1. INTRODUCTION
Most industrially developed countries have been making efforts to change the balance of their
energy consumption. They are mainly doing this in order to decrease oil and gas consumption for
heat and electricity generation and to conserve their resources for non-power applications and
motor fuel production. However, some countries have recently been moving towards increased
use of gas for electricity generation, because of its short-term economic advantages and the
widespread perception that, it is environmentally friendly.
It should also be noted that, the use of any fossil fuel raises an environmental problem that
cannot be solved by any cleaning technology. Atmospheric releases of CO2 which is a product of
combustion result in the so-called green-house effect that at present is of particular concern since
it will affect the global climate. The problem can only be solved by limiting the use of fossil fuel.
At present nuclear power is the only alternative to coal for large electricity generation for the
majority of regions in the world. Its economic competitiveness has been demonstrated by the
experience of many countries.
This manual gives an overview of nuclear electricity generation and also provides some
information on Ghana’s interest in developing a civil nuclear power capacity for electricity
generation.

2. ENERGY RESOURCES
At present, the available energy resources are, fossil fuels, nuclear power and renewable sources
including hydro, tidal, biomass, geothermal, solar and wind power. They all have characteristics
which affect human health and the natural and social environments.
The use of renewable energy sources, with the exception of hydropower is developing slowly,
partly because of their non-uniform geographic distribution, low energy concentration and
interruptible nature. For example, in Central Europe, the average solar radiation energy on the
earth surface is 160 watts per square metre in clear sunny weather for about 2200 hours per year.
At the present technological state of-the-art, a surface area of about 90 square kilometres is
required to construct mirrors for a solar plant producing 1000 megawatts of electricity. Very high
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capital investment are needed for construction of power plants based on renewable energy
sources. Until investments can be decreased and new methods of collecting primary energy
developed, we can hardly expect that, renewable sources will become suitable to satisfy the
energy requirements of densely populated areas. There are few available hydro resources left
Additional hydropower development is limited to geographic regions suitable for creation of
large water reservoirs. Such reservoirs can create a lot of damage to the environment, including
flooding large land areas and changing regional climatic conditions. In addition, there is a danger
of severe accident as a result of a dam break.
In the early 1990’s, the share of hydropower in the total world primary energy production was
about 5%. The share of the other renewable sources was smaller. Even assuming that the use of
renewable sources will grow in the near future, their share of primary energy is not predicted to
exceed 6% in the first decade of the 21st century.
Oil is a convenient energy source and has been the main source of primary energy in many
countries. However, there is a clear tendency to limit the use of oil for electricity generation
since its supply is limited and it is necessary to conserve it as raw material for the chemical
industry and for liquid motor fuel production. The potential effects of oil extraction,
transportation and utilization include leaks of oil from tankers and ocean oil rigs, atmospheric
releases of oil residues, sulphur compounds and other impurities, occupational disabilities and
fatalities during production, storage and transportation, and accidents caused by fires at oil
storage facilities and refineries.
Natural gas can be much less environmentally damaging than oil, but only if significant leakage
from pipelines is prevented. There are also ecological risks from its extraction and accident risks
from extraction and transport.
Coal is the only organic fuel whose resources can ensure large-scale availability of electricity in
the future. However, its utilization leads to potentially serious ecological an health consequences.
They include,
1. Occupational risk of underground coal-mining
2. Hydrological and surface changes related to open cast mining
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3. Combustion product releases to the atmosphere
4. Atmospheric emissions of fly ash, sulphur dioxide, toxic metals, organic carcinogenic
substances and radioactivity
3. ELECTRICITY GENERATION BY THERMAL POWER PLANTS
The word “thermal” comes from the Greek word “Thermos” which means hot. Thermal power
plants are therefore electricity producing power stations that generate electricity using heat. At
every Thermal power station, heat energy is converted into electrical energy in accordance with
the law of conservation of energy which states that “Energy can neither be created nor destroyed
but can be transformed from one form to the other”. For a typical thermal power plant, heat is
generated from the combustion or burning of one of the following; coal, crude oil and natural gas
depending on the design of the plant. The coal, crude oil and gas are referred to as the heat
sources or fuels. The heat generated is made to heat water and in the process the water gets
converted into steam or water vapour. The steam or water vapour produced is made to spin
turbines that are connected to electromechanical generators. As the turbines spin, they drive thea
generators and electricity is produced. After passing over and spinning the turbines, the steam is
condensed in a condenser and the water is recycled to where it was heated. This is known as
Rankine Cycle.
4. NUCLEAR ENERGY
Every substance or object in the Universe is made up of very tiny particles called atoms. An
Atom contains protons and neutrons in a nucleus which is the central core and electrons
surrounding the nucleus. An atom is the smallest particle of an element that takes part in a
chemical reaction and exhibits the properties of the element. There are different types of atoms
with different properties depending on the number of protons neutrons and electrons. As a result
different substances or objects have different properties depending on the types and the
proportion of atoms that they are made up of. An element is a pure substance made up of atoms
of the same kind. Some naturally occurring elements are Hydrogen, Oxygen, Nitrogen, Iron,
manganese, lead, Aluminium, Zinc, Silver, Gold, and Uranium etc. A vast majority of the
substances or objects in the universe are made up of atoms of different elements and this happens
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through chemical reactions. For example water is made up of hydrogen and oxygen. This is a
chemical reaction because the oxygen and hydrogen use only their electrons in the reaction.
Apart from chemical reactions in which only electrons are involved, there are also reactions that
involve the nucleus. These reactions are called nuclear reactions. There are two types of nuclear
reactions namely nuclear fusion and nuclear fission.
In nuclear fusion the nuclei of two smaller atoms combine or fuse to form a bigger nucleus with
the release of heat energy. This is how the sun produces the heat that is felt on earth. Nuclear
Fission on the other hand is the splitting of a large nucleus into smaller nuclei with the release of
heat energy. In both cases the heat energy released is known as nuclear energy and can be used
to generate electricity.
5. ELECTRICITY GENERATION BY NUCLEAR POWER PLANTS
A nuclear power plant also known as a nuclear power reactor, produces electricity by nuclear
fission. The process involves the splitting of uranium atoms in the reactor to produce large
amount of heat. Like other thermal power plants the heat generated is used to convert water to
steam. The steam is made to spin a turbine which is connected to a generator and as the turbine
spins it drives the generator and electricity is produced. After passing over and spinning the
turbine, the steam is condensed in a condenser and the water is recycled to where it was heated.
A nuclear power plant can therefore be said to be a thermal power plant whose fuel is Uranium.
Uranium is a naturally occurring element in the earth’s crust that is mined like any other mineral
and it is processed and fabricated as fuel for nuclear reactors.
The diagram below shows a schematic of the principle of operation of a nuclear power plant.
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FUEL REQUIREMENT FOR ELECTRICITY GENERATION
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The fuel requirement per energy resource is as shown in the figure above. The figure shows that,
a 1000 megawatt nuclear power plant operating for a year will need 26 tonnes of nuclear fuel
which could be transported by 2 trucks transporting 10 tonnes per trip.
For the same capacity power plant using Liquified Natural Gas (LNG), there will be the need to
supply 1.1 megatonnes of LNG per year to be transported by 11 ships. If the fuel source is Oil,
then there is need to procure per year, 1.5 megatonnes of Oil which will be transported by 15
ships.
A coal power plant of the same capacity operating for a year will also require 2.2 megatonnes of
Coal to be supplied by 22 ships. This will demand huge storage space to hold such an amount of
fuel for smooth operation.
It could therefore be summarized that, for the operation of a 1000 megawatt power plant in a
year, the ratio of fuel demand for nuclear, oil and coal is 1gram : 2tonnes : 3tonnes.
Nuclear fuels are only used in nuclear power reactors. However Oil and LNG have applications
in other fields aside power generation. This makes the cost of Oil and LNG very volatile and
expensive. The high and unpredictable cost of these fuels makes power produced using them
expensive.
The material used as the fuel in current nuclear power stations is usually uranium. However,
other possible fuels such as thorium have been considered. Uranium ore occurs naturally in the
earth’s crust and is mined by conventional mining techniques. It is then processed into a form
suitable for use as fuel in a nuclear reactor. Natural uranium contains two main isotopes. These
are uranium-238 and uranium-235 which is so small and account for only 0.7% of the natural
uranium. Uranium- 235 is however the one that can cause the fission reaction in nuclear power
reactors for the generation of heat and then electricity. To therefore increase the concentration of
the needed uranium isotope, which is uranium-235, the uranium ore or natural uranium must go
through a process called enrichment and then become enriched. Although some reactors use
natural uranium (uranium ore which is not enriched in uranium -235) as their fuel, most reactors
use slightly enriched uranium in which the proportion of uranium-235 atoms has been artificially
increased.
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6. FABRICATION OF URANIUM FUEL
After the mineral containing the uranium (uranium ore) are mined by the use of conventional
methods, the uranium in the crushed ore is extracted in processing plants or mills using very
specific chemical methods. The chemical methods used usually extract 85% to 95% of uranium
present in the ore. The uranium concentrate produced in the processing plant is known as
yellowcake. The yellowcake usually contains 60% to 85% uranium by weight. The yellowcake
goes through a series of process to be made into pure uranium dioxide powder which is then
pressed into pellets and fired in a kiln to produce a dense ceramic fuel. The ceramic fuel
produced is capable of withstanding very high temperatures and also retaining gaseous wastes
products. The ceramic fuel pellets are put in tubes of zirconium alloy by stacking them together
to form fuel pin. A number of fuel pins are put together in a specific arrangement to form a fuel
assembly. A number of fuel assemblies are put in the reactor core as the unique source of heat
for steam production and hence power generation.
Uranium in its natural form is only weakly radioactive. However, thorium-230, radium-226 and
radon-222 are more radioactive that natural uranium. Radon-222 has become a matter of concern
in highly insulated conventional buildings. In these buildings, there is reduction in the levels of
ventilation which results in the accumulation of radon in them.
7. NUCLEAR VERSUS COAL : WASTE GENERATION
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A 1000 megawatt capacity electricity plant, operating with a load factor of 75% will produce 6.6
terawatt-hours of electricity per year, which is approximately the electricity demand of Paris.
The figure above shows that, if such a plant is a nuclear power plant, it will produce a high level
waste of spent fuel of 27 tonnes in addition to 310 tonnes of intermediate waste, 460 tonnes of
low level waste, low level radioactive gas that has no public health significance and tailings from
uranium mines and ore processing plants.
However if such a plant is a coal power plant, it will produce 7 million tonnes of CO2, NOX and
SO2 in addition to 200,000 tonnes of fly ash containing toxic heavy metals such as arsenic,
cadmium mercury and lead. Smaller volume of tailings are produced in uranium mines than in
coal mines per unit of electricity produced.
Fresh uranium fuels that are brought to the nuclear power plant site are put in storage facilities
on site. From storage, the fuel assemblies are transferred to the reactor and placed in the core
where they remain for specific time period. As the reactor continues to produce power over this
duration, the uranium-235 isotopes become used up. This results in poor power generation and
hence they must be replaced periodically to sustain power generation. Uranium fuels that are
removed from the reactor after they have been used for some duration are no longer fresh. They
are called spent fuels. Spent fuels removed from the reactor core gives off considerable amount
of heat and radiations. They are therefore kept in a storage pond immediately after removal from
the reactor core for one to two years or longer. The water in the storage pond cools down the
spent fuel and also prevent the escape of radiation into the environment.
It is noteworthy that, the storage pond is just a temporal place keep the spent fuel. After spending
more than one year at the storage pond and after ensuring that the spent fuels are considerably
cooled in the storage pond, they are transferred to an interim storage facility and then finally
moved to a repository. A repository is a facility that is safely designed as the final resting place
of the spent fuel. In the repository, the radiation level of the spent fuel gradually reduces in a
process called natural transmutation.
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8. SITING OF A NUCLEAR POWER PLANT
Siting of a nuclear power plant is a thorough process that evaluates a number of parameters that
ensure safe operation of the reactor as well as enhances the application of emergency actions.
The adequacy of the location of a nuclear power plant is an issue of concern to the public and
must be addressed. When selecting a site to house a nuclear power plant, some of the factors that
are taken into serious consideration include, location of the site, geology of the area, hydrology,
meteorology and climatology, local activities such as agriculture and food production, the
nuclear power plant characteristics and environmental factors.
The performance of these parameters on the integrity of the nuclear power plant as well as safety
and preservation of life in the neighbourhood of the nuclear power plant in the event of any
incident are considered in greater details when selecting a site for the construction of a nuclear
power plant.
The figure below shows the land use for a nuclear, wind and solar facility all producing the same
amount of power (26 terawatt-hour) for a year. It shows that, while nuclear power facility require
just 430 acres of land, solar and wind facilities require large amount of space of 130,000acres
and 250,000 acres respectively.
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9. NUCLEAR POWER PLANT SAFETY
The fundamental safety objective is to protect people and the environment from harmful effects
of radiation. There are many basic approach to ensure safety in all nuclear reactors. These
include ensuring, system redundancy, diversity, physical separation, multiple barrier concept and
defense in-depth.
System Redundancy: In this approach, more components performing the same safety function
are connected in such a way that when one fails, the other immediately comes online to sustain
safe operation.
Diversity: In this approach also, two or more safety systems based on different designs or
functional principles are used to perform the same safety function. This is to balance
effectiveness of both designs using their individually unique characteristics.
Physical Separation: This refers to the approach which ensures that components or safety
systems that are intended to perform the same function are separated physically from each other.
This is to ensure that, the failure of one does not inhibit the action of the other.
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Fail-Safe Principle: With this principle, components or safety systems used in the nuclear
power plant are designed to fail automatically into their safest condition.
The basic aim of nuclear power plant safety is to ensure that the integrity of the protective
multiple barriers are not compromised and that, the protective barriers working individually and
collectively will not at any time allow the escape of harmful radiation to the public. In order
word, the harmful radiations that are produced when the plant is operating must always be
contained within the reactor through the effective action of these multiple barriers. This is mostly
done by an approach called defense in-depth. In the defense in-depth approach, there are three
(3) levels of safety measures. These are, preventive, protective and mitigative measures.
The fundamental principle behind defense in-depth is to include multiple, successive barriers to
prevent the release of radioactive material to the environment. The primary (first) barrier are the
fuel and the fuel cladding. By their design, they contain radioactive material under extreme
conditions inside the reactor core.
The secondary barrier is the primary system, which contains the coolant use to carry away the
heat which is used to produce steam for the generation of electricity. The final barrier is the
containment building which is also designed to mitigate the release of radioactive material in the
event that both the primary and secondary barriers are damaged. The figure shown below depicts
the three (3) barriers discussed.
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An inherent safety characteristic found in most power reactors is the movement of the cooling
materials (eg. water) in the reactor by natural process called natural convection. This natural
process takes over when the pumps which are supposed to move the cooling material get
damaged during operation. Also, the force of gravity can be used to drop control rods that are
used to shut the reactor down into the reactor. This is passive safety system since it does not need
power supply or human interference for the reactor to shut down by this method.
No operating commercial power plant uses inherent and passive systems alone to control
operation of the reactor. They all need active safety systems as well. Active safety systems need
a power supply as well as an activating signal to work. A good combination of all three systems
(inherent, passive and active) rather than a choice between them ensures the safety of nuclear
power plants. Most recent nuclear reactor designs make extensive use of passive safety features.
This is in an effort to limit errors resulting from human interferences during reactor operation.

10. WHY GHANA MUST GO NUCLEAR
Ghana’s electricity generation mix is mainly made up of thermal power (about 68%) and hydro
power (about 32%). Ghana’s thermal generation at present is mainly from crude oil and natural
gas. There is the need for Ghana to introduce other sources of power such as coal, Nuclear etc
into the generation mix for the following reasons.
i.

Ghana has only about 840 megawatts of untapped hydro potential that can be achieved
through the damming of twenty one (21) rivers. The construction of a dam on each of
these rivers comes along with such issues as destruction of vegetation and the
displacement of settlements along the river banks.
One unit of a Nuclear power plant can deliver about 1000 -1200MW of power and it is
even possible to have two or more units at one site which covers an area far less than the
area required for the construction of twenty one (21) dams.

ii.

Ghana recently discovered some oil reserves suggesting the promise for a sustainable
supply of fuel for thermal power production. However the gas reserves will start
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dwindling at about 2030 making it imperative to start planning for other sources of
power such as Nuclear that require a long term planning and implementation.
Also coal, crude oil and natural gas that are the fuels for thermal plants have other uses
apart from their use in power production causing them to have price changes every now
and then. Uranium, the fuel for nuclear power plant on the other hand is only used in
Nuclear reactors making it a very cheap fuel.
iii.

The combustion of fossil fuels (coal, crude oil and gas) in thermal plants causes large
amounts of greenhouse gases to be released into the atmosphere posing a threat to the
ozone layer and causing global warming. The use of uranium in nuclear power plants
releases no green house gases and is said to be very environmental friendly.

iv.

Renewable sources of power (wind and solar) are unstable and intermittent and have the
tendency to cause disturbances to the grid. Nuclear power plant is very reliable and has
long and stable operational life.
The fuel source also has a long life and can stay in the reactor and generate electricity
between 18 – 24 months unlike the other sources that require fuel on a daily basis

The figure below shows that, limited hydro potential, gas depletion and increasing energy
demand for various application in Ghana support the efforts to include a more resilient and
reliable base load energy generation option into Ghana’s electricity generation mix.
This option offers economic competitiveness which sustains stable electricity tariff as a result of
the use of cheap fuel and provides a solution to global warming by reducing emission of greenhouse gases. Most industrialized countries developed their industrial capacities around their
nuclear power programme. Hence a nuclear power programme is a huge undertaken that builds
the international competitiveness of local industries and as well generate substantial business for
local industry. Once local industry become viable, it translates into creation of new job
opportunities, improvement of overall national economy, reduction of foreign exchange
expenditures and increase of national self-sufficiency.
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Why Ghana must Include Nuclear Power in its Electricity Generation Mix
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11. GHANA’S NUCLEAR POWER PROGRAMME; THE JOURNEY SO FAR
Ghana’s nuclear journey begun in 1963 with the establishment of the Ghana Atomic
Energy commission (GAEC) by Osagyefo Dr. Kwame Nkrumah; the first president of
Ghana. In the same year he launched Ghana’s first reactor project for the construction of
a 2MW soviet reactor for the training of nuclear scientists for the country. Dr. Kwame
Nkrumah also launched the “Energy for accelerated national development plan” in 1964.
However on 24th February 1966 there was a revolution and Dr. Nkrumah was
overthrown. After the revolution, the National Liberation council (NLC) led by General
Ankrah took over as the Government of Ghana. The NLC approached the International
Atomic Energy Agency (IAEA) and one British Scientist Sir Cockcroft to offer advice on
the Nuclear Programme. The view of the IAEA was that “the advice sought was political
in nature, and must therefore remain the prerogative of the Government to take a
decision.” In November 1966, Sir Cockcroft’s report indicated that “In View of the
capacity of the Volta hydroelectric project, for some twenty years to come, a reactor is
unlikely to be necessary for the purposes of producing power”. Following this statement
the reactor project was abandoned and GAEC was closed down from 1967 to 1974. It is
worthy of note that approximately twenty years after Cockcroft’s statement, Ghana
started experiencing power crisis (Dumsor-Dumsor). There were three major crises in
1984, 1998, 2000/2007 and a minor crisis in 1993. In December 2007 a presidential
committee chaired by Professor Adjei-Bekoe was set up by the ex-president John
Agyekum kuffour to report on a feasibility study of introducing Nuclear power into
Ghana’s energy mix. Following the committee’s report, cabinet took a decision in 2008
to include Nuclear power into Ghana’s Energy mix and in 2010 nuclear energy was
included in the national energy policy and strategy. The government of Ghana declared
its intention to pursue a nuclear power programme for peaceful purposes through a letter
submitted to the International Atomic Energy Agency in 2012. The Ghana Nuclear Power
Programme Organization (GNPPO) was also established in September 2012 to oversee
the implementation of the programme and the development of the necessary nuclear
infrastructure for successful introduction of nuclear energy into the energy mix. To
accelerate the development of the necessary nuclear infrastructure, the Ghana Atomic
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Energy Commission, acting on behalf of the government of Ghana and the GNPPO,
established the Nuclear Power Centre (NPC) in February 2014 to provide technical
support to the GNPPO. The Nuclear Power Centre was upgraded to the Nuclear Power
Institute in September 2016. In August 2015 the nuclear regulatory Authority Act 2015
(Act 895) was passed leading to the establishment of an independent Nuclear Regulatory
Authority (NRA). The NRA regulates activities involving the use of nuclear materials in
Ghana. In December 2015 Ghana applied to the IAEA for an integrated nuclear
infrastructure review (INIR) mission which was actually conducted in January 2017. The
mission was conducted to assess the status of the nuclear power program and to make
recommendations and suggestions. The reviewers made twelve (12) recommendations,
eight (8) suggestions and also found three (3) good practices with Ghana’s programme
that they encouraged other countries to learn from. The INIR mission report was
submitted to the Government of Ghana in May 2017.
Presently the recommendations of the review mission are being addressed so as to move
the programme into its second phase. Many national institutions are involved in
providing expertise for the nation’s nuclear power programme. Among these are, the
Volta River Authority, Environmental Protection Agency, Ghana Grid Company,
Geological Survey Department, Ghana Statistical Service, Association of Ghana
Industries, Ghana Institution of Engineers, National Development Planning Commission,
Ghana Atomic Energy Commission, Council for Technical and Vocational Education and
Training and National Council for Tertiary Education.
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Ghana’s Nuclear Journey so far
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12. GHANA’S NUCLEAR POWER PROGRAMME: THE ROADMAP
Ghana’s nuclear power programme roadmap spans from the period of 2015 to 2029 within which
all the infrastructure issues concerned with developing a new nuclear power programme will be
delivered. Provided that all resources are timely provided for the execution of the roadmap,
Ghanaian will see their first nuclear power plant become operational from 2029 providing
electric power through the national grid. The programme period is divided into three (3) major
phases within which 19 infrastructural issues will be developed. The required 19 infrastructural
issues and the target for each of the 3 phases are provided in the figure below.
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Ghana’s Nuclear Power Programme Roadmap
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