
 

1. Indigenous Light Water Reactor – S & T 
As India opens its nuclear power sector to private players and explores export opportunities, the 

nuclear establishment has stressed the need to fast-track the fabrication of indigenous Light Water 
Reactors (LWR) 

Light Water Reactors (LWRs) 
Light Water Reactors 
Definition- LWRs are nuclear power reactors that use ordinary water (H₂O) as 
1. Coolant (removes heat from the reactor core), and 
2. Moderator (slows down neutrons to sustain the fission chain reaction). 
Global dominance- LWRs constitute the largest share of global civil nuclear reactors and are the 
“default” commercial reactor technology worldwide (primarily PWRs and BWRs). 
Why “light” water matters- Ordinary water contains hydrogen (protium). Hydrogen is an effective 
moderator, but it also absorbs some neutrons—so LWRs generally need enriched uranium to maintain 
criticality. 

Types of LWRs 
Pressurised Water Reactor (PWR)- Water in primary loop is kept under high pressure so it does not boil. 
Heat is transferred to a secondary loop via steam generators to produce steam for turbines. Most 
common LWR type globally. Typically viewed as having stronger containment philosophy and mature 
operational experience. 
Boiling Water Reactor (BWR) - Water boils in the reactor core itself, producing steam directly to drive 
turbines. Fewer components than PWRs (no steam generator), but turbine systems may see higher 
radiation-control demands. 
LWRs are considered “simpler” than Heavy Water Reactors (HWR/PHWR) in many contexts 
Single fluid doing two jobs- Ordinary water acts as both coolant and moderator. 
Global standardisation- Because LWRs are widely deployed, there is 
1. Extensive operational learning, 
2. Mature component manufacturing ecosystems, 
3. Established regulatory templates and safety case precedents, 
4. Large global vendor base and competition. 

Advantages of LWRs  
Technology and Operations 
1. Internationally proven technology with vast operational data. 
2. Standardised designs allow repeat construction and licensing efficiencies. 
3. High thermal efficiency (especially for newer large units and advanced Gen-III designs). 
Economics and Supply Chain 
1. Economies of scale because LWRs dominate the global market. 
2. Large vendor ecosystem for equipment like reactor vessels, steam generators, pumps, valves, 

instrumentation, etc. 
3. Higher chances of export viability if India develops industrial capability aligned with global norms. 
Safety Evolution - Newer LWRs (Gen-III/III+) incorporate 
1. Passive safety systems (gravity-driven cooling, natural circulation), 
2. Improved severe accident mitigation, 
3. Stronger containment and redundant safety trains. 



 

Need of LWRs for India  
1) Strategic leverage and bargaining power 
Diversified reactor portfolio (PHWR + indigenous LWR + future SMRs/FBRs) improves India’s negotiating 
position with foreign suppliers on 
1. Pricing, 
2. Localisation, 
3. Fuel assurance, 
4. Maintenance and lifetime services, 
5. Technology transfer and training terms. 
2) Global market alignment and export pathway 
Since the global commercial market is LWR-heavy, India’s long-term ambition to become a meaningful 
exporter (or even a supplier of components/services) requires 
1. Compatibility with LWR supply chains, and 
2. A credible track record in design, construction, operations, and regulatory compliance of LWRs. 
3) Industrial integration and capability upgrading 
LWR manufacturing forces upgrades in 
1. Metallurgy (large forgings, pressure vessels), 
2. Precision fabrication, 
3. Safety-grade instrumentation and control systems, 
4. Quality assurance standards (nuclear-grade certifications), 
5. Project management at scale. 
4) Meeting long-term clean energy targets 

Nuclear is positioned as a firm, low-carbon power source, useful to complement renewables. 
If India is targeting very large capacity expansion by mid-century, multiple reactor streams may be 
necessary to avoid bottlenecks. 

SHANTI Act- it is being linked to LWR expansion (Policy Logic) 
If legal reforms allow wider participation (public + private) across 
1. Plant construction/operation, 
2. Fuel-cycle logistics and trade, 
3. Equipment and mineral handling, then India can 
4. Scale faster, 
5. Build competitive vendor ecosystems, 
6. Reduce fiscal burden on the state alone, 
7. Better integrate with global LWR commerce. 
Exam angle- Link this to themes of strategic sector liberalisation, regulatory capacity, risk allocation, and 
sovereign security concerns. 

India’s PHWR Strength vs Global LWR Dominance- The structural mismatch 
India’s strength - India has deep mastery of PHWRs (220 → 540/700 MWe) 
1. Uses natural uranium, reducing reliance on enrichment, 
2. Heavy water allows excellent neutron economy, 
3. Mature domestic industrial base and operating experience. 
Mismatch matters - Globally, the “common language” of nuclear commerce is LWR 
1. Vendor standards, 
2. Component specifications, 



 

3. Engineering practices, 
4. Operator training systems, 
5. Fuel procurement and enrichment services, 
6. Licensing benchmarks. 
Inference- Without LWR capability, India risks being a domestic PHWR champion but a limited player in 
global nuclear industry integration. 

Challenges for India in LWR  
1) Limited indigenous experience and learning curve - India’s operational and design expertise is 
historically centered on PHWRs and FBR roadmap. LWR deployment requires 
1. Large-scale LWR-specific safety analysis, 
2. Materials/corrosion management under LWR conditions, 
3. LWR fuel handling and reactor chemistry expertise. 
2) Technology access, IPR, and localisation barriers - LWR designs are often controlled by a small 
number of global firms and countries. Challenges emerge in 
1. Access to critical design data, 
2. Source codes for safety analysis tools, 
3. Proprietary manufacturing processes and quality systems, 
4. Long-term dependence on vendor-specific components. 
3) Fuel supply constraints (enriched uranium dependence) - LWRs generally require enriched uranium 
(typical commercial range- low-enriched uranium). This creates 
1. Import dependence and exposure to geopolitical shocks, 
2. Need for robust fuel assurance arrangements, 
3. Strategic concern about supply disruptions. 
4) High capital costs and financing structure - Nuclear projects have 
1. Large upfront costs, 
2. Long construction timelines (interest during construction becomes significant), 
3. Risk of cost overruns if project management and supply chain maturity are weak. 
Without a strong domestic LWR ecosystem, costs can stay high due to imports. 
5) Export competitiveness constraints - To export reactors/components, India needs 
1. A demonstrated operating fleet, 
2. Strong regulatory credibility, 
3. Competitive cost and delivery timelines, 
4. International-standard QA/QC and certification. 
6) Regulatory, liability, and risk allocation - Wider private participation requires clarity on 
1. Nuclear liability frameworks, 
2. Insurance pools, 
3. Responsibility distribution among operator, supplier, EPC contractors, 
4. Independent regulatory oversight capacity. 

Government Initiatives  
Nuclear Energy Mission and long-term targets - A mission-mode approach implies 
1. Capacity expansion roadmap, 
2. Domestic manufacturing push, 
3. Human resource scaling (operators, safety engineers, regulators), 
4. Fuel assurance and supply chain security planning. 



 

Indigenous innovation ecosystem (PHWR/SMR groundwork) - Even if Bharat Small Reactors or related 
concepts are not LWRs, they can still build 
1. Standardised manufacturing lines, 
2. Modular construction culture, 
3. Faster delivery systems, 
4. Stronger vendor qualification processes. 
R&D funding and advanced reactor tech - Funding can target 
1. Advanced materials, 
2. Passive safety, 
3. Fuel development, 
4. Waste minimisation, 
5. Accident-tolerant fuels and improved cladding, 
6. Digital instrumentation and control. 
International cooperation and bridging gaps - Partnerships can help in 
1. Operator training, 
2. Joint manufacturing, 
3. Safety benchmarking, 
4. Supply chain qualification and codes/standards alignment. 

India’s Three-Stage Nuclear Programme  
India adopted the three-stage route - India’s strategy is shaped by resource endowment 
1. Limited natural uranium relative to ambitions, 
2. Very large thorium reserves, but thorium is not directly fissile. 
Hence 
1. Use uranium reactors to produce plutonium (Stage 1), 
2. Use plutonium in fast reactors to breed more fissile material and enable U-233 production (Stage 2), 
3. Use thorium cycle to leverage abundant thorium using U-233 (Stage 3). 

Stage 1- PHWRs (Natural uranium → Plutonium) 
Fuel- Natural uranium (mostly U-238 with small U-235). 
Moderator/Coolant- Heavy water (excellent neutron economy). 
Core objective- Build a power base and generate Pu-239 in spent fuel for the next stage. 
Why PHWR suited India- Avoids reliance on enrichment; aligns with domestic capability. 

Stage 2- Fast Breeder Reactors (Plutonium → more fissile material) 
Neutron spectrum- Fast (no moderator). 
Fuel- Pu-239 + U-238 (as blanket) to breed more Pu-239; pathway to U-233 via thorium route where 
applicable. 
Core objective- Expand fissile inventory and improve fuel sustainability. 

Stage 3- AHWR / Thorium-based systems (Thorium → U-233 utilisation) 
Concept- Thorium-232 absorbs neutrons → converts through decay chain to U-233 (fissile). 
Core objective- Achieve long-term energy security using thorium. 
Strategic significance- Positions India to exploit its comparative advantage (thorium). 

India’s Thorium Reserves- Relevance and Constraints 
Thorium Matters - Thorium is more abundant in India than uranium, offering energy security potential. 
Supports the long-term logic of the three-stage programme. 



 

Thorium is difficult (practical constraints) - Extraction and processing are energy-intensive. Produces 
significant waste streams and radiological handling challenges depending on ore chemistry. Thorium is 
fertile, not fissile- needs a fissile driver (Pu-239 or U-233) and sophisticated reactor/fuel-cycle 
technology. Economics depend on 
1. Technology readiness, 
2. Scale, 
3. Waste management costs, 
4. Regulatory and safety frameworks. 

“LWRs and three-stage programme are not contradictory” 
PHWR/FBR/AHWR represent India’s strategic fuel-cycle pathway. 
LWRs can be a parallel commercial/economic track to 
1. Build capacity quickly, 
2. Integrate into global supply chains, 
3. Diversify technology portfolio, 

while India continues its long-term thorium vision. 

India must do to succeed with LWRs (Way Forward) 
Build an indigenous LWR design or deep co-development capability. Strengthen domestic 

enrichment/fuel assurance arrangements (or robust diversified import strategy). Create an 
internationally credible independent regulator and safety culture capacity at scale. Develop nuclear-
grade manufacturing- large forgings, special steels, safety-class equipment. Standardise designs to 
enable serial construction (reduce time/cost overruns). Clarify liability and private participation rules to 
unlock financing. 
Source- https-//indianexpress.com/article/upsc-current-affairs/upsc-essentials/knowledge-nugget-
india-light-water-reactor-nuclear-energy-upsc-exam-10484294/ 
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