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India's First Fast Breeder Reactor Achieves
Criticality at Kalpakkam — A Stage 2 Milestone

#: The Indian Express 7 April 2026

IE  The Indian Express 2 tags v

CONTEXT

The Indian Express editorial celebrates a landmark achievement: India’s indigenously developed
Prototype Fast Breeder Reactor (PFBR) at Kalpakkam, Tamil Nadu has achieved first criticality,
marking entry into the second stage of the country’s three-stage nuclear energy programme
designed by Dr. Homi Bhabha in the 1950s. The editorial argues this milestone advances India’s thorium-
based long-term energy security strategy and reinforces self-reliance in advanced nuclear technology —

making India only the second country after Russia to operate a commercial-scale fast breeder reactor.

THE EDITORIAL ARGUMENT

o A 70-year vision finally bears fruit — Bhabha’s three-stage strategy, conceived in the 1950s,
envisaged Stage 2 by the 1980s; the PFBR’s commissioning in 2026 represents both delay and

triumph

© Thorium is India’s energy destiny — with ~25-30% of global thorium reserves and only ~1-2% of

uranium reserves, India must master thorium technology for long-term energy security

3] Indigenous capability matters strategically — fast reactor and thorium technology are not part

of standard international nuclear commerce, making indigenous mastery essential

O Net zero by 2070 needs nuclear — India’s climate commitments require massive low-carbon

generation; nuclear provides reliable baseload that solar/wind cannot

5] The SHANTI Act unlocks scale — opening civil nuclear to private participation (up to 49%) is the
policy framework to scale from current 8,180 MW to the 100 GW target by 2047
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INDIA'S THREE-STAGE NUCLEAR PROGRAMME

STAGE REACTOR TYPE FUEL OUTPUT STATUS (2026)

Stage 1 Pressurised Heavy Natural uranium Electricity + plutonium- Operational — 24
Water Reactors 239 byproduct reactors, 8,180 MW
(PHWRS)

Stage 2 Fast Breeder Reactors Plutonium + Electricity + more PFBR critical
(FBRs) uranium-238 plutonium + U-233 from April 2026 v

(MOX) thorium blanket

Stage 3 Thorium-based U-233 from Electricity from India’s vast ~ Future (2030s-40s)
reactors (AHWR, thorium-232 thorium reserves
MSR)

The Logic Behind Three Stages

e Stage 1 Output: PHWRs use natural uranium (U-235 + U-238) — produces Pu-239 as byproduct

© Stage 2 Input: FBRs use Pu-239 from Stage 1 — consume Pu-239 + breed more Pu-239 from U-238

— also breed U-233 from thorium-232 in blanket

© Stage 3 Input: Thorium reactors use U-233 from Stage 2 — unlock India’s thorium reserves

The strategy is uniquely Indian — designed to leverage India’s resource endowment (limited uranium, abundant

thorium).

WHY PFBR MATTERS

FACTOR SIGNIFICANCE

First commercial-scale FBR in India  Validates 70 years of indigenous R&D

500 MWe capacity Comparable to commercial reactors elsewhere
Sodium-cooled, pool-type design Globally proven safety architecture

Negative void coefficient Inherent safety feature

70%+ indigenous content Aatmanirbhar Bharat in strategic sectors

Joins Russia in exclusive club Only 2 countries with operating commercial FBRs
Stepping stone to thorium Enables Stage 3 transition
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INDIA'S NUCLEAR CAPACITY TRAJECTORY

INSTALLED CAPACITY NUMBER OF REACTORS

1969 420 MW 2 (TAPS-1, TAPS-2 — BWRs from US)
2000 ~2,720 MW 14

2010 ~4,560 MW 19

2020 ~6,780 MW 22

2025-26 8,180 MW 24 (incl. recent KAPS-3, KAPS-4)
2030 (target) ~22,500 MW ~30

2047 (target) 100,000 MW (100 GW) ~80-100

The 100 GW target by 2047 (announced in 2024) is ambitious — it requires building reactors at a pace 5-10x

current capacity addition.

SHANTI ACT, 2025 — PRIVATE SECTOR ENTRY

The Strategic and Hybrid Atomic Nuclear Technology Initiative (SHANTI) Act, 2025 enables:

e Private sector participation in civil nuclear projects (up to 49% equity)
¢ Technology partnerships with international vendors
e Faster project approvals through streamlined regulatory processes
e Risk-sharing mechanisms for nuclear liability
This is a paradigm shift from the state monopoly model that has governed Indian nuclear power since the

Atomic Energy Act, 1962. The Act preserved Stage 1, 2, and 3 strategic technology under government control

but opens commercial reactor construction and operation to private participation.
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INDIA'S NUCLEAR ECOSYSTEM

INSTITUTION ROLE

DAE (Department of Atomic Energy) Apex body under PMO

AEC (Atomic Energy Commission) Highest policy body

BARC (Bhabha Atomic Research Centre, Mumbai) Flagship R&D — fuel, materials, safety

IGCAR (Indira Gandhi Centre for Atomic Research, Kalpakkam) Fast reactor R&D

NPCIL (Nuclear Power Corporation of India Ltd) Operates PHWR fleet

BHAVINI (Bharatiya Nabhikiya Vidyut Nigam Ltd) Operates FBRs (PFBR)

NFC (Nuclear Fuel Complex, Hyderabad) Fuel fabrication

AERB (Atomic Energy Regulatory Board) Independent nuclear safety regulator

CLIMATE AND ENERGY SECURITY

India’s net-zero target by 2070 requires:

® 500 GW non-fossil capacity by 2030 (Panchamrit commitment, COP26)
o 50% of installed capacity from non-fossil sources by 2030
® 45% reduction in emissions intensity from 2005 levels by 2030
Renewables (solar + wind) cannot provide reliable baseload due to intermittency. Storage is expensive.

Nuclear is the only proven, scalable, carbon-free baseload technology — making it critical to India’s

climate strategy. The PFBR’s success unlocks the path to scale.

UPSC RELEVANCE

GS Paper 3 — Science & Technology, Energy

e Three-stage nuclear programme: stages, rationale, status

e Fast Breeder Reactors: principle, operation, safety

e India’s nuclear ecosystem: BARC, IGCAR, BHAVINI, NPCIL
e Thorium and India’s energy security

® SHANTI Act and private sector participation
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Net-zero commitments and the role of nuclear

Mains Probable Questions:

“India’s three-stage nuclear programme is a unique strategy designed for India’s resource

endowment. Critically examine its rationale, progress, and challenges.” (250 words)

“Can nuclear power play a meaningful role in India’s net-zero transition? Discuss the policy,

technical, and political constraints.” (250 words)

FACTS CORNER

The Atomic Energy Act, 1962 establishes the legal framework for India’s nuclear programme —

placing all nuclear materials, facilities, and activities under central government control.

Dr. Homi Bhabha, the father of India’s nuclear programme, articulated the three-stage strategy in

1954 at a UN conference on the peaceful uses of atomic energy. He died in a plane crash in 1966.

India’s Civil Liability for Nuclear Damage Act, 2010 has been a major hurdle for foreign
reactor sales — its Section 17(b) allows operators to seek recourse against suppliers, deterring vendors

like Westinghouse and Areva.

The Kudankulam Nuclear Power Plant in Tamil Nadu is India’s largest single-site nuclear

facility — built with Russian VVER-1000 technology under a 1988 inter-governmental agreement.

India is not a member of the NPT (Nuclear Non-Proliferation Treaty) but has signed CTBT in

principle and maintains a unilateral moratorium on nuclear testing since Pokhran-II (1998).

India is a member of MTCR (2016), Wassenaar Arrangement (2017), and Australia
Group (2018) — three of the four major export control regimes — but remains outside the Nuclear

Suppliers Group (NSG) due to China’s opposition.

India’s monazite reserves in Kerala, Tamil Nadu, and Odisha contain ~12 lakh tonnes of thorium

— about 25-30% of global reserves.

< PREVIOUS EDITORIAL NEXT EDITORIAL -

A Disturbing Step for Rights, Dignity and SEBI's Independent Director Skilling Initiative
Mental Health —... —...
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