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Nuclear Energy  
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Introduction to the lecture 

ü Nuclear energy lecture provides an overview of 

fundamentals of nuclear energy, nuclear history, 

nuclear reactor, nuclear power plant, fuel cycle, 

radioactivity, nuclear waste, nuclear recycling, and 

journey of uranium from mine to reactor (i.e. mining, 

milling, conversion and enrichment.  

 

ü This lecture discusses the mechanism of a 

reactor, components of a reactor, and types of 

reactor. It also provides knowledge on the electricity 

generation from a reactor.  
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Introduction to the lecture 

üThis lecture focuses on the nuclear waste, waste 

composition, recycling, nuclear accident (Three Mile 

Island, Chernobyl and Fukushima), disadvantage 

and advantages of nuclear energy.  
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Aim and Learning outcomes 

ü This lecture aims to provide core knowledge of 

nuclear power plant and to develop a critical 

awareness of the nuclear basics, reactor basics, 

reactor operation and design, waste disposal, and 

key issues relating to health and safety. 

 

ü On completion of lecture Nuclear Energy, students 

will be able to: 

 

üKnow the fundamentals and history of nuclear 

energy. 
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Aim and Learning outcomes 

ü On completion of lecture Nuclear Energy, students 

will be able to: 

 

ü Identify and discuss the purpose of key 

components of nuclear power plant for a variety 

of different configurations. 

 

ü Identify and discuss the purpose of key 

components of nuclear power plant for a variety 

of different configurations. 

 

ü Have a critical understanding of nuclear plant 

health, safety and environmental issues 
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Hiroshima - Before ð During  
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Hiroshima - After - Bombing  
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Talk outline  

Á Introduction ð Nuclear 

Energy 

 

Á Nuclear History  

 

Á Nuclear Reactor  

 

Á Nuclear Power Plant  

 

Á Fuel Cycle 

 

Á Radioactivity  

 

Á Nuclear waste  

 

Á Nuclear recycling  

 

Á Fast and Thermal 

Reactor  

 

Á Nuclear Accident  

 

Á Environmental Safety  
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ü Nuclear energy is natural resources 

that turn into heat and electricity 

 

ü We can extract more heat and 

electricity from a given amount of it 

than from an equivalent amount of 

anything else 

 

ü A chunk of coal and chunk of 

natural uranium, both weighing the 

same (1 kg)  

 

ü If we could suck all the energy out 

of the coal, it would run a 100W 

light -bulb for about 4 days 

Overview of Nuclear Power ð What is Nuclear  
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ü Uranium-run the bulb for 

about 180 years 

 

ü  Sucked all the energy from 

uranium, the light bulb could 

burn for 24,000 years 

 

ü Nuclear reactors produce 

energy without releasing any 

pollutants  into the environment. 

Overview of Nuclear Power ð What is Nuclear  
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Overview of Nuclear Power ð What is Nuclear  

So why do we still use coal or anything else ?????  

ü The reactors to split atoms and release 

the energy are mostly large, complicated, 

and expensive 

 

ü However, Once built, reactor operation 

costs very little  

 

ü Buying a few tonnes of uranium every 4 

years is much cheaper than buying weekly 

trainloads of coal 

 

ü The high cost of constructing nuclear 

reactors has caused much financial trouble 

for nuclear energy 
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ü Several facilities involved in 

the nuclear fuel cycle can be used to 

produce materials that could be used in 

nuclear weapons 

 

ü Enrichment plants can theoretically 

produce weapons-grade material along 

with reactor-grade 

 

ü Recycling plants separate plutonium  

from nuclear waste, which can be stolen 

and used in bombs  

 

üThis fact complicates progress in 

advanced nuclear technology, politically 

Overview of Nuclear Power ð What is Nuclear  

So why do we still use coal or anything else ?????  
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ü The relatively small amount of nuclear 

fuel that goes into reactors becomes very 

nasty radioactive nuclear waste  when it 

comes out.  
 

üThe nature of radioactive  waste is 

terrifying to all --  you canõt see it, smell it, 

or taste it, but it can be in the 

room hurting you   
 

ü Nuclear scientists know ways  to turn 

this waste into something that decays to 

harmlessness 

 

ü But the processes developed so far are 

expensive and challenging. 

Overview of Nuclear Power ð What is Nuclear  

So why do we still use coal or anything else ?????  
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ü Nuclear power is perceived as 

dangerous because of the accidents 

at Fukushima, Chernobyl, and Three 

Mile Island  
 

üThese high-profile accidents compared 

to those associated with coal and gas 

 

ü However, where coal and gas usually 

only kill or injure coal miners and gas 

refinery workers,  

 

ü Nuclear accidents are indiscriminate 

 

Overview of Nuclear Power ð What is Nuclear  

So why do we still use coal or anything else ?????  
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Overview of Nuclear Power ð What is Nuclear  

So what do you think ?????  
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Talk outline  

Á Introduction ð Nuclear 

Energy 

 

Á Nuclear History  

 

Á Fuel Cycle 

 

Á Nuclear Reactor  

 

Á Nuclear Power Plant  

 

Á Radioactivity  

 

Á Nuclear waste  
 

Á Nuclear recycling  

 

Á Fast and Thermal 

Reactor  

 

Á Nuclear Accident  

 

Á Environmental Safety  
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ü Nuclear energy comes 

from mass to energy 

conversion 

 

ü Splitting  heavier atom  

 

ü Joining smaller atoms 

 

ü Follows Einsteinõs 

formula E=MC2 ; 

M= mass, C= speed of 

light  

What is Nuclear Energy?  
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ü An atom is the basic unit of an 

element.  

 

ü An atom is a form of matter 

which may not be further broken 

down using any chemical means. 

 

ü A typical atom consists of 

protons, neutrons and electrons. 

 

üHydrogen, helium, oxygen and 

uranium are examples of atoms. 

What is Nuclear Energy - Atom   
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ü Each proton has a positive 

electrical charge and electronñ

negative electrical charge 

 

üEach neutron is electrically neutral 

 

 

ü The nucleus of an atom contains 

protons and neutrons .  

 

ü The nucleus carries a positive 

electrical charge. 

 

What is Nuclear Energy ð Atom Characteristics  
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ü 1930s and ô40s, 

recognized as a potential 

energy as a weapon. 

 

ü Technology developed 

used this energy in a chain 

reaction 

 

ü To create bombs 

 

ü We will discuss this 

historyêê  

What is Nuclear Energy?  
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ü Nuclear reactor produce 

20% and 76% electricity in the 

USA and France respectively 

 

ü They produce electricity 

without emitting any 

pollutants  into atmosphere 
 

 

ü However, they create 

radioactive nuclear waste  

What is Nuclear Energy - Today  
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ü Fission is the splitting  of a 

large atom such as Uranium or 

Plutonium  

 

ü Into two smaller atoms, called 

fission products 

 

ü During fission--- release---  

Neutrons +Energy  

 

ü That enable chain reaction  

 

ü All commercial nuclear plants 

use fission reaction to generate 

electricity 

Nuclear Energy - Fission and Fusion  
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ü Fusion is the combining of two 

small atoms such as Hydrogen or 

Helium  
 

ü To produce heavier atoms  and 

energy 
 

ü These energy can release more 

energy than fission 
 

ü Without producing radioactive by 

products 
 

ü This type of reaction occur in sun 
 

ü Using hydrogen as a fuel and 

producing helium as a waste 

Nuclear Energy - Fission and Fusion  
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Energy Density of Various Fossil Sources  

Material  
Energy Density 

(MJ/kg)  

100W light bulb 

time (1kg)  

Wood  10  1.2 days  

Ethanol  26.8  3.1 days  

Coal  32.5  3.8 days  

Crude oil  41.9  4.8 days  

Diesel  45.8  5.3 days  

Natural 

Uranium  
5.7x10 5  182  years  

Reactor Grade 

Uranium  
3.7x10 6  1171  years  

How long a 100 

Watt light bulb 

could run  from 

using 1 kg of 

various materials 
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ü Natural Uranium has 

undergone no enrichment ð 

0.7% U-235 and 99.03% U-238 

 

ü After processing reactor 

grade uranium has 5% U-235 

 

ü However, 1 kg weapons 

grade uranium has 95% U-235 

 

ü Need to know mining, 

processing and milling of 

uranium 

Contõd 
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ü What about Nuclear History  

History of Nuclear energy  
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ü No scientific work started aiming 

nuclear energy product 
 

ü Actually, Roentgen discovered the 

X-ray (1895) 
 

ü Foundation of medical technology 
 

ü In France one scientist noticed - 

ray emitted spontaneously from 

Uranium salt 
 

ü Maries curie and her husband 

identify radioactivity from element - 

polonium and Radium 

History of Nuclear Energy  
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üThen Rutherford discovered two 

types rays; alpha and beta 

 

ü Hahn and Strassman shoot 

neutrons at uranium atoms and saw 

some strange behaviors 

 

ü Meitner and her nephew identify 

fission; releasing energy 

 

ü Szilard recognized that fission as a 

potential way to get energy through 

chain reaction 

History of Nuclear Energy  
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ü Szilard and others wrote a letter 

to USA president Roosevelt, 

warning of nuclear energy (with 

Einstein sign) 

 

ü Roosevelt authorized a small 

study into uranium  

 

ü Fermi (1942) successfully created 

first man made uranium chain 

reaction 

 

ü Manhattan project on nuclear 

energy started  

History of Nuclear Energy  
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üFinally, they got nuclear energy in 

the form of two bombs  
 

ü One by Uranium and another by 

plutonium  
 

ü Then you saw the first use of that  

nuclear power in the form of 

bombing at Hiroshima and 

Nagasaki (world war-II) 
 

ü Atomic bomb - Little Boy and Fat 

Man 
 

ü Public realized that the US 

developed bombs 

History of Nuclear Energy  
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ü An experimental liquid-metal 

cooled reactor in Idaho called 

EBR-I was attached to a 

generator in 1951, producing 

the first nuclear-generated 

electricity 

 

 

ü Admiral Rickover pushed to 

use reactors to power 

submarines, since they wouldnõt 

need to refuel, or to use oxygen 

for combustion  
 

 

Fission energy - Application  
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ü Through the 60s and 70s, 

lots of nuclear reactors are 

built for making electricity  

 

üThey work well and produce 

cheap, emission-free electricity 

with a very low mining and 

transportation  

 

ü In 1974, France decided to 

make a major push for nuclear 

energy, and ended up with 

75% of their electricity coming 

from nuclear reactors 

Fission energy - Expansion 
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ü The 1979 Three Mile 

Island accident and the 

1986 Chernobyl accident 

further slowed the 

development of nuclear 

reactors 

 

üTighter regulations 

brought costs higher 

 

Fission energy - Expansion  
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Why/what need to know????  

ü But the things how you will 

get uranium? 
 

ü From where you will get these 

uranium?  

 

ü Is it possible to use uranium 

just after mining?  

 

ü If not or the answer is not 

known then we need to go for 

some fundamentals talk like---  

mining ----  milling -----

conversion-----  enrichment. 
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Why need to know????  

 

ü So, letõs go to see the mining 

and processing of uranium 

 

 

ü Then we will goð how to use 

this uranium to get huge energy 

to upgrade your life styleê.. 


