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Recent Developments:

India has signed a long-term uranium supply agreement with Australia, marking a major milestone in
operationalising the India–Australia Civil Nuclear Cooperation Agreement, which was signed nearly 12
years ago. The agreement strengthens India's long-term fuel security for its expanding civil nuclear energy
programme.
The agreement follows similar long-term uranium supply arrangements with Canada and Kazakhstan
concluded earlier in 2026, reflecting India's strategy of diversifying uranium sources and reducing supply
risks.
India aims to increase its civil nuclear power generation capacity to 100 Gigawatt-electric (GWe) by
2047, making secure uranium availability a strategic priority under the Viksit Bharat @2047 vision.

Introduction:

India's Uranium Security:

Uranium is the principal fuel used in nuclear reactors for generating electricity through controlled nuclear
fission.
A reliable uranium supply forms the foundation of energy security, low-carbon electricity generation, and
long-term industrial development.
Although India possesses significant uranium reserves, domestic production remains insufficient to meet the
fuel requirements of its rapidly expanding nuclear power programme.
Consequently, India has adopted a dual strategy of expanding domestic uranium production while
simultaneously diversifying international uranium imports to ensure uninterrupted nuclear fuel
availability.

India's Nuclear Power Expansion Targets:

Vision for 2047:

India has set an ambitious target of expanding its installed civil nuclear power capacity from around 8.7
GWe to 100 GWe by 2047.
Nuclear energy has been identified as an important component of India's transition towards a low-carbon,
reliable, and energy-secure electricity system.
To facilitate this expansion, the Government has introduced policy reforms allowing greater participation of
the private sector in selected segments of the civil nuclear ecosystem while maintaining sovereign oversight
over strategic activities.

Importance of Nuclear Energy:
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Nuclear power provides continuous baseload electricity, unlike intermittent renewable energy sources.
Nuclear reactors generate electricity with very low greenhouse gas emissions, contributing to India's climate
commitments.
Expansion of nuclear energy supports energy diversification, reducing excessive dependence on imported
fossil fuels.
Nuclear power enhances long-term energy independence, industrial competitiveness and electricity
reliability.

India's Uranium Programme:

Role of Uranium:

Uranium serves as the primary raw material for producing nuclear fuel used in electricity generation.
Naturally occurring uranium contains different isotopes, with Uranium-235 being the principal fissile
isotope responsible for sustaining nuclear chain reactions.
Before uranium becomes usable nuclear fuel, it undergoes multiple stages of scientific processing.

Nuclear Fuel Cycle:

Major Stages:

Mining and Milling: Uranium ore is extracted from mines and processed into uranium oxide concentrate,
commonly known as Yellowcake.
Conversion: Uranium concentrate is chemically converted into forms suitable for fuel production.
Enrichment: The concentration of Uranium-235 is increased wherever reactor technology requires enriched
fuel.
Fuel Fabrication: Processed uranium is manufactured into fuel pellets and assembled into fuel bundles for
nuclear reactors.

India's Reactor Technologies and Fuel Requirements:

Pressurised Heavy Water Reactors:

India's indigenous Pressurised Heavy Water Reactors (PHWRs) primarily operate using natural uranium
.
Fuel for these reactors is supplied through a combination of domestic uranium production and imports.
PHWR technology forms the backbone of India's current civilian nuclear power programme because it does
not require enriched uranium.

Light Water Reactors:

India's Tarapur and Kudankulam nuclear power stations operate Light Water Reactors (LWRs).
These reactors require enriched uranium, which is presently imported entirely from foreign suppliers.
Dependence on imported enriched uranium makes diversified international partnerships strategically
important.

Domestic Uranium Resources:

Uranium Reserves in India:

India possesses approximately 4.3 lakh tonnes of uranium oxide reserves distributed across 47 identified
deposits.
Major uranium-bearing States include:
Andhra Pradesh

Kamaraj IAS Academy
Plot A P.127, AF block, 6 th street, 11th Main Rd, Shanthi Colony, Anna Nagar, Chennai, Tamil Nadu 600040
Phone: 044 4353 9988 / 98403 94477 / Whatsapp : 09710729833



Telangana
Jharkhand
Meghalaya
Rajasthan
Karnataka
Chhattisgarh
Uttar Pradesh
Uttarakhand
Himachal Pradesh
Maharashtra

Major Mining Organisation:

Uranium Corporation of India Limited (UCIL) is the Government-owned enterprise responsible for
uranium mining and processing.
Major operational uranium mines are located at:
Jaduguda (Jharkhand)
Turamdih (Jharkhand)
Tummalapalle (Andhra Pradesh)
UCIL also undertakes uranium exploration, ore processing and expansion of domestic production capacity.

India's Uranium Supply Gap:

Present Scenario:

Domestic uranium production presently meets the fuel requirement of only about 2.4 GWe out of India's
existing 8.7 GWe installed nuclear power capacity.
The remaining uranium requirement is fulfilled through imports from international suppliers.
According to the Ministry of Power roadmap for achieving 100 GWe nuclear capacity by 2047, India will
require approximately:
8,029 tonnes of additional natural uranium annually.
1,045 tonnes of enriched uranium annually.
The projected increase highlights the need for long-term fuel security alongside expansion of domestic
mining capacity.

Why India Depends on Uranium Imports:

Economic Factors:

Extraction and processing of domestic uranium ore are significantly more expensive than importing uranium
from international markets.
Indian uranium deposits generally contain low-grade ore, increasing mining and processing costs.
Imported uranium often provides better economic viability while ensuring uninterrupted reactor operations.

Strategic Factors:

Rapid expansion of nuclear capacity requires assured long-term fuel availability beyond current domestic
production.
Diversification of suppliers reduces dependence on any single exporting country.
Long-term supply agreements improve fuel security against geopolitical uncertainties and global market
fluctuations.

Future Concerns:
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Growing worldwide investment in nuclear power may increase international uranium demand and prices.
The Ministry of Power has recommended strengthening domestic uranium production despite higher
production costs to improve India's long-term energy security.
Expansion of Uranium Corporation of India Limited through additional Government support has been
identified as an important strategic priority.

India–Australia Uranium Cooperation:

Significance of the Agreement:

Australia possesses some of the world's largest uranium reserves, making it a reliable long-term supplier.
The agreement operationalises the India–Australia Civil Nuclear Cooperation Agreement, significantly
strengthening bilateral strategic relations.
Long-term fuel supply will improve certainty for India's expanding civilian nuclear programme.
The agreement complements India's broader strategy of diversifying uranium imports through partnerships
with multiple countries.

Nuclear Suppliers Group Waiver and International Cooperation:

2008 NSG Waiver:

In 2008, the Nuclear Suppliers Group (NSG) granted India a historic clean waiver, permitting international
civil nuclear commerce despite India not being a signatory to the Nuclear Non-Proliferation Treaty (NPT).
India became the only non-NPT country permitted to engage in global civilian nuclear trade under this
special arrangement.
The waiver enabled India to import uranium, nuclear fuel, reactors and advanced nuclear technologies under
International Atomic Energy Agency (IAEA) safeguards.
The decision transformed India's civil nuclear diplomacy and enabled strategic nuclear partnerships with
countries including Australia, Canada, Kazakhstan, France, Russia and the United States.

Current Uranium Import Sources:

Major International Suppliers:

India presently imports uranium from Russia and Uzbekistan, while recent long-term agreements have
further diversified the country's uranium supply chain.
Cameco Corporation (Canada) signed a USD 2.6 billion long-term uranium supply agreement with India
in March 2026, with commercial deliveries expected to commence from the following year.
Kazatomprom (Kazakhstan), the world's largest uranium producer, concluded a substantial uranium supply
agreement with India in February 2026, restoring long-term cooperation after a brief interruption.
France supplied uranium ore concentrates during 2025–26, while the United States exported similar
uranium materials during 2024–25.
Australia has now emerged as another strategic supplier, reducing India's dependence on a limited number of
uranium-exporting countries and strengthening long-term energy security.

Import Trends:

Between 2008–09 and 2024–25, India imported approximately 18,842.60 metric tonnes of uranium in
different forms, including uranium ore concentrate, natural uranium dioxide pellets and enriched uranium
dioxide pellets.
During 2024–25, India's nuclear power plants generated 56,631.48 million units of electricity, of which
nearly 39,180 million units were produced using imported uranium.
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The estimated requirement of imported natural uranium for safeguarded Pressurised Heavy Water Reactors
during 2025–2033 is approximately 9,000 metric tonnes, reflecting the growing importance of long-term
international fuel partnerships.

India's Three-Stage Nuclear Power Programme:

Overview:

India's nuclear strategy follows the Three-Stage Nuclear Power Programme, conceptualised by Dr. Homi
Jehangir Bhabha, to maximise the utilisation of the country's limited uranium resources and abundant
thorium reserves.
The programme aims to achieve long-term nuclear fuel self-reliance while reducing dependence on imported
uranium.

Three Stages:

Stage I: Pressurised Heavy Water Reactors utilise natural uranium to generate electricity while producing
plutonium as a by-product.
Stage II: Fast Breeder Reactors use plutonium-based fuel to generate electricity and produce additional
fissile material from depleted uranium.
Stage III: Advanced reactors will utilise Thorium-232 to produce Uranium-233, enabling sustainable
utilisation of India's vast thorium reserves.
The commissioning of the Prototype Fast Breeder Reactor (PFBR) at Kalpakkam represents an important
milestone in India's transition towards the second stage of the programme.

Challenges Associated with Uranium Security:

Major Challenges:

Limited domestic production: Existing uranium mining capacity remains inadequate to support India's
long-term nuclear expansion plans.
Low-grade uranium ore: Indian uranium deposits generally possess relatively poor ore quality, increasing
extraction and processing costs.
Import dependence: Heavy reliance on imported uranium exposes India to geopolitical uncertainties, supply
disruptions and international market volatility.
Price fluctuations: Rising global demand for nuclear fuel may significantly increase uranium prices over the
coming decades.
Lengthy environmental clearances: Uranium mining projects often face delays due to environmental
approvals and concerns regarding ecological sustainability.
Local opposition: Mining activities sometimes encounter resistance because of environmental, health and
rehabilitation concerns.
Technological dependence: India continues to depend on foreign suppliers for enriched uranium required by
Light Water Reactors.
Strategic vulnerabilities: Global geopolitical tensions and export restrictions may affect long-term uranium
availability.

Significance of Uranium Security for India:

Strategic Importance:

Strengthens India's long-term energy security.
Supports the achievement of 100 GWe nuclear capacity by 2047.
Reduces excessive dependence on imported fossil fuels.
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Enhances strategic autonomy in the energy sector.
Improves resilience against international energy supply disruptions.

Economic Importance:

Provides reliable baseload electricity for industrial growth.
Supports manufacturing expansion under Make in India.
Improves electricity reliability for high-growth sectors.
Contributes to long-term economic competitiveness.

Environmental Importance:

Facilitates low-carbon electricity generation.
Supports India's commitments under the Paris Agreement.
Complements renewable energy by providing uninterrupted power supply.
Assists the transition towards a cleaner energy mix.

Geopolitical Importance:

Deepens strategic partnerships with uranium-producing countries.
Expands India's role in global civil nuclear cooperation.
Enhances India's credibility as a responsible nuclear power.
Supports India's aspiration for membership of the Nuclear Suppliers Group.

Way Forward:

Policy Priorities:

Expand domestic uranium exploration and mining through Uranium Corporation of India Limited.
Accelerate scientific exploration using advanced geological technologies.
Improve mining productivity while maintaining environmental safeguards.
Diversify uranium imports through long-term agreements with multiple countries.
Strengthen strategic uranium reserves to mitigate future supply disruptions.
Operationalise the Three-Stage Nuclear Power Programme more rapidly, particularly the deployment of
Fast Breeder Reactors and thorium-based technologies.
Enhance research and development in advanced reactor technologies, fuel recycling and nuclear waste
management.
Promote greater private-sector participation in selected non-strategic segments of the civilian nuclear sector
under appropriate regulatory oversight.
Continue close cooperation with the International Atomic Energy Agency (IAEA) while maintaining the
highest standards of nuclear safety and safeguards.

Conclusion:

India's recent uranium agreements with Australia, Canada and Kazakhstan demonstrate a comprehensive
strategy to secure reliable long-term fuel supplies for its expanding civilian nuclear programme.
Although international partnerships remain essential in the short and medium term, strengthening domestic
uranium production, advancing the Three-Stage Nuclear Power Programme and improving fuel-cycle
capabilities will be equally important for achieving sustainable nuclear energy security.
A balanced combination of domestic resource development, international cooperation and technological
self-reliance will enable India to realise its ambition of 100 GWe nuclear capacity and support the broader
vision of Viksit Bharat @2047.

Value Addition for UPSC:
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Relevant Institutions:

Department of Atomic Energy (DAE)
Atomic Energy Commission (AEC)
Nuclear Power Corporation of India Limited (NPCIL)
Uranium Corporation of India Limited (UCIL)
Atomic Minerals Directorate for Exploration and Research (AMD)
Bhabha Atomic Research Centre (BARC)
International Atomic Energy Agency (IAEA)
Nuclear Suppliers Group (NSG)

Key Arrangements:

India–Australia Civil Nuclear Cooperation Agreement
India–Canada Civil Nuclear Cooperation
India–Kazakhstan Uranium Supply Agreement
India–United States Civil Nuclear Agreement (123 Agreement)
IAEA Safeguards Agreement
Additional Protocol
Convention on Nuclear Safety

Major Programmes:

Three-Stage Nuclear Power Programme
National Green Hydrogen Mission
National Electricity Plan
Viksit Bharat @2047
Atmanirbhar Bharat
Make in India
Small Modular Reactor (SMR) Development Initiative
Bharat Small Reactors Initiative

Important Facts for Answer Writing:

Target Nuclear Capacity: 100 GWe by 2047
Current Nuclear Capacity: Approximately 8.7 GWe
Domestic Uranium Oxide Reserves: Approximately 4.3 lakh tonnes
Identified Uranium Deposits: 47
States with Uranium Deposits: 11
Additional Natural Uranium Requirement by 2047: 8,029 tonnes annually
Additional Enriched Uranium Requirement by 2047: 1,045 tonnes annually
NSG Waiver Granted: 2008
Total Uranium Imported (2008–09 to 2024–25): 18,842.60 metric tonnes
Electricity Generated Using Imported Uranium (2024–25): 39,180 million units
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