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Solar PV capacity awarded in tenders dropped 
sharply to 2.6 GW during H1 2021 from 15.3 GW 
(including 1.6 GW solar-wind hybrid capacity) in 
H1 2020 and 21.2 GW for the entirety of 2020 
(including 4 GW hybrid capacity).
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No new wind capacity was awarded in 2020. 


Only 1.2 GW was awarded in H1 2021.
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A 20% increase in realised solar module prices from 
those assumed in the most competitive tariff bids 
could lower equity returns by around 45%.
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Weighted average equity internal rate of return 
 (EIRR) expectations for solar PV declined to 13.3% 


in H1 2021 from 14.9% in 2020 (nominal terms).



(11)The Clean Energy Investment Trends series provides 
 a unique benchmark for monitoring and assessing 
 progress in the investments required to meet India’s 
 sustainability goals. Now in its fourth edition, this 
 joint project of the Council on Energy, Environment 
 and Water’s Centre for Energy Finance (CEEW-CEF) 
 and the International Energy Agency (IEA) continues 
 to evolve to better track the key market, investment 
 framework and financial performance trends that are 
 central to mobilising capital at scale for renewable 
 energy (RE). It provides insights for policymakers, 
 industry actors, and financiers on the critical risks 
 and opportunities for investment, as well as draws 
 implications for future policy action and business 
 decisions.  



Themes examined in the Clean  Energy Investment Trends 2021  report


The Indian utility-scale RE sector was characterised 
 by contrasting fortunes in 2020 and the first half (H1) 
 of 2021. Interest to invest remained robust even amid 
 the COVID-19 disruption with solar PV and hybrid 
 solar-wind capacity awarded rising 35% year-over-
 year to 21 GW in 2020. However, capacity awarded 
 plummeted to 2.6 GW in H1 2021 as a backlog of 
 unsigned power sales agreements (PSAs) held up the 
 tendering of new capacity. In parallel, the awards of 
 new wind capacity came to a standstill in 2020 and 
 remained sluggish in H1 2021 amid subdued tendering 
 activity. The RE sector has witnessed considerable 
 innovation in tender design, largely geared towards 
 easing the integration of variable renewable power. 


The sector also saw increased participation from 
 central public sector undertakings (CPSUs) as well 
 as new international independent power producers 
 (IPPs) which drove solar tariffs fell to a record low of 
 INR 1.99/kWh even amid considerable volatility in 
 commodity prices. 


These developments have intensified the scrutiny 
 on the returns associated with the Indian RE sector. 


To shed light on these matters, the Clean Energy 
 Investment Trends 2021 report analyses project-


level equity returns expectations associated with 
 plain vanilla assets over the period July 2020 - June 
 2021 as well those corresponding to select hybrid 
 projects. It endeavours to contextualise these returns 
 expectations by comparing them with those in 
 other geographies and examines their sensitivities 
 to solar photovoltaic (PV) module prices, which are 
 now subject to increased volatility. The report also 
 examines land-related challenges inhibiting the 
 utility-scale RE sector and offers updates on debt 
 financing and other key market trends.



Key findings


The Clean Energy Investment Trends 2021 analysis 
 identified the following key trends: 


•  The pricing of project debt finance for solar 
 photovoltaic (PV) and wind has declined in the 
 period of analysis enabled by accommodative 
 monetary policy and the increased participation 
 of central public sector undertakings (CPSUs) 
 and new international independent power 
 producers (IPPs) in tenders. The interest rates for 
 solar PV and wind project debt fell by around 100 
 basis points to a range of 9.25-10.00 per cent in the 
 period July 2020 to June 2021 from prominent non-
 banking financial companies (NBFCs), with even 
 cheaper debt available from banks (8.75-9.50 per 
 cent). This was primarily because the Reserve Bank 
 of India maintained an accommodative monetary 
 policy to support the domestic economy amid the 
 disruption caused by the COVID-19 pandemic. 


In addition, CPSUs and international IPPs have 
 brought in low-cost debt from other sources. 


Compared with domestic IPPs, CPSUs can access 
 lower-cost debt from the bond market owing to their 
 quasi-sovereign status, while international IPPs can 
 tap into a wider diversity of debt financing sources.


•  Equity internal rate of return (EIRR) 


expectations for solar PV declined to 13.3% in 
 H1 2021 from around 14.9% in 2020 (nominal 
 terms). Average EIRRs decreased by over 150 basis 
 points in H1 2021 compared to the full year 2020. 


Greater participation of CPSUs, most prominently 
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(12)NTPC and Satluj Jal Vidyut Nigam (SJVN), and 
 international IPPs in tenders led to record low 
 tariffs of INR 2/kWh and EIRRs of around 12.0 per 
 cent in November-December 2020. In addition to the 
 continued participation of these players, discoms’  


desire for low tariffs amid rising input costs also put 
 pressure on average returns over H1 2021. CPSUs 
 and international IPPs, which have access to lower 
 cost debt, may be at an advantage under these 
 market conditions.


•  Solar PV capacity awarded in tenders dropped 
 sharply to 2.6 GW during H1 2021 from 15.3 GW 
 (including 1.6 GW solar-wind hybrid capacity) 
 in H1 2020 and 21.2 GW for the entirety of 2020 
 (including 4 GW hybrid capacity). The pace 
 of solar capacity awards slowed considerably in 
 2021 as a result of a backlog of unsigned power 
 sales agreements (PSAs) with the Solar Energy 
 Corporation of India (SECI) of around 20 GW 
 towards the end of 2020. These PSAs correspond 
 to capacity awarded at relatively higher tariffs 
 compared to average solar tariffs in recent times.


•  Wind capacity awarded continues to be limited, 
 with no new projects awarded in 2020 and only 
 1.2 GW in H1 2021. A combination of the limited 
 tendering of fresh capacity and challenges with the 
 availability of suitable sites for setting up projects 
 has limited the scale of wind capacity awarded.


•  Our first analysis of returns expectations for 
 solar-wind hybrid projects reveals higher initial 
 EIRRs than those for plain vanilla tenders, 
 though expectations have converged over 
 time. The Indian RE sector is witnessing increased 
 innovation in procurement. While plain vanilla 
 tenders (i.e., for single technology projects) have 
 helped India scale renewables deployment, the 
 country has introduced innovative tender designs 
 to reduce output variability and facilitate RE grid 
 integration. The analysis of solar-wind hybrid 
 tenders (without storage) in this report indicates 
 that the returns expectations associated with a 
 hybrid tender awarded in January 2020 were around 
 400 basis points higher than comparable vanilla 
 tenders. However, returns expectations converged 
 with vanilla tenders by the end of 2020.


•  Volatility in capital costs, especially solar PV 
 module prices, pose a significant downside 
 risk to realised returns. Rising PV module prices, 
 driven by higher raw material and transportation 
 costs, could significantly lower realised returns 
 compared to expectations. Our analysis indicates 
 that a 20 per cent increase in realised module prices 
 from those assumed in the most competitive tariff 
 bids could lower equity returns by around 45 per 
 cent. Besides supply chain factors, the Government 
 of India’s decision to levy basic customs duty (BCD) 
 on cell and module imports starting April 2022 is 
 likely to prompt several developers to advance their 
 module purchases to beat the deadline, which may 
 further increase the upward pressure on module 
 prices.


•  If challenges related to reliability of power 
 purchase and timely availability of land and 
 transmission capacity can be addressed, 
 EIRR expectations in India could be lowered 
 by around 350 basis points. To understand 
 how India’s renewable energy sector compares 
 with international markets, we assessed spreads 
 between EIRRs and benchmark sovereign bond 
 yields across markets, which isolated sectoral risks 
 from underlying country and currency risks. Higher 
 sectoral risks in India have kept return expectations 
 320 basis points higher than in the United States 
 and 360 basis points higher than in China. 


•  The industry market concentration for solar 
 PV development increased notably in 2020 
 and H1 2021, because of a few players securing 
 a large share of the capacity awarded, greater 
 participation of CSPUs, and low capacity 


auctioned in H1 2021. Despite new players entering 
the market, including Indian and international 
developers, market concentration reached the 
highest level seen in the last seven years. Churn 
rates (the extent of change in the top 10 developers 
with respect to the previous year) also rose, 
indicating that the players dominating capacity 
awards in the solar PV space are not consistently 
the same year-on-year. 



(13)•  Acquisitions of renewable power companies 
 and assets have surged in 2021, topping USD 6 
 billion, reflecting opportunities for greater scale 
 and consolidation. Access to a robust secondary 
 market helps developers enhance their ability to 
 finance projects by recycling capital and reinvesting 
 it in new projects. Acquisitions also provide a 
 way for developers to realise higher returns by 
 selling operating projects that have been de-risked 
 through the construction phase, and an attractive 
 investment route into renewables for new actors, 
 such as financial investors or investment trusts.



1. Investment trends


The disruptions caused by the COVID-19 pandemic 
 had a considerable impact on India’s renewables 
 investment spending in 2020, with capital expenditure 
 of less than USD 10 billion1. However, as the economy 
 gradually recovers, investments in renewables in 
 2021 are set to grow by more than 50%. Solar PV and 
 wind continue to represent the majority of these 
 investments, with around 70% of total spending on 
 renewables in the last 5 years.


The insights presented in the Clean Energy Investment 
 Trends are derived from a database of utility-scale 
 solar PV and wind projects sanctioned2 between 
 2014 and H1 2021. The database indicates that solar 
 PV capacity totalling 21.2 GW (including ~4 GW 
 solar-wind hybrid capacity) was awarded in 2020, 
 around 35% higher than the 15.7 GW solar PV capacity 
 (including 1.4 GW solar-wind hybrid capacity) 


awarded in 2019. The pace of capacity awards dropped 
 considerably to 2.6 GW3 in the first half of 2021. With 
 the Solar Energy Corporation of India Limited (SECI), 
 a central government aggregator, accumulating yet to 
 execute power sale agreements (PSAs) totalling ~20 
 GW by the end of 2020, new solar PV tendering from 
 it dried up4. As a result, state tenders accounted for a 
 greater share of capacity awarded and state off-takers 
 dominated capacity awarded in H1 2021 (Figure 1).


The pace of award of plain vanilla wind capacity also 
 dropped considerably, with no new projects awarded 
 in 2020 (though hybrid capacity was awarded) and 
 only 1.2 GW capacity awarded by SECI in H1 2021 
 (Figure 2). Challenges in securing suitable sites have 
 dogged project development (see section 5). The 
 tendering of wind projects by both state and central 
 authorities was also sluggish during the period of 
 analysis. The possibility of achieving lower tariffs 
 through solar auctions could have played a role in 
 the sluggish tendering of wind capacity and a greater 
 focus on solar instead4.


1.  Capital expenditures are measured as the ongoing capital spending in power capacity. Investment spending is spread out evenly from the 
 year in which a new plant or upgrade of an existing one takes a final investment decision (i.e. when a project reaches financial close or begins 
 construction) to the year in which it becomes operational. Source: IEA (2021b).


2.  Project sanctioning refers to the demonstration of the intent to invest by a developer indicated by the successful award of capacity at an RE 
 auction or an appropriate proxy in case of projects set up under the erstwhile feed-in-tariff regime or captive generation.


3.  This figure excludes 6.4 GW capacity awarded under an APEGCL tender in February 2021. The capacity awarded was suspended in July 2021 
 and was pending a court hearing at the time of writing this report. 


4.  CEEW-CEF and IEA market intelligence.


Image: iStock



(14)Figure 1 State off-taker projects predominantly awarded in H1 2021


Figure 2 Central government off-takers dominate awarded wind capacity
 Source: CEEW-CEF and IEA analysis. 


Notes: 


1. Central = SECI or NTPC, State = state discoms; Central & state = both central and state agencies as off-takers; Third party = private  
 discoms or captive generation; excludes solar–wind hybrids.


2. Third party share in H1 2021 refers to 300 MW auction conducted by Torrent Power Limited (distribution), Gujarat.


Source: CEEW-CEF and IEA analysis. 


Notes: 


1. Central = SECI or NTPC, State = state discoms, Third party = private discoms or captive generation; excludes solar–wind hybrids.


2. Excludes 728.8 MW of wind capacity awarded under Gujarat Urja Vikas Nigam Limited (GUVNL) 1000 MW Grid Connected Wind 
 Power Projects (Phase II-R) in 2019 – for which power purchase agreements (PPAs) were not signed.


3. No new wind capacity was awarded in 2020.
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(15)Figure 3 Debt ratios close to 75 per cent are the norm for both solar and wind projects


Figure 4 Median loan tenures for solar and wind are in the 16-18-year range
 Source: CEEW-CEF and IEA analysis. 


Source: CEEW-CEF and IEA analysis. 


In 2020, the pricing of project-level debt improved 
 slightly, enabled by an accommodative monetary 
 policy and higher participation of central public sector 


undertakings (CPSUs) in tenders. RE projects continue 
 to access long-tenure debt equivalent to 75 per cent of 
 project costs (Figures 3 and 4).
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(16)Banks and non-banking financial companies (NBFCs) 
 are the predominant sources of debt finance for 
 greenfield RE projects in India5. These institutions 
 examine project-level cash flow risks to determine 
 the terms of debt offered to RE projects. These risk 
 perceptions may be modulated by guarantees or 
 collateral made available by project sponsors, as well 
 as their credit histories. The terms of debt offered will 
 vary depending on the project’s riskiness. However, 
 the following characteristics are commonly associated 
 with greenfield RE loans (Dutt, Arboleya, and 


Gonzalez 2020):


• Long-tenure (Figure 4) floating-rate debt with 
 periodic reset clauses. 


• Loan tenures typically include a moratorium period 
 of up to one year after the project’s scheduled 
 commissioning date. While interest accrues over 
 this period, loan repayment starts after the expiry of 
 this grace period. 


• Debt-service reserve account (DSRA) requirements 
 of typically one to two quarters. The DSRA is 
 a cash reserve set aside to meet debt-servicing 
 requirements for a specified number of months.


• Minimum debt-service coverage ratio (DSCR) 
 requirements of 1.1, although the average DSCR 
 varies. DSCR is the ratio of net operating income 
 available to service the debt (both principal and 
 interest) to the debt-servicing requirements.


The final cost of debt is the sum of internal benchmark 
 rates (usually the marginal cost of funds based 
 lending rate (MCLR) for banks and the prime lending 
 rate (PLR) for NBFCs) and the spreads over the 
 benchmark rates offered to RE projects. Competition 
 among financial institutions can also drive down the 
 interest rates offered to RE projects.


Over much of the period of analysis, the Reserve 
 Bank of India (RBI) maintained an accommodative 
 monetary policy stance to support the domestic 
 economy in the wake of the macroeconomic 
 disruption caused by the COVID-19 pandemic (RBI 
 2020a), in line with accommodative monetary policies 
 implemented by central banks globally. The RBI also 


implemented additional measures such as extending 
 liquidity facilities to key financial institutions 
 and relaxing prudential norms for stressed asset 
 recognition (RBI 2020b). These measures exerted a 
 moderating effect on economy-wide interest rates, 
 as reflected in the benchmark rates of financial 
 institutions6.


To determine spreads over internal benchmarks, 
 lenders typically assign composite scores to loan 
 proposals. The major factors determining these 
 scores are the creditworthiness of the off-taker, the 
 type of site, and the creditworthiness of the sponsor, 
 taking into consideration any additional corporate 
 guarantees or collateral offered. In this regard, solar 
 parks help ensure the timely availability of land and 
 grid evacuation infrastructure. Controlling for other 
 factors, projects set up on solar park sites command a 
 small advantage (25 basis points) in borrowing costs 
 relative to non-solar park sites (Figure 5). Further, 
 the creditworthiness of off-takers also has a major 
 bearing on interest rates. Controlling for other factors, 
 signing a PPA with less creditworthy state discoms 
 could add up to 50 basis points in borrowing costs 
 relative to projects with central government entities or 
 creditworthy state discoms as off-takers (Figure 5).


5.  Market interactions indicate that NBFCs are the dominant source of finance to RE projects overall. However, anecdotal evidence suggests 
 that abundant liquidity in the banking system over the period of analysis meant that banks could have played a greater role than their 
 contribution in recent years.


6.  The one-year MCLR of the State Bank of India, India’s largest commercial lender by assets, stood at 7% over July 2020 - June 2021 (State Bank 
 of India 2021). This averaged close to 8% over the previous twelve-month period.


Image: iStock



(17)While domestic financial institutions are the major 
 source of debt capital for the Indian renewables 
 sector, some international IPPs as well as a few 
 domestic IPPs access debt from international markets 
 for greenfield projects. While this debt in foreign 
 currency terms is generally considerably cheaper 
 than that accessible in India, the gap narrows when 
 factoring in hedging costs. Further, a number of CPSUs 
 are now actively bidding for projects. These state-
 owned enterprises typically access the bond market 
 for their capital requirements at costs close to those 
 corresponding to the Government of India’s sovereign 
 borrowings (~6.0-6.5%) (Economic Times 2021). 


However, given the longer tenure of renewable energy 
 projects compared to that of bond market borrowings, 
 slightly higher costs of debt are factored into project-
 level financing assumptions. Figure 5 summarises the 
 cost of debt assumptions factored into the analysis7.



3. Project-level equity  returns


While utility-scale solar and wind projects are largely 
 financed through debt (Figure 3), equity accounts for 
 around a quarter of project costs. Debt obligations are 
 serviced first from project cash flows and are secured 
 by covenants associated with debt repayment (refer 
 to Section 2), thus creating greater certainty over 
 debt repayment. Given the relatively junior position 


of equity in the cash flow waterfall, equity investors’ 


returns expectations are higher than those for debt 
 financiers.  


This section examines the project-level equity internal 
 rate of return (EIRR) expectations factored into RE 
 tariff bids. The EIRR expectations of plain vanilla 
 tenders (i.e., exclusive solar or wind tenders without 
 storage) is estimated through a discounted cash flow 
 analysis factoring in the associated tariffs, estimated 
 project costs, production parameters, and indicative 
 terms of debt (Dutt, Arboleya, and Gonzalez 2020). 


Annexures 3 and 4 present the methodology and the 
 input data assumed in the project-level cash flow 
 model.



3.1 Aggregate EIRR expectations  for plain vanilla tenders


The analysis of utility-scale solar PV projects in the 
 Clean Energy Investment Trends 2021 report indicates 
 that EIRR expectations for these projects declined 
 from 14.5 per cent in the second half of 2020 to 13.3 
 per cent in H1 2021 (estimated on a capacity-weighted 
 average basis, based on awarded capacities). 


Factoring in implicit EIRRs of 15.3 per cent for H1 2020 
 from last year’s report results in EIRRs of 14.9 per cent 
 for the entirety of 2020. This is still slightly lower than 
 our estimate of 15.2 per cent for 2019.


7.  CEEW-CEF and IEA market intelligence.


Figure 5 CPSUs have access to the lowest-cost debt while market players pay a debt premium for projects with 
 less creditworthy state off-takers


Source: CEEW-CEF and IEA market intelligence.


Note: The bar for CPSUs indicates the range for the cost of debt factored in, regardless of off-taker or type of site.
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(18)Figure 6 EIRRs have generally fallen over the course of 2020 and 2021


Source: CEEW-CEF and IEA analysis.


Note: The Kerala State Electricity Board (KSEB) tender of November 2020 witnessed limited participation from developers and the tariff 
 discovered (INR 2.97/kWh) was close to the ceiling tariff applicable to the tender. Thus, the equity IRR for that tender is an outlier.
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The decline in EIRRs can be attributed to aggressive 
 bidding by CPSUs and international IPPs for projects 
 awarded in November and December 2020 resulting 
 in the discovery of record-low tariffs of INR 2.00/kWh 
 and INR 1.99/kWh. International IPPs benefit from 
 access to cheaper credit from international markets, 
 while CPSUs have the ability to secure cheaper debt 
 as a result of their status as quasi-sovereign entities. 


Furthermore, discom expectations of low-priced 
 renewable power coupled with rising input costs 
 could have had a moderating effect on equity returns 
 factored into tariff bids.



Enhanced participation of public- sector enterprises


The enhanced participation of CPSUs (which were 
 awarded capacity in 6 out of 10 tenders) over the 
 period of analysis stems from corporate decisions to 
 green asset portfolios by adopting RE deployment 
 targets (Table 1). This participation drove aggressive 
 bidding across tenders and led to lower EIRR 


expectations from November 2020 onwards. Image: iStock



(19)8.  CEEW-CEF and IEA market intelligence.


9.  ibid.


Given the draft proposal by the government to permit 
 CPSUs to factor in lower hurdle rates while bidding 
 for projects, the continued participation of CPSUs 
 in the future could exert a moderating influence on 
 equity returns going forward (Dutta 2021). This raises 
 the possibility of the potential crowding out of other 
 developers with higher returns requirements.



Discom tariff expectations and  rising input costs


The decline in solar and wind tariffs discovered in 
 recent years has influenced discom expectations of 
 the pricing of renewable power and their willingness 
 to sign new contracts. The challenges faced by SECI in 
 securing PSAs for ~20 GW of solar capacity awarded 
 in 2020, including the 12 GW capacity awarded at INR 
 2.92/kWh under its manufacturing-linked tender, 
 illustrate the potential pitfalls of high-tariff capacity 
 awards. For example, SECI failed to secure off-takers 
 for a ~6GW tranche out of the unsold inventory of 20 
 GW capacity priced at a pooled tariff of INR 2.66/kWh 
 for over a year before signing a PSA with Odisha’s 
 GRIDCO for a portion of this capacity in July 2021 
 (Duggal 2021).  


Lower pricing expectations coupled with the rising 
 costs of PV modules and metallic commodities 
 could also have contributed to a moderation in 
 equity returns expectations (refer to Section 4 for a 
 discussion on input costs). The imposition of 40 per 


cent basic customs duties (BCD) on module imports 
 and 25 per cent BCD on solar cell imports starting 
 April 2022 is set to raise input costs going forward. 


However, bidders have reportedly not factored in 
 duties in the tenders analysed up to June 2021 and 
 expect to procure modules before the BCD kicks in 
 (Ranjan 2021) (Nair 2021)8.



Equity IRR of wind power projects


The pace of wind project sanctioning remained 
 subdued during the period of analysis amid limited 
 tendering of new capacity. With solar auctions 
 yielding lower tariffs, a preference for solar capacity 
 by discoms could have played a role in the sluggish 
 tendering of wind capacity9. In addition, challenges 
 with the availability of sites for setting up projects 
 could also have constrained the tendering of new 
 capacity (refer to Section 5 for details). The solitary 
 1.2 GW SECI Tranche-X tender was awarded in March 
 2021, with no capacity throughout 2020. The EIRR 
 expectations for this tender stood at 12.7 per cent, 
 which is comparable to the 13.0 per cent average 
 observed in 2019. 


Table 1 Current RE installed capacity and targets of NTPC, SJVN, and Coal India Limited


NTPC


SJVN


Coal India Limited


Installed RE capacity (GW)


CPSU Capacity under implementation (GW) RE Target


1.35


0.1


0.01


2.84


0.15


NA


60 GW by 2032
 5 GW by 2023
 12 GW by 2030
 25 GW by 2040
 3 GW by 2024


Source: CEEW-CEF and IEA analysis. 


Notes: 


1. Installed capacity and capacity under implementation are accurate as of March 2021.


2. RE capacity under implementation for Coal India Limited has not been disclosed in its annual reports.


NA: Not applicable.



Wind EIRR expectations stood at 

12.7% for H1 2021, with no wind 

capacity awarded in 2020.



(20)BOX 1 Assessing the relative attractiveness of the Indian RE sector


The EIRR expectations of solar PV projects in India appear high when compared to other countries. The 
 average EIRR for utility-scale solar PV projects awarded in 2020 was over two times higher than, for instance, 
 the corresponding figure for the United States — 14.9 per cent compared to 6.4 per cent. However, this 
 comparison merits further unpacking.


When evaluating projects across countries, investors factor in multiple risks, including:


•  Country risk: the extent of favourableness of economy-wide business conditions, including political stability, 
 strength of the rule of law, ease of doing business and sovereign indebtedness. 


•  Currency and inflation risk: the risk of foreign exchange fluctuations, domestic inflation, convertibility rules 
 and lower returns for international investors stemming from the depreciation of the local currency (in which 
 project cash flows are denominated) relative to the reporting currency of the project developer.


•  Sectoral risk: risks specific to the sector in which the investment is made. For the RE and power sector, 
 this includes off-taker risk, land and transmission infrastructure risk, operational risk, and technology risk. 


Of these, technology and operational risks do not have a major bearing on sectoral risks as solar PV is 
 a well-understood technology with an extensive track record and minimal operations and maintenance 
 requirements.


•  Liquidity risk: The risk of investing in an illiquid infrastructure asset – a RE project – as compared to liquid 
 sovereign benchmark securities.


This box contextualises how EIRR expectations of utility-scale solar PV projects in India can be compared 
 with those in other countries (the United States and China), that have cash flows denominated in different 
 currencies. We do this by comparing the spread or difference between the EIRR and local currency sovereign 
 bond yields. We also comment on the role of currency hedging for these long-term infrastructure projects in 
 India, a market that lacks depth and liquidity, but is growing.


Comparing spreads from local risk-free rates


The local currency sovereign bond yield (e.g. 10-year government bond) factors in the country and currency 
 risks associated with investing in RE projects. The 10-year sovereign bond yield averaged 6.0 per cent over 
 2020 in India, 0.7 per cent in the United States and 2.9 per cent in China (Bloomberg, 2021). The difference or 
 spread between project-level EIRR expectations and the 10-year sovereign bond yields captures sectoral and 
 liquidity risks (Figure 7). 


Assuming similar perceptions regarding liquidity, technology, and operational project risks, the difference 
 in spreads in India compared to international markets (320 basis points [bps] higher than the spread in the 
 United States and 360 bps higher than in China) reflects higher off-taker risk as well as challenges with land 
 availability and transmission constraints. 


The implication is that investor returns expectations in India could be lowered by a magnitude corresponding 
 to these spreads if challenges such as the poor financial condition of distribution utilities, and challenges 
 associated with the timely availability of land and transmission can be addressed. 


   



(21)Currency risk is a challenge for international investors as a part of the upfront investment costs are 


denominated in international currencies (eg. imported modules), while project cash flows are denominated in 
 local currencies. This is a greater concern for foreign players investing in developing countries with borrowings 
 associated with the RE assets being denominated in foreign currencies. 


One way investors can safeguard themselves against currency risk is through hedging arrangements that 
 help fix the exchange rate between local currency denominated cash flows and the international currency 
 denominated borrowings. The investor pays for the protection that the hedging arrangement offers against 
 currency risk for a particular period of time. This risk, along with off-taker risk, is the largest perceived risk for 
 RE projects in India for foreign investors (Shrimali 2021).


The INR-hedging market is illiquid and generally provides hedging alternatives for no longer than a year 
 with some medium-term exceptions; further, it is limited to a few hard currencies, and generally provides 
 very simple hedging services, with substantial regulation (Tilotia 2020). It can also be very costly. Anecdotal 
 evidence suggests that the cost of hedging in India can be around 300–400 bps (assuming a one-year 
 forward swap contract that is periodically rolled over).


Providing longer-term and lower-cost hedging solutions would help boost foreign RE investments in India. 


Given that currency risk is, to a large extent, a result of domestic macroeconomic conditions, the Government 
 of India plays an important role in terms of risk management. International efforts, like those of development 
 finance institutions, are also focusing on ways to manage local currency risks for clean energy projects, in part 
 through dedicated facilities backed by development finance institutions. Enhanced efforts on the part of both 
 domestic and international actors could help reduce the overall cost of capital and subsequently enable RE 
 deployment at a lower cost. 


Figure 7 Higher spreads between EIRRs and sovereign bond yields in India indicate higher sectoral risks



Incorporating hedging costs 


Source: CEEW-CEF and IEA analysis. 


Note: EIRRs and bond yields correspond to average values for 2020.
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(22)The contribution of solar PV and wind to India’s 
 power sector has risen steadily over the years. These 
 sources now account for nearly 20 per cent of India’s 
 installed capacity and 10.5 per cent of total generation, 
 which are twice the corresponding values in 2014. 


This trend is set to accelerate as India pursues its 
 goal of installing 500 GW of RE capacity by 2030. In 
 its Stated Policies Scenario (STEPS), the IEA estimates 
 that wind and solar PV will account for more than 
 40 per cent in total installed capacity and around a 
 quarter of total generation by 2030 (the Government of 
 India announced a target of 500 GW by 2030 at COP26. 


However, the IEA’s analysis is based on the previous 
 target of 450 GW) (IEA, 2021).


However, such high variable RE penetration in the 
 electricity system will entail a massive increase in 
 balancing requirements. In STEPS, the hour-to-hour 
 variation in wind and solar output will create growing 
 pressure on the rest of the power system to balance 
 supply and demand, with hourly variations in these 
 RE sources set to increase more than threefold by 
 2030.


In response to the challenge of integrating larger 
 quantities of variable RE into the grid, authorities 
 across the world have introduced varied mechanisms, 
 including short term markets to optimise balancing 
 requirements or a more intense electricity trade 
 between regions or states. In India, tendering 
 authorities have innovated with tender design in the 
 form of solar and wind hybrid tenders that seek to 
 leverage the complementarities in their generation 
 profiles to yield more predictable electricity 
 generation overall. More complex tenders, which 
 require the deployment of solar and wind in tandem 
 with storage or other generation technologies have 
 also been floated. These mechanisms indirectly shift 
 the onus of balancing onto the developer.


In addition to plain vanilla solar and wind tenders, 
 this report also analyses the returns associated with 
 solar-wind hybrids. These tenders have specific 
 requirements related to project performance and 
 configuration that need to be satisfied, which have 
 been factored into the analysis (Table 2).    


Table 2 Underlying conditions for hybrid tenders
 Sanctioning 


Tender name date Capacity Capacity utilisation 


factor (CUF) Oversizing Location


SECI Hybrid 
 1,200 MW 
 Tranche-III 
 2020


December 


2020 Minimum solar (AC) or 
 wind capacity of 33% of 
 the contracted capacity


Minimum annual CUF 


of 30% Anywhere in India; 


solar and wind 
 components to be 
 located in the same 
 state


Allowed to oversize 
 hybrid capacity (solar 
 and wind combined) 
 beyond the 
 contracted capacity
 AEML Hybrid 


250 MW 
 2019ª


January 2020 Minimum solar (AC) or 
 wind capacity of 33% of 
 the contracted capacity


Minimum annual CUF 


of 50% Anywhere in India; 


solar and wind 
 components to be 
 located in the same 
 state


Allowed to oversize  
 hybrid capacity (solar 
 and wind combined) 
 beyond the 
 contracted capacity
 Blended Wind 


2,500 MW 
 Tranche-IX


August 2020 Minimum wind 
 capacity of 80% of the 
 contracted capacity 
 with no minimum 
 capacity required for 
 solar


Minimum annual CUF 


of 30% Anywhere in India; 


solar and wind 
 components to be 
 either co-located or 
 in the same vicinity
 Not allowed to 


oversize hybrid 
 capacity (solar and 
 wind combined)
 beyond the 
 contracted capacity


Source: CEEW-CEF and IEA analysis. 


Notes: 


a. An additional 350 MW was awarded under a greenshoe option for the AEML 350 MW hybrid auction in 2019, taking the total capacity 
 awarded to 700 MW.


b. Oversizing refers to the installation of higher power generation capacity behind the meter compared to the contracted capacity to meet 
 the minimum CUF requirements. However, the AC connectivity and power injection into the grid correspond to the contracted capacity.



3.2 EIRR expectations for hybrid  tenders


b



(23)Power generation in a hybrid project, typically 
 oversized beyond the contracted capacity, is 
 constrained in terms of the maximum power (in 
 MW) that can be injected into the grid. In other 
 words, tender conditions require a hybrid project to 
 back down or curtail power generation during time 
 slots when the total solar and wind power injected 
 (in MW) is higher than the contracted capacity. In 
 addition, a hybrid project may generate energy in 
 excess of that corresponding to the CUF declared at 
 its commissioning. Tender conditions allow for the 
 sale of this excess generation, solely at the off-taker’s 
 discretion and at 75 per cent of the PPA tariff for the 
 tenders specified in Table 2. Since there is no certainty 
 relating to the offtake of the excess generation, the 
 analysis did not factor in any income for the excess 
 generation.  


A detailed step-by-step analysis of the AEML 350 MW 
 hybrid tender is presented below to illustrate the 
 process followed to calculate the returns expectations 
 associated with all three hybrid tenders. 



3.2.1 Choice of location


While a developer is free to locate the hybrid project 
 anywhere in India, factors such as minimum 
 CUF requirement, the appropriate solar–wind 
 configuration, land and grid connection availability 
 govern site selection. CEEW-CEF and IEA’s analysis 
 of returns associated with plain vanilla tenders in 
 India indicates that higher returns may be realised at 
 the same tariff using solar PV as compared to wind. 


Industry interactions corroborated this finding – solar-
 heavy configurations are suitable for hybrid projects 
 that generate at CUFs of up to 50 per cent. Developers 
 favour the solar-rich state of Rajasthan to maximise 
 generation and returns. Industry interactions further 
 indicated that wind-heavy configurations are favoured 
 for hybrid projects required to generate at higher 
 CUFs. Thus, the preferred sites for these projects 
 are located in the wind-rich states of Tamil Nadu, 
 Karnataka, and Maharashtra.10  


Industry interactions indicated the selection of the 
 project locations for the lowest tariff bidders as 
 mentioned in Table 3. This was corroborated by public 
 records of transmission connectivity granted at these 
 sites by Power Grid Corporation of India Limited – the 
 central transmission utility that operates the Inter-
 State Transmission System (ISTS) – for generation 
 capacities corresponding to those associated with 
 the hybrid projects (Power Grid Corporation of India 
 Limited 2021). 


Determining the optimum configuration 


Various combinations of solar and wind deployment 
 can meet the performance conditions outlined in 
 Table 2. The analysis assumes that the developer 
 would select the specific configuration that maximises 
 equity returns for actual deployment. Figure 8 shows 
 the average daily CUFs of stand-alone solar PV and 
 wind in Fatehgarh, Jaisalmer district, Rajasthan. 


10.  Sites in Gujarat, one of the most resource-rich Indian wind states, remain inaccessible due to the challenges described in section 5.


Table 3 Site assumptions for hybrid tenders


Tender name Location


SECI Hybrid 1,200 MW Tranche-III 2020 Fatehgarh, Rajasthan (solar CUF - 28.9% @ 45% DC overloading; wind CUF - 32.9%)
 AEML Hybrid 350 MW 2019* Fatehgarh, Rajasthan (solar CUF - 28.9% @ 45% DC overloading; wind CUF - 32.9%)
 Blended Wind 2,500 MW Tranche-IX Gadag, Karnataka (solar CUF - 27.7% @ 45% DC overloading; wind CUF - 39.0%)


Source: CEEW-CEF and IEA market intelligence. 


*Note: For the AEML Hybrid 350 MW 2019 tender, an additional 350 MW was awarded under a greenshoe option, taking the total capacity
awarded to 700 MW.



(24)Given the performance requirements of the AEML 
 350 MW hybrid tender, solar-heavy combinations 
 (with oversizing to meet tender performance 
 requirements) should a priori be more profitable. 


However, increasing the extent of oversizing of solar 
 PV to meet the CUF requirements of the tender leads 
 to curtailment around mid-day, when hourly CUFs 
 are near their maximum, negatively impacting equity 
 returns. Thus, there is a point at which adding wind 
 begins to be more profitable than adding solar PV, as 
 additional solar PV would result in higher curtailment 
 without significantly higher overall CUFs.


To identify the optimal combination of wind and solar 
 PV to maximise returns for investors, we estimate 
 returns for all possible configurations using an 
 algorithm that performs the following functions:


i  Computes hourly electricity generation for 
 the selected configuration using site-specific 
 generation profiles and estimates the resulting 
 annual average CUF and curtailment (if any) to 
 conform to tender requirements. Curtailed power 
 generation is defined as the excess generation in 
 time slots when the total solar and wind power 
 injected is higher than the contracted capacity.


ii  Selects configurations that satisfy the minimum 
 average annual CUF requirements (50 per cent for 
 this tender).


iii  Computes returns for all configurations meeting 
 tender requirements to arrive at the optimum 
 configuration that maximises returns.


Figure 9 illustrates how the algorithm works. As solar-
 heavy configurations are expected to yield the highest 
 returns, the analysis evaluates returns for various 
 solar–wind combinations starting with combinations 
 that factor in the minimum permissible capacity for 
 wind (230 MW). The algorithm then progressively 
 increases wind capacity and estimates returns for 
 varying capacities of solar. Configurations with annual 
 CUFs lower than 50 per cent are invalid and are 
 represented by dashed lines. A minimum of 530 MW 
 wind capacity is necessary to meet the minimum 50 
 per cent CUF requirement, which is then paired with 
 730 MW of solar PV capacity to arrive at the optimum 
 project configuration.


Figure 8 Solar and wind have similar average CUFs but very different hourly production profiles11


Source: CEEW-CEF and IEA analysis. 
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11.  When comparing CUFs for solar (at 45 per cent DC overloading) and wind generation in Rajasthan.



(25)For a given wind capacity, increasing solar PV capacity 
 leads to higher EIRRs initially since solar generation is 
 more competitive. Returns reach a maximum and then 
 start declining as curtailment increases with higher 
 solar capacity in the combination. For example, 
 curtailment rises from 0.5 per cent to 13 per cent when 
 solar PV capacity is increased from 530 MW to 930 MW 
 with 230 MW wind capacity. Importantly, the point of 
 maximum returns is reached earlier with higher wind 


capacity, as the curtailment effect begins prematurely. 


The chart indicates that returns are maximum (EIRR 
 of 19 per cent) for a combination comprising 730 MW 
 solar and 530 MW wind.


Figure 10 presents the hourly average production 
 profiles of the AEML 350 MW hybrid project, which, 
 on average, would experience around 4 per cent 
 curtailment between 11:00 am and 3:00 pm every day.


Figure 10 Configurations meeting tender requirements could entail curtailment


Figure 9 The maximum possible EIRR for a hybrid project depends on constraints set in the tender


Source: CEEW-CEF and IEA analysis. 


Source: CEEW-CEF and IEA analysis. 


Notes: 


1. The chart depicts all possible combinations for the AEML hybrid tender at a tariff of 3.24 INR/kWh.


2. Configurations with annual CUFs lower than 50 per cent are invalid and are represented by dashed lines.


3. In the case of lower CUF tenders with other conditions remaining the same, the solid lines would shift leftward in the chart.
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