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NUCLEAR ENERGY

» Nuclear Energy is energy that can be released from the nucleus
of an atom.

» There are either by fission or fusion.

» Nuclear power is simply electricity made from the fission of
uranium and plutonium.

» Fission occurs when the atomic nucleus is split apart.

» Nuclear fission produces much more energy than fossil fuels (1
kg of uranium oxide produces heat equivalent to 16 metric tons of
coal).

» Fusion is the result of combining two or more light nuclei into
one heavier nucleus.

» Power production from fusion is still in its infancy.

» Mass is converted into energy either by the nuclear fusion /
fission.



1) NUclear Fission

» It is the splitting of a large nucleus, releasing huge amounts of
energy, fission products- two heavy nuclides, one heavier than the
other.

» Neutrons : 2.43 on average emitted/ fission , gamma ray, beta
particles.

» Energy:

E = mc?
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» A controlled chain reaction produces a flow of energy, but an
uncontrolled chain reaction produces an explosion.

»If a U nucleus absorbs a neutron, it can break up and release:
-Energy (Heat)

-More neutrons

-Other radiation
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Nuclear Fusion

» Nuclear fusion is the combining of two nuclei with low masses to
form one nucleus of larger mass.
» Nuclear fusion reactions are also called thermonuclear reactions.

Nuclear Fusion
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Nuclear Fission from Slow Neutrons and Water
Moderator
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Nuclear reactors

» A nuclear reactor is designed to control nuclear rxns and
maintains a self sustained chain rxn.

» Moderator slows down neutrons so that they are can be
absorbed by uranium more easily.

» Boron control rods are inserted to control the pace(speed) of
the nuclear rxn by absorbing neutrons.

» In nuclear reactor, the released energy is at first kinetic energy,
submicroscopic particles travel only tiny distances, so the kinetic
energy is rapidly converted to heat.

» This heat is then used to produce steam, which turns a
generator to produce electricity.

» Heat makes up about 85 percent of the energy released, the rest
of the energy is in the form of gamma rays.



How a Nuclear Reactor Works?

» 235y fission by absorbing a neutron and producing 2 to 3
neutrons, which initiate on average one more fission to make a
controlled chain rxn.

» Normal water is used as a moderator to slow the neutrons since
slow neutrons take longer to pass by a U nucleus and have more
time to be absorbed.

» Boron control rods are inserted to absorb neutrons when it is
time to shut down the reactor.

» The hot water is boiled or sent through a heat exchanger to
produce steam.

» Steam produced runs a turbine that generates electricity.

» Similar to coal or oil burning power plants.



» In many respects, the process described is much more complex.
For e.g, physicists note that:

i) only isotopes with an odd number of particles in the nucleus, like
U-235 are fissile ( able to be split )

ii) not every neutron that hits U atom causes fission.

iii) Sometimes the neutrons are absorbed by the atoms they strike,
so no fission takes place

iv) other neutron simply escape and do nothing

v) another complication has to do with the speed of the neutrons.
» Some are called prompt (punctual) neutrons, but others
experience a delay of up to 56 seconds.

» The challenge for nuclear engineers to keep the ongoing fission
rxn in precise balance.

» At criticality, the neutrons are doing their work in balance,
meaning that their numbers remain constant and under control.



Basic components of nuclear reactors

» The basic technology used to harness the energy of nuclear
fission is the nuclear reactor.

» There are many types of nuclear reactors, all have several
components in common (fuel, moderator, coolant and control
rods).

Fuel

» Uranium has two main isotopes: 235 and 238,.

» The former, 235y, is the only fissile material found in nature,
i.e. it can easily fission when hit either by thermal or fast neutrons.
» Thus almost all reactors use uranium as fuel.

Moderator

» A moderator is necessary to slow the fast neutrons created
during fission (down to the thermal energy range so as to
increase their efficiency in causing further fission).

» The moderator must be a light material that will allow the
neutrons to slow down without being captured.



» Usually, ordinary water is used; alternatives (graphite, a form of
carbon, and heavy water).

Coolant

» A coolant is necessary to absorb and remove the heat produced
by nuclear fission and maintain the temperature of the fuel within
acceptable limits.

» It can then transfer the heat to drive electricity generating
turbines.

» If water is used as the coolant, the steam produced can be fed
directly to the turbines.

» Alternatively, it can be passed through a heat exchanger which
will remove the heat and produce the necessary steam.

» Other possible coolants are heavy water, gases like carbon
dioxide or helium, or molten metals such as sodium or lead and
bismuth.

» A coolant can also be a moderator; water is used in this dual
way in most modern reactors.



Control rods

» Control rods are made of materials that absorb neutrons, for
example, boron, silver, indium, cadmium and hafnium.

» They are introduced into the reactor to reduce the number of
neutrons.

» It stops the fission process when required, or, during operation,
to control and regulate the level and spatial distribution of power
in the reactor.



Source of Uranium

» Uranium: from the ground to the reactor.

» It is commonly in rocks and be found in sea water.

»It is mined in at least two ways:

i) to dig up the ore that contains it.

Crush the ore and then treat it with acid, which dissolves the
uranium to remove it from the ore.

ii) situ leaching (in situ is Latin for " in place ").

» In this process, the uranium is dissolved from the rock and
pumped to the surface of the earth.

» Either way, the end result is a compound called uranium oxide
(U30g). This material referred to as “ yellow cake".



URANIUM(U)

» In nuclear power plant, the goal is to create fission from
uranium fuel and to be able to speed up the rxn ( or slow down) to
control the amount of energy being produced.

» Uranium is the heaviest naturally occurring element.

» It has sixteen different isotopes, although the most common are
Uranium-238, Uranium-235 (only naturally occurring fissionable
material) and Uranium-234.

» From the Sandpoint of nuclear energy, the important isotopes of
uranium is Usss.

2. Plutonium (Pu)

» It is an element that formed in a reactor core as the isotopes
Pu23g.

» It is formed when Usysg, absorbs a neutron .

» Now the atom has an odd number of particles in the nucleus,
making it fissile in the same way as Uj3s is.



» It is the most highly toxic substance that exists.

» The smallest amount can cause diseases such as lung cancer.
» Workers who handle plutonium strictest safeguards to avoid
exposure.



Current and Future Technology

1. Pressurized Water Reactor System (PWRS)

» It relies on water under pressure (15.5 Mpa) to produce the heat
needed to generate electricity.

» In such a system, the fuel rods are inserted into a steel pressure
tank that contains ordinary water.

» The water acts as a coolant and moderator of the rxn.

» As the control rods are slowly pulled out, the chain rxn begins.
» The rxn produces heat, which heats the water in the pressure
tank.

» The water heat to 270°C. The water does not boil because it is
under intense pressure.

» The heated water is then channeled to a heat exchanger in a
closed circuit.

» The water in the heat exchanger is then heated up, producing
steam.

» The steam drives a turbine generator.
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2) Boiling water reactor system (BWRS)

» In a BWR, ordinary water acts as both coolant and moderator.
» The coolant is kept at a lower pressure than in a PWR

(~ 7MPa) allowing the coolant to boil as it receives heat from the
reactor.

» It is more efficient than pressurized water system.

» The steam created by the boiling water is allowed to rise to the
top of the chamber.

» And pipelines carry the steam directly to the turbines, and turn
to create electricity.

» The steam then condenses and is channeled back into the
containment chamber.



Boiling water reactor system (BWRS)
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» Challenges in the storage of spent (used up) reactor fuel.
Waste

e Contains radioactive fission products

e Can be hazardous for thousands of years

e Half-life of Pu-239 is 24,110 years

e Fission products, if released can build up in the body and be
fatal.

» Types of nuclear waste

1)High-level radioactive waste (HLW)

e Long half-lives of radioisotopes Requires permanent isolation
(separation).

e "Mixed waste” because hazardous chemicals and radioactivity.
o National risk because the waste could be extracted and used to
make nuclear weapons.

» From nuclear power plants

e Spent Nuclear Fuel (SNF): radioactive material remaining in fuel
rods after it's used to generate power in nuclear reactor.

e Contains Pu-239



2)Low-level radioactive waste (LLW)

» Waste with smaller amounts of radioactive materials

» No spent nuclear fuel

e Includes contaminated lab clothing, gloves, and tools
(radioactivity levels are low)

¢ 90 percent of nuclear waste is LLW not HLW.

e Almost all nuclear waste is stored where it was generated.

e Sites are not intended for long-term storage

e Nuclear reactor that can produce more fissionable material than
it consumes (recovering Pu-239 from U-235)



Why Should You Care About Nuclear Power?

e Because it offers huge environmental benefits in producing
electricity.

e |t releases zero carbon dioxide.

e It releases zero sulfur and nitrous oxides.

Because it saves thousands of lives yearly when substituted for
electricity from coal.

e Because it is our only economical source of base load electricity
except coal power (hydro is unavailable).

Why are Some People Concerned About it?

Primarily,

e Safety: the uranium rods in the reactor become intensely
radioactive, and people could be harmed if the radiation escaped.
e Waste Disposal: since the spent (or used) uranium rods
remain radioactive for thousands of years, can they be disposed of
safely?

e Costs: is nuclear electricity too expensive.



Why are Some People Concerned About it?

» The countries of the world are each planning their own course of
nuclear plant development or decline.

» Nuclear power is competitive with natural gas .

» It is non-polluting’

» It does not contribute to global warming.

» Obtaining the fuel only takes 5 percent of the energy output.
» Plant licenses have been extended from 20 years to an
additional 20 years.

» Newer designs are being sought (required) to make them more
economical and safer.

» Disposal of high level radioactive waste still being studied, but
scientists believe deep burial would work.

» Because they are have large electrical output.



» Preapproval of a few designs will hasten (speed up)
development.

» Replacing plants may be cheaper using the same sites and
containment vessels.

Drawbacks of Nuclear power

» The potential for accidents( i.e one mistake, one faulty
component,one operator error could create an environmental
catastrophe or disaster).

» Problem of nuclear waste disposal and

» The possibility that terrorists could attack nuclear power plants.



Benefits of Nuclear Energy

» Provide large amounts of power for a large and growing world
population.

» Nuclear energy is reliable.

» The supply of fuel for nuclear power is abundant. Because,
Uranium exists throughout the Earth's crust.

» The price of nuclear fuel remains relatively constant, and its
sources remain relatively consistent.

» Nuclear power plants have a low impact on the environment.



Electrochemical Energy Storage




Electrochemical energy storage

» Electrochemical storage is ability to convert chemical binding
energy directly to electricity.

» It takes place by separating two electrodes into two different
charge transport paths;

» one for the ions (electrolyte), which blocks the electrons, and
another for the electrons (external circuit) which block the ions.

» The external circuit serves as the point where the electric energy
is injected or retrieved.

Systems for electrochemical energy storage include:

i) Energy Storage in Batteries:

e is one or more electrochemical cells that convert stored chemical
energy into electrical energy.

e A black box in which electrical energy is stored as electrochemical
energy and retrieved as electrical energy when required.

e A storage cell must be rechargeable after discharge.

e Direction of charging and discharging are opposite.



» During discharge chemical energy is converted to electrical
energy( DC output ).

» There must be load where the energy is utilized.

» During recharge electrical energy is stored in the form of
chemical energy.

» All batteries have three basic components in each cell: an
anode, a cathode, and an electrolyte and their properties relate
directly to their individual chemistries

e Anode: an electrode at which oxidation occurs; electrons are
produced (“anodic reaction).”

e Cathode: an electrode at which reduction occurs; electrons are
consumed.

e Electrolyte: is a material that provides pure ionic conductivity
between the positive and negative electrodes of a cell.

e It is composed of positive and negative ions.



» Batteries are broadly classified into primary and secondary
batteries.

» Primary batteries:

» is a cell, or group of cells, for the generation of electrical energy
intended to be used until exhausted and then discarded.

» Primary batteries are assembled in the charged state; discharge
is the primary process during operation.

» Chemical rxn is irreversible ( dry cell batteries):

» E.g:- carbon-zinc, alkaline, silver oxide, zinc air, and some
lithium metal batteries.

» A secondary battery: (rechargeable battery or
accumulator)

» is a cell or group of cells for the generation of electrical energy.
» Usually assembled in the discharged state, they have to be
charged first before they can undergo discharge in a secondary
process.

» E.g:- lead-acid, nickel-cadmium (NiCad), nickel metal-hydride
(NiMH) and lithium-ion (Li -lon) batteries



How do batteries work?

» The chemical reactions in the battery causes a build up of
electrons at the anode.

» This results in an electrical difference between the anode and
the cathode.

» This difference causes an unstable build-up of the electrons.
» The electrons wants to rearrange themselves to get rid of this
difference.

» Electrons repel each other and go to a place with fewer
electrons (cathode).

» But, the electrolyte keeps the electrons from going straight from
the anode to the cathode within the battery.

» When the electrodes connected externally by a load charge
separation occurs at the interface b/n one electrode and the
electrolyte (free e~s and ions are formed).



» Charge separation is an energy requiring process and this energy
must be supplied from a chemical reaction.

» The e~s move through the external load while the ions move
through the electrolyte.

» They both move due to electrical energy gradient and
recombines the other electrode.

» When the circuit is closed (a wire connects the cathode and the
anode) the electrons will be able to get to the cathode.

» In this example, the electrons go through the wire, lighting the
light bulb along the way.

» This is one way of describing how electrical potential causes
electrons to flow through the circuit.



Fuel Cell:

» Conventional batteries supply electrical energy from the
chemical reactants stored within them; when these reactants are
consumed, the battery is "dead".

» An alternative approach would be to feed the reactants into the
cell as they are required, so as to permit the cell to operate
continuously.

» In this case the reactants can be thought of as "fuel” to drive
the cell, hence the term fuel cell.

» A fuel cell is a device that converts the chemical energy from a
fuel into electricity through a chemical reaction with oxygen or
another oxidizing agent.

» Both batteries and fuel cells convert chemical energy into
electrical energy.

» However, a battery holds a closed store of energy within it and
once this is depleted the battery must be discarded, or recharged
by using an external supply of electricity.

» The benefit of fuel cell energy source is for the vehicles and for
electrification of towns of small population.
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» Hydrogen is supplied to the cell on the side of the anode.
» Oxygen is supplied on the side of the cathode.
» The two electrodes enclosed strong basic solution of KOH which
is dissociated.
» The porous solid electrodes (mostly nickel or carbon ) are
required to conduct electrical current.
» Porosity is required to increase the contacts sites b/n the gas,
electrolyte and the electrode where the electrochemical rxns occur.
» On the side of the cathode, oxygen also diffuse into the pores
and combines with water molecules and electrons to form hydroxyl
ions (OH™)

Oz + H,O +2e~ — 20H™
» Overall, the water forming reaction from oxygen and hydrogen
takes place in the fuel cell with the potassium ions being the
catalyst.
» In general, a fuel cell produces electricity, water, and heat.
» Water is the only emission when hydrogen is the fuel.
» Unlike batteries the reactants are stored outside the cell and the
electrodes and the electrolytes are not consumed in-the process.



» Fuel cell types are generally classified according to the nature of
the electrolyte they use.

» Each type requires particular materials and fuels, and is suitable
for different applications.

polymer electrolyte fuel cell(PEFC)

. Alkaline fuel cell(AFC)

Phosphoric fuel cell(PAFC)

. Molten carbonate fuel cel(MCFC)

e. solid oxide fuel cell(SOFC)

» These fuel cells are listed in the order of approximate operating
temperature, ranging from ~ 80°C for PEFC, ~ 100°C for AFC,
~ 200°C for PAFC, ~ 650°C for MCFC, ~ 600 — 1000°C for
SOFC.

» The operating temperature also plays an important role
indicating the type of fuel that can be used in a fuel cell.

o 0 oo
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Hydrogen as a fuel cell

» Hydrogen is considered as a novel (new) fuel for the twenty first
century.

» Hydrogen, the first element in the periodic table, is one of the
most common elements found on earth and the lightest one known
to exist.

» An estimated 90 percent of the universe is composed of
hydrogen.

» It can be found in organic and in all living organisms.

» In its pure gaseous form, hydrogen is odorless, colorless,
tasteless, highly flammable, but not poisonous.

» Hydrogen is considered as a fuel of the future for two reasons: it
is renewable and it is the most abundant element on the earth.

» So, dependence on foreign sources of fuel would be eliminated.
» Hydrogen can replace oil and natural gas and thus contribute to
energy security and independence from imports.



» Once hydrogen is pure form, it can be used in several ways.

» One use is to make hydrogen fuel cell that can be used to power
electrical generators or vehicles.

» Another is to use hydrogen to power internal combustion engine
ICE), just like the ICEs that are already used to power cars and
other vehicles.

» However, hydrogen in nature exists primarily in combination
with other elements.

» For hydrogen to be useful as a fuel, it must exists as hydrogen.
» In flame of pure hydrogen gas, burning in air, the hydrogen (H>)
reacts with oxygen (O) to form water (H20) and releases heat.
» This heat is what will be used as a fuel.

» Therefore hydrogen is an energy carrier, not an energy source.
» This reaction does not produce other chemical by products.

» Hence a key feature of hydrogen as a fuel is that it is relatively
non-polluting ( since water is not a pollutant).

» Pure H does not occur naturally and it takes energy to
manufacture it.



Manufacturing

» Hydrogen can be produced from a variety of feed stocks,
including oil, coal, natural gas, biomass, and water.

» But the two different ways to manufacture it are electrolysis and
Steam reforming process.

1.Electrolysis:

» The process by which an electric current is passed through water
and breaks the chemical bonds b/n hydrogen and oxygen.

» In electrolysis, electricity is run through water to separate the
hydrogen and oxygen atoms.

» Obtaining hydrogen from this process is being studied as a
viable way to produce it domestically at a low cost.

H>0 — Hy + O



2.Steam reforming;:

» Sometimes is called reforming or steam- methane reforming
process, extracts the hydrogen from methane.

» However, this reaction causes a side production of CO» and CO,
which are greenhouse gases and contribute to global warming.

» To make hydrogen using steam reforming, natural gas is reacted
with steam at a very high temperature in a combustion chamber.
» The temperature can be from 800°C — 1700°C.

CHy +2H>0 — Hy + O

» Each hydrogen-producing method has its own benefits and
drawbacks.

» Electrolysis is considered to be the most environmentally friendly.
» It has a potentially positive by-product oxygen.

» This oxygen could be captured and used elsewhere.

» However, large-scale production of H by electrolysis becomes
very expensive because electricity is used.



» The steam reforming process is the most common method used
to make H industrially.

» One benefit is cheaper than producing H by electrolysis.

» However, a big drawback is the amount of CO2 produced during
the process.

» In H fuel cells, the H is converted to electricity through an
electrochemical rxn.

» A fuel cell does not run out of power as long as its fuel H is
present.

» The most common type of hydrogen fuel cell in use is the
proton exchange membrane (PEM) fuel cell.

» PEM fuel cells are usually stacked when they are used in
vehicles. That means a number of identical fuel cells are put
together to provide a significant amount of energy.

» The more fuel cells that are put together, the more voltage
created. The number of fuel cells stacked in each vehicle varies by
the amount of power needed.



What causes tidal?
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Tidal Power(tidal energy)

» It is a form of hydropower that converts the energy of tides into
electricity or other useful forms of power.

» Three of four parts of the world's surface are covered by the
oceans.

» Gravitational forces between the moon, the sun and the earth
cause rising and lowering of ocean waters that result in Tide
Waves.

» If the water level is higher and/or tidal currents are faster, the
potential will be greater and it will be possible to obtain a bigger
amount of energy.

» When the Earth, moon, and sun are aligned in a straight line
during a full or new moon, both the sun and moon are pulling
together in the same direction.



» The generation of electricity from tides is very similar to the
hydroelectric generation, except that the water able to flow in both
direction.

» The simplest generating system is known as an ebb generating
system, involves the Dam, known as a barrage across estuary.

» Flood: The rise of the tide toward land (rising tide).

» Ebb: The return of the tide to the sea (falling tide).

» Barrage: An artificial dam to increase the depth of water for
use in irrigation or navigation, or in this case, generating electricity.
» High spring tides occur when the sun and moon line up with
the earth. This occurs whether they are either on same or opposite
side.

» Low neap tides occur when the sun and moon line up at 90° to
each other.



first quarter

—

neap tide

last quariur

sodar tide
. TN
lsnar cide

ipring tide




» Outgoing tide known as an ebb tide.

» In coming tide also possible, but less favored than ebb
generating system.

» It refers to the use of the oceans tides to generate electricity.

» The moon exerts more than twice a great force on the Earth due
to its closer position.

» Tidal power is a renewable energy source that does not rely on
the energy of the sun for its fundamental driving force.

» Tide rise and fall is the product of gravitation and centrifugal
forces primarily Moon with Earth.



Different Generators Turbine/ or We can classify tidal energy
into two main groups

1) Barrages(an ebb generating system, is very similar to a
dam):-

» The barrage is constructed at the mouth of a bay or estuary (a
water passage where the tide meets the lower end of a river).

» For a barrage to be workable, the difference in water elevation
between low tide and high tide has to be at least 16 feet (5 m).
Barrage or dam

» A barrage is typically used to convert tidal energy into electricity
by forcing the water through turbines.

» Gates and turbines are installed along the dam.

» When the tides produce an adequate difference in the level of
the water on opposite sides of the dam, the gates are opened.

» The water then flows through the turbines. The turbines turn
an electric generator to produce electricity.



.m -

/u:u

Turbine Tunnel

Water Flow




Tide coming in

_—
Turbine & generator

Tide going out
(—

s

TIDE COMING IN

This tidal electricity generation works as
the tide comeas in and again when It goes
out. The turbines are driven by the power
of the sea in both directions,

Turbine & generator

TIDE GOING OUT
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Calculation: Barrage Tidal Power

1
T2
Where p = is density of the water (seawater is 1025 kg/m?)

A = horizontal area of the barrage basin

g = Gravity (9.81m/s?)

h = Vertical tide range

» The potential energy available from a barrage is dependent on
the volume of water.

E = ZApgh®



2)Tidal stream systems (tidal turbines)
» k.E of moving water (2 m/s to 3 m/s) to power turbines and
very similar to windmills, but they use air instead of water.

Figure: Tidal turbine



» More and more popular due to its low cost and ecological
impact.

» Extracts k.E from moving water generated by tides.

» Operate during flood and ebb tides. Consists of a rotor,
gearbox, and a generator.

» High energy intensity: IMW tidal can assess 5 to 10 time as
much energy per square meter of rotor than a IMW wind turbine,
resulting in a smaller and potentially lower cost machine.
Comparison to Wind Energy

» Tidal Stream generators draw energy in the same basic way
wind turbines do.

» Higher density of water allows a single generator to provide
significantly more power.

» Water speeds of nearly 1/10 the speed of wind can provide the
same energy output.

» Current in water is much more reliable than wind in the air.



Merit

» Offshore turbines and vertical-axis turbines are not too
expensive to build and neither to maintain.

» It needs no fuel and tidal power is free.

» Installations free from large environmental impact and GHGs nor
other waste.

» Tidal power turbines provide a higher average power than either
wind or wave devices for a given maximum capacity.

» when the tide is actually moving in or out are produces
electricity reliably.

» Tidal turbines are vastly better than wind turbines in terms of
efficiency.

» A tidal turbine produces 4 times the output power per square
meter of sweep area as a wind turbine, with a substantially smaller
environmental impact.



Demerit

» Tidal energy is only provides power for around ten hours each
day.

» There are not many places in the world where this technology is
efficient.

» Like wind and solar, tidal power is intermittent.

» Tides do not align with peak energy demand times.

P very expensive.



