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1. Introduction
India’s shift towards a low-carbon future faces similar challenges as in other developing countries. In 
2022, India ranked third in global GHG emissions, releasing approximately 3.9 gigatons of carbon dioxide 
equivalent (CO2e). Its energy industryi has primarily depended on conventional fuels, making up nearly 60% 
of its energy consumption, with oil at 29%, natural gas at 8%, and a small portion of renewable sources at 
2% (such as hydro, solar, and wind)1.

The power sector has a crucial impact on the country’s emission levels. India ranks third in electricity 
production and consumption globally, with 514 GW of installed power capacity as of December 20252. 
Electricity generation is dominated by thermal power generating assets, accounting for over 50% of utility 
scale installed capacity and 78% of total annual electricity generation in 2024-253. The power sector 
contributed to 39.4% of the country’s total GHG emissions in 2020 or 52% of all energy-related emissions 
(with a carbon intensity of 715 gCO2/kWh)4. With electricity expected to play a significant role in the energy 
mix by 2070 due to industrial and urban growth, the transition to cleaner and sustainable energy needs 
expeditious planning.

Figure 1: India’s GHG Emissions Trend

Source ICED

Electricity’s share in final energy consumption is expected to rise from about 21% in 2025 to between 40-
60% by 2070 with per capita electricity consumption projected to rise from 1,400 kWh – which is well below 
other countries with comparable GDP per capita to between 4,800 to 6,400 kWh by 2050. This means that 
total electricity demand - driven by growth and electrification trends in industry and business (including data 
centres), transportation, and buildings – is expected to rise to between 6,500 to 8,070 TWh by 2050 as India 
pursues its goal to get to developed country status by 2047.

As per its updated 2022 NDC targets, India has set ambitious goals, including – a 45 per cent reduction 
in emissions intensity (emissions per unit of Gross Domestic Product (GDP) compared to 2005 levels) and 
expansion of the share of non-fossil fuels to 50% of installed generation capacity by 2030. In line with its 
insistence on the principle of ‘’common but differentiated responsibility’’ for climate change, India aims to 
achieve net zero green-house gas emissions by 20705. This is a significant commitment for a large poor 
country such as India which needs rapid economic growth to reach its aspiration of advanced country 
status by 2047. It nevertheless remains serious about managing its emissions. It has in fact met its near 
term NDC commitments on installed non-fossil fuel capacity ahead of time. As of 2025, 242.8 GW of the 
total installed generation capacity of 484.4 GW was already from non-fossil fuels. That said, the country 
is still chasing the more ambitious target of 500GW of non-fossil fuel installed capacity by 2030 set by 
the Prime Minister in a separate announcement at COP26, and a lot more work remains to be done. The 
transition to cleaner electricity generation must be accelerated and completed well before 2070 to give 
enough time to allow its hard-to-abate industry segments to manage their emissions so that the country 
can deliver on its net zero commitments.

Compared to Southeast Asia, India’s power sector and its associated regulatory/policy is much better 
positioned to address the challenges of a transition to less fossil fuel dependent future. India unbundled 
the power sector supply chain after economic liberalisation in the 1990s largely separating generation 
from transmission and distribution. Over the years this has facilitated vigorous private participation. That 
said, SOE share of electricity generation still accounts for more about 45% of total installed capacity and 

i Energy industry comprises industry, transport, commercial and residential usage, agriculture, and others.

https://iced.niti.gov.in/
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~70% of annual GWh generated. Similarly, in the transmission sector, although about half on new inter-
state transmission capacity since 2011 has been developed by private companies through long-term 
competitively bid contracts, all inter-state corridors considered to be strategic to the national grid remain 
the preserve of the Power Grid Corporation of India (PGCIL), a central government owned company. As 
concerns intra-state transmission, private participation remains the exception, not the rule. And barring the 
case of a handful of private distribution companies in cities such as Delhi and Mumbai, pretty much all of 
the country’s last-mile electricity distribution infrastructure remains under the monopoly control of state-
level distribution companies (DISCOMS)ii. In fact, the country’s federal structure complicates the political 
economy of the power sector and poses a considerable challenge for the country’s energy transition. The 
reality is that there can be no electricity sector transition in India without cooperation and participation from 
SOEs both at the central as well at the state level.

At the central government level, the National Thermal Power Corporation (NTPC), is the single largest player 
in India’s electricity generation sector. 

NTPC had an installed generation capacity of 76 GW as of 2024, or 17% of total installed electricity 
generation capacity in the country and it supplies 24% or about one quarter of the country’s annual 
electricity supply in terms of GWhiii. Given its size and strategic importance, NTPC has a pivotal role to 
play in India’s future low-carbon transition. It is thus essential to investigate what role NTPC can play in 
support of India’s growth aspirations, its goal of attaining energy security, and ambition to achieve net-zero 
emissions by 2070.

This paper explores strategies that NTPC could pursue to drive progressive decarbonization of its portfolio 
of generation assets in a commercially compelling manner, while also meeting its obligations to help ensure 
that India’s growing demand for electricity is fully satisfied. The paper does the following: 

i.	 Provides a brief overview of NTPC and its existing portfolio of assets. 

ii.	 Provides a review of existing models in the public domain of low-carbon pathways and transition 
trajectories for specific high-emission sectors, focusing on the power sector.

iii.	 Selects the most suitable pathway based on its alignment with India’s net-zero targets, Government and 
SOE commitments, and inclusion of prospective clean energy technologies.

iv.	 Based on the selected pathway, develops a suitable model for NTPC for analysis of various transition 
scenarios and their implications for NTPC’s balance sheet for different combinations of non-fossil fuel-
based technologies to green its portfolio. 

v.	 Explores implications for financing from an NTPC perspective of the various scenarios to scale up 
investments in clean technologies.

vi.	 	Develops a blended finance framework that could incentivize NTPC to pick a more aggressive clean 
energy transition pathway over the short term than its officially announced target plans up to 2032. 

2. India’s Push for Energy Independence and a 
Decarbonized Future 
The Government of India (GoI) has set ambitious medium-term targets for the development of non-fossil 
fuel-based electricity generation. The goal is to get to 500 GW of non-fossil fuel based installed generation 
capacity and fifty percent of electricity units generated by 2032. These goals are supported by robust policy 
initiatives (see Annexure II for a summary of salient policy initiatives) and are consistent with the country’s 
international commitments, including its Nationally Determined Contributions (NDCs) and its Net Zero goals. 

Onshore wind and solar PV generation projects benefit from a well-tested competitive bidding framework 
that has been in place for some time and has been embraced by market participants including private 
and state-owned developers, investors, and financiers. Grid-connected wind and solar based generation 
capacity has been expanding at a steady pace. Solar capacity alone has grown 36x over the past decade, 
making India the world’s third largest solar market. The LCOE tariffs discovered through the bidding process 
ii Across the broader energy sector, SOE domination is even stronger. More than 90% of the coal mined in the country comes from Coal 
India, the central government-controlled coal mining giant. More than 80% of gas distribution is under government control, as is more 
than 70% of crude oil refining capacity.
iii The next largest SOE, Maharashtra State Power Generation Company, accounts for 13 GW of installed generation capacity. The 
largest private generating company is the Adani Group with an installed capacity of 15 GW.	
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for stand-alone wind and solar PV projects are now well below tariffs for new super-critical coal fired plants. 
RE generation enjoys certain special privileges that have allowed this market segment to grow rapidly 
despite the availability of ample coal resources and the country’s historic dependence on coal for electricity 
generationiv. While RE offers significant growth opportunities, these are not without challenges. 

Although India’s RE capacity of more than 250 GW (with upwards of 110 GW in solar, about 55 GW in 
onshore wind, and ~50 GW in hydro) accounts for over 17 percent of installed capacity, as of 2024-25 RE’s 
share of total generation is still 22%. Besides, the rapid expansion of RE capacity has caused two kinds 
of imbalances to appear, exacerbated by the Indian policy regime. First, in the absence of grid storage 
capacity, operating RE generation assets have a ‘must run’ status, i.e., whatever electricity is generated 
by grid-connected wind and solar assets must be absorbed into the grid whenever it is generated. This 
means that fossil fuel plants are forced to cut back during the time of day that the supply of RE generated 
electricity flowing into the grid cannot be matched by demand. Typically, the intermittent nature of RE 
power generation creates an excess supply of electrons during non-peak hours, forcing coal fired plants 
to back down, and for the DISCOMs or state distribution companies that are the principal off-takers of 
grid electricity, to incur capacity charges on coal plants with whom they have long-term cost-plus power 
purchase agreements (PPAs) with provisions for availability-based tariffs that kick-in when the plants are 
not operating. Second, the tariffs regime for RE plants has not, until very recently, included the cost of 
transmission, which has in effect been absorbed by the central government. As a result of this implicit 
subsidy, the bulk of RE capacity has come up in radiation and wind-rich states causing a spatial imbalance 
in installed RE generation capacity creating growing challenges with land aggregation and acquisition, 
particularly for solar RE projects, in states like Rajasthan. It has also led to the rising incidence of stranded 
RE assets as matching grid-connecting transmission infrastructure has lagged the rapid and geographically 
concentrated development of RE projects in a handful of states.

With the rise of intermittent RE in the country’s energy mix, the need for energy storage capacity has 
become urgent. Already SECI and other agencies tasked with managing the bidding process for VRE 
capacity have pivoted away from standalone solar and wind projects. The Indian market is now at the 
initial stages of responding to bids for ‘Firm and Dispatchable RE (FDRE), and Round-the-clock power 
(RTC) which enjoins bidders to bundle wind and solar technologies together and explore co-location of 
battery storage capacity. This new generation of bids poses significant, and yet unknown, risk management 
challenges for RE IPPs. Stand-alone ‘battery only’ contract models are still at a pilot stage using BESS and 
pump hydro technologies.

But these initiatives by themselves will not be enough. This is a critical phase of India’s electricity transition 
where ancillary investments in grid modernization, transmission, and policy intervention to deepen the 
country’s electricity markets are needed to better balance demand-supply mismatches and ensure grid 
stability as the share of RE generation continues to rise.

In parallel with RE expansion, India is pursuing both nuclear power and green hydrogen as long duration 
pillars of its broader energy transition strategy. Nuclear power is increasingly seen as a reliable, low carbon 
source of baseload electricity and a way to reduce dependence on imported fossil fuels. With only 8 GW 
of nuclear capacity installed, India’s nuclear generation is still modest relative to its power system. Existing 
reactors are mostly Pressurized Heavy Water Reactor (PHWRs) based on indigenous technology using 
natural uranium. The longer-term vision is to pursue development of Fast Breeder Reactor (FBR) technology 
to reduce dependence on scarce uranium and ultimately to prepare for a thorium-based future, there being 
a plentiful domestic supply of thorium. India’s nuclear program has made important progress with a locally 
engineered Prototype FBR reaching criticality – or the point where a nuclear chain reaction becomes self-
sustaining. Although commercial viability is still time away, this significant technical validation for indigenous 
design and manufacturing capability. For the shorter term, India is pursuing Small Module Reactors (SMRs) 
for flexible deployment with the goal of developing 5 SMRs by 2033.

India is betting quite heavily on green hydrogen production at commercially viable scale to address 
industrial decarbonization. The National Green Hydrogen Mission targets the production of 5 MT by 
2030. Significant investment by private players has already been made for developing large electrolyzer 
manufacturing capacity with policy support in the form of production incentives. 

While the RE capacity scale-up has the potential to decarbonize electricity generation, decarbonisation 
must also be pursued in hard-to-abate industrial. The goal is to take advantage of cheap solar based 
electricity and scale economies to create Green Hydrogen manufacturing hubs to meet the energy needs 
iv There are hardly any gas-fired plants in the Indian power sector because of the unavailability of gas.
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of the large domestic industrial market at commercially compelling price points. But intermittency lowers 
electrolyzer utilization. Oversized RE capacity, storage, and grid balancing will be required to drive down the 
cost of Green Hydrogen.

3. Role of NTPC in India’s Energy Landscape
Among India’s major SOEs, NTPC (National Thermal Power Corporation Limited) is the largest government-
controlled (51.1%) power generation SOE24.

NTPC is the largest power producer in the country, operating more than 76 GW capacity or 17% of India’s 
power generation capacity and producing over 25% (399 BUs) of the nation’s annual electricity generation 
as of FY2023. Its thermal power fleet is about 62 GW controlled directly or in Joint Ventures (JVs). The rest 
of the capacity is either gas or hydro, and a small but growing share of solar and wind. NTPC has recently 
announced its plan to achieve a target of 130 GW of installed capacity by 2032 from diversified energy 
sources. It aims to reach 60 GW of clean energy capacity by 2032, thereby reducing the share of thermal 
generating assets in its capacity mix6.

NTPC recently carved out NTPC Green Energy Limited (NGEL) for the green business initiatives to 
strategically diversify its portfolio within Green Energies, highlighting NTPC’s commitment to green energy.

Figure 2: NTPC’s Contribution to India’s Power Sector

Source: NTPC Annual Report

Since its inception, NTPC has been responsible for generating reliable and affordable electricity for India. 
Due to the country’s abundant coal reserves, solid fossil fuels have been vital for the country’s energy 
security. Coal has thus been the mainstay of NTPC’s power generation portfolio. But government’s 
commitment to scale up the contribution of renewable energy the landscape for power generation in India 
has been changing rapidly.

With the government’s ambitious climate objectives gaining momentum and the growing affordability 
of renewable energy alternatives like solar and wind power, a reduction in reliance on solid fossil fuel-
dependent electricity production is unfolding. Over the past few years more than 260 GW of private RE 
generating capacity has come up under a competitive bidding regime that the financing eco-system has 
become increasingly comfortable with. In addition, because of the government-led push for roof-top solar, 
off-grid solar generation capacity has seen significant growth. Until very recently, NTPC was absent from 
the RE space. However, as a strategically important SOE, NTPC management and the Government, its 
principal shareholder, understand that the company has a role to play not only in ensuring energy security 
for the country, but also in providing vital support – if not leadership – for the country’s transition towards a 
decarbonized future. 
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Figure 3: NTPC Share in Installed Capacity (GW)

Source: NTPC Annual Report and author analysis

It is in this context that NTPC has initiated its own transition journey and is now actively expanding 
RE capacity in a bid to diversify its portfolio to align its strategy to the country’s declared NDC and 
decarbonization targets. NTPC’s successful transition of its own portfolio could set an important precedent 
for the broader electricity generating sector, especially for the adoption of newer technologies and positively 
impact the country’s energy transition. The ripple effect of NTPC’s transition would be significant, potentially 
catalysing a broader shift within India’s energy sector. There can be no credible transition of the Indian 
power sector without an NTPC transition.

Below is a snapshot of the initiatives undertaken by NTPC so far to expand its clean energy and allied 
businesses portfolio. 

Figure 4: Clean Energy and Allied Business Options for NTPC

RE Generation: NTPC has signaled its ambition to diversify its portfolio aggressively to non-fossil fuel 
technologies. To give this initiative focus it has listed recently established subsidiary company, NTPC 
Green, which will be dedicated to expanding the company’s footprint in this area. NTPC had only 3.3 GW 
of commissioned RE generation capacity as of 2024, but it is chasing a target of 60 GW of RE generation 
capacity by 2032. Most of the installed and under-construction capacity is in the solar PV segment. While 
solar PV has high growth potential, the competitive bidding regime in the segment has led to thinner return 
margins for developers. The same can also be said about the onshore wind segment. NTPC has only 163 
MW of onshore wind capacity which faces high competition and thinner margins. However, the offshore 
wind segment in India currently remains unexplored, with no commissioned capacity as of FY2024. On 
the face of it, this segment offers the opportunity for NTPC to enter and dominate over the coming years, 
although it has no plans or targets for this technology. 

Energy Storage: Given this context, it is imperative that NTPC’s ambitious expansion of its RE capacity be 
implemented in a manner that is mindful of these imbalances and contributes to reducing the systemic risk 
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of technical curtailment and stranded assets arising from geographical and time-of-day demand-supply 
mismatches between electricity demand and supply. It is incumbent on NTPC, as it adds to the country’s 
RE capacity, to lead efforts to ensure the marching growth of storage capacity to mitigate the risk of future 
grid instability. By investing in battery storage technologies, NTPC can leverage scale as no other developer 
public or private of generation capacity to form favourable agreements with upcoming domestic battery 
technology suppliers while also helping develop the industrial supply chain eco-system that India will need 
to attain the national goal of Atmanirbhar Bharat. NTPC has a valuable role to play in facilitating market 
acceptance of emerging business models with limited track record such as FDRE projects that combine 
multiple RE technologies or ‘battery as a service’ business models. 

Nuclear Energy: Nuclear generation assets in India are controlled by Nuclear Power Corporation India 
Limited (NPCIL). However, through announcements in 2016, the government has expressed interest in 
allowing large corporate players to enter the nuclear power generation segment. NTPC has an agreement 
with NPCIL under which two nuclear power generation assets are currently being developed: Chutka 
(CMPAPP 2x700 MW) and Mahi Banswara (MBRAPP 4x700 MW). Leveraging its balance sheet heft, NTPC 
could further scale its nuclear generation capacity, enabling it to remain a key baseload supplier in the 
future electricity generation mix.

Green Hydrogen: As the production of Green Hydrogen is closely tied to the RE generation segment, 
it offers meaningful investment potential for NTPC. The company has already initiated investments in 
the segment through pilots on green hydrogen and alternate chemicals with a planned expenditure 
of approximately USD 42.35 million (INR 350 Crore). Planned infrastructure development includes the 
establishment of India’s first Green Hydrogen Blending Facility in Kawas, Gujarat, which aims to reduce 
approximately 1,000 kg of carbon emissions annually. These pilot projects can be expanded to achieve 
scale and profitability.

Notwithstanding the above, NTPC’s transition is not a done deal. From a long-term perspective, for NTPC 
to effectively lead a seamless low-carbon energy transition, it will need to develop a credible transition plan. 
In pursuit of an appropriate transition pathway, NTPC may consider various business portfolio diversification 
options that progressively reduce the carbon intensity of its portfolio. As NTPC pursues these opportunities, 
the Government of India could provide valuable support by facilitating access to lower-cost funding to 
encourage the company to take on the greater risk of newer technologies and business models and help it 
pave the way towards more ambitious transition pathways for the broader electricity sector. 

4. Developing Transition Plans for NTPC
4.1. Choosing a Reference Pathway for NTPC Strategy

Considering NTPC’s strategic importance its transition strategy needs to be consistent with the country’s 
broader transition plans. While India has set an ambitious goal of achieving net zero emissions by 2070, a 
detailed plan for decarbonization at the national or sector-specific level is yet to be publicly sharedv. In the 
absence of a sectoral pathway in the public domain, multiple studies carried out by reputable organisations 
have been reviewed to identify the most suitable path, which is closest to ground realities for our analysis. A 
summary of the reviewed studies is provided in Annexure I. 

These studies each provide unique and comprehensive scenario-based assessments, quantified using 
analytical models to map out different trajectories and strategies for India’s power sector transformation. 
Table 1 below presents a comparative summary of four prominent modelling exercises.

v Niti Ayog’s Study Report on Scenarios Towards Viksit Bharat and Net Zero is an 11-volume publication that comes closest to an 
official transition plan. It was released after the analysis for our paper was substantially complete. Its projections – which go up to 
2070- for the size and composition of the power sector in 2050 - are remarkably close to the LBNL projections. 
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Table 1: Comparative Assessment of Net/Near-Zero Emissions Pathways for India’s Power Sector
Particulars IEA (2021)

SDS 2040 
LBNL* (2023) McKinsey 

(2022) 
Accelerated 

Scenario

TERI-Shell 
(2021)

NZE Scenario

CEEW (2021)
High H2 w/o 

CCS* Scenario

NZE energy 
system by 
(Year)

Mid-2060s
(NZE)

2050
(near-NZE)

2050
(NZE)

2050
(NZE)

2070
(NZE)

Peak 
emissions 
from energy 
systems (Year, 
GtCO2 eq./yr)

Mid-2020s
~2.4 GtCO2 eq./

yr

Early 2030s~2.2 
GtCO2 eq./yr - - 2040-

Total primary 
energy 
demand/supply 
by NZE year 
(Mtoe/yr)

1147 Mtoe/yr 
(2040)

Of which:
Fossil ~

-

1180 Mtoe/yr

Of which:
Fossil ~13%

Non-fossil ~87%

2200 Mtoe/yr

Of which:
Fossil ~23%

Non-fossil ~77%

-

Peak 
emissions 
from electricity 
generation 
(Year, GtCO2 
eq./yr)

- 2030,
-

2025,
1.3 GtCO2 eq./yr

2023,
1.2 GtCO2 eq./yr

2040,
2.8 GtCO2 eq./yr

Total electricity 
generation/
demand by 
NZE year 
(TWh/yr)

3601 TWh/yr
(Generation)

(~3x 2020 
levels)

6560-7200 
TWh/yr 

(demand)
(~4.8x 2020 

levels)

8902 TWh/yr 
(generation)
(~6.4x 2020 

levels)

8800 TWh/yr 
(generation)
(~4.4x 2020 

levels)

17000 TWh/yr
(generation)
(~13x 2020 

levels)

Share of fossil 
and non-fossil 
sources in 
electricity 
capacity mix in 
an NZE system 
(%, GW)

Fossil – 15%, 
278 GW

Non-fossil – 
85%, 1557 GW

Fossil – 6%,  
224 GW

Non-fossil – 
94%, 3570 GW

Fossil – 0%

Non-fossil – 
100%, 4019 GW

-

Fossil – 0%

Non-Fossil – 
100%, 7647 GW

Share of fossil 
and non-fossil 
sources in 
electricity 
generation 
mix in an NZE 
system (% 
TWh/yr)

Fossil – 14.4%, 
518 TWh/yr

Non-fossil – 
85.6%, 3083 

TWh/yr

Fossil – 4%,  
250 TWh/yr

Non-fossil – 
96%, 6350 

TWh/yr

Fossil – 0%

Non-fossil – 
100%, 8920 

TWh/yr

Fossil – 10%

Non-fossil – 
90%

Fossil – 0%

Non-fossil – 
100%

Peak fossil-
based 
electricity 
generation (yr, 
GW, TWh/yr)

-
2030,

230 GW,
~1250 TWh/yr

The mid-2020s, 
210 – 230 GW,
~1225 TWh/yr

2025-26, ~1500 
TWh/yr -

*LNBL= Lawrence Berkeley National Laboratory 
*CCS = Carbon capture and storage. 
*CEEW = Centre for Environment, Ecology, and Water
*TERI = Tata Energy Resource Institute 

We selected the LBNL pathway as the reference benchmark for India’s electricity sector transition. Based 
on discussions with the Ministry of Power of the Government of India (GoI) and other stakeholders the 2023 
modelling exercise of the Lawrence Berkeley National Laboratory (LBNL), titled ‘Pathways to Atmanirbhar 
Bharat’ (hereafter referred to as the LBNL Pathways), was found to be the most comprehensive and 
the most suitable benchmark for the purposes of our paper. The LBNL Pathways also map out a useful 
trajectory and timeline for the country’s power sector transition, highlighting the importance of placing this 
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sector at the top of sequencing priorities. As it happens, the LBNL Pathways projections are remarkably 
close to the most recent projections of Niti Ayog – the central government’s principal think tankvi7. (See 
Annexure III for details of the LBNL Pathways projections for the power sector). 

The power sector must go ‘green’ ahead of other sectors to prepare the ground for the green electrification 
of the broader economy and to give more time for the harder to abate sectors to navigate their transition. 
Also, crucially from the GoI perspective, the LBNL Pathways also focus explicitly on reducing India’s 
reliance on energy imports and achieving its national energy independence objectives by 20478. It plots a 
systematic but calibrated shift from fossil to non-fossil fuel-based electricity generation broadly aligning 
with GoI’s stated decarbonization objectives. The LBNL model allows fossil fuel-based generating capacity 
to remain as baseload for an interim period and remain in the system even towards the later stages of 
the energy sector transition as capacity to be utilised flexibly with a reduced Plant Load Factor (PLF) for 
peak load management and back-up power, and to ensure grid stability as the integration of RE-based 
generating capacity is ramped up. Aside from focusing particularly on the priorities for the power sector 
transition, the LBNL model also takes account of declared decarbonization goals for transportation and 
industry. It also offers a thorough evaluation of energy emissions for each sector’s pathway over the 2020-
2050 period. The LBNL study lays out two broad scenarios – a baseline reference scenario and a more 
aggressive scenario which sets a potential expedited pathway for the deployment of clean energy. The 
highlights of the LBNL scenarios are summarized below: 

4.2. Highlights of the LBNL Pathway

i.	 Installed solid fossil fuel-based power generation is projected to increase until well into the 2030s 
and before dropping gradually thereafter, peaking at 229 GW. New coal capacity addition is expected to 
replace existing vintage inefficient assets in line with the Ministry of Power’s recent announcement9.

ii.	 200 GW of solid fossil fuel-based capacity is projected to remain in the system even in 2050, 
although operated at low-utilisation levels (with a projected average PLF of 11%). This implies 
that vintage assets which are unfit for flexible operation at low PLFs or that cannot be retrofitted 
economically would be phased out along the way as they fall in the merit order rankings.

iii.	Significant scale-up of renewable energy is projected with capacity additions of over 40 GW/year 
through 2030, ramping up to over 100 GW/year between 2030 and 2050.

iv.	Renewables are projected to make up over 90% of the electricity generation by 2050 with the 
maturing of storage and other technologies and declining cost of associated plant and equipment. 

v.	 LBNL’s more aggressive pathway projects India to be energy independent by 2047 dramatically 
lowering the country’s dependence on oil imports for road transportation, industry and of course power 
generation.

vi.		The model demonstrates how the transition to clean energy is economically beneficial through job 
creation and new economic activity, increased tax revenue for government, better energy security, and 
accrual of net savings of an estimated USD 2.5 trillion (INR 19 million crores) to consumers from lower 
energy costs by 2047. 

4.3. Modelling Scenarios for NTPC Transition Pathways

Given the government supported momentum in the Indian economy behind a shift towards non-fossil fuel 
sources of electricity NTPC cannot remain static. As a key player in India’s power sector, the company 
needs to stay ahead of the coming changes. It has in fact already initiated the process of diversifying its 
portfolio of assets and businesses in anticipation of transformational changes in the sector. It has set for 
itself ambitious targets for expansion of its renewable generation capacity. To maintain market leadership 
and its market share in the country’s fast-changing power generation sector, NTPC appreciates the 
importance of embracing newer technologies, competing with emerging private players, and taking greater 
risks.

To navigate through an evolving energy landscape, NTPC will be required to carefully strategize and 
consider different options for diversifying its portfolio. In what follows, we evaluate different investment 
options and evaluate them based on the costs and portfolio returns they entail for NTPC. The goal is to 

vi Scenarios towards Viksit Bharat and Net Zero – Sectoral Insights (Volume 7) projects Electricity Demand to a range of TWh 6,544 - 
8,070 by 2050, of which ~ 90% is expected to be met by solar and wind based RE generation.
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identify a strategically and commercially compelling portfolio diversification strategy for diversification of 
NTPC’s portfolio of generating assets away from fossil-fuels considering the cost of various mature and not 
so mature technologies available including solar PV, offshore wind, onshore wind, hydro, nuclear, battery 
energy storage systems (BESS). and green hydrogen. These technologies are included as potential choices 
for NTPC’s portfolio based on a combination of factors, including strong policy support, opportunities to 
scale, trends in technology costs, and NTPC’s own capabilities, its experience with existing businesses, and 
its positioning relative to competitors. Note that pump hydro storage and biogas are not included as part of 
NTPC’s diversification strategy.

We have developed a model for the most important of NTPC’s existing and proposed businesses. Our 
model makes projections up to 2050 based on a set of exogenous assumptions including crucially the 
target share for NTPC’s share of the country’s installed capacity and GWh of power generated. The model 
estimates the investment that NTPC will need to make in low-carbon technologies to secure its share in 
the capacity and generation mix of the country’s power sector as it evolves under different scenarios each 
consistent with the LBNL pathway for the transition of the overall electricity sector to 2050. (See Annexure 
IV for a more detailed explanation of the model).

4.4. Key Assumptions

Operational and Financial Parameters 

The following operational and financial parameters were assessed to develop a strategic framework to help 
NTPC make decisions about its transition pathway and related approaches to financing it: 

Table 2: Operational and Financial Parameters of NTPC’s Low-Carbon Business Generation Portfolio
Operational Parameters Financial Parameters
Installed Capacity Capital Structure (Debt/Equity ratio)
Project life Capital Expenditure (Capex)
Gestation period & project life Operations and Maintenance Expenses 

(O&M) (or Opex)
Capacity Utilisation Factor (CUF) Tariff
Efficiency Variable charges (electricity charges and 

water charges)
Water required per kg for GH2 Interest on long & short-term Loans
Emission Intensity Equity IRR 
Auxiliary Consumption Working Capital

1.	 	NTPC installed capacity and market share –, The present installed capacity as reported in the NTPC 
annual report 2024 was used as the starting point for each projection. NTPC’s target market share in 
2050 is a key user input that drives each scenario produced by our model. 

2.	 	Working capital borrowing – Borrowing for working capital has been factored as an input condition for 
the model. The user can assume the size of working capital borrowing for the NTPC balance sheet in 
each scenario.

3.	 	Tariff and tariff escalation period – The tariff for each technology is an exogenous assumption for each 
projection. Our assumptions are based on latest available data tariffs for each technology. 

4.	 	Equity IRR – User input establishes the target equity IRR from each business segment. The assumptions 
used for this purpose are 11% for Solar, Onshore Wind, BESS, and Green Hydrogen; and 13.5% 
for Offshore Wind, Hydro, and Nuclear, respectively. These are based on conversations with NTPC 
management with the underlying logic that NTPC would face greater market competition for solar, 
onshore wind, BESS and green hydrogen than for offshore wind, nuclear and hydro, which are likely to 
be left largely to the public sector to develop. 
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Technical Parameters

Table 3: Key Technical Parameters for Modelling
Technology Project life

(Years)
Gestation 

period
(Years)

Aux. 
Consumption 

(%)

O&M Cost Emission 
abatement 
potential

Solar 25 2 0.75% 1% of capex 0.9 t CO2/ MWh
Onshore wind 25 2 1% 1% of capex 0.9 t CO2/ MWh
Offshore wind 25 2 1% 1% of capex 0.9 t CO2/ MWh
Hydro 40 5 1% 2.5% of capex 0.9 t CO2/ MWh
Nuclear 25 9 10% 0.43 INR Cr./MW 0.9 t CO2/ MWh
BESS (4-hr) 14 1 1% 1% of capex NA
Green 
Hydrogen 25 3 NA 5% of capex 13.9 kg CO2 /kg H2 

Source: Author analysis

The above inputs and parameters are used to develop two illustrative scenarios to guide NTPC’s portfolio 
diversification strategy: 

Scenario A: NTPC maintains a constant 20% market share in overall generation at least cost capital 
outlay – The chosen target overall market share of 20% is lower than NTPC’s current share of total annual 
electricity generation in terms of MWh but higher than its current share of installed capacity in terms of 
MW. In this scenario, the objective is to sustain a 20% market share for NTPC in electricity generation, 
encompassing thermal and renewable sources, while minimising capital expenditure as it pursues an LBNL 
consistent transition pathway to 2050vii. 

Scenario B: NTPC maintains its existing 24% market share in overall generation at least cost capital 
outlay – This scenario focuses on maintaining NTPC’s current 24% market share in annual electricity 
generation in MWh and plots a technology portfolio that minimizes the company’s investment outlay as it 
pursues an LBNL consistent transition pathway to 2050. 

Each scenario assumes a minimum market share of 10% for each technology by 2050, barring green 
hydrogen for which a 5% minimum market share is assumed in line with NTPC’s declared objective of 
developing generation capacity that is diversified across technologies. Each scenario also assumes an 
annual BESS capacity addition equivalent to 20% of the incremental capacity added in intermittent RE 
technologies to ensure that NTPC’s generating capacity is always consistent with systemic requirements 
for grid stability. The scenarios are also constrained to ensure that NTPC meets the targets it has publicly 
declared for each technology by 2032 (see Annexure V). Subject to these constraints, the scenarios 
determine yearly investment targets across technologies, each with slightly different gestation periods, 
in such a manner that NTPC’s market share of generated electricity meets the set target. Each scenario 
then derives the cost of debt required for each technology in its projected portfolio to deliver NTPC 
management’s target equity IRR and it estimates the corresponding project IRRs for each technology. 
This analysis provides some sense for how commercially compelling each portfolio choice is for NTPC. A 
detailed description of the results of the two scenarios is presented in Annexure VI.

4.5. Salient Findings

Scenario A (Maintain constant 20% market share in generation with minimal investment) 

•	 Solar dominance in capacity addition: Not surprisingly, solar emerges as the predominant capacity 
added by NTPC (80%), with 619.5 GW by 2050. The cost of debt required at 7.2% for a target Equity 
IRR of 11% for this technology is comparable to what domestic FIs like PFC and REC are already 
offering NTPC. Solar-based electricity generation alone could abate 5210.2 million tons of CO2 without 
the need for any material concessional capital.

•	 Wind energy for diversification: In this scenario, NTPC adds onshore wind (94.9 GW) and offshore 
wind (42.0 GW) only to meet the imposed constraint of a minimum share of 10% of the market for 

vii Note that our scenario analysis in this paper we have used the LBNL Pathways’ base case projections, not its more aggressive 
scenario.	
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wind-based electricity generation. Accordingly, these technologies will comprise a significantly smaller 
share of NTPC’s generating capacity than solar. While these technologies are on a standalone basis 
less commercially compelling than solar, from a systemic perspective they provide a complementary 
generation profile to deliver stable round-the-clock electricity to the grid. Offshore wind has a better 
project IRR (7.8%) than onshore wind (6.2%) despite the higher capital costs due to much better 
estimated capacity utilization factors, but both need a lower than market cost of debt (3.2-3.3%) to be 
compelling at NTPC management’s 11% and 13.5% target Equity IRR guidance respectively for these 
two technologies.

•	 Hydro and nuclear are capex-intensive but systemically important: Hydro (12.5 GW) and nuclear 
(3.9 GW) would be developed only to their target market share of 10%. But both technologies are useful 
for balancing energy mix and for grid stability services. Both are capex-heavy technologies with long 
gestation periods that need extremely low debt costs (1.3–1.8%) to be viable for NTPC at its target 
Equity IRR of 11%viii. 

•	 Battery energy storage systems (BESS) for grid support: Under Scenario A, BESS in NTPC’s mix 
would have a large capacity of 151.3 GW by 2050, representing 31% of India’s total BESS installed 
capacity. However, a marginal project IRR of 5.4% would mean that standalone BESS projects may be 
financially challenging without concessional debt capital to meet NTPC’s target Equity IRR of 11.0% for 
this technology. 

•	 Green hydrogen is intended for industrial decarbonization but with uncertain commercial 
prospects: With a target capacity of 5% market share in production NTPC is projected to develop green 
hydrogen capacity of 10 GW and 1.4 MMTPA by 2050. However, high production costs and negative 
estimated project IRR driven by the expectation of steadily declining tariffs are barriers to scaling unless 
subsidised financing or policy incentives are provided or the tariff that developers are able to charge falls 
at a slower pace than the projected decline in manufacturing cost. 

•	 	Cumulative Capex and Emission Reduction: Total capex across all technologies under his Scenario is 
estimated at USD 470.0 billionix (INR 39.5 lakh crore), with solar accounting for half or USD 235.5 billion 
(INR 19.8 lakh crore). Together, these technologies would abate 7458 MT of CO₂ per annum by 2050, of 
which solar (5210 MT) and wind (1589 MT) would be the most significant contributors.  
 
While the emissions potential in terms of CO₂ emissions abated per kwh of electricity generated is 
assumed to be the same across all non-fossil fuel technologies, emissions per MW of capacity installed 
varies across technologies. Solar abates 8.4 MT of CO₂ emissions per GW of capacity. Onshore 
wind abates at the rate of 9.3 MT per GW, while offshore wind delivers more significant abatement 
of 17.3 MT of CO₂ per GW of capacity because of Capacity Utilization Factors (CUFs) that are about 
double solar and onshore wind. While hydro abates an estimated 23.4 MT of Co2 per GW of installed 
capacity, nuclear is by far the most effective at over 65 MT per GW of capacity making it the most cost 
effective (measured in terms of dollar of capex investment per MT of CO₂ abated) of all non-fossil fuel 
technologies projected to comprise NTPC’s portfoliox. 

•	 	Financial Viability: Standalone solar is the most competitive technology and requires no concessional 
finance. Onshore wind is less commercially compelling than solar. With an estimated project IRR of 
6.2% compared to solar’s 8.0%, it is relatively unattractive for NTPC. This may seem surprising, but it 
reflects the declining availability of sites offering decent CUFs for wind projects. As a late adopter, it is 
less feasible for NTPC to scale up this technology. Offshore wind delivers competitive project IRRs, but 
it also entails significantly higher implementation risk. For now, commercial capital is unlikely to be easily 
available at a cost that makes it financially compelling for NTPC to achieve its higher (risk adjusted) 
target Equity IRR of 13.5% for this technology.  
 
With significant systemic RE capacity expansion already underway, grid stability is fast becoming a 
challenge. Rapid BESS capacity expansion is the need of the hour. However, unless technology costs 
come down rapidly, developing BESS capacity at scale will require access to below market rate of 
debt (of about 4.9%) and/or targeted policy support for the time it takes for the capex per MW costs to 
decline.  
 

viii Note that the derived cost of debt for nuclear energy is artificially low because of the implicit assumption in the LBNL model of 
declining nuclear plant PLFs. Were nuclear plant PLFs assumed to remain at 80% through the projection period nuclear the derived 
cost of debt would be higher, but likely still lower than our estimates for offshore wind.
ix 1 USD = INR 8441. This is the exchange rate used for the paper’s analysis. Note that the exchange rate as of May 1, 2026, is 1 USD 
= INR 94.	
x Although green hydrogen delivers about 11 MT of Co2 abatement per GW, when transportation costs are factored in, it becomes 
significantly less cost-effective.
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Our analysis shows that neither nuclear nor hydropower can be developed without access to a 
below market cost of debt capital (between 1.3-1.8%) given their capex-heavy nature. Hydro power 
requires long gestation periods (5 years on average), and its development poses several environmental 
challenges which makes it vulnerable to high implementation risk. Nuclear, with even higher per MW 
capital costs and gestation periods, at least for the time being, of over 9 years, requires a similarly 
low cost of debt to make it commercially scalable at the 13.5% equity IRR targeted by NTPC for this 
technologyxi. 

Scenario B (Maintain 24% market share in generation with minimum capital investment)

•	 Solar leads capacity addition: Solar would be the largest addition by 2050, with 809.3 GW, or 84% of 
NTPC’s total renewable energy capacity (as compared with 80% under Scenario A). The 7.3% required 
cost of solar debt aligns broadly with what PFC and REC already offer, so it’s a suitable candidate for 
commercial funding.

•	 Wind energy’s role is diversification: Both onshore (94.9 GW) and offshore wind (42.0 GW) would 
have the same adoption in terms of total capacity as under Scenario A, which means that the share of 
these technologies in NTPC’s total portfolio would be 16% in Scenario B versus 20% under Scenario A. 
Wind projects would require a below market cost of debt of between 3.2-3.3% to make them financially 
compelling in a competitive market.

•	 Nuclear and hydro energy are capital intensive but remain important for baseload: As under 
Scenario A, nuclear and hydro in Scenario would also only de developed to the minimum target market 
share of 10% with the commercial viability of these technologies depending on access to substantially 
lower cost of debt than prevailing market rates. 

•	 BESS is essential for grid stability: Battery Energy Storage Systems (BESS) with 189.3 GW capacity 
would be key to keeping the grid stable with the projected capacity expansion of over 900 GW of 
intermittent power technologies in the NTPC portfolio under this Scenario. However, at today’s capital 
costs, BESS projects on a stand-alone basis would need the cost of debt to be around 4.8%, i.e. below 
market, to deliver NTPC’s 11% target equity IRR for this technology. 

•	 Green Hydrogen would face financial and market challenges: Green Hydrogen with a target 10 
GW capacity and 1.42 MMTPA annual production by 2050 (5% market share in production) could not 
deliver NTPC’s target equity IRR of 11% even on an unlevered basis. Green Hydrogen capex costs are 
projected to continue declining to levels where industry would eventually find it compelling to switch 
from fossil fuels to green hydrogen. But tariffs would have to fall at a slower pace for manufacturers to 
earn a decent return at a market cost of debt. The bottom line is that there is considerable uncertainty 
with respect to the commercial viability of green hydrogen manufacture in India for now.

•	 	Capex and emission abatement: The capacity expansion under this scenario calls for a capex outlay 
of $557 billion (INR 46.8 lakh crores)xii - 15% higher than under Scenario A but with a market share in 
annual generation capacity that is also a fifth larger. This scenario delivers cumulative abatement of 8536 
MT of Co2 across technologies. Of this, solar contributes 6,289 MT, onshore wind 863 MT, and offshore 
wind 727 MT. Nuclear and hydro’s contribution to emissions abatement is relatively small, but their long-
term role in grid stability cannot be ignored. 

•	 	Financial Viability: Even more so than under Scenario A, solar dominates the Scenario B transition 
pathway because it is the non-fossil fuel technology that offers the most compelling commercial value 
proposition for NTPC without recourse to support in the form of concessional funding. Onshore and 
offshore wind—for distinct reasons— both require a below market cost of debt for NTPC to meet its 
equity IRR target thresholds for these technologies. The cost of BESS capex needs to come down 
some, and that of green hydrogen capex very significantly – before these technologies can become 
commercially feasible at scale. Nuclear and hydro need an exceptionally low cost of debt to compensate 
for the heavy burden of capex expenditure and long gestation periods. 

xi The LBNL projections constrain the expansion of nuclear capacity by capping its contribution to annual generation through declining 
plant PLFs. Their model makes the implicit assumption that nuclear is not a feasible technology for scaled up operations in India. If 
plant level PLFs we assumed to remain stable at ~ 80%, nuclear would be commercially compelling at a significantly higher cost of 
debt than 1.2%, albeit still lower than the market rate of debt. 	
xii At an exchange rate of INR 84 = 1USD. At the current exchange rate of INR 94, this would translate to INR 52.3 lakh crore.
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4.6. Implications for NTPC

Relative to competition, NTPC is a late starter in the non-fossil fuel business. Launching NTPC Green is no 
doubt a strong signal about its green ambitions, but the company needs to act with speed to not fall behind 
the market. As the relative share of RE, especially solar PV, generated electricity grows on and off grid, the
younger vintages of NTPC’s coal-heavy portfolio risk becoming less competitive given that their tariffs 
are contractually fixed under long-term power purchase agreements (PPAs) on a regulated return basisxiii. 
Such a tariff regime is advantageous in a market where there is limited competition. But when competition 
from cheaper sources of generation intensifies, NTPC plants could find it harder to dispatch as they slip 
in the merit order and be forced to deal with chronically low PLFs. Already DISCOMs, which are the state 
level monopsonist distribution companies and the main off takers for utility scale electricity generators 
have become reluctant to enter new PPAs that tie them into fixed price contracts. The longer NTPC 
plants operate at PLFs that fall below technical minimum thresholds, the faster the degradation of plant 
and equipment maintenance economics deteriorates. And more importantly, retaining dependable plant 
availability becomes challenging as unplanned outages and downtown increase, eventually threatening 
even revenues from capacity chargesxiv. Under these circumstances, NTPC has no choice but to diversify 
expeditiously into non-fossil fuel generation. Accordingly, under both Scenarios A and B, NTPC’s thermal 
generation peaks in the mid-2030s. Beyond that the company is assumed to manage its thermal assets in 
a way that progressively reduces their PLF and plants of older vintages—after an extended economic life 
of 40 years—that fall below a technically manageable minimum PLF are mothballed. (See Annexure VII for 
details).

That said, NTPC faces notable inertia in transitioning its portfolio toward renewable energy and other 
low-carbon technologies. NTPC has been accustomed to regulated return tariff regimes. These tariff 
mechanisms have historically been offered for NTPC’s largely thermal portfolio which has allowed NTPC to 
expand coal generating capacity on the back of long-term PPAs that provide guaranteed returns of 15.5% 
on NTPC equityxv. In contrast, most renewable energy technologies operate in a competitive bidding tariff 
environment. This leads to lower tariffs and narrower margins. Consequently, as NTPC looks to expand 
its VRE generating capacity it cannot expect the same project level IRRs that it has been enjoying on its 
coal and hydro projects. Recent solar power auctions in India have seen tariffs as low as USD INR 2.5/ 
kWh, compared to tariffs of INR 3.91/kWh that NTPC has been getting on its thermal portfolio10. This vast 
difference in tariffs means that NTPC and its principal shareholder, the Government of India, will have to 
accept narrowing margins as they look to diversify away from thermal generation.

Any solar PV based transition pathway is likely to place further downward pressure on NTPC margins - at 
least in the short term - because of the need to supplement any expansion of VRE generation capacity with 
adequate storage capacity so as not to worsen the grid stability challenges that have grown as the share 
of intermittent sources of grid electricity have grown. As our scenario analysis shows, at the current cost 
of BESS technology, its adoption at scale would be challenging without some policy inducement and/or 
concessional financing. 

On the other hand, as a state-owned company NTPC has a special role to play in the country’s electricity 
transition. It needs to be the supplier of last resort at a time when energy security has become a strategic 
national priority and as India pursues its goal of achieving developed country status by 2047. Second, 
NTPC as the largest electricity generator in the county, has on obligation to help secure reliable baseload for 
the national grid. And third, NTPC can and should play a leadership role in commercially promising industry 
segments and technologies where the market will take time to follow. Given its mandate, NTPC cannot 
focus narrowly on commercial considerations alone. NTPC must tread a fine balance between commercial 
and public policy considerations as it embarks on diversification of its portfolio. 

From the scenario analysis of the foregoing sections, it is abundantly clear that the least cost transition 
pathway for the company would be for it to pursue only solar PV for its non-fossil capacity expansion. 
But considering escalating concerns about grid management, NTPC solar expansion at scale without 
complementary development of battery storage capacity would not serve the national interest. An 
appropriate strategy to develop would be for NTPC to pursue solar PV and BESS simultaneously with some 
targeted and temporary government support for the latter until technology costs come down a bit further. 
Indeed, government has announced a regulated tariff regime to be applicable to public sector companies 
xiii A regulated return tariff is a two-part tariff that comprises a) a capacity charge fixed at a rate that provides a minimum guaranteed 
return to the generator’s equity; and b) a variable charge that covers variable fuel costs.
xiv To be eligible for capacity charge payment, a plant must prove technical availability for a minimum period annually.	
xv Regulated return PPAs are offered on hydro and nuclear projects.	
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- notably NTPC - to supply battery storage services to the grid. The problem with this approach is that it 
protects the commercial interest of the service provider at a cost to the taxpayer and/or the consumer who 
could end up paying higher prices for grid electricity as a result. It also risks habituating NTPC to take no 
risk in its pursuit of diversification. Rising electricity costs risk jeopardizing popular and political support 
for the transition. The public policy goal ought to be to reduce as much as possible the cost of electricity 
through the transition while preserving NTPC’s commercial vigour. The better policy choice would be to 
support access to concessional financing to help NTPC scale solar PV with BESS storage services at an 
accelerated pace at a market competitive price, but only for a temporary period.

Onshore wind expansion at scale does not make as much sense for NTPC because the best sites for wind-
based generation have already been taken up by competition and this technology is likely to become less 
commercially compelling in India with the passage of time. Offshore wind offers greater techno-commercial 
promise. But it is still in initial stages of development. With the robustness of leases for offshore sites and 
their contractual basis still not fully established implementation risks remain high. And although significant 
potential has been identified off the coast of Gujarat and Tamil Nadu, there is considerable work to be done 
to lay the technical, institutional, and commercial foundations for large-scale offshore wind deployment in 
the country. Under the circumstances, it seems premature for NTPC to make any major commitment at this 
point to take a leadership position in this market segment.

High capital costs, long gestation periods, the challenge of finding appropriate sites and navigating the 
associated environmental challenges make hydro power an unlikely choice as one of the anchors for 
NTPC’s diversification strategy. Although NTPC is pursuing several pilots in green hydrogen manufacturing, 
the commercial viability of this technology will depend on the pace at which the cost of the technology 
declines relative to tariffs in a market that is likely to be very competitive with several deep-pocketed private 
players already in the fray. This means that the commercial viability of green hydrogen manufacturing is still 
quite uncertain for NTPC.

That leaves nuclear power as the only other non-fossil fuel technology that NTPC could seriously explore as 
core to its diversification strategy. While it is true that nuclear’s capex expenses are materially higher than 
hydro, as is also the average gestation period for new nuclear projects, recent developments around small 
modular reactor (SMR) technologies offer the prospect of lower capex costs and shorter implementation 
periods. From a systemic point of view, nuclear is attractive because it is a green technology that is suitable 
for baseload generation. Nuclear plants have long lives and can be operated at superior PLFs (upwards of 
80%). Besides, given the sensitivity around nuclear technology NTPC would almost certainly benefit from 
the fact that this sector is unlikely to be left to the private sector to develop. Given this context, there is a 
case to be made for NTPC to pursue development of nuclear generating capacity with active support from 
government.

In sum, our scenario suggests that a sensible portfolio diversification strategy for NTPC would be one that 
focusses on expansion of solar based generation with complementary development of battery storage and 
nuclear generation capacities. This strategy would be pursued in parallel with systematic efforts to manage 
NTPC’s portfolio of thermal assets, which would become a progressively smaller part of its portfolio albeit 
in a manner that does not jeopardize the availability of inadequate stable baseload electricity to the national 
grid during the system’s transition towards non-fossil fuel based technologies, and such that NTPC’s 
remaining coal plants can be used as a reliable source of backup power in the long term. Such an approach 
is likely to provide NTPC the best balance between its commercial objectives and its broader public policy 
obligations as a strategically important SOE with a vital role to play in: a) ensuring adequate electricity 
supply to meet the country’s growth ambitions; b) securing grid stability during the country’s electricity 
transition; and c) leading with adoption of new technologies important to the nation’s energy security. This 
path will not be an easy one to tread because it will mean more risk taking and, at least for a period of time, 
also narrower margins as the company expands its footprint in VRE technologies and as it takes on the 
burden of developing technologies which at today’s costs are unlikely to deliver project level equity IRRs 
that the company has been hitherto accustomed to. Temporary access to some consessional financing 
would greatly strengthen NTPC’s efforts to overcome internal and shareholder resistance to embrace an 
aggressive program of portfolio diversification away from thermal assets and also pave the way for broader 
market acceptance of non-fossil fuel technologies, which are presently perceived to be too risky or too 
costly for large scale commercialization.
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5. Nature and Scale of Financing Requirements
5.1 Investment Needs

A transition pathway for NTPC that is LBNL aligned would require investments in the range of USD 470 
to 556 billion across our two scenarios between 2024-2050. For NTPC to retain its 24% market share 
in electricity generation, ensure round-the-clock reliability through adequate energy storage, achieve a 
minimum 10% share in nuclear and a 5% market share in the production of green hydrogen by 2050, 
these numbers are probably on the low side. They represent between 15-20% of total all India investment 
requirements for generation and storage capacity projected under the most recent Niti Ayog Viksit Bharatxvi 
report for the period 2025-50xvii. Assuming a project level debt equity ratio of 80:20 this translates into a total 
requirement of USD 376 to USD 445 billion, or between USD17 and USD 21 billion annually in debt finance 
over the next 25 years.

5.2. Role of International Financial Support

In its recent publication on India’s journey to Viksit Bharat and net zero, NITI Aayog estimates that India 
will need about USD 8.1 trillion in investment between 2025 and 2050 to become a USD 30–31 trillion 
economy by 2047 while staying aligned with its 2070 net-zero target. This is USD 2.3 trillion more than 
would be required under a current-policy or business-as-usual pathway, which would still enable India to 
reach developed-country status but with weaker climate alignment. The additional investment equals about 
2–2.5% of 2025 GDP each year, with about 70% needed for the power sector. To mobilize this scale of 
funding, household savings would need to rise by about 1-2% of GDP above the 2024 levelxviii. India would 
also need to rely more on external savings. In practical terms, this means managing a current account 
deficit of about 3–3.5% of GDP in a macroeconomically stable way. Mobilizing domestic savings and 
expanding access to external capital both are therefore essential to support a smooth transition pathway for 
Indiaxix.

Despite growing engagement from global commercial financial institutions, overall external funding for 
green investing remains modest. Part of the reason is that foreign currency denominated debt finance 
poses currency mismatch risks and is not cost competitive for the long-term debt funding needs of climate 
aligned investment projects. Much of the expansion in RE and other non-fossil fuel generation capacity, 
investment in storage capacity, and development of grid infrastructure would need to look to domestic 
markets for affordable long term debt finance. Keeping this in mind, NTPC should seek: a) to diversify its 
domestic sources of long-term debt finance; b) to mobilize equity funding from investors, as well as deep-
pocketed equity and technology investors from abroad; c) to partner with investors who can help crowd-in 
rupee-denominated long-term commercial debt at scale; and d) to engage with providers of cross-border 
concessional finance. NTPC should actively work with philanthropic and impact capital providers, as 
well as MDBs, development banks, and other sources of concessional funding to co-design innovative 
sustainability-linked bonds, blended finance solutions, and risk mitigation products.

5.3. Potential Financial Support Mechanisms for NTPC

•	 	Risk Mitigation Mechanisms: Instruments such as guarantees, and risk-sharing frameworks are critical 
to help companies like NTPC manage uncertainties in the renewable energy market. The World Bank’s 
Scaling Solar Program, which has successfully de-risked solar investments in Africa, could serve as a 
model for India’s energy sector.

•	 Support for Technology Deployment: Advanced technologies like PFBR for nuclear, and green 
hydrogen production require risk capital to get to commercial viability. NTPC could look to attract equity 
partners for the development of these businesses. 

xvi India with developed country status.	
xvii This report projects that India will need to invest between up to 3.7 trillion between 2025 and 2050 just in generation and storage to 
meet electricity demand in a manner that is consistent with economy wide NZ by 2070.
xviii India’s household savings rate was 19% of GDP in 2024, of which only an estimated 11% of GDP equivalent was estimated to 
be intermediated through the financial system. Indian households spend heavily on gold as a store of wealth. Such expenditure 
amounts to unproductive consumption in GDP accounting terms. Household savings – and thus overall savins –could, for example, be 
increased by incentivizing people to invest in appropriately remunerative and safe financial instruments rather than gold. These goals 
are withing reach. At its peak, India’s savings rate was upwards of 34% in 2007. (Source: World Bank) 
xix India’s household savings rate was 19% of GDP in 2024, of which only an estimated 11% of GDP equivalent was estimated to 
be intermediated through the financial system. Indian households spend heavily on gold as a store of wealth. Such expenditure 
amounts to unproductive consumption in GDP accounting terms. Household savings – and thus overall savins –could, for example, be 
increased by incentivizing people to invest in appropriately remunerative and safe financial instruments rather than gold. These goals 
are withing reach. At its peak, India’s savings rate was upwards of 34% in 2007. (Source: World Bank) 
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•	 Transition Bonds: Transition bonds help companies and sectors shift from high-emission activities to 
cleaner, more sustainable operations. In 2022, global issuance reached USD 2.5 billion, led by Japanese 
companies. However, taxonomy regulations make it difficult—especially for European investors—to 
participate in Asian markets.

•	 Sustainability-Linked Bonds (SLBs): SLBs are financing instruments linked to specific environmental, 
social, and governance (ESG) targets. They can reduce a company’s funding costs when predefined 
sustainability goals are met, aligning financial incentives with long-term climate objectives. As of Q3 
2024, the global SLB market had reached USD 55.4 billion, underscoring its growing importance in 
sustainable finance32. NTPC could use SLBs to fund renewable energy projects, support India’s climate 
goals, and access cost-efficient capital.

•	 Blended Finance Mechanisms: Blended finance combines concessional capital (e.g. grants, 
concessional loans) with commercial funding to de-risk large-scale renewable energy projects. This 
is key to attracting development finance institutions (DFIs) and private investors. By combining 
concessional capital with commercial capital from institutional investors, NTPC could make renewable 
energy projects more bankable.

5.4. Blended Capital in Support of NTPC’s Transition: A Proposal

Our analysis shows that for its diversification strategy, the required rate of interest on debt financing 
ranges from 1% to 7.1% for NTPC to meet its equity return targets depending on the choice of technology 
compared to the 7.9% coupon it is paying on a recently issued rupee-dominated bond. Our recommended 
pathways for NTPC focus on a combination of three technologies: solar PV, BESS, and nuclear. This choice 
of technologies makes sense because it is reliant on concessional financing. The bulk of financing is for 
solar, which is mostly at commercial rates. At the current cost of capex, BESS does require some support 
in the form of debt priced modestly below market. However, given the pace at which capex costs are 
declining, there is a strong chance that such support would be required only for a brief period. And although 
BESS capacity expansion by itself does not deliver emissions reduction, it is systemically vital for the 
absorption of intermittent power into the grid. There is, we believe, a compelling case for targeted blended 
finance support for NTPC’s BESS capacity expansion plans.

The trajectory of adoption of nuclear technology is more uncertain. which is why our analysis shows that it 
requires below market cost of debt to be financially compelling currentlyxx. NTPC has the potential to play 
a vital catalytic role in making nuclear generation a commercially bankable proposition in India. Blended 
finance support for NTPC’s nuclear investment plan could deliver meaningful impact with important long 
term systemic benefits.

NTPC could attract global concessional funding through a well-designed investment program that targets 
the most critical elements of its transition plan. Institutions such as the Green Climate Fund (GCF) and the 
Climate Investment Funds (CIF) have committed substantial resources to support energy transitions in 
developing economies. Programs such as Financing Asia’s Transition Partnership (FAST-P) could provide 
an additional, though limited, source of concessional capital. Multilateral development banks (MDBs) are 
another important source of lower-cost external financing and could help crowd in much larger pools 
of commercial capital for the riskier, but strategically important businesses NTPC must develop to build 
credibility and momentum for its transition plan.

5.5. Designing an Effective Blended Finance Facility for NTPC’s Transition

NTPC’s plans call for expansion from 76 GW in 2024 to 150 GW of installed capacity by 2032. Its coal 
capacity is to expand from 69GW to 96 GW – some of this is already underway as part of its commitment to 
government to ensure sufficient baseload supply for India’s rapidly growing electricity demand. RE capacity 
is to grow from under 5 GW presently to 60 GW over the same period. In the base case NTPC aims to 
increase its share of non-fossil fuel-based electricity generation from a paltry 4% to 38% of its portfolio in 
under 8 years. For this purpose, it has listed a subsidiary company, NTPC Green Energy Ltd. (NTPCGEL), 
to focus on building its VRE, Green Hydrogen and related businesses (including the manufacture of 
green chemicals, notably ammonia). It has now also created a separate subsidiary company to pursue 
development of its nuclear generating capacity.

There is an opportunity to raise NTPC’s ambitions for its green transition through constructive engagement. 
NTPC may be willing to accelerate renewable energy expansion beyond its base-case business plan—and 
xx Probably in the range of 3-3.5% (see Annexure VI for more detail)	
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potentially reduce planned coal additions—provided that (a) it can deliver the same target level of baseload 
electricity generated (to comply with the government’s energy security goals); and b) it is commercially no 
worse off than under its base case plan.

However, a pathway that replaces some coal expansion with higher renewable energy (RE) capacity would 
generate lower cash flows than the base case because it requires greater upfront capex for two reasons. 
First, 3.3 MW of installed solar or wind capacity is needed to produce the same amount of electricity as 1 
MW of coal capacity. Second, each additional 1 MW of RE capacity requires 0.2 MW of incremental battery 
storage capacity to support the system and avoid grid instability problems. If a targeted blended finance 
facility could lower the cost of incremental debt needed for the more RE intensive or ‘accelerated transition’ 
pathway to the point where the equity IRR it generates is the same as under the base case, then NTPC 
could opt for the more climate aligned pathway without fear of being accused of making compromises on 
profitability.

Tables 4 and 5 below show that it would take a concessional returnable grant (with zero interest rate and 
10-year repayment period) of about USD 180 million to persuade NTPC to build 6 GW of coal generation 
capacity less than under its base plan up to 2032 and replace this with 18 GW of solar generation capacity 
more than its base plan along with an incremental 4 GW of 5-hour BESS capacity so that it is able to 
generate the same MWh of electricity in 2032, as it had targeted under the base case while earning the 
same rate of return and not adding to the risk of grid instability. Another way of looking at it is that a 
returnable upfront grant of USD180 million would be enough to allow NTPC to raise $3.6 billion more of 
commercially priced debt than it would have under its base case to fund an all green investment program 
– USD 1 in concessional finance would crowd-in 20x in commercial debt to fund an all green investment 
program that would deliver an equity IRR to NTPC that would be comparable to what it would have earned 
had it developed 6GW of coal generation capacity instead. 

Providers of blended finance for the above arrangement should be satisfied that: a) their financing would 
deliver meaningful impact - NTPC’s fossil fuel emissions intensity would decline from an estimated 
0.72 kg per kwh under the base case to 0.66 kg per kwh, a 19.4% reduction over a period of 7 years; 
b) outcomes would be monitorable and measurable given that NTPC and NTPCGEL are publicly listed 
companies with audited results; c) it is possible to structure the facility as a sustainability-linked loan/bond 
with use of proceeds restrictions, and with disbursements or tranches linked to measurable performance 
milestones; and d) the funding need not be project specific but could be delivered to NTPCGEL balance in 
a programmatic manner, thus creating a blended finance mechanism with scale, one that is not fragmented 
across multiple small transactions.

Table 4: Proposal for Blended Finance Framework for NTPC
Current 
installed 
capacity

Reference 
Case/ 

Base Case 
Pathway

Accelerated 
Transition 

(AT) Pathway

Change 
relative to 
Base Case

 Fixed 
Investment 
for NTPC in 
AT Pathway

Debt required 
for (AT 70:30 

debt to equity)

Total installed 
generating 
capacity GW

76 155 173 +18 GW - -

o/w Fossil Fuel 69 95 89 - 6 GW ($6.9 billion) ($4.8 billion)
RE capacity
Battery Storage

3
0

60
 0

84
 4

+24 GW
 +4 GW

$9.2 billion
$2.8 billion

$7.8 billion
$2.0 billion 

Net incremental 
fixed investment - - - - $5.1 billion $3.6 billion

Billion Units 
of electricity 
generated

- 610 610  None - -

Fossil fuel 
intensity: 
CO₂ per unit 
of electricity 
generated

- 0.72 kg/kwh 0.66 kg/kwh - - -
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Table 5: Deriving the Cost of Debt that Would Equalize the Returns of the Two Pathways**
Unit Blended finance Scenario

Solar Equivalent Capacity of  
1 GW of coal-based generation  GW 3.3 

Total Solar capacity  GW 19.5 
BESS capacity  GW 3.9 
BESS capacity  GWh 19.5 
Required Interest rate for solar  % 6.9%
Required Interest rate for BESS  % 3.8%
Debt requirement for Solar  USD billion 6.4 
Debt requirement for BESS  USD billion 2.0 
Wt. Avg CoD (Solar + BESS)  % 6.2%
Degree of Concessionality  % 0.7%
Total Concessionality  USD billion 0.33
Total Concessionality NPV  USD billion 0.18

** Assumptions
•	 Coal plants (thermal power plants or TPP) follow regulated return, RE follows competitive bidding model.
•	 Return on Equity (for TPP, Solar & BESS) = 15.0% which is comparable to the 15.5% equity IRR that NTPC would earn under a 

regulated tariff regime for coal plants but on a relatively smaller capital investment.
•	 Debt: Equity ratio = 70:30
•	 Thermal PLF = 65%
•	 Solar CUF = 20%
•	 BESS capacity = 20% of solar with 5 hours capacity
•	 Market interest rate = 6.9% (based on NTPC consolidated debt)
•	 Solar tariff = INR 2.4/kWh
•	 BESS tariff = INR 3.2/kWh
•	 Discount rate is 8.2% (estimated NTPC weighted average cost of capital)
•	 Exchange rate INR 84 = USD1

From NTPC’s perspective, the proposed facility offers support for a diversification pathway that delivers 
accelerated decarbonization without compromising the company’s national obligations or financial targets. 
Under the accelerated transition pathway, NTPC would end up with an RE share in installed capacity that 
is 47% versus 38% under the base case and a non-fossil fuel share in generation of 19% versus 13%. This 
should enhance credibility of NTPC’s transition plans and could be constructive for the market valuation of 
NTPCEL.The concessional portion of the blended finance facility could be structured in several ways. For 
example, it could be paired with a long-tenor MDB loan—say, with a 50-year maturity—to reduce the size of 
the grant component required.

Although we have looked only at a scenario of accelerated investment in wind and solar technologies for 
NTPC, it could be interesting to build a similar facility that is tied to an above base case expansion of the 
company’s nuclear capacity. As we have noted in our scenario analysis, given higher capital costs, longer 
gestation periods, higher operating expenses, and a generally less mature policy and regulatory eco-
system, developing 1 MW of nuclear would require a significantly lower cost of debt to be compelling on a 
purely commercial basis for NTPC relative to 1 MW of solar with 0.2 MW of complementary BESS capacity. 
It might be worth estimating how much concessional funding would be required to help NTPC accelerate its 
plans for nuclear expansion to say 0.5–1.0 GW above its current base case plans between now and 2036. 

The analysis of this paper suggests that the amount of concessional funding per MW of nuclear capacity 
required may not be unmanageably large, especially for SMR nuclear plants that could be developed in 
a modular fashion at lower cost and faster speed. Given the current geo-political circumstances such a 
facility could well be more interesting to NTPC and the Government of India than the one proposed in this 
paper. And from the perspective of providers of blended finance supporting an above base case nuclear 
investment plan could deliver greater systemic impact than a solar + BESS focussed plan for NTPC and 
for India’s power sector transition more broadly for which scaling up a reliable non-fossil fuel solution for 
baseload electricity supply is of vital strategic importance.
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6. Concluding Thoughts
In conclusion, the broader goals of sectoral shift to low carbon solutions, retrofitting/mothballing/retiring 
of profitable assets, balancing of RE for grid stability, and the continued need for energy security – all 
provide persuasive arguments for financial assistance and incentives for NTPC to play a lead role in India’s 
electricity transition. Given the enormous investment requirements for the transition, India and NTPC need 
to actively explore intelligent ways of accessing external capital and catalysing log-term rupee denominated 
debt finance. Initiatives that bring down the cost of debt finance can have a significant impact on the pace 
and ambition of NTPC’s transition. 

This paper provides a framework for how blended finance could be deployed and offers a methodology 
for how to estimate the appropriate proportion of concessionality required to maximize impact. It also 
makes the case that the sums involved are not beyond the realm of what may be transactionally feasible. 
Specifically, it demonstrates how concessional capital of USD 0.18 could allow NTPC to raise 20x in 
commercial debt to fund an all green investment program that could deliver a similar equity rate of return 
but with a near 20% reduction in the emissions intensity of its overall portfolio compared to what it would 
achieve under its base case plans. 
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7. Annexure
Annexure I: Summary of Studies of Decarbonization Pathways for India’s Energy Sector 

Source Description Scenarios Clean Technologies Pros/Cons
IEA (2021). 
India Energy 
Outlook.

Assessment of post-
COVID outlook for 
India’s energy system 
and individual sectors 
under different policy 
scenarios, up to 2040.

STEPS (Stated Policies Scenario) assumes steady post-
COVID recovery. Considerations for this pathway include:
1. Policies by the Government of India and others around the

world.
2. Broad energy and environmental objectives are met to

the extent that they are backed by specific measures
and funding and limited by regulatory, financial, and
administrative barriers.

The sustainable development scenario aligned with the Paris 
Agreement goals, under which India achieved NZE by the 
mid-2060s. 

• RE (solar, onshore
wind, offshore
wind, biomass,
hydro)

• Nuclear
• EVs
• GH2 (electrolysers)
• Li-ion batteries

Pros:
• Focused on the energy

sector.
• Predicts coal phase-

down based on
economic unviability.

• Data on technology
capacities and
investments.

Cons:
• Outlook only up to 2040.

Figures for the NZE year
are not available.

• Does not account
for the 2047 energy
independence target.

LBLN, ICC 
(2023). 
Pathways to 
Atmanirbhar 
Bharat.

Assess a pathway 
for India to meet 
its growing energy 
needs, decarbonize 
its energy sector, and 
achieve near-energy 
independence by 
2047. Uses detailed 
energy-emissions 
PLEXOS models 
for three sectors: 
power, transport, and 
industries from 2020-
2050.

The reference scenario projects historical and current trends 
in clean energy deployment, assuming the current pace of 
progress on existing targets and commitments. This pathway 
includes:
1. generation by 2030 (>3,50 GW non-fossil capacity) and

60% by 2047.
2. 45% electrified new vehicle sales by 2035 for two-wheelers,

24% for passenger cars, and 12% for medium and heavy-
duty vehicles.

3. Industrial production remains dominated by fossil fuels.
CLEAN India scenario incorporates the potential for rapid and
cost-effective clean energy deployment that is commercially
available today. It models a pathway that achieves:
1. Current 2030 RE targets (>500 GW non-fossil capacity),

80% clean generation by 2040 and 90% by 2047.
2. Nearly 100% electrified new vehicle sales by 2035 in all

vehicle categories.
3. Shift to green hydrogen and electrification in industrial

• RE (solar, onshore
wind, offshore wind,
biomass, hydro)

• Nuclear
• EVs
• G-H2 (electrolysers)
• Li-ion batteries

Pros:
• Focused only on the

energy sector
• Considers India’s

announced national and
sector-level targets.

• Predicts coal phase-
out based on economic
unviability.

• Uses an open-source
model.

• Data on capacities and
investments.

Cons:
• Does not have details on

T&D infra.
• Limited information on

the reference scenario.
25
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 production as a replacement for coking coal, natural gas, 
and oil.

Not a projection but a pathway modelled to achieve specific 
objectives.

•	 Limited information 
about trajectory and 
investments in G-H2.

McKinsey 
(2022). 
Decarbonizing 
India.

Uses McKinsey’s 
Decarbonisation 
Scenario Explorer for 
an in-depth analysis of 
ways to decarbonize 
the six sectors that 
contribute about 
70% of India’s overall 
emissions: power, 
automotive, aviation, 
steel, cement, and 
agriculture.

Under the Line of Sight (LoS) scenario, power sector 
emissions peak in the early 2030s and reach net zero by 2070 
(overall emissions peak after 2035 and do not reach net zero by 
2070). It considers:
1.	 Implementation of India’s NDC, current (and announced) 

policies.
2.	 Technology advancement as per the current trajectory.
3.	 A shift in demand to sustainable alternatives in selected 

areas (e.g., EVs).
Under the Accelerated scenario, power sector emissions peak 
in mid-2025 and reach near-zero by 2050 (overall emissions 
peak post-2025 and reach near-zero by 2070). It considers:
1.	 Adoption of new climate policies such as carbon pricing.
2.	 Technology breakthroughs 
3.	 An accelerated shift to sustainable consumption in end-use 

sectors.
The LoS scenario resembles a projection, and the AT scenario 
is an alternate pathway.

•	 RE (solar, onshore 
wind, offshore wind, 
hydro, biomass)

•	 Nuclear
•	 EVs
•	 G-H2 (electrolyzer)
•	 Li-ion batteries
•	 Pumped hydro

Pros:
•	 Data on investments in 

T&D infra.
•	 No forced retirement in 

the LoS scenario.
•	 Detailed data on 

technology capacities 
and investments 
(including GH2).

Cons:
•	 Does not explicitly 

consider energy 
independence.

•	 The accelerated 
scenario considers early 
retirement.

•	 Limited details on the 
reference scenario.

TERI/Shell 
(2021). 
Transforming 
to a net-zero 
emissions 
energy system

An evaluation of India’s 
current options and 
limits across each 
energy sector and sub-
sector, assessing the 
technology and policy 
options that can help 
the country accelerate 
towards NZE by 2050, 
not a projection but a 
pathway. 

NZE Scenario: assesses whether adequate solutions exist to 
fully decarbonize the sector and/or examine the level to which 
each sector could theoretically move to net-zero emissions 
by 2050. The NZE scenario is ambitious and assumes that 
all social, infrastructural, and behavioural barriers can be 
overcome if the technologies are available. It considers:
1.	 Accelerate the mass deployment of clean technologies,
2.	 Support energy-efficient and low-carbon choices; and
3.	 Remove unavoidable emissions.
Towards Net-Zero (TNZ) scenario: highlights the barriers to 
change that might emerge in achieving the NZE scenario. It 
considers:
1.	 Technological and behavioural constraints to electrification,
2.	 Delayed uptake of G-H2, especially in industrial sectors 

and
3.	 Biomass availability constraints.

•	 RE (solar, onshore 
wind, offshore 
wind, hydro, 
biomass)

•	 Nuclear
•	 EVs
•	 GH2
•	 Storage 

(unspecified)

Pros:
•	 Focused only on the 

energy sector
•	 Predicts coal phase-out 

based on economic 
unviability.

•	 Data on overall trends 
available.

•	 It has some relevant 
data on the final energy 
consumption mix.

Cons:
•	 Dated - does not 

consider India’s recent 
targets.

•	 Does not have details 
on T&D infra.
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•	 Limited details on the 
reference scenario.

•	 Granular data by 
technology, sector, and 
investments are limited/
unavailable.

•	 Limited details on H2.
World 
Economic 
Forum (2021). 
Mission 2070: 
A new green 
deal for net 
zero India.

Lays out a framework 
(Green New Deal) for 
creating green growth 
momentum in India. 
The study considers 
two horizons: short-to-
medium-term (2030) 
and longer-term (2070), 
aligned with India’s 
NZE goal. 

No scenarios (The study presents a qualitative analysis of 
decarbonization pathways for major emitting sectors and 
the role of clean technologies. Quantitative scenarios are not 
available).

•	 RE (solar, wind)
•	 G-H2
•	 Biofuels
•	 EVs
•	 CCU/S

Pros:
•	 Includes 

decarbonization 
solutions for all major 
emitting sectors.

•	 Includes estimates on 
investment opportunities 
in different sectors.

Cons:
•	 Limited data on the 

baseline scenario.
•	 Treats energy as 

a separate sector 
(whereas it is cross-
cutting across sectors).

•	 Does not provide 
a quantitative 
decarbonization 
pathway. 

CEEW (2021). 
Peaking and 
net-zero for 
India’s energy 
sector CO2 
emissions.

A Global Change 
Analysis Model 
explored alternative 
peaking and net-
zero scenarios for 
India, highlighting 
implications for major 
emitting sectors 
(power, transport, 
industries, buildings, 
and refineries). A top-
down approach that 
limits pathways based

16 scenarios modelled, varying by peaking-year/net-zero-
year (2030/2050, 2030/2060, 2040/2070, 2050/2080), and 
availability of CCS and GH2.
Reference Scenario:
1.	 No dedicated climate policy.
2.	 Emissions will continue to increase and peak by 2075.
3.	 Increasing electrification, electricity generation, and 

penetration of RE.
2040-2070 high hydrogen, low CCS scenario (pathway 
assumed to be most realistic and in line with India’s NZE goal):
1.	 Emissions decline linearly after peak year, constrained by 

climate policy. Global emissions peak by 2025 (no carbon 
leakage).

•	 RE (solar, wind, 
biofuels)

•	 Nuclear
•	 EVs
•	 GH2
•	 CCS
•	 Storage 

(unspecified)

Pros:
•	 Includes 

decarbonisation 
pathways for all 
significant emitting 
sectors.

•	 Includes cost estimates.
•	 Includes a reference 

scenario.
•	 Includes detailed sector 

and technology-level 
quantitative pathways 
and data.

27



28

on emission peaks and 
net-zero targets.

2.	 India’s energy sector emissions will peak by 2040 and reach 
net zero by 2070.

3.	 Rapid electrification, electricity generation, and RE 
penetration

Cons:
•	 Assumptions are not 

very realistic.
•	 Does not account for 

recently announced 
targets.

•	 Inconsistencies 
in modelling data 
(emissions do not seem 
to reach net zero, as 
shown in figures of 
pathways).
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Annexure II: List of Initiatives by Government of India to Promote Renewable Energy

The Government of India has taken several steps to attract investments in the renewable energy 
sector, some of which are given below:
•	 FDI in the renewable energy sector is permitted up to 100% under the automatic route.
•	 Set up a Project Development Cell to attract and facilitate investments.
•	 Declaration of trajectory for Renewable Purchase Obligation (RPO) up to 2029-30.
•	 Setting up Ultra Mega Renewable Energy Parks to provide land and transmission to RE 

developers to install RE projects on a large scale.
•	 Laying new transmission lines and creating new substation capacity under the Green Energy 

Corridor Scheme to evacuate renewable power.
•	 Launch schemes such as Pradhan Mantri Kisan Urja Suraksha Evam Utthaan Mahabhiyan (PM-

KUSUM), Solar Rooftop Phase-II, 1200 MW CPSU Scheme Phase II, etc.
•	 Launch of National Green Hydrogen Mission to make India a global hub for
•	 Production, utilisation, and export of Green Hydrogen and its derivatives.
•	 Notification of Promoting Renewable Energy through Green Energy Open Access Rules 2022.
•	 Launch of Green Term Ahead Market (GTAM) to facilitate the sale of Renewable Energy Power 

through exchanges.
•	 Release of Standard Bidding Guidelines for tariff-based competitive bidding process for
•	 Procurement of power from grid-connected solar PV and wind projects. 
•	 Waiver of inter-state transmission System (ISTS) charges for the inter-state sale of solar and 

wind power for projects commissioned by June 2025.
•	 Notification of standards for deployment of solar photovoltaic systems/devices.  
•	 Issuance of orders that power shall be dispatched against Letter of Credit (LC) or advance 

payment to ensure timely payment by distribution licensees to RE generators.
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Annexure III: Overall Electricity Market Projections: LBNL Pathways Base Case

Capex (INR Cr./MW)

CUF/PLF (%)

Technology 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Nuclear 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8 16.8
Hydro 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6
Solar 4.6 4.4 4.3 4.1 4.0 3.9 3.7 3.7 3.6 3.6 3.5 3.4 3.4 3.3 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Onsh. wind 7.9 7.9 7.9 7.8 7.8 7.8 7.8 7.7 7.7 7.7 7.6 7.6 7.6 7.5 7.5 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4
Offshore 
wind 14.3 13.8 13.4 12.9 12.5 12.1 11.7 11.5 11.2 11.0 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5

BESS 
(4-hr) 6.1 5.7 5.4 5.1 4.9 4.6 4.4 4.3 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4

G-H2 5.30 4.86 4.45 4.09 3.75 3.44 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15 3.15

Technology 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Nuclear** 82% 82% 80% 77% 77% 74% 71% 71% 77% 83% 80% 76% 73% 72% 77% 74% 71% 67% 62% 66% 67% 63% 60% 52% 39% 36% 33%
Hydro 21% 21% 21% 21% 21% 21% 21% 21% 22% 22% 22% 22% 21% 21% 22% 21% 22% 22% 21% 21% 20% 21% 19% 19% 18% 17% 17%
Solar 18% 18% 18% 18% 18% 19% 19% 20% 19% 19% 19% 19% 19% 19% 19% 19% 19% 19% 19% 19% 19% 18% 18% 19% 18% 18% 17%
Onshore 
wind 24% 24% 25% 25% 25% 26% 26% 27% 27% 26% 26% 26% 26% 26% 25% 26% 25% 25% 25% 24% 25% 24% 24% 24% 23% 23% 23%

Offshore 
wind 0% 52% 48% 49% 62% 57% 57% 59% 53% 57% 58% 56% 51% 51% 49% 49% 55% 52% 52% 53% 51% 49% 48% 50% 53% 56% 56%

Coal 62% 62% 62% 62% 62% 63% 66% 67% 67% 64% 59% 56% 58% 57% 53% 53% 45% 44% 43% 37% 36% 31% 29% 24% 21%

** The LBNL model’s implicit assumption of declining PLFs in nuclear plants is unrealistic and derives from a enforced cap on nuclear generation over the projection period.
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Installed Capacity (GW)

Annual Generation Capacity (GWh)

Technology 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Nuclear 12 14 15 16 18 19 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Hydro 58 61 63 66 69 71 71 74 78 81 84 87 90 92 95 97 101 104 106 109 111 115 118 119 121 123 125
Solar 138 161 185 212 242 275 311 347 383 419 455 491 527 563 631 667 757 860 896 960 1038 1096 1200 1236 1315 1351 1387
Onshore 
wind 75 84 94 104 117 131 146 174 218 279 366 451 507 568 624 659 688 703 747 807 821 881 895 909 922 936 941949

Offshore 
wind 0 0 1 1 2 3 4 14 26 44 64 88 113 139 159 185 211 237 262 283 309 334 360 375 390 405 420

Coal 220 223 226 229 229 229 229 229 229 229 229 229 227 225 223 221 219 217 215 213 211 209 207 205 203 201 1991201
Others 44
Total 538 578 619 664 712 763 815 893 989 1109 1257 1405 1524 1649 1795 1893 2039 2186 2293 2439 2557 2704 2849 2915 3024 3089 3155
Storage 1 7 15 25 40 55 70 80 91 103 118 133 151 171 193 219 247 279 314 355 359 410 452 452 493 493 495

Technology 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Nuclear 86 101 105 108 122 123 118 125 141 159 161 160 159 164 182 182 181 175 169 184 195 188 185 164 128 120 111
Hydro 108 112 117 123 128 133 134 140 149 155 162 165 166 171 183 179 190 200 191 204 194 212 199 203 187 185 183
Solar 224 257 295 333 388 446 510 598 646 693 762 824 897 953 1076 1135 1279 1426 1504 1587 1721 1775 1929 2014 2075 2084 2096
Onshore 
wind 158 179 202 227 257 292 330 405 509 643 837 1024 1152 1287 1389 1474 1529 1553 1633 1730 1766 1848 1873 1906 1892 1906 1912

Offshore 
wind 0 2 3 6 11 14 19 70 119 219 325 428 509 616 685 803 1014 1084 1186 1314 1377 1422 1506 1641 1809 1992 2057

Coal 1203 1207 1221 1237 1240 1258 1331 1342 1339 1291 1188 1115 1150 1115 1042 1020 870 842 819 689 674 562 527 437 382 248 192
Others 7
Total 1785 1858 1944 2042 2159 2288 2488 2729 2955 3207 3478 3757 4074 4341 4605 4834 5106 5314 5533 5741 5946 6088 6249 6375 6496 6543 6558
Storage 1 7 15 25 40 55 70 80 91 103 118 133 151 171 193 219 247 279 314 355 359 410 452 452 493 493 495
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Annexure IV: Model Explanation - Key Considerations and Assumptions

This modelling exercise aims to determine investment requirements and the cost of debt for each non-
fossil fuel business so that NTPC can maintain its market leadership and meet its target Equity IRR 
targets for each technology. This exercise aims to develop a transition portfolio for NTPC given that NTPC 
management consider renewable businesses (solar, wind, hydro), nuclear, BESS, and green hydrogen 
production suitable businesses for their business diversification strategy. Note that pump hydro storage 
projects have been excluded from our purview. 

Assumptions

The following are the parameters which are used for developing the company’s diversification portfolio:

1.	 NTPC installed capacity – For modelling the purpose, the present installed capacity has been 
considered the present installed capacity as reported in the NTPC annual report 2024 as the base for 
the projection. It also serves as an input for the model which NTPC may target to meet by 2050.

2.	 NTPC market share – For modelling the purpose, the present market share in generation and installed 
capacity, as reported in the NTPC annual report 2024, has been considered as the base for the 
projection. It also serves as an input for the model which NTPC may target to meet by 2050.

3.	 India projected installed capacity and generation – For modelling the purpose, the present installed 
capacity of India, as reported by CEA in 2024, has been considered as the base for the projection, and 
for 2025 to 2050, the LBNL Atmanirbhar Bharat trajectory has been considered.

4.	 NTPC declared target by 2032 – This model has taken cognisance of NTPC’s declared target by 2032 
and factored it in the modelling exercise. These targets can be used as additional exogenous inputs for 
the model. Or the model can be used to trace a diversification trajectory independently of NTPC’s 2032 
targets for individual non-fossil fuel technologies. 

5.	 Capital expenditure (Capex) – Capex per MW estimates for solar, onshore wind, nuclear, and BESS 
were taken from the LBNL Pathways to Atmanirbhar Bharat report. For offshore wind and hydro 
capex estimates of CEA National Electricity Plan for the period 2022–32 have been used. And for 
green hydrogen, data was obtained from the CFLI (Climate Finance Leadership India) report, reflecting 
market-specific considerations. Capex has been front-loaded for the period of construction. INR 
conversion assumes an exchange rate of 1 USD = INR 8411 12.

6.	 Operational expenditure – O&M costs for renewable technologies, including solar, wind, hydro, 
nuclear, and BESS, are based on figures from the CEA National Electricity Plan (2022–32). O&M costs 
are estimated at 5% of capex for green hydrogen, as indicated in the CFLI India. [Refer to Annexure-III 
for details] 

7.	 Capacity utilisation factor/Plant utilization factor – CUF for solar, wind, hydro and nuclear was 
derived from the LBNL Pathways to Atmanirbhar Bharat report, based on capacity and generation data. 
Green hydrogen projects are modelled with a CUF of 95%, as suggested in the CFLI report. PLFs for 
NTPC’s coal plants are based on projections that keep the share of NTPC coal-based generation in 
total thermal generation compliant with assumptions in LBNL Pathway report, [Refer to Annexure-IV for 
details] 

8.	 Efficiency – Battery Energy Storage Systems (BESS): A minimum round-trip efficiency of 85% 
is assumed based on specifications detailed in SECI tender documents13. Green Hydrogen: The 
production efficiency of green hydrogen is taken as 67% initially, with projections to improve to 75% 
over time, as per the International Renewable Energy Agency (IRENA) report14. 

9.	 Auxiliary electricity consumption – Auxiliary consumption values for renewable technologies are 
sourced from the CERC Tariff Regulation, and for nuclear, the CEA Indian Technology Catalogue has 
been referred to15 16 [Refer to Annexure-III for details]. Producing 1 kg of green hydrogen requires 
approximately 39.4 kWh of electricity, based on industry estimates17.

10.	 Project life - The project lifespans for solar, onshore, and offshore wind, hydro, nuclear, and Battery 
Energy Storage Systems (BESS) are sourced from the CEA National Electricity Plan (2022–32)18. [Refer 
to Annexure-III for details]. Green hydrogen projects are assumed to have a lifespan of 25 years, as 
detailed in the Financing Green Hydrogen in India report by the Climate Finance Leadership Initiative 
(CFLI)19.
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11.	 Gestation period – Gestation periods for solar, wind, hydro, nuclear, and BESS align with estimates 
from the CEA National Electricity Plan (2022–32). (Refer Annexure-III for details). Green hydrogen 
projects are estimated to require a gestation period of 3 years, based on SECI’s Request for Selection 
(RfS) for green ammonia under the SIGHT scheme20.

12.	 Depreciation and salvage value – The asset has been depreciated as per the project life, considering 
a salvage value of 10% of the asset value at the end of the project life.

13.	 Leverage – A leverage ratio of 4:1 is applied across all technologies, consistent with prevailing industry 
standards.

14.	 Loan tenure and moratorium period – Loan tenure has been for 12 years for all technologies except 
BESS, which has a loan tenure of 14 years, which is equivalent to project life. The moratorium period 
has been considered equal to the project gestation period. 

15.	 Working capital – Working capital needs for each business segment are calculated using industry-
standard principles to ensure financial sustainability. Operational Expenses: One month’s worth of 
O&M costs is reserved to manage day-to-day operations. Receivables: receivables are accounted for 
45 days, covering potential payment delays from power purchasers or counterparties. Maintenance 
Spares: maintenance spares equivalent to 15% of annual O&M costs are included to ensure the 
availability of critical equipment and reduce downtime risks. These estimates align with the CERC RE 
Tariff Regulation 2024 

16.	 Working capital loan and interest rate – The working capital loan in this model has been factored 
as an input condition, giving the user the choice between whether to factor in a working capital loan 
or not in this model. The interest rate for such loans has been assumed at 10%. The working capital 
requirement of each business segment is computed on industry-standard principles to ensure financial 
viability:   
Operating Expenses - one month’s O&M expenses are maintained as working capital to support the 
day-to-day running of operations.   
Receivables - receivables are maintained for 45 days to cover any delay in receiving payments from the 
power buyers or counterparties.  
Maintenance Spares - maintenance spares amounting to 15% of annual O&M expenses are maintained 
to ensure the availability of critical equipment and reduce downtime risks.

17.	 Tariff and tariff escalation/de-escalation – Tariff is a user input.  
 
Estimates of tariffs for various technologies have been made with the help of the latest benchmarks, 
regulatory clearances, and market trends:

a.	 Solar Energy: A tariff of INR 2.5/kWh is assumed based on the latest tariff approved by the CERC 
for SECI’s 1.5 GW solar projects21.

b.	 Onshore Wind Energy: A tariff of INR 3.6/kWh is considered, reflecting the CERC’s approval for 
SECI’s 1.1 GW wind projects22.

c.	 Offshore Wind Energy: Even though offshore wind operation projects are not established in India 
yet, the tariff that is assumed for this is in line with onshore wind, which is at INR 3.6/kWh, to 
ensure market competitiveness.

d.	 Hydro Energy: A regulated tariff of INR 7.5/kWh has been considered based on the latest 
commissioned NTPC hydropower plant tariff23.

e.	 Nuclear Energy: A regulated tariff of INR 5.31/kWh is assumed at the generator level; thus, it is 
consistent with NPCIL communication, considering the Kakrapur Unit 324.

f.	 Battery Energy Storage Systems (BESS): A tariff of INR 3.2/kWh is used (based on data on the 
latest competitive tariff bids)25.

g.	 Green Hydrogen: The cost of production is estimated to be INR 300 per kg of hydrogen, according 
to India Briefing26. Green hydrogen production cost and the corresponding tariff is assumed to 
decrease by 9% each year till 2030 to reach USD 2/kg from the current price of USD 3.66/kg, well 
in line with the expected sustained decline in the cost of technology and scale.

18.	 Cost of debt – Output of the model, at what rate should be suitable for NTPC to take loan to become 
market competitive.
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19.	 Equity IRR – User input: what is the desired equity IRR from each business segment.

20.	 Water consumption and charges for green hydrogen – The water requirement for producing 1 kg of 
green hydrogen is 20 litres27.

21.	 Emission Abatement Potential – Renewable energy projects are expected to abate 0.9 tons of CO2 
per MWh, equivalent to emissions from thermal generation. Green hydrogen production is projected to 
avoid 13.9 kg CO2 eq./kg H2, replacing grey hydrogen as per the Green Hydrogen Organization. 

Model Input and Output:

Input Output
Capacity/Market share Project IRR

NTPC target Cost of debt

Working capital loan Capacity by 2050

Target equity IRR Market share in capacity 

Expected tariff during 2024 Market share in generation

Tariff escalation factor Investment capital 

Share of debt Project IRR

Power purchase cost#

Water charges##

# For BESS only ## For green hydrogen only

The model uses a set of exogenous inputs to generate critical outputs, including project IRR, cost of debt, 
investment capital requirements, and market share projections for each non-fossil fuel technology in the 
NTPC portfolio. For each business segment, the model provides tailored input trajectories to achieve target 
outcomes by 2050:

•	 For solar, wind, hydro, and nuclear businesses, users can choose from:
o	 User-defined target capacity.
o	 Target market share in installed capacity.
o	 Target market share in electricity generation.

•	 For BESS, the model offers two trajectories:
o	 User-defined target capacity.
o	 Target market share in installed capacity.

•	 For green hydrogen, users can select between:
o	 User-defined target production capacity.
o	 Target market share in green hydrogen production.

For NTPC’s coal assets, the model is hardcoded to use the company’s existing installed and declared 
expansion capacity by year and the corresponding PLFs that calibrate the share of NTPC coal plants in 
total annual generation to the share projected under the LBNL Pathways to Atmanirbhar Bharat report. See 
Annexure VII for details. 

These tailored options allow flexibility in aligning business strategies with NTPC’s diversification goals while 
considering each non-fossil fuel technology’s unique characteristics and requirements.

The optimisation framework enables NTPC to explore various scenarios that solve for minimum capital 
expenditure outlays for different exogenously set targets for a) NTPC market share in overall annual 
generation (including thermal); and b) minimum diversification in terms of NTPC market share of installed 
capacity across all non-fossil fuel technologies.

The model incorporates constraints such as ensuring a minimum 10% market share in electricity generation 
for solar, onshore, and offshore wind and nuclear, a minimum 5% share in renewable technology and 
requiring BESS capacity to be 20% of the total variable renewable capacity to address intermittency 
challenges.



35

This comprehensive framework equips NTPC with the tools to align its long-term diversification strategy 
with market demands, financial sustainability, and decarbonization objectives.

Annexure V: NTPC Declared Targets up to 2032

•	 NTPC to be a 130 GW company by 2032 with diversified fuel mix and a 600 BU company in terms of 
generation.

•	 Coal would continue as predominant fuel with 65% share of coal-based capacity in the portfolio.
•	 Non-fossil fuel-based capacity would achieve a share of 30% and thermal based generating capacity 

share would be 70%.
•	 Share of RE (including hydro) would be 28%.
•	 NTPC targets a market share of 25% in ancillary services and storage.
•	 NTPC aims to achieve 10% of the estimated market share for supply of electricity in E-mobility business.

Source Capacity (GW) Share (%)
Coal 85.00 65%

Gas 6.00 5%

Diesel 0.00 0%

Nuclear 2.00 2%

Hydro 5.00 4%

Solar 30.00 23%

Onshore wind 2.00 2%

Offshore wind 0.00 0%

Waste to Energy 0%

Total 130.00 100%
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Annexure VI: Scenario Details

Output - Scenario A

Table 6: Scenario A Results
Business Input Output
Solar Target Installed capacity 

by 2050.
Cost per MW

619.5
4.6-3.1

GW
Rs Cr

Project IRR 8.0 %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 7.2 %

Working capital loan Yes Emission abated 5,210.2 million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

45 %

Expected Tariff during 
2024

2.6 INR/
kWh

Market share in 
generation by 2050

41 %

Share of Debt in Capex 70% % Total Capex 19,78,284.6 INR Cr.
Onshore 
wind

Target Installed capacity 
by 2050

94.9 GW Project IRR 6.3 %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 4.5 %

Working capital loan Yes Emission abated 861.9 million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

10 %

Expected Tariff during 
2024

3.6 INR/
kWh

Market share in 
generation by 2050

10 %

Share of Debt in Capex 70% % Total Capex 7,03,479.2 INR Cr.
Offshore 
wind

Target Installed capacity 
by 2050

42.0 GW Project IRR 7.8 %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 3.2 %

Working capital loan Yes Emission abated 727.2 million 
tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10,0 %

Expected Tariff during 
2024

3.6 INR/
kWh

Market share in 
generation by 2050

9 %

Share of Debt in Capex 70% % Total Capex 5,59,631.2 INR Cr.
Hydro Target Installed capacity 

by 2050
12.5 GW Project IRR 5.7 %

Meet NTPC 2032 target Yes Cost of Debt 1.0 %
Working capital loan Yes Emission abated 293.3 million 

tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10% %

Expected Tariff during 
2024

7.5 INR/
kWh

Market share in 
generation by 2050

10% %

Share of Debt in Capex 70% % Total Capex 87,453.2 INR Cr.
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Nuclear Target Installed capacity 
by 2050

3.9 GW Project IRR 5.5 %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 1.2** %

Working capital loan Yes Emission abated 253.8 million 
tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10 %

Expected Tariff during 
2024

5.31 INR/
kWh

Market share in 
generation by 2050

10 %

Share of Debt in Capex 80% % Total Capex 65,520.0 INR Cr.
BESS Target Installed capacity 

by 2050
151.3 GW Project IRR 5.4 %

Include Power Purchase 
Cost

No Cost of Debt 5.6 %

Working capital loan Yes Emission abated NA million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

31% %

Expected Tariff 3.2 INR/
kWh

Market share in 
generation by 2050

NA %

Share of Debt in Capex 80% % Total Capex 5,22,062.8 INR Cr.
Green 
Hydrogen

Target Installed capacity 
by 2050

10.0 GW Project IRR 1.55 %

Include Water Charge Yes Cost of Debt 0.72 %
Working capital loan Yes Emission abated 111.4 million 

tons CO2

Target Equity IRR 11.0% % Annual Production by 
2050

1.42 MMTPA

Expected Tariff 300 INR/kg Market share in 
production by 2050

5 %

Tariff Escalation Factor -9% % Total Capex 31,922.5 INR Cr.
Share of Debt in Capex 80% %

**This derived cost of capital for nuclear energy is artificially low because of the LBNL projections have limited space for nuclear 
generation. As a result, the model is constrained to project a secular reduction in nuclear plant PLFs even as installed capacity is 
projected to grow. Were nuclear plant PLFs maintained at 80% through the project period, the derived cost of capital for nuclear would 
be somewhere closer to, but lower than, the 4.5% that offshore wind (which has capex cost that ¾ of nuclear per MW, a PLF that is 
also ¾ of nuclear and has opex costs and gestation periods that are much better than nuclear) requires for commercial viability at a 
13.5% target equity IRR.
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Figure 5: Scenario-A - Projected Non-Fossil Fuel Capacity (GW)

Figure 6: Scenario-A - Projected Non-Fossil Fuel Generation (BUs)

Figure 7: Scenario-A - Projected Capital Expenditure (INR 000’Cr.)
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Output - Scenario B

Table 7: Scenario B Results
Business Input Output
Solar Target Installed capacity 

by 2050
809.3 GW Project IRR 7.7% %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 7.1% %

Working capital loan Yes Emission abated 6289.3 million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

58% %

Expected Tariff during 
2024

2.5 INR/
kWh

Market share in 
generation by 2050

53% %

Share of Debt in Capex 80% % Total Capex 25,76,774.0 INR Cr.
Onshore 
wind

Target Installed capacity 
by 2050

94.9 GW Project IRR 6.3% %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 4.5% %

Working capital loan Yes Emission abated 861.9 million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

10% %

Expected Tariff during 
2024

3.6 INR/
kWh

Market share in 
generation by 2050

10% %

Share of Debt in Capex 80% % Total Capex 7,03,479.2 INR Cr.
Offshore 
wind

Target Installed capacity 
by 2050

42.0 GW Project IRR 8.0% %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 4.7% %

Working capital loan Yes Emission abated 727.2 million 
tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10% %

Expected Tariff during 
2024

3.6 INR/
kWh

Market share in 
generation by 2050

9% %

Share of Debt in Capex 80% % Total Capex 5,59,631.2 INR Cr.
Hydro Target Installed capacity 

by 2050
12.5 GW Project IRR 5.7% %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 1.0% %

Working capital loan Yes Emission abated 293.3 million 
tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10% %

Expected Tariff during 
2024

7.5 INR/
kWh

Market share in 
generation by 2050

10% %

Share of Debt in Capex 80% % Total Capex 87,453.2 INR Cr.
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Nuclear Target Installed capacity 
by 2050

3.9 GW Project IRR 5.5% %

Meets/exceeds NTPC 
2032 target

Yes Cost of Debt 1.2%** %

Working capital loan Yes Emission abated 253.8 million 
tons CO2

Target Equity IRR 13.5% % Market share in 
capacity by 2050

10% %

Expected Tariff during 
2024

5.3 INR/
kWh

Market share in 
generation by 2050

10% %

Share of Debt in Capex 80% % Total Capex 65,520.0 INR Cr.
BESS Target Installed capacity 

by 2050
189.3 GW Project IRR 5.5% %

Include Power Purchase 
Cost

No Cost of Debt 5.7% %

Working capital loan Yes Emission abated NA million 
tons CO2

Target Equity IRR 11.0% % Market share in 
capacity by 2050

38% %

Expected Tariff 3.2 INR/
kWh

Market share in 
generation by 2050

NA %

Share of Debt in Capex 80% % Total Capex 6,51,102.1 INR Cr.
Green 
Hydrogen

Target Installed capacity 
by 2050

10.0 GW Project IRR 1.55% %

Include Water Charge Yes Cost of Debt 0.72% %
Working capital loan Yes Emission abated 111.4 million 

tons CO2

Target Equity IRR 11.0% % Annual Production by 
2050

1.42 MMTPA

Expected Tariff 300 INR/kg Market share in 
production by 2050

5 %

Tariff Escalation Factor -9% % Total Capex 31,922.5 INR Cr.
Share of Debt in Capex 80% %

** Same as in Scenario A
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Figure 8: Scenario-B - Projected Non-Fossil Fuel-Based Capacity (GW)

Figure 9: Scenario-B - Projected Non-Fossil Fuel-Based Generation (BUs)

Figure 10: Scenario-B - Projected Capital Expenditure (INR 000’Cr.)

Figure 11: Projected Emission Abatement (Million Tons CO2)
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Annexure VII

NTPC thermal generation is estimated to peak in 2036 under Scenarios A and B. 
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Annexure VIII - List of Abbreviations

Table - List of Abbreviations
ADB Asian Development Bank 
ADB Asian Development Bank 
BAT Best Available Technologies
BESS Battery Energy Storage System
BU Billion Units
CEA Central Electricity Authority
CERC Central Electricity Regulatory Commission
CPI Climate Policy Initiative 
CPSE Centrally owned Public Sector Enterprises
CPSU Central Public Sector Undertaking
FAST-P Financing for Accelerating Sustainable Transformation Program
FDI Foreign Direct Investment 
GDP Gross Domestic Product 
GEAPP Global Energy Alliance for People and Planet
GHG Greenhouse Gas 
GTAM Green Term Ahead Market 
GW Gigawatt
IECC India Energy & Climate Centre
InvITs Infrastructure Investment Trusts
IRR Internal Rates of Return
ISTS Inter-State Transmission System 
JV Joint Ventures
kWh Kilowatt-hour
LBNL Lawrence Berkeley National Laboratory
LC Letter of Credit 
MAS Monetary Authority of Singapore 
MoF Ministry of Finance
NDC Nationally Determined Contribution
NPA Non-Performing Assets
NPCIL Nuclear Power Corporation India Limited 
PLF Plant Load Factor
PM-KUSUM Pradhan Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyan 
PPA Power Purchase Agreements
R&M Repairs and Maintenance 
RE Renewable Energy 
RoE Return on Equity
RPO Renewable Purchase Obligation
SHR Station Heat Rate
SOE State Owned Enterprises
THDCIL Tehri Hydro Development Corp. India Limited
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