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Abstract

India has formally adopted a long-range nuclear expansion pathway targeting 100 GWe of installed nuclear
capacity by 2047 under the Nuclear Energy Mission announced in the Union Budget 2025-26. The same
policy framework aims for at least five indigenous small modular reactors (SMRs) by 2033 and projects
nuclear capacity rising from the present 8.78 GW to approximately 22.38 GW by 2031-32. This marks a
structural shift in the role of nuclear power—from a limited supplementary source to a potential pillar of
firm, low-carbon baseload generation.

The strategic rationale is reinforced by two concurrent developments. First, India’s electricity system has
already crossed the point at which non-fossil capacity exceeds half of total installed capacity: as of June
2026, non-fossil sources stood at 297.36 GW within a total system of roughly 540-548.8 GW (Ministry
of New and Renewable Energy [MNRE], 2026; Press Information Bureau [PIB], 2026). Second, the rapid
growth of hyperscale data centres and Al-driven computing is generating a new class of round-the-clock
electricity demand, with operational data-centre capacity projected to reach 12 GW by 2030 and Al-related
facilities expected to add substantial peak-load pressure (Wood Mackenzie, as cited in Economic Times,
2026; Indian Express, 2026).

The 100 GWe objective is technically plausible but execution-intensive. Its feasibility hinges on sustained
fleet-mode construction, uranium supply security, progress on the three-stage fuel cycle (including the
long-delayed Prototype Fast Breeder Reactor and eventual thorium utilisation), legal and liability reform,
coordinated financing models, and timely deployment of both large reactors and modular systems.
Historical experience shows that India’s nuclear programme has repeatedly fallen short of announced
targets (Khan, 2024); the new mission therefore represents not only a technological challenge but also an
institutional, financial, and geopolitical test.

1. Introduction

India’s civil nuclear programme has long combined strategic ambition with constrained execution. The
three-stage programme was conceived to utilise domestic uranium in pressurised heavy-water reactors
(PHWRs) in Stage 1, recycle plutonium through fast-breeder reactors in Stage 2, and ultimately exploit
the country’s large thorium reserves in Stage 3 (Khan, 2024; Banerjee & Gupta, 2017). Yet nuclear power
remained a small share of the installed generating base for decades because of fuel constraints, sanctions-
era technology isolation after the 1974 Pokhran test, slow project implementation, cost overruns, and legal
uncertainty around supplier liability (Khan, 2024; Ramana, 2012).
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The post-2025 policy landscape is materially different. Through the Nuclear Energy Mission the
government has publicly linked nuclear growth to the goals of Viksit Bharat, energy security, net-zero
transition planning, industrial decarbonisation, and long-term grid reliability. Official statements describe
a two-pronged development model: large reactors for rapid utility-scale expansion and SMRs for
brownfield sites, captive industrial applications, and specialised uses.

This analysis evaluates the strategic logic of the 100 GWe target against India’s current power mix,
historical execution record, digital-infrastructure demand surge, fuel-cycle realities (including the status
of thorium), technology pathways, financing architecture, and regulatory evolution. It treats the target as
a long-duration national infrastructure mission rather than a conventional power-sector expansion plan.

2. India’s Present Energy Mix and the Grid-Integration Question As of June 2026,

India’s total installed electricity generation capacity stood at approximately 540-548.8 GW. Of this, non-
fossil capacity amounted to 297.36 GW, comprising 162.15 GW of solar, 57.44 GW of wind, 57.24 GW
of hydro, 11.75 GW of bio-power and other renewables, and 8.78 GW of nuclear (MNRE/PIB, 2026).
These figures confirm that India has already crossed a major capacity milestone; non-fossil sources now
account for more than half of total installed capacity.

Installed capacity, however, should not be conflated with dependable generation. Solar and wind have
transformed the capacity mix, yet their output remains variable. Firm generation, storage, hydro balancing,
transmission reinforcement, and demand-side flexibility remain essential for grid stability. Nuclear power
contributes a modest installed share (~1.6 %), yet its policy relevance derives from the fact that it supplies
firm, dispatchable, low-carbon electricity suitable for industrial baseload and high-reliability loads.

Table 1. India’s installed electricity capacity snapshot

Enerev Sotrce Catesor 2014 Installed | June 2026 Installed | Share of
&y sory Capacity (GW) | Capacity (GW) Total (2026)
Fossil -~ Fuel (Coal, | ) ~168.60 ~242.60 ~44.9%
Lignite, Gas, Diesel)
Variable Non-
Solar Power anavie: N\ 5 63 162.15 ~30.0%
Fossil
Variable Non-
Wind Power anasie: MO 51,00 57.44 ~10.6%
Fossil
Firm Non-
40.53 57.24 ~10.6°
Hydro Power Fossil (RE) 7 Yo
Bio-Power & Other | Firm Non-
12.22 11.75 ~2.29
RE Fossil (RE) &
Firm Non-
Nuclear Power i 4.78 8.78 ~1.6%
Fossil
Total Capacity All Sources ~249.76 GW ~539.96 GW 100.0%
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India Non-Fossil Power Capacity: Mid-2026 vs 2030 Targets
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Figure 1. India’s non-fossil fuel power capacity as of mid-2026 versus 2030 targets under the Panchamrit
framework. Blue bars show installed capacity and Magenta bars show indicative 2030 targets
(approximate mid-points of planning ranges where applicable; total 500 GW).

Note. Data compiled from official mid-2026 figures released by the Ministry of New and Renewable
Energy.

India’s commitment under the COP26 Panchamrit framework aims for 500 GW of non-fossil power
capacity by 2030. As of 31 July 2026, installed non-fossil capacity had reached 300.50 GW (solar 164.59
GW, wind 58.14 GW, hydro 57.24 GW, bio-power 11.75 GW, and nuclear 8.78 GW), leaving a residual
gap of roughly 199.5 GW that must be closed in the remaining period (Ministry of New and Renewable
Energy [MNRE], 2026). To sustain the required pace, Renewable Energy Implementing Agencies have
been directed to tender approximately 50 GW of capacity annually (including at least 10 GW of wind),
accounting for 18—24-month lead times and attrition so that annual energization remains in the 3540 GW
range; procurement has simultaneously shifted from plain-vanilla solar and wind toward Round-the-Clock
and Firm & Dispatchable Renewable Energy tenders that incorporate storage (Press Information Bureau
[PIB], 2023; MNRE parliamentary replies). Central Electricity Authority projections indicate that grid
integration of this scale will require about 60.6—-61 GW /208-218 GWh of storage by 2029-30, comprising
roughly 41.6 GW / 208 GWh of battery energy storage systems (supported by the Advanced Chemistry
Cell Production-Linked Incentive scheme) and 19 GW of pumped-storage hydro, with new solar parks
advised to co-locate at least 10 % BESS capacity for two-hour duration (Central Electricity Authority
[CEA], 2021; MNRE, 2024). Persistent implementation bottlenecks include the need to expand Inter-State
Transmission System and Green Energy Corridor capacity beyond 500 GW of evacuation capability from
high-resource states such as Rajasthan and Gujarat, delays in power-purchase and power-sale agreement
signing with financially stressed distribution companies, and difficulties in securing contiguous land
parcels and rights-of-way for hybrid parks and transmission lines (CEA transmission plans; MNRE
statements).
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India's Installed Power Capacity Structure: 2014 vs June 2026
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Figure 2. India’s Installed Power Capacity Structure: 2014 vs June 2026 Stacked bars show the
composition of total installed capacity. Fossil fuels (dark grey) remain the largest single category, but non-
fossil sources (solar, wind, hydro, bio-power, and nuclear) have grown substantially, rising from roughly
81 GW in 2014 to 297.36 GW by June 2026 and accounting for more than half of total capacity.

Data source: Ministry of New and Renewable Energy / Press Information Bureau (PRID 2287149).

3. Strategic Rationale for 100 GWe by 2047 The
100 Gwe target is explicit in government communications linked to the Nuclear Energy Mission. Parallel
statements indicate a roadmap in which current capacity of 8.78 GW rises to about 22.38 GW by 2031—
32, then expands toward roughly 54 GW through NPCIL-led deployment, with the remainder expected
from public-sector enterprises, state participation, private companies, and joint ventures. In practical
terms, India is attempting to move from a predominantly state-operated nuclear sector into a hybrid
institutional model.

Table 2. Official nuclear milestones and structure

Milestone or category Stated value

Current installed nuclear capacity | 8.78 GW

Installed capacity by 2031-32 2238 GW

Long-term national target 100 GWe by 2047
Indigenous SMR target At least 5 by 2033
NPCIL-led contribution by 2047 | About 54 GW
Contribution from other entities | Balance to reach 100 GW
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4. Historical Underperformance and Lessons for the New Target

India’s earlier nuclear targets repeatedly outran realised deployment. Homi Bhabha anticipated that atomic
energy would supply a substantial part of India’s power by the end of the twentieth century; Homi Sethna
projected 4.3 GW by 2000 (Khan, 2024; Ramana, 2012). Actual outcomes fell far short. The Comptroller
and Auditor General noted in 1999 that against a targeted additional 940 MW by 1995-96 rising to 7,880
MW by 2001, additional generation as of March 1998 was nil despite expenditure of 352.91 billion (Khan,
2024).

Capacity grew only slowly: from negligible levels in the early 1970s to approximately 5.8 GW in 2015
and 6.8 GW (23 reactors) by April 2021 (Khan, 2024; Central Electricity Authority [CEA], 2021). NPCIL
targets of 20 GW by 2020 and 60-63 GW by 2032 were not achieved. Major projects experienced multi-
year delays and cost overruns—for example, Kudankulam Units 1 and 2 were delayed by 86 and 101
months respectively (Khan, 2024). Local opposition, land-acquisition difficulties, and supplier-liability
concerns further constrained progress at sites such as Jaitapur, Mithi Virdi/Kovvada, and Haripur (Khan,
2024).

Table 3. Implementation-related constraints

Constraint

Historical effect

Relevance to 2047 mission

Sanctions-era
technology isolation

Slowed access to
technology and fuel

Reduced after civil nuclear opening, but
strategic autonomy remains important

Domestic uranium | Limited plant utilization | Still relevant for unsafeguarded and
shortages and expansion indigenous pathways

Supplier liability | Discouraged outside | Still central to private and foreign capital
concerns participation mobilization

Long project gestation

Delayed realization of
announced targets

Major risk for 100 GW scenario

Local opposition and
site risk

Slowed project progress in
some regions

Important for greenfield expansion and social
license

The new mission partially addresses these legacy weaknesses through standardised indigenous 700 MWe
PHWRs and explicit support for SMRs. Nevertheless, the core execution risk remains: the need to sustain
a high annual build rate over two decades without major policy disruption or supply-chain bottlenecks.

5. Data Centres, Al Infrastructure, and the New Baseload Imperative

India’s digital economy is emerging as a major electricity-demand driver. Operational data-centre capacity
is projected to rise from about 2.2 GW in 2025 to 12 GW by 2030. Al-dedicated capacity is expected to
expand sharply, with Al data centres potentially adding 26.3 GW to peak load by 2031-32. Because
hyperscale and Al facilities require extremely high uptime and stable voltage conditions, they impose a
reliability requirement that cannot be met by intermittent renewable generation alone without substantial
storage, balancing resources, or dedicated firm-power contracts.
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Large reactors can contribute grid-level firm low-carbon supply, while SMRs may be suitable for
brownfield industrial co-location, captive data-centre campuses, or repurposed thermal sites that already
possess transmission and cooling infrastructure.

Table 4. Indicative data center data breakdown 2025-2030 Projection Trajectory

Year Operational Al-Dedicated Al Share of | Non-Al / General Cloud
Capacity (GW) Capacity (GW) Total (%) Load (GW)
2025 | 2.20 0.28 12.5% 1.92
2026 | 3.10 0.55 17.7% 2.55
2027 | 4.40 1.15 26.1% 3.25
2028 | 6.20 2.20 35.5% 4.00
2029 | 8.80 4.00 45.5% 4.80
2030 | 12.00 6.55 54.5% 545

India Data Center Capacity Growth: Total vs Al-Dedicated (2025-2030)
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Figure 3. Comparative growth of total operational data-center capacity versus Al-dedicated capacity
(2025-2030). Al capacity expands nearly 24-fold while total capacity expands more than fivefold,
illustrating the structural pivot toward high-density, continuous-load compute.

6. Fuel-Cycle Logistics, Thorium Status, and Uranium Supply Security

Fuel security remains a decisive constraint. India’s three-stage programme is designed to address limited
domestic uranium resources and large thorium potential (Khan, 2024; Banerjee & Gupta, 2017). Stage 1
relies on natural-uranium-fuelled PHWRs. Stage 2 centres on fast-breeder reactors that recycle plutonium;
the 500 MWe Prototype Fast Breeder Reactor (PFBR) at Kalpakkam remains the flagship project but has
experienced prolonged delays (Khan, 2024). Stage 3 envisages self-sustaining thorium-based reactors that
would exploit India’s substantial thorium reserves. While thorium offers long-term strategic depth, it is
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not an immediate scale solution; commercial thorium utilisation remains distant and dependent on
successful demonstration of the preceding stages (Khan, 2024).

In the near and medium term, reactor expansion still depends on assured uranium availability, especially
for safeguarded reactors that can use imported fuel under civil nuclear arrangements. Large safeguarded
capacity additions therefore imply a long-term need for dependable international uranium supply
agreements, robust fuel-cycle services, and insulation from geopolitical disruption.

Table 5. Fuel-cycle implications for a 100 GWe pathway

Fuel-cycle factor Strategic implication

Limited domestic uranium base Constrains unconstrained indigenous expansion

Imported uranium for safeguarded | Enables larger near-term and medium-term fleet growth
units

Fast breeder development Extends utilization of fissile materials
Thorium-based long-term ambition Offers strategic depth but not an immediate scale
solution

7. Technology Roadmap: PHWRs, Imported Reactors, and SMRs

The current roadmap is layered. Indigenous 700 MWe PHWRs and imported large reactors (including
additional VVER units at Kudankulam) are the principal drivers of early expansion toward the 2031-32
milestone of 22.38 GW. Beyond that horizon the mission incorporates smaller reactors, including the 200
MWe Bharat Small Modular Reactor (BSMR-200) and the 55 MWe SMR-55. Government policy
explicitly targets deployment of at least five indigenous SMRs by 2033. SMRs are positioned as
institutional as well as technological solutions: they may lower entry barriers for sectors that cannot absorb
the cost, land demand, and construction risk of gigawatt-scale plants, and they are linked to retiring fossil-
fuel sites and captive industrial or data-centre applications.

Table 6. Reactor classes in the national roadmap

Reactor category Strategic role Indicative policy position

Indigenous 700 MWe | Standardized backbone for utility- | Core expansion platform
PHWRs scale growth

Imported large reactors Capacity acceleration and | Part of roadmap to larger
technology diversification fleet

Bharat Small  Modular | Brownfield and captive deployment | Under mission-supported

Reactor (BSMR-200) development

SMR-55 Smaller modular and specialized | Under indigenous design
use cases effort
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India’s Nuclear Capacity Roadmap to 100 GWe by 2047
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Figure 4. Phased nuclear capacity build-out under the Nuclear Energy Mission.

8. Financing Architecture and Institutional Models

A 100 GWe nuclear fleet cannot be financed through traditional central public-sector mechanisms alone.
The roadmap indicates that capacity beyond the NPCIL-led contribution (approximately 54 GW) is
expected from public-sector enterprises, state entities, private-sector participation, and joint ventures. The
NPCIL-NTPC joint venture Anushakti Vidhyut Nigam Limited (ASHVINI) combines nuclear operating
expertise with the financial scale and project-development experience of a major power utility. The
%20,000 crore allocation under the Nuclear Energy Mission functions as an early-stage public de-risking
instrument for reactor R&D and SMR deployment. Broader bankability will turn on tariff design,
sovereign support, long-term off-take contracts, fuel assurance, and risk-sharing arrangements.

Table 7. Institutional and financial building blocks

Instrument or model Intended function Strategic
importance
NPCIL-led deployment Maintain continuity of public-sector | Lowers operational
nuclear delivery risk
ASHVINI JV Combine NTPC capital base with | Scalable hybrid
NPCIL expertise model

Nuclear Energy Mission | Support SMR and related | Early-stage de-risking
allocation development

Wider PSU, state, and private | Expand capital sources Essential for 100 GW
participation target
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9. Legal Reform, Liability, and Market Entry

Legal and liability structure remains central to market development. Long-standing concerns among
domestic and foreign suppliers regarding accident-related liability have discouraged wider participation
(Khan, 2024). Without a workable liability and ownership framework, private and quasi-private capital
will remain hesitant even where long-term demand is strong. Credible legal architecture that defines
exposure, responsibility, compensation, and sovereign support with greater predictability is therefore a
prerequisite for the mission’s success.

10. Feasibility Assessment

The 100 GWe target is feasible in engineering terms but demanding in execution terms. Official statements
now show a clearer pathway than earlier planning episodes, including a recognised interim milestone of
about 22.38 GW by 2031-32 and a differentiated strategy spanning large reactors and modular systems.
These features improve credibility, yet they do not eliminate the risks of delay, cost escalation, fuel
insecurity, industrial bottlenecks, or policy drift that have characterised the programme historically (Khan,
2024).

From a systems perspective, the strongest justification for the mission is that India’s energy transition now
requires more than aggregate low-carbon capacity additions. It requires dependable low-carbon power that
can stabilise a renewable-heavy grid and supply industrial and digital loads with high reliability. Nuclear
is not the only pathway to that outcome, but it is one of the few scalable options that combines low
emissions with firm supply—provided the historical pattern of under-delivery can be broken.

Table 3. SWOT-oriented feasibility matrix

Dimension Analytical Assessment Relative
Intensity (0-10)
Strengths Standardised PHWR programme, formal policy backing, strategic | 8.5

role as firm low-carbon power, SMR pathway

Weaknesses High capital intensity, long construction cycles, domestic uranium | 7.0
constraints, delayed Stage-2/3 fuel cycle

Opportunities | Data-centre growth, industrial co-location, SMR deployment, | 8.0
broader financing models, thorium long-term potential

Threats Fuel-import risk, legal uncertainty, supply-chain bottlenecks, | 7.5
execution slippage, local opposition
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SWOT Feasibllity Assessment of Indla’s 100 GWe Nuclear Ambition
(Relative Intensity Score 0-10)

Weaknesses

ik : \
. |
Opportunities : 8.0 @ » 85 ‘ Strengths

| |
\

3
1.5

Threats

Figure 5. SWOT feasibility assessment of India’s 100GWe Nuclear Ambition

11. Conclusion

India’s aspiration to reach 100 GWe of nuclear capacity by 2047 is now a formally articulated national
energy objective. It has become more credible because it is tied to specific intermediate milestones, a
dedicated mission, support for SMRs, and a broader institutional structure involving NPCIL, public-sector
enterprises, and joint ventures. The three-stage fuel-cycle vision—particularly eventual thorium
utilisation—continues to provide long-term strategic rationale, even if Stage 3 remains distant.

Even so, the decisive test lies ahead. The mission will succeed only if India can align project execution,
uranium security, technology standardisation, progress on the fast-breeder and thorium pathways, legal
reform, capital mobilisation, and demand-side integration over two decades. If that alignment is achieved,
nuclear power could evolve from a marginal contributor (~1.6 % of installed capacity today) to a central
pillar of India’s firm zero-carbon electricity architecture—particularly in an economy shaped increasingly
by electrification, digital infrastructure, and the need for round-the-clock clean power. Historical
experience, however, cautions that ambitious targets alone have rarely translated into commensurate
capacity additions (Khan, 2024).
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