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Nuclear Power

• Nuclear power – most controversial of all forms of power generation

• Operating principle – Controlled nuclear fission in a reactor using uranium 

as fuel produces heat, which is captured to produce steam. The steam is used to 

drive a steam turbine, which in turn drives an electric generator.



History of Nuclear Power

• Second World War (1939-1945) – atomic weapons program led to the 

development of peaceful utilization of nuclear energy for power generation.

• By 1974, the US power industry alone ordered 200 nuclear rectors.

• Economic, regulatory and environmental factors conspired to bring 

development of nuclear power to a halt in the US and other countries. Three 

Mile Island accident (1979) in the US and Chernobyl accident (1986) in USSR 

turned public opinion strongly against nuclear power.

• By late 1980s, around 100 nuclear projects in the US were cancelled. No new 

nuclear reactor has been ordered in the US since 1978. Austria banned nuclear 

power plants and Sweden voted to phase-out nuclear power by 2010.  By 

1998, only France was still building nuclear power plants.

• A different course took place in Asia: Japan and Korea continued to develop 

its nuclear base. Taiwan ordered 2 new reactors in 1996. By mid 1990s, China 

started to develop a strong nuclear base to keep the nuclear industry afloat.



Nuclear Power Capacity and Generation

•.There were 437 operating nuclear reactors in 31 countries in 1995 (IAEA) 

with a total generating capacity of 344,422 MW.  A further 39 units are under 

construction; several of these were stalled.

• Nuclear plants provided 2,396 billion kWh or 6.7% of the world’s primary 

energy in 1999, almost as much electricity as hydro power.

Primary Energy Source 1999 Production Quadrillion (10^15) Btu % of Total

Fossil Fuels: 321.93 85.4

  Coal (million short tons) 4,737 84.90 22.5

  Petroleum (1000 bbl/day) 71,854 149.72 39.7

  Natural Gas(trillion ft3) 85 87.31 23.2

Nuclear Electric 2,396 25.25 6.7

  (billion kWh)

Renewable Energy: 2,835 29.93 7.9

  (billion kWh)

  Hydro Eletric 2,607 27.10 7.2

  Others (geothermal, solar, 227 2.83 0.8

  w ind, wood and wastes)

WORLD PRIMARY ENERGY 398 377.11 100.0



Fundamentals of Nuclear Power

A nuclear power station generates electricity by utilizing the energy released 

when the nuclei of a large atom such as uranium is split into smaller 

components. 

• Nuclear Fission – Uranium is 0.7% U-235 and the balance is U-238. When 

an atom of U-235 is struck by a neutron, it may be induced to undergo a 

nuclear fission reaction, releasing energy and producing krypton, barium and 3 

neutrons. In theory, each of the 3 neutrons could cause more atoms of U-235 to 

split, leading to a rapidly accelerating reaction, called “chain reaction” – the 

basis of the atomic bomb. However, a lump of U-235 will not explode because 

the neutrons are moving too fast – react only with slow moving neutrons. 

• Nuclear Fusion – involves a reaction between two small nuclei to form a 

large nucleus, e.g. isotopes of hydrogen, deuterium and tritium, to form a 

helium atom. Fusion reactions are responsible for the energy released by the 

sun. A power plant based on fusion is still a long way (21st century).



Controlled Nuclear Reaction

• If the fission of a single U-235 atom in a reactor cause one identical reaction 

to take place, the reaction will carry on indefinitely – until the U-235 is 

exhausted, without accelerating.

• But if each fission reaction leads to an average of less than one further 

reaction, the process will eventually die away naturally.

• The operation of the nuclear reactor is based on this idea – that a nuclear 

chain reaction can be controlled so that the process continues indefinitely 

without becoming a chain reaction.

• Enriching U-235 to about 3% is common in order to start a sustained nuclear 

fission reaction.

• The reactor also contains rods made of boron to absorb the neutrons 

generated during the nuclear reaction of U-235, removing them and stopping 

the chain reaction from proceeding. By moving the rods in and out of the 

reactor core, the nuclear process can be controlled.
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Types of Nuclear Reactors

Nuclear reactors are classified according to the type of moderator employed 

to slow down the neutrons and the type of coolant used to carry the heat away 

from the reactor core. Water is the most common coolant, but carbon dioxide 

[CO2], helium [He] and liquid sodium [Na] metal have been used.

• Boiling water reactor (BWR)

• Pressurized water reactor (PWR)

• Advanced gas-cooled reactor (AGR, Candu)

• Heavy water reactor (PHWR)

• High temperature gas-cooled reactor (HTGR)

• Breeder reactors – uses plutonium as fuel, together with the more abundant 

U-238 to capture the neutrons and to be converted to plutonium, and in the 

process producing or “breeding” more fuel than it burns; uses liquid sodium as 

coolant because it does not slow down the neutrons.



- Boiling water reactor (BWR): uses ordinary
water as coolant and moderator; water in reactor is
permitted to boil, and steam generated drives a ST;
uses enriched uranium as fuel

Boiling Water Reactor (BWR)



Boiling Water Reactor (BWR)

The SWR 1000 is an 

advanced BWR 

being developed by 

Siemens, in 

cooperation with 

German nuclear 

plant operators



8,212 MW TEPCO’S Power Plant –

World largest nuclear station with 

7 Boiling Water Reactors (BWR)

Control room for 

the 2-unit 

Kashiwara-

Kariwa ABWR 

Power Plant 

(TEPCO)



Pressurized Water Reactor (PWR)

- Pressurized water reactor (PWR): also uses
ordinary or light water as coolant and moderator;
cooling water is kept under pressure so it can not boil;
heat from the primary water cooling system is
captured in a heat exchanger and transferred to water
in a secondary system, which is allowed to boil; 
uses enriched uranium as fuel



Pressurized Water Reactor (PWR)

Korea Electric Power 

Corp.’s (KEPCO) 

Yonggwang Power 

Plant Unit 3 reactor 

vessel being lowed 

into position



Advanced Gas-Cooled Reactor (AGR)

- Advanced gas cooled reactor (AGR):
employs graphite as moderator and CO2 as 
coolant; the CO2carries the heat to a heat 
exchanger where it is used to generate steam 
to drive a turbine; unique to UK



Candu Reactor (AGR)

Candu reactor – developed in 

Canada; uses heavy water as 

moderator and coolant; no need 

to enrich uranium; can be 

refueled without shutting down;  

heavy water coolant is kept under 

pressure so it can not boil and 

heat is transferred to a light water 

system in a steam generator and 

the secondary system drives a 

steam turbine like a PWR does



High Temperature Gas-Cooled Reactor 

(HTGR)

High temperature 

gas cooled reactor 

(HTGR): uses 

graphite as 

moderator and 

helium as heat 

transfer agent; 

operates at much 

higher temperature 

and is more efficient 



Breeder Reactor

Breeder reactor –

uses plutonium 

instead of uranium as 

fuel; uses liquid 

sodium as coolant; 

never commercialized 

because of problems 

with liquid sodium



GT Modular Helium Reactor (GT-MHR)

- GT modular helium reactor (GT-MHR): 
a development of the HTGR; uses helium as 
coolant but uses a gas turbine, instead of a 
steam turbine, driven directly by the high 
temperature helium; can reach conversion 
efficiency of 48%



Cost of Nuclear Power 

• Cost of nuclear power (EIA, 1996) – advanced:

Resource type Baseload

Capacity factor 65 %

Real levelized cost (1996$)    11.1 – 14.5 cents / kWh

Construction lead time            4 - 10 years

Economic life                          30 years

Overnight capital cost $1,550 / kW 

Fixed O&M costs  $0.550 / kW / year

Variable O&M, $/kWh $0.040 / kWh



O&M + Fuel Cost of Nuclear Power 



Comparative Cost of Nuclear Power 

(Fuel + O&M + Investment)



• Advantages of Nuclear Power

- Cheap fuel

- Clean operation

- Low electricity cost

• Disadvantages

- Long construction time

- Catastrophic accident possible

- Radioactive waste disposal problem

- Decommissioning problem

Environmental Considerations



• Technology Risks – Nuclear power generation technology is a 
mature technology and is well understood.  Construction of a nuclear 
plant based on established technology should present no significant 
technical risk.  Innovations are usually evolutionary in nature, based 
clearly on existing technology, therefore, the technical risks would 
remain low for small improvements.

• Economic Risks – most significant risk is economic because nuclear 
power is capital intensive. The cost of the plant is much higher than 
fossil-fired power plant but the cost of fuel is much lower, thus 
making the nuclear plant construction extremely sensitive to cost 
over-runs. In the US, it takes over 10 years to build so discount rates 
may change dramatically, together with fuel costs and regulatory 
changes which could easily affect the construction schedule by years 
with escalating interests and possible bankruptcy.

• Standardized design – the route around the above problems is to use 
standard design for rapid authorization and modular construction 
techniques. A 1,300 MW reactor was built in Japan in 4 years (1996).

Risks


