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The Core Science (Simple Explanation) 

What is Nuclear Energy? 

 

Think of an atom like a tiny ball. At its centre is the nucleus — extremely dense and packed with 

energy. When we break this nucleus, a huge amount of energy is released 

Example: 

• Like compressing a spring very tightly  

• The moment it breaks → energy bursts out  

One line to remember: 

Nuclear energy = energy stored inside the nucleus of an atom 

 

 

 

Fission vs Fusion 

1. Fission (Used in nuclear reactors) 

Breaking a heavy atom (like Uranium) 

• One Uranium atom → splits into smaller atoms  

• Releases energy + neutrons  

Example: 

• Like breaking a big rock into pieces → energy released. 
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2. Fusion (Used in the Sun) 

Joining small atoms (like Hydrogen) 

• Two Hydrogen atoms → combine → form Helium  

• Releases even MORE energy . 

Example: 

• Like two water droplets merging into one bigger drop 

 
 

Fission Fusion 

Basic Idea Breaking a heavy atom Joining light atoms 

Fuel Used Uranium / Plutonium Hydrogen isotopes (Deuterium, 

Tritium) 

Process Large nucleus splits into smaller 

nuclei. 

Small nuclei combine to form a bigger 

nucleus 

Energy Output High Very high (more than fission) 

By-products Radioactive waste (long-lived) Minimal radioactive waste 

Conditions 

Required 

Can occur at relatively lower 

temperatures 

Requires extremely high 

temperature & pressure 

Where it 

Happens 

Nuclear reactors (power plants), 

atomic bombs 

Sun and stars 

Control Can be controlled (reactors) Difficult to control (still experimental 

on Earth) 

Current Use Widely used for electricity 

generation 

Not yet commercially viable 

Example Breaking a big rock into pieces Two water droplets merging into one 
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Chain Reaction 

 

This is where things get interesting. When 1 atom splits → it releases neutrons. 

These neutrons: 

→ hit other atoms 

→ they split 

→ release more neutrons. 

Think of a ladi (string of crackers): 
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• You light one end 

• That cracker explodes → ignites the next 

• Then the next → and the next 

• Soon, the entire chain bursts rapidly. 

Exactly like nuclear fission: 

One atom splits → releases neutrons → triggers others → chain continues automatically. 

 

 

Same in nuclear reaction.  

There are 2 types of Chain Reaction- 

1. Uncontrolled chain reaction  

o Happens in atomic bomb  

o Explosive  

2. Controlled chain reaction  

o Happens in nuclear reactor  

o Safe + steady energy  

Reactors are basically controlled explosions. 

 

How electricity is generated? 

Now connect everything. 

Step-by-step flow: 

1. Fission happens → heat is produced  

2. Heat boils water → steam  

3. Steam rotates turbine  

4. Turbine runs generator  
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5. Electricity is produced 

Nuclear plant is actually not about electricity directly. It is about producing heat efficiently.  

Same principle as Coal plant or Gas plant.  

Only fuel changes: 

• Coal → chemical energy  

• Nuclear → atomic energy 

 

 

 

 

 

 

 

 

Uranium 

1.First question: What is uranium made of? 

Uranium is not just one thing. It is a mixture of two main types: 
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U-238 → about 99.3%  

U-235 → about 0.7%  

So, uranium always comes as a mix of U-235 and U-238 (in nature). 

Both are radioactive but there is a BIG difference: 

U-235 → very useful for nuclear reactions  

U-238 → mostly just sits there, not very useful directly  

Think of it like: 

U-235 = “active player”  

U-238 = “silent spectator (with some hidden role)”  

 

2. Then why is U-235 important? 

Because: U-235 can easily split (fission) 

When it splits: 

• releases energy  

• releases neutrons  

• starts a chain reaction  

This is what we need in: 

• nuclear reactors  

• nuclear weapons  

What about U-238? 

This is where things get interesting. U-238 does NOT easily split 

So: 

• it cannot directly run a reactor like U-235  

• it cannot easily make a bomb  

But it has a hidden role. When U-238 absorbs a neutron, it slowly turns into: Plutonium (Pu-239) 

And plutonium: 

• CAN be used as fuel  

• CAN be used in weapons  

 

3. So what is actually used in reactors? 

Depends on the reactor: 

In India (PHWR reactors): 

Uses natural uranium. So BOTH U-235 and U-238 are present  

• U-235 does the main work 

• U-238 slowly converts into plutonium, 
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In many other countries: 

Uranium is enriched.  

Meaning: U-235 is increased from 0.7% → 3–5%  

So, more efficient reaction.  

 

4. What is “enrichment”? 

Simple idea: Taking uranium and increasing the amount of U-235 

Like: 

from 0.7% → 3–5% → 20% → 90%  

Why is this important? 

Because: 

U-235 % Use 

0.7% Natural uranium (India PHWR) 

3–5% Power reactors 

~90% Nuclear weapons 

Same element, different concentration → completely different use 

When we say “uranium fuel”, it actually means, a mixture where: 

U-235 → does the fission (main job)  

U-238 → helps create new fuel (plutonium) 

Reactor Types 

Every reactor is trying to solve 3 problems: 

1. How to slow down neutrons (moderator)?  

2. How to cool the reactor (coolant) ? 

3. What fuel to use ? 

All reactor types are just different combinations of these 3. 

 

1. PHWR (Pressurised Heavy Water Reactor) — India’s present 

Simple idea: 

“Don’t let water boil inside the reactor.” 

Reactor heats heavy water (D₂O).  

This water is kept under high pressure → no boiling.  

Heat is transferred to another water system → steam forms there.  

Why India uses it: 
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Works on natural uranium (no enrichment needed)  

India doesn’t have much enriched uranium → perfect choice  

In one line: 

PHWR = “Heat here, steam made somewhere else”. 

 

2. BWR (Boiling Water Reactor) 

Simple idea: 

“Let water boil directly inside the reactor.” 

Same water inside reactor → boils → becomes steam. That steam goes directly to turbine  

Key difference: 

No separate system. Everything is one loop 

Problem: 

Steam is slightly radioactive → safety concern 

Countries: 

USA, Japan 

In one line: 

BWR = “Boil water inside reactor itself” 

 

3. PWR (Pressurised Water Reactor) 

Simple idea: 

“Like PHWR, but with normal water”. 

Water inside reactor is high pressure → no boiling . Transfers heat to another loop → steam 

forms outside.  

Difference from PHWR: 

Uses normal water (not heavy water). Needs enriched uranium  

Countries: 

USA, France (very common globally) 

In one line: 

PWR = “PHWR but with normal water + enriched fuel” 

 

4. FBR (Fast Breeder Reactor) — India’s transition 

Simple idea: 

“Don’t just use fuel — create more fuel”. 

Uses fast neutrons (no slowing down).  Converts waste into new usable fuel (Plutonium)  

Why important for India: 
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India has limited uranium. So we try to multiply fuel.  

In one line: 

FBR = “Reactor that produces more fuel than it consumes” 

 

5. AHWR (Advanced Heavy Water Reactor) — India’s future 

Simple idea: 

“Use thorium instead of uranium”. 

India has huge thorium reserves . AHWR is designed to use that  

Status: Still under development 

In one line: 

AHWR = “India’s long-term plan using thorium” 

 

Summary 

Reactor Moderator Coolant Fuel Key Logic Main 

Countries 

PHWR Heavy 

Water 

Heavy 

Water 

Natural Uranium Works without 

enrichment 

India, Canada 

BWR Light Water Light Water Enriched 

Uranium 

Simple, direct steam USA, Japan 

PWR Light Water Light Water Enriched 

Uranium 

Safer, two-loop 

system 

USA, France 

FBR No 

moderator 

Liquid 

Sodium 

Plutonium/U-

238 

Breeds more fuel Russia, India 

AHWR Heavy 

Water 

Light Water Thorium Future fuel strategy India 

 

Ultra Simple Comparison 

Reactor Water boils inside? Fuel type Core idea 

PHWR No Natural uranium Heat transfer system 

BWR Yes Enriched uranium Direct boiling 

PWR No Enriched uranium Safer version of BWR 

FBR No (different system) Plutonium cycle Makes more fuel 

AHWR No Thorium-based Future tech 
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India’s 3-Stage Nuclear Programme (The Heart) 

India’s Journey 

 

India’s nuclear journey began soon after independence, when the country faced a fundamental 

problem: how to achieve development with very limited energy resources. At that time, India 

had very little oil and uranium, but a large population and growing industrial needs. It was in this 

context that Homi J. Bhabha emerged as the key architect of India’s nuclear vision. 

Bhabha believed that nuclear energy was essential for India’s long-term development and energy 

security. Under his leadership, India established the Atomic Energy Commission in 1948 and later 

the Department of Atomic Energy in 1954. His biggest contribution was designing India’s three-

stage nuclear programme, which aimed to move from limited uranium resources to abundant 

thorium reserves. This long-term thinking still defines India’s nuclear policy today. 

In the early phase, India focused on peaceful uses of nuclear energy, working with countries like 

Canada and the United States under international cooperation frameworks. However, things 

changed after the 1962 Sino-Indian War and China’s nuclear test in 1964. These events made 

India realise that nuclear technology was not just about energy but also about strategic security. 

This led to India conducting its first nuclear test in 1974, known as Smiling Buddha. India 

described it as a “peaceful nuclear explosion,” but it signalled India’s entry into the nuclear club. As 

a result, many countries imposed restrictions on nuclear trade with India, and global groups like 

the Nuclear Suppliers Group were formed partly in response to this test to control nuclear exports. 

India continued developing its nuclear capability independently and conducted a second series of 

tests in 1998, known as Pokhran-II. These tests declared India a nuclear weapons state. However, 

this also led to international sanctions and further isolation from global nuclear trade. 

Despite being outside treaties like the Nuclear Non-Proliferation Treaty, India maintained a policy 

of responsible nuclear behaviour, including a no-first-use doctrine and strict control over nuclear 

materials. Over time, the international community began to recognise India as a responsible 

nuclear power. 

A major turning point came in 2008 with the India-US Civil Nuclear Deal. Under this agreement, 

India separated its civilian and military nuclear facilities and placed civilian reactors under 

international safeguards. In return, India received a special waiver from the Nuclear Suppliers 

Group, allowing it to engage in global nuclear trade despite not being a member of the NPT. 

This waiver was crucial because it allowed India to: 

• import uranium fuel  

• access advanced nuclear technology  

• expand its civilian nuclear energy programme  
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In simple terms, India’s nuclear journey moved through three phases: first, building a scientific and 

energy foundation under Bhabha; second, developing nuclear weapons capability due to security 

concerns; and third, reintegrating into the global nuclear system while maintaining strategic 

autonomy. 

 

 

 

First, the basic fuel idea. 

 

India doesn’t have much uranium, but has huge thorium reserves. So India designed a long-

term strategy to convert one fuel into another. 

India’s nuclear programme is like solving a problem step by step. India has very little uranium, 

which can be used directly, but a lot of thorium, which cannot be used on its own.  

So first, India uses uranium to produce plutonium.  

Then in the next stage, this plutonium is used in reactors where it produces energy and also 

releases many neutrons.  

These neutrons are very important. They are sent to thorium kept around the reactor. When 

thorium absorbs these neutrons, it slowly changes into Uranium-233, which can be used as fuel. 

So plutonium is not the final goal. It is just a helper that allows India to finally use thorium. In this 

way, India moves from a small amount of usable fuel to a large, long-term energy source. 

 

Not every uranium or thorium atom can be used as fuel. 

A nuclear fuel must be able to split and release energy. This is called fissile material. 

Materials that can be used directly as fuel: 

1. Uranium-235 (U-235)  

2. Plutonium-239 (Pu-239)  

3. Uranium-233 (U-233)  

These can split when hit by a neutron and produce energy. 

Materials that cannot be used directly as fuel: 

1. Uranium-238 (U-238)  

2. Thorium-232 (Th-232)  

3. Uranium-232 (U-232)  

These are not direct reactor fuels in this story. They can sometimes be changed into useful 

material, but they themselves are not the main fuel. 
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Isotope clarity 

U-235 

This is the small useful part present in natural uranium. 

This is the part that actually does fission easily. 

So when people say uranium is used as fuel, the useful part is mainly U-235. 

U-238 

This is the largest part of natural uranium. 

It is not the main fissile fuel, but it is very important because it can be converted into Plutonium-

239. 

So U-238 is not useless. It is like raw material. 

Th-232 

This is thorium found in nature. 

It cannot be used directly as fuel. 

But if it absorbs neutrons, it can be converted into U-233, which is useful fuel. 

So thorium is like a locked treasure. 

U-233 

This is the useful fuel that comes from thorium. 

This is what India wants in the long run. 

U-232 

This is not the fuel India wants. 

It is usually an unwanted by-product in the thorium-U-233 route. 

It is highly radioactive and creates handling problems. 

So remember: 

U-233 = useful  

U-232 = troublesome by-product  

 

Now the big story: Why did India create 3 stages? 

India had a problem: 

We had limited uranium but a lot of thorium. But thorium could not be used directly. So India could 

not simply say: “Let’s run all reactors on thorium.” 

We first had to create a path to reach thorium. That is why India designed 3 stages. The three 

stages are not random. They are like a staircase. 

The staircase is: 

1. Stage 1 gives material for Stage 2 

2. Stage 2 gives the conditions for Stage 3 

3. Stage 3 is the long-term goal 
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Stage 1 — PHWR stage 

What reactor is used? 

PHWR = Pressurised Heavy Water Reactor. 

This is the reactor India uses widely today. 

What fuel goes inside? 

Natural uranium 

Natural uranium contains: 

• mostly U-238  

• a small amount of U-235  

The useful fissile part is U-235. 

What happens inside? 

The U-235 atoms split and release energy. That energy is used to make electricity. At the same 

time, something else important happens: 

Some U-238 gets converted into Plutonium-239. 

So Stage 1 does two things: 

1. produces electricity  

2. produces plutonium  

Why is this stage important? 

Because India does not naturally mine plutonium. It has to create plutonium inside reactors. 

So Stage 1 is like: 

“Use the uranium we have, produce power, and also create plutonium for the next step.” 

In one line 

Stage 1 = Use uranium, get electricity, and make plutonium 
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Stage 2 — FBR stage 

What reactor is used? 

FBR = Fast Breeder Reactor 

India’s famous current example is PFBR. PFBR means: 

Prototype Fast Breeder Reactor 

What fuel goes inside? 

Mainly Plutonium-239. This plutonium came from Stage 1. 

What happens inside? 

Plutonium undergoes fission and produces: 

• electricity  

• lots of neutrons  

These neutrons are very important. Also, this stage can create more fissile material than it uses. 

That is why it is called a breeder reactor. 

Why is this stage important? 

Because India had only a small amount of plutonium from Stage 1. 

Now Stage 2 helps: 

• use plutonium  

• multiply fissile material  

• create the neutron-rich environment needed for thorium use  

How does Stage 2 help Stage 3? 

Thorium cannot directly become fuel on its own. It needs neutrons. Stage 2 provides those 

neutrons. The broad idea is: 
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Plutonium burns → neutrons come out → thorium absorbs them → thorium changes step by step 

into U-233. 

So Stage 2 is the bridge. 

In one line 

Stage 2 = Use plutonium, make more useful material, and help unlock thorium 

 

 

 

Stage 3 — AHWR / thorium stage 

What reactor is planned? 

AHWR = Advanced Heavy Water Reactor. This is the future-oriented thorium stage. 

What fuel is the final aim here? 

U-233. Not thorium directly. That is very important. 

What goes inside at the beginning? 

Not just thorium alone. Because thorium cannot start the reaction by itself. So Stage 3 needs: 

thorium plus some starter fissile fuel such as plutonium or another fissile material  

Why starter fuel is needed? 

Thorium-232 cannot directly do fission easily like U-235 or Pu-239. It first needs neutrons to 

convert into U-233. So the starter fuel produces the first neutrons. Those neutrons hit thorium. 

Then thorium goes through conversion steps and finally becomes U-233. U-233 is the real usable 

fuel. 

So what is happening in simple words? 

Stage 3 is not: 

“Thorium directly producing power from day one.” 
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It is: 

“Use some starter fuel to activate the system, convert thorium into U-233, and then use U-233 as 

the long-term fuel.” 

Why is this stage the goal? 

Because India has a lot of thorium. So if India can master this stage, it gets: 

• long-term fuel security  

• less dependence on limited uranium  

In one line 

Stage 3 = Use thorium to make U-233, and use that as future fuel 

 

 

 

 Does one reactor become another reactor? 

No. 

A PHWR does not get converted into an FBR, and an FBR does not get converted into an 

AHWR. These are different reactor designs. 

Think of them like different machines in a factory. 

1. PHWR is one type of machine  

2. FBR is another type of machine  

3. AHWR is another type of machine  

What changes from stage to stage is not the same reactor changing shape. 

What changes is: 

• the fuel  

• the purpose  

• the reactor design  
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So the programme is a chain of different reactors working with different fuels, not one reactor 

evolving physically into another. 

 

The full flow. 

Stage 1 

Natural uranium is used in PHWRs. Electricity is produced. Plutonium is also created. 

Stage 2 

That plutonium is used in Fast Breeder Reactors. Electricity is produced. More useful material and 

lots of neutrons are generated. 

Stage 3 

Those neutrons help thorium convert into U-233. U-233 becomes the real future fuel. 

 

The most important correction to remember 

It is wrong to say: “Thorium is the fuel in Stage 3.” 

The better sentence is: “Thorium is the raw material in Stage 3, and it is converted into U-233, 

which is the real fuel.” 

 

PFBR Achieving Criticality (BIGGEST NEWS) 

India’s Prototype Fast Breeder Reactor (PFBR) at Kalpakkam has reached criticality. 

What it means: 

Stage 2 of India’s nuclear programme is becoming reality. Plutonium-based reactors are now 

operational.  

Why it is important: 

• Produces more fuel than it consumes.  

• Enables transition to thorium (Stage 3).  

• Reduces dependence on uranium imports.  

This is the bridge between present and future. 

 

Push for Small Modular Reactors (SMRs) 

India is exploring SMRs (Small Modular Reactors) 

What they are: 

• Smaller, factory-built reactors  

• Easier to deploy  

Why important: 

• Faster construction  
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• Lower cost  

• Safer (passive systems)  

• Suitable for remote/industrial areas  

Future of nuclear expansion 

 

Focus on Thorium (Long-term Strategy) 

India continues work on: 

• AHWR (Advanced Heavy Water Reactor)  

• Thorium fuel cycle  

Why important: 

• India has one of the largest thorium reserves  

• Long-term energy independence  

Strategic advantage unique to India 

 

Climate Commitments (BIG CONTEXT) 

India’s net-zero goals require: 

• low-carbon energy  

• stable power supply  

Nuclear helps in: 

• reducing coal dependence  

• ensuring 24×7 electricity  

Nuclear = climate + energy solution 

 

THE BIG PICTURE 

All recent developments point to one thing: 

India is moving from: 

“limited nuclear use” 

to 

“large-scale strategic nuclear expansion” 

 

Thorium 

Thorium is a metal found in nature. In India, it is mostly found in beach sand (monazite). 

Thorium itself is NOT a nuclear fuel. 

Thorium cannot be used directly because Thorium-232 does not split easily (no direct fission) 

 

Why is thorium important? 
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Because it can be converted into a fuel 

That fuel is Uranium-233 (U-233). 

Thorium absorbs a neutron.  Slowly changes step by step and becomes U-233 which is a proper 

fuel. 

 

Where do these neutrons come from? 

From: Stage 2 (Plutonium reactors / FBR) 

So: 

• Plutonium burns  

• Releases neutrons  

• Neutrons hit thorium  

• Thorium becomes U-233  

 

How thorium is actually used in reactors? 

You DO NOT use pure thorium alone. 

You need: 

Thorium (raw material) and starter fuel (plutonium or U-235).  

Starter fuel is used because Thorium cannot start reaction on its own.  

Needs neutrons first.  

So starter fuel “ignites the system”. 

 

Real reactor setup (very important visual idea) 

Inside a reactor: 

Core → plutonium or U-235 burning  

Surrounding layer (blanket) → thorium  

Neutrons move: 

Core → Blanket → convert thorium → U-233 

 

What happens after U-233 is formed? 

Now U-233 is extracted and used as fuel. 

So final flow: 

Thorium → U-233 → Reactor → Electricity 

 

Why India cares so much about thorium? 

Because: 

• India has little uranium  

• India has huge thorium reserves  
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So long-term strategy: 

Move from uranium → plutonium → thorium 

 

 
 

Advantages of Thorium Disadvantages of Thorium 

Availability Abundant in India (large reserves 

in coastal sands) 

Not evenly distributed globally 

Fuel potential Can produce U-233 (good fissile 

fuel) 

Cannot be used directly as fuel 

Energy security Reduces dependence on 

imported uranium 

Requires existing uranium/plutonium to 

start 

Safety More stable reaction, lower risk of 

runaway reactions 

Technology still evolving → operational 

uncertainties 

Waste Produces less long-lived 

radioactive waste 

Still generates radioactive waste (needs 

management) 

Efficiency High fuel utilisation possible 

(breeding cycle) 

Complex fuel cycle (conversion + 

reprocessing needed) 

Proliferation 

risk 

Harder to use for weapons (due 

to U-232 contamination) 

Not completely proliferation-proof (U-233 

can be used theoretically) 

Sustainability Long-term energy solution 

(centuries of fuel possible) 

Not commercially established yet 

Reactor design Can work in advanced reactors 

(AHWR, molten salt etc.) 

Requires advanced, expensive reactor 

designs 

Technology 

status 

Strong R&D progress (especially 

in India) 

No large-scale commercial success yet 

 

U-232 contamination: 

During process, U-232 forms. This is BAD because: 

• emits strong gamma radiation  

• handling becomes dangerous  

 

So is thorium being used today? 

Limited use only 

India is: 

1. researching  

2. testing  

3. not fully commercial yet 
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Key Institutions in India 

1. Department of Atomic Energy (DAE) 

Basic idea: This is the top authority for nuclear energy in India. 

Established: 1954 

Works under: Directly under the Prime Minister of India 

What it does: Overall policy making  

Controls nuclear research, energy, and strategic programmes  

Supervises all major nuclear organisations  

Key point to remember: 

DAE = Brain of India’s nuclear programme 

 

2. Bhabha Atomic Research Centre (BARC) 

Basic idea: India’s main nuclear research centre 

Location: Trombay, Mumbai 

What it does:  

1. Nuclear research (reactors, fuel, materials)  

2. Develops indigenous technologies  

3. Supports both civilian and strategic programmes  

Key point: 

BARC = Scientific engine / R&D hub 

 

3. Nuclear Power Corporation of India Limited (NPCIL) 

Basic idea: This is the operator of nuclear power plants 

Established: 1987 

What it does: 

1. Builds and runs nuclear power plants  

2. Handles electricity generation from nuclear energy  

Key point: 

NPCIL = Execution arm (electricity production) 
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4. Indira Gandhi Centre for Atomic Research (IGCAR) 

Location: Kalpakkam, Tamil Nadu 

Focus: Fast Breeder Reactors (Stage 2)  

What it does: 

1. Research on plutonium-based reactors  

2. Key role in PFBR development  

Key point: 

IGCAR = Stage 2 specialist (FBR focus) 

 

5. Atomic Energy Regulatory Board (AERB) 

Established: 1983 

Basic idea: India’s nuclear safety regulator 

What it does: 

1. Ensures safety of nuclear plants  

2. Sets safety standards  

3. Monitors radiation and operations  

Key point: 

AERB = Safety watchdog 

 

6. Heavy Water Board 

Why important: Heavy water is essential for PHWR reactors 

What it does: 

1. Produces heavy water (D₂O)  

2. Supplies to nuclear reactors  

Key point: 

Heavy Water Board = Fuel support system 

 

7. Uranium Corporation of India Limited (UCIL) 

What it does: Mining and processing of uranium in India  

Key point: UCIL = Raw material provider (uranium) 
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GLOBAL NUCLEAR BODIES & INDIA’S POSITION 

 

Body / Treaty Type Core Objective India’s 

Status 

Why India Took This 

Position 

International Atomic 

Energy Agency 

Organization Promote 

peaceful 

nuclear use + 

safeguards 

Member Wants civilian 

cooperation; allows 

inspections on civilian 

facilities only 

Nuclear Non-

Proliferation Treaty 

Treaty Prevent spread 

of nuclear 

weapons 

Not a 

signatory 

Discriminatory 

(recognises only 5 

nuclear weapon states) 

Comprehensive 

Nuclear-Test-Ban 

Treaty 

Treaty Ban all nuclear 

test explosions 

Not a 

signatory 

Strategic autonomy + 

unequal framework 

concerns 

Nuclear Suppliers 

Group 

Export control 

group 

Control nuclear 

trade 

Not a 

member 

(waiver) 

Access gained via 

India-US Civil Nuclear 

Deal despite non-

membership 

Fissile Material Cut-

off Treaty 

(Proposed) 

Proposed 

treaty 

Ban fissile 

material 

production for 

weapons 

Supports 

negotiations 

Wants universal, 

verifiable, non-

discriminatory 

agreement 

 

 

Nuclear Energy: Global Scenario 

Advantages vs Disadvantages 
 

Advantages Disadvantages 

Carbon 

emissions 

Very low CO₂ → helps in climate 

goals 

Not fully “green” (mining + waste issues) 

Energy density Small fuel → huge energy output Requires highly specialized fuel handling 

Reliability Provides base-load power 

(24×7) 

Not flexible like solar/wind (slow ramp-up) 
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Land use Requires less land compared to 

solar/wind 

Large exclusion zones needed for safety 

Fuel 

requirement 

Very small quantity needed Uranium reserves limited (except thorium 

future) 

Cost (long-

term) 

Low operating cost once running Very high initial setup cost 

Energy security Reduces dependence on fossil 

fuels 

Fuel supply + technology dependence (in 

some cases) 

Pollution No air pollution (no SOx, NOx, 

PM) 

Radioactive waste disposal is a major 

issue 

Technology Highly advanced, high efficiency Requires skilled manpower and strict 

regulation 

Safety Modern reactors have strong 

safety systems 

Accidents, though rare, can be 

catastrophic 

Time factor Long plant life (40–60 years) Very long construction time (delays 

common) 

Public 

perception 

Seen as clean alternative to coal Public fear, protests, land acquisition 

issues 

 

Disasters 

The Chernobyl Disaster took place in 1986 in the Soviet Union (present-day Ukraine) and 

is considered the worst nuclear accident in history. The reactor used at Chernobyl was an RBMK 

type, which had a major design flaw. Unlike safer reactors, it used graphite as a moderator and did 

not have a strong containment structure to trap radiation in case of an accident. The disaster 

began during a safety test in which operators wanted to check whether the reactor could still be 

cooled during a power outage. To conduct this test, they reduced the reactor’s power and, 

critically, switched off several safety systems. 

At low power levels, the RBMK reactor became highly unstable. Instead of slowing down, the 

nuclear reaction started behaving unpredictably due to increased steam formation, which actually 

accelerated the reaction rather than controlling it. When the operators realised things were going 

wrong, they pressed the emergency shutdown button. However, due to a flaw in the control rods, 

this action initially increased the reaction instead of stopping it. Within seconds, there was a 

massive power surge, leading to a steam explosion that blew off the reactor lid. The exposed core 

released radioactive material into the atmosphere, and the graphite caught fire, further spreading 

radiation. 
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The situation became extremely dangerous because there was no proper containment building, 

the reactor design was flawed, and human errors worsened the situation. Initially, the Soviet 

government tried to suppress information and delayed evacuation. Eventually, nearby areas like 

Pripyat were evacuated, and a massive concrete structure, known as a sarcophagus, was built to 

contain the radiation. The disaster spread radioactive material across large parts of Europe. The 

key lesson from Chernobyl is that a combination of poor reactor design and human error can lead 

to catastrophic consequences. 

In short- 

What is special about RBMK? 

1. Uses graphite (not water) to control reaction  

2. Has a design flaw  

3. No strong containment building (VERY IMPORTANT)  

 

The story (what actually happened) 

Imagine this: They wanted to do a safety test: 

“If power goes off, can the reactor still cool itself?” 

So they: 

• Reduced reactor power  

• Turned off safety systems (this is critical mistake)  

 

Then things went wrong. At low power, the reactor became unstable because: 

• RBMK reactors behave badly at low power  

• More steam → reaction increases instead of decreasing  

(This is opposite of safe design) 

 

The explosion. 

Operators tried to shut it down and pressed emergency shutdown but control rods had a flawed 

design.  

Instead of stopping reaction → briefly increased it  

Result: 

1. Sudden power surge  

2. Steam explosion  

3. Reactor core exposed  

 

Why it became dangerous 

1. No containment building  

2. Reactor design flaw  
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3. Human error  

4. Safety systems disabled  

 

What happened after explosion 

1. Graphite caught fire  

2. Radioactive material released into air  

3. Radiation spread across Europe  

 

Government response 

Initial: 

• Tried to hide it  

• Delayed evacuation  

Later: 

• Evacuated nearby city (Pripyat)  

• Built a concrete shield (sarcophagus) over reactor  

 

Key lesson: “Bad design + human error = disaster” 

 

The Fukushima Disaster occurred in Japan in 2011 and represents a very different kind of 

nuclear accident. The reactors at Fukushima were Boiling Water Reactors (BWRs), which are 

modern and generally considered safe. The sequence of events began with a massive 

earthquake, which caused the reactors to automatically shut down as designed. This part of the 

system worked perfectly. However, the real problem began shortly after when a powerful tsunami 

struck the plant. 

The tsunami flooded the facility and disabled the backup diesel generators that were supposed to 

power the cooling systems. Even though the reactor had shut down, the fuel inside remained 

extremely hot and required continuous cooling. Without electricity, the cooling systems failed 

completely. As a result, the temperature inside the reactor began to rise. Water turned into steam, 

and hydrogen gas started to accumulate inside the reactor buildings. 

Eventually, the buildup of hydrogen led to explosions in multiple reactor units. Although these were 

not nuclear explosions like in Chernobyl, they damaged the structures and led to the release of 

radioactive material into the environment. The situation became dangerous due to the loss of 

power, failure of cooling systems, and the scale of the natural disaster, which exceeded the plant’s 

design limits. Unlike Chernobyl, the Japanese government responded quickly by evacuating 

nearby populations and setting up exclusion zones. However, the cleanup process has been 

extremely long and continues even today. 
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The key lesson from Fukushima is that even a well-designed and safe reactor can become 

dangerous if critical systems like cooling fail, especially during extreme natural disasters. It 

highlighted the importance of backup systems, disaster preparedness, and designing plants for 

worst-case scenarios. 

In short- 

Boiling Water Reactor (BWR) 

This is a modern, safer design compared to Chernobyl 

 

The story (what actually happened). 

First event: A massive earthquake 

Reactors shut down automatically (this worked correctly).  

 

Then comes the real problem. 

A huge tsunami. Water flooded the plant and backup diesel generators failed.  

 

Why this is critical. 

Even after shutdown reactor is still VERY HOT 

It needs continuous cooling. 

 

What failed? 

Power supply gone and cooling systems stopped.  

 

What happened next 

Without cooling: 

1. Fuel rods overheated 

2. Water turned to steam 

3. Hydrogen gas formed 

Hydrogen explosions occurred in reactor buildings 

 

Why it became dangerous? 

• Loss of power (station blackout)  

• Cooling failure  

• Natural disaster beyond design limit  

• Hydrogen buildup  

 

What happened after? 

1. Partial meltdowns in multiple reactors  
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2. Radiation leak into environment  

3. Sea contamination  

 

Government response 

1. Immediate evacuation  

2. Large exclusion zone created  

3. Long-term cleanup (still ongoing) 

 

Key lesson: “Even safe design fails if cooling is lost” 

 

Feature Chernobyl Fukushima 

Reactor type RBMK (flawed design) BWR (modern design) 

Cause Human error + design flaw Natural disaster 

Explosion type Nuclear + fire Hydrogen explosion 

Containment None Present but damaged 

Radiation spread Massive Controlled but serious 

Government response Delayed Immediate 

 

After the Chernobyl Disaster and the Fukushima Disaster, the entire global nuclear industry 

went through a major shift. These accidents made it clear that nuclear energy is not just about 

producing power, but about managing extreme risks. The biggest lesson was that safety cannot 

depend on a single system or assumption; it must be layered, redundant, and designed for 

worst-case scenarios. 

One of the most important changes globally was the introduction of strong containment 

structures. After Chernobyl, it became unacceptable to operate reactors without a robust 

containment building. Modern reactors are now designed with thick concrete and steel structures 

that can prevent the release of radiation even if something goes wrong inside. This directly 

addressed the biggest weakness seen at Chernobyl, where radiation spread freely because there 

was no containment. 

Another major learning was the importance of passive safety systems. Earlier reactors 

depended heavily on active systems like pumps and human intervention. After Fukushima, the 

focus shifted to systems that can work automatically without electricity or human action. These 

include gravity-based cooling, natural circulation of coolant, and automatic shutdown mechanisms. 

The idea is simple: even if everything fails, the reactor should still move towards safety on its own. 

The disasters also highlighted the critical importance of continuous cooling. Fukushima 

showed that even after shutdown, reactors remain extremely hot and can melt down without 

cooling. As a result, countries now ensure multiple backup cooling systems, including diesel 
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generators, battery backups, and alternative water injection systems. Plants are now designed to 

handle “station blackout” situations, where all external power is lost. 

Another key change was in site selection and disaster preparedness. After Fukushima, 

nuclear plants are now evaluated against extreme natural events like earthquakes, tsunamis, 

floods, and even climate-related risks. Safety margins have been increased significantly. Countries 

also introduced regular stress tests for nuclear plants to check whether they can survive worst-

case scenarios. 

On the governance side, there has been a stronger push for independent regulation and 

transparency. Governments realised that hiding information, as seen in Chernobyl, worsens the 

situation. Today, there is greater emphasis on real-time monitoring, international reporting, and 

cooperation through bodies like the International Atomic Energy Agency. Safety is now treated as 

a global responsibility, not just a national issue. 

 

In India, these lessons have been taken seriously and integrated into policy and design. 

Indian reactors, especially PHWRs, are built with robust containment structures and multiple 

safety barriers. After Fukushima, India conducted comprehensive safety reviews of all its nuclear 

plants and upgraded systems wherever required. This included improving backup power systems, 

strengthening cooling mechanisms, and enhancing flood and earthquake resistance. 

India also relies on a multi-layer safety approach, meaning no single failure can cause a 

disaster. Systems are duplicated and diversified so that if one fails, others can take over. The 

Atomic Energy Regulatory Board plays a key role in ensuring strict safety standards and regular 

inspections. 

Another important step taken by India is careful site selection. Nuclear plants are generally 

located away from high-risk seismic zones, and coastal plants are designed with additional 

safeguards against tsunamis and flooding. Emergency preparedness has also been strengthened 

through evacuation plans, radiation monitoring systems, and regular disaster drills. 

India has also focused on indigenous reactor design improvements, making them 

simpler and safer. The emphasis is on designs that are inherently stable and easier to control, 

reducing dependence on human intervention. 

 

In simple terms, the world learnt that nuclear safety must assume that “everything can go 

wrong at once,” and reactors must still remain safe. India has applied these lessons by building 

stronger containment, adding multiple safety backups, improving disaster preparedness, and 

maintaining strict regulatory oversight. 

 

Area Changes in the World Changes in India 
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Containment 

structures 

Mandatory strong containment 

buildings for all modern reactors 

All reactors designed with robust 

containment structures 

Reactor design 

philosophy 

Shift to safer designs (Gen III, Gen 

III+) with built-in safety 

Focus on simpler, stable designs like 

PHWR and advanced designs like 

AHWR 

Passive safety 

systems 

Introduction of passive safety 

(gravity cooling, natural 

circulation) 

Increasing adoption of passive safety 

features in new reactors 

Cooling systems Multiple backup cooling systems 

made compulsory 

Redundant cooling systems + backup 

water injection systems added 

Power backup Station blackout scenarios 

addressed (diesel + battery 

backups) 

Additional diesel generators and 

backup power systems installed 

Disaster 

preparedness 

Plants designed for extreme 

events (earthquake, tsunami, 

floods) 

Post-Fukushima safety review; 

upgrades for flood, tsunami, seismic 

safety 

Stress testing Regular “stress tests” for worst-

case scenarios introduced 

Comprehensive safety audits 

conducted for all plants 

Regulation Stronger, more independent 

regulatory bodies 

Strengthened role of Atomic Energy 

Regulatory Board 

Transparency Increased global reporting and 

information sharing 

Improved emergency communication 

and reporting mechanisms 

Emergency 

planning 

Evacuation plans and disaster 

drills made mandatory 

Emergency preparedness, evacuation 

plans, mock drills strengthened 

Hydrogen 

management 

Systems added to prevent 

hydrogen explosions 

Hydrogen recombiners and venting 

systems introduced 

Site selection Avoid high-risk zones; stricter 

environmental assessment 

Careful site selection away from high 

seismic risk zones 

Fuel handling Improved spent fuel storage and 

cooling systems 

Enhanced spent fuel management 

systems 

International 

cooperation 

Greater role of International 

Atomic Energy Agency in safety 

standards 

India aligned with global safety 

practices and cooperates with IAEA 
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Other Nuclear Accidents 

Incident Where 

& Year 

Reactor / 

Facility 

What 

Happened 

(Why) 

Government 

Response 

Key Lessons 

Three Mile 

Island 

Accident 

USA, 

1979 

Pressurised 

Water 

Reactor 

(PWR) 

Cooling system 

failure + 

operator 

confusion led to 

partial core 

meltdown 

Reactor shut 

down; 

evacuation 

advisory issued; 

long-term 

monitoring 

Importance of 

human-

machine 

interface, 

training, and 

clear control 

systems 

Windscale 

Fire 

UK, 

1957 

Graphite-

moderated 

reactor 

Reactor 

overheated 

during 

maintenance → 

graphite fire → 

radiation 

release 

Fire controlled; 

milk bans 

imposed; area 

monitoring 

Need for 

temperature 

control and 

monitoring in 

graphite 

reactors 

Kyshtym 

Disaster 

USSR, 

1957 

Nuclear waste 

storage 

facility 

Cooling system 

failure in waste 

tank → 

chemical 

explosion 

Area sealed; 

population 

relocated (initial 

secrecy) 

Safe nuclear 

waste storage 

is as critical as 

reactors 

Tokaimura 

Criticality 

Accident 

Japan, 

1999 

Fuel 

processing 

plant 

Workers 

manually mixed 

uranium → 

accidental 

criticality 

Area evacuated; 

workers 

exposed; stricter 

regulation 

enforced 

Importance of 

procedural 

discipline and 

training 

SL-1 Reactor 

Accident 

USA, 

1961 

Experimental 

reactor 

Control rod 

manually 

withdrawn too 

far → sudden 

power surge 

Reactor shut; 

investigation; 

design changes 

Criticality 

control must be 

fail-safe and 

automatic 

Mayapuri 

Radiological 

Incident 

India, 

2010 

Scrap yard 

(not reactor) 

Cobalt-60 

source 

mishandled in 

Area sealed; 

contaminated 

material 

Need for 

radioactive 

source 
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scrap → 

radiation 

exposure 

removed; 

stricter scrap 

regulation 

tracking and 

disposal 

Saint-

Laurent 

Nuclear 

Accident 

France, 

1980 

Gas-cooled 

reactor 

Fuel 

overheating → 

partial 

meltdown 

Reactor shut; 

repairs; safety 

upgrades 

Importance of 

fuel integrity 

and cooling 

Fleurus 

Radiological 

Accident 

Belgium, 

2008 

Radioisotope 

facility 

Leak of 

radioactive 

iodine due to 

system failure 

Plant shut; 

medical 

monitoring; 

stricter checks 

Continuous 

monitoring 

systems are 

essential 

 

Most accidents happened due to: 

• Cooling failure  

• Human error  

• Poor handling of radioactive material  

• Lack of monitoring  

• Design limitations  

 

Why some countries leaving Nuclear? 

Several countries have either completely phased out nuclear energy or taken firm decisions to 

do so. The most prominent example is Germany, which shut down its last nuclear plants in 2023 

as part of its “Energiewende” policy. This decision was driven largely by public opposition after the 

Fukushima Disaster, concerns about nuclear waste, and a strong push towards renewable energy. 

Another important example is Italy. Italy abandoned nuclear power after a public referendum 

following the Chernobyl Disaster. Although there were later discussions about reviving nuclear 

energy, another referendum in 2011 again rejected it. As a result, Italy has no operational nuclear 

power plants today. 

Belgium has also planned a gradual phase-out of nuclear energy, although the timeline has 

been adjusted due to energy security concerns in Europe. The country initially aimed to close all 

reactors by 2025, but some reactors have been kept operational temporarily. 

Switzerland decided after Fukushima not to build new nuclear plants and to phase out existing 

ones gradually as they reach the end of their life. This means nuclear will disappear over time 

rather than through an immediate shutdown. 
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Austria is a unique case. It built a nuclear power plant but never operated it due to a public 

referendum in 1978. Since then, Austria has maintained a strong anti-nuclear policy. 

Spain has also announced plans to phase out nuclear power by around 2035, replacing it with 

renewable energy sources, although the process is gradual and still evolving. 

The common reasons across these countries include strong public opposition, especially 

after major nuclear accidents, concerns about long-term radioactive waste, high construction and 

maintenance costs, and the increasing viability of renewable energy sources like solar and wind. 

In Europe particularly, political ideology and environmental movements have played a major role in 

shaping nuclear policy. 

However, it is important to note that this is not a global trend. While some countries are 

moving away from nuclear energy, many others are expanding it due to its role as a low-carbon, 

reliable source of electricity. Countries like France, China, India, and Russia continue to invest 

heavily in nuclear energy. 
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