufacturing facilities in 

India. The domestic manufacturer may face competition from these players. Currently, no foreign player is 

enlisted in ALMM List. However, going forward, along with the domestic players, competition may arise from 

the global players with established manufacturing base like China and Southeast Asia. Also, Domestic 

manufacturers do not enjoy economies of scale like leading Chinese suppliers. Huge supply glut in China has 

led to prices falling sharply across the value chain threatening competitiveness of domestic manufacturers 

despite high import duties. 
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7.2 Challenges 

7.2.1 Technological challenges  

Solar PV manufacturing is advancing towards more efficient and cheaper modules. Any changes in solar 

technology can shift demand towards newer products, rendering existing inventory less desirable. All 

technology know-how and even manufacturing lines and installation personnel for new PV cell and module 

lines, being set up currently, are coming mostly from Chinese suppliers. Therefore, maintaining high-quality 

standards and keeping up with rapid technological advancements can be challenging for this industry.  

7.2.2 Supply chain disruptions 

India heavily relies on imports for critical components like solar cell, wafers, EVA sheet, glass, etc. This 

dependence makes the industry vulnerable to global supply chain disruptions, price volatility and trade 

policies. An unreliable supply chain can lead to production delays and inconsistencies affecting the ability to 

meet demand. Global trade has been severely impacted by ongoing geopolitical tensions and regulatory 

actions, especially those involving China, since September 2024. This has led to significant disruptions in 

the supply chains of crucial components of solar value chain including battery materials. As a result, 

companies are facing increased costs, delayed shipments, and uncertainty about their long-term supply 

strategies due to restrictions on exports and stricter scrutiny of Chinese imports. Industries that rely heavily 

on imported technologies, such as renewable energy and electronics manufacturing, are being hit particularly 

hard. 

7.2.3 Environmental factor  

The manufacturing process involves the use of materials that can generate hazardous waste. The production 

process involved in solar PV manufacturing, such as etching, doping, and coating, can generate greenhouse 

gases, volatile organic compounds, and acid gases, which can contribute to air pollution. Some of the 

materials used to make solar cells, such as cadmium, lead, arsenic, and selenium, are toxic and can pose 

health and environmental risks if not handled properly. Water consumption is also significant, especially for 

the production of silicon wafers, which need to be purified, cut, and polished with large amounts of water. 

These challenges can impact on costs, operational efficiency and the overall feasibility of the project. 
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