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Development of the Market of Milking Parlors as a Factor of Competitiveness of Manufacturers of
Equipment for the Dairy Industry

Kulumbegov Mikhail Mikhailovich
Martenovskaya Street, Moscow, Russia
m.kulumbegov@ya.ru

Abstract: Currently, there are a huge number of types of milking parlors and their configurations. The article
presents the main definitions, studied the main equipment manufacturers, and compared the milking parlors

"Herringbone" and "Rotary"”, as well as the main advantages and disadvantages of each.

Keywords: Equipment, milking parlor, rotary, herringbone, competitiveness, manufacturing enterprise

1. Introduction

Enterprises manufacturers of equipment are forced to use the most effective methods of production and
modernization of technologies in order to increase their competitiveness. Currently, there is a huge number
of European and Russian manufacturers of milking parlors. The European are «Afimilk», «Joz», «Serap»,
«Bioret», «<Bauer», «GEA Farm», «<FAN», «Siloking», «SAC» and others. To the Russian: LLC "Agrostroy", LLC
"Dairy Systems", LLC "Agromoltechnika". Let's consider some of them in more detail. Afimilk is the global
leader in developing, manufacturing and marketing advanced computerized systems for the modern dairy
farm and for herd management. Since 1977, Afimilk has been a pioneer in the field, with the introduction of
the first electronic milk meter. Since then, based on its strong research and development group, the company
has continued to provide cutting-edge solutions for the milking parlor. The company’s systems are installed
and in use on thousands of farms in 50 countries across five continents. With hundreds of thousands of milk
meters and millions of behavior sensors installed, Afimilk sets the standards for dairy farming and
management around the globe (Afimilk, 2017). Founded in 1938, A/S S.A. Christensen & CO. is today one of
the leading companies in Europe specializing in the production of milking parlors and milking equipment.
The company is a 100% Danish, family-owned, limited company. It is presently owned and led by the third
generation of Christensens, Steen A. Christensen. Over the years, the company has developed into an
international manufacturing and trading company that exports milking equipment, milking parlors and other
products to more than 65 countries around the world. Exports presently account for more than 60% of total
turnover (SAC, 2017).

The company "Agrostroy" is one of the leading and dynamically developing agricultural enterprises of the
Udmurt Republic within the framework of the market for the production of equipment for cattle-breeding
complexes and construction of objects of the agro-industrial sector. The main activities of the company:

« Design, manufacture and installation of equipment for dairy farms and livestock complexes;
« Construction of prefabricated frameless hangars (cowsheds, pigsties, granaries, vegetable stores, etc.).
* Reconstruction of the ITF.

Construction works are represented by the erection of turnkey complexes, their complete reconstruction, and
major repairs. In turn, among the produced and sold equipment can be called milking equipment and milking
halls, milk lines, stall equipment, as well as a number of other products. On the basis of the enterprise has its
own production base, which is equipped with modern metalworking and diagnostic equipment. The use of
the latest technologies and equipment makes it possible to provide high quality products: linear milk lines,
milking parlors, feeding systems, drinking and manure removal, and some types of agricultural technology
(Agrostroy, 2017). The company "Agromoltekhnika-Siberia" offers a wide range of modern equipment for
animal husbandry: milking parlors, linear milk lines, milking plants, dairy farms, pig farms, as well as
agricultural machinery of leading manufacturers from all over the world. In addition, the company offers a
new line of business - the design and construction of prefabricated hangars using a unique technology. The
company has the presence of its own production - so it guarantees the delivery of quality equipment at
affordable prices. The production base is equipped with modern equipment and fully complies with European
requirements. All products undergo thorough quality control, are certified and comply with international
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standards. The company constantly carries out work on modernization and improvement of the offered
products and services. Possession of unique technologies allows improving the quality of products and
promotes the constant expansion of the assortment (Agromoltechnika, 2017).

In the presence of a large herd, the capacity of the milking parlor acquires special significance for production
efficiency. In other words, it is necessary to milk as many animals as possible per hour. First of all, a large
milking parlor is required, but dimensions alone are not decisive for increasing productivity. The
configuration of the stall and the whole farm plays a large role here, as well as the choice of the shape of the
milking parlor. Some milk producers achieve the highest results on the milking "carousel”, while others get no
less impressive results using traditional milking parlors (Transfaire, 2017). Milking parlor - automated
equipment for milking cows. Depending on a number of factors, such as the number of cattle, the efficiency of
the enterprise, milking parlors of the following types are used: stationary or mobile hall with different ways
of housing cattle. The most popular models on the Russian market are Herringbone, Carousel and Parallel.
Milking parlors are the most common type of hall due to their simplicity and high efficiency, and the relative
ease of adaptation to new or existing premises. Milking parlor "Herringbone" is a complex of automatic
systems, including the possibility of individual design, high throughput and quick change of animals. In the
complete set of the hall: exit gate, vacuum pump, vacuum line (stainless steel), washing system, milking
machines, centrifugal milk pump, milk collector and transport milk line. Cows in such a milking parlor can be
located at different angles - from 30 ° to 90 °. The field of installation of basic systems milking parlor in the
future can be retrofitted with additional elements. Separate options are used in the offline mode, allowing you
to track the milk yield of each individual and use the individual optimization of the milking process to
increase milk yield. Depending on the amount of free space, the milking parlor is equipped with a chest stop,
corner feeders or fixing bars (GEA, 2017).

Milking parlor "Carousel" is completely different from the one presented above. Its main feature is the
presence of a constantly moving platform, on which animals in turn rise. The operator attaches equipment to
each cow. Animals are sent to him on a moving platform at a given speed. Thus, in comparison with the
"Herringbone", "Carousel" provides greater productivity in one hour of time. The operator with the help of
the control panel independently controls all functions of the platform, including automatic adjusting gates,
feeding system, etc. Milking parlor "Parallel” is the product of the logical evolution of the milking parlors of
the previous types: here the animals are already at an angle of 90 degrees to the milking hole, that is, exactly
back to the operator. The milking devices are connected not from the side, but between the rear legs of the
animal. Due to this setting of animals, the length of the milking place is reduced to 0.75 m; the area of the
milking parlor is significantly saved. This arrangement allows the installation of up to 50 cows in a row, that
is, up to 100 cows (2x50) can be milked simultaneously. Most of the halls of the "parallel” type are equipped
with an individual exit system, which facilitates the rapid release of the hall. Along with all the advantages of
the halls of the "parallel” type, they also have a disadvantage: because of the peculiarity of setting animals for
milking, the operator is inconvenient to work with the front quarters of the udder. This type of plant is today
the best solution for large farms - 500-2000 cows. The throughput of installations of this type reaches 4.5
cows per hour per seat (Agrarian Review, 2011). Let's make a comparative analysis of advantages and
disadvantages of each type. The data are presented in the form of a table 1.

The correctness of the choice depends on the design of the buildings and the operation of the barn
equipment, but the personal preferences of the farm owner are more important here. All types of milking
parlors can be changed to a large extent to suit specific needs and requirements. Most equipment suppliers
offer competent advice on the configuration and selection of the type of milking parlor in order to ensure high
productivity and optimum efficiency. Machine milking increases productivity and is aimed at improving the
quality of milk. The negative factors of this process include the sharp incidence of cows with mastitis, which is
caused by poor selection of cows to the technology of mechanized milking due to mismatch of udder
parameters. At present, machine milking of cows on farms is about 90-95%. This is due to the transition of
the industry to an industrial basis. In order to increase profitability of production, it is necessary to
mechanize and automate all labor-intensive processes in the industry. Milking devices maximally improve to
minimize the harmful effect on the mammary gland.
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Table 1: Advantages and disadvantages of milking parlors "Herringbone", "Carousel” and "Parallel”

Advantages Disadvantages
"Herringbone" | e The length of the milking site does not | e Low productivity when used on groups
exceed 1.25 m, which increases the of cows with different productivity and
operator's convenience and improves speed of milk yield.
e [ts productivity. e The need to form cows in groups with
e The area of the hall is reduced for the same duration of milk yield.
installation. e Number of milking places is not more
e Widerangeofinstallations. than 28
e The speed of milking increases; o Effectively apply on farms with a
e Sizes from 2x4 places to 2x24 seats; livestock of up to 400 animals.
e Automate work with the herd;
e High degree of mechanization of
milking.
"Rotary” e The flowing technology of the milking | e Increased requirements for
process. construction and installation work.
e Maximum productivity from the | ¢ Complexity of equipment and high cost
calculation of the serviced livestock by per one milking place.

one operator per unit of time.

o Effective work, independent of the
number of zoo technical groups of
cows in the stall room.

"Parallel” e Minimal milking front; e Increased requirements for the width
e High intensity of the milking operator; of the room;
e The cost of equipment comparable to | ® Increased requirements for the shape
the herringbone per wunit of of the udder;
productivity;

e A wide range of sizes - a wide range of
served livestock;

e As a rule, a stronger frame structure
designed for the most intensive use

The most popular milking machines in Russia are two-stroke (carry out milking in two cycles: sucking and
squeezing) and three-stroke (carry out milking in three cycles: sucking, squeezing and resting). They work by
the principle of sucking milk with a vacuum. Milking devices consist of a pulsator, collector, tea cups, a set of
rubber tubes and hoses, viewing devices and clamps. The function of the pulsator in the milking machine is to
convert the permanent vacuum into an alternating vacuum, and the function of the collector is to distribute
vacuum and collect milk from the tea cups. A teat cup is one of the most important parts of a milking plant,
which consists of four glasses, hoses and a collector, thanks to which the milking process is carried out.
Glasses have a complex device, inside which are inserted rubber tubes - between them a sealed inter-walled
chamber is formed. Two tubes are connected to the glass: the first is connected to the inner (sucker) chamber,
and serves to suck the milk (this is the milk pipe), the second one with the interstitial chamber, and serves to
create vacuum pulsations in the chamber (Miass Milking Plant, 2017). Milking devices are classified according
to different signs. For convenience, we will present them in the form of a circuit (Fig. 1). On the basis of
studying the process of milking cows, we can formulate the basic requirements that modern milking
machines should meet:

Optimization of milking speed;

Stimulation of the milk yield reflex;

Safety in case of overexposure of glasses on the nipples of a cow;

To signal the successful end of the milking process and to turn off at the end of the process.



2. Framework

Figure 1: Classification of milking machines
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3. Conclusion

Due to the high wear and tear of equipment and their modernization at many enterprises of our country, as
well as the need to introduce integrated mechanization of technological processes due to the high labor
intensity in the production of milk, the demand for this equipment is growing. Transfaire Group of Companies
has supplied to the Russian market more than 4 milking parlors in 2015-2017: «Novomarkovskoye»,
«Novoladozhsky», «NovoyeVremya», «Arkhangelskoe» and othersl. This equipment meets all quality
standards at the international level. Existing proposals in our market differ technical and economic
parameters, therefore any investment project assumes the choice of the head and specialists the most
suitable for the type and size of the milking installation, taking into account prices and other factors. From the
right choice of technology, equipment and services, the quality of milk, the volume and cost of production
and, ultimately, the profit received by the economy, largely depend on milk. The technology should promote
the intensification of milk production, retaining its main purpose - to ensure the receipt of high-quality and
cheap products, preserve animal health, increase labor productivity.
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Nuclear Energy in Ghana? History, Science and Policy

Samuel Adu-Gyamfi*, Kwasi Amakye-Boateng, Edward Brenya, Henry Tettey Yartey,
Aminu Dramani, Victor Nii Adoteye
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana
‘mcgyamfi@yahoo.com

Abstract: This paper discusses the issue of nuclear energy in Ghana, although the country is not operating a
nuclear plant, the study focuses on the energy crisis that persistently hit the country and government’s plans
to opt for nuclear energy as part of Ghana’s energy’s mix to cater for the shortfalls in Ghana’s electricity
generation. Ghana after independence decided to add nuclear energy into its energy mix to promote
industrialization and make Ghana an industrial hub and investment destination as well as make it a net
exporter of power in Africa. In spite of this plan for a nuclear plant resurfacing within contemporary
discourse, there has been a strong opposition against the country going nuclear, citing some safety and
security issues which are sometimes fueled by lack of an in depth knowledge of what nuclear energy really
entails. Qualitative research approach was employed to investigate Ghana’s drive for attaining its initial plans
for a nuclear plant. Data has been retrieved from both primary and secondary sources. The analysis of the
data collected revealed that Ghana’s inability to operate a nuclear plant is as a result of fear of a nuclear
disaster like it happened at Three Mile Island in Pennsylvania, USA, Chernobyl in Ukraine and Fukishima
Daichi in Japan, as well as the safety of the nuclear plants and the radioactive wastes emitted into the
environment. The study revealed that this fear of people regarding nuclear energy is over-emphasized and
again the major nuclear disasters that have rocked the world were caused by human error; in most cases
security warnings were ignored. The study established that the delay in executing the plans are due to
monetary challenges since building a nuclear plant involves a lot of money. This notwithstanding, Ghana has
enough skilled nuclear scientists to manage the country’s nuclear plants should any be built.

Keywords: Nuclear Energy, Policy, Government, Public Perception, Ghana

1. Introduction

It is human nature to test, to observe and to dream. The history of nuclear energy is the story of a centuries-
old dream becoming a reality. Ancient Greek philosophers first developed the idea that all matter is composed
of invisible particles called atoms. The word atom comes from the Greek word, atomos, meaning indivisible.
Scientists in the eighteenth and nineteenth centuries revised the concept based on their experiments. By
1900, physicists knew the atom contains large quantities of energy. British physicist Ernest Rutherford was
called the father of nuclear science because of his contribution to the theory of atomic structure (US
Department of Energy, 2017). Man decided to discover new methods of energy generation and nuclear energy
happens to be one of such methods sought by man. According to Ernest Rutherford, the father of nuclear
science, “if it were ever possible to control at will the rate of disintegration of the radio elements, an
enormous amount of energy could be obtained from a small amount) of matter” (Ledoshchuk, 2016). Prior to
the discovery of nuclear energy, there were some ground-breaking discoveries into some components of
nuclear energy development which later resulted in the eventual discovery of nuclear energy. In 1898, French
physicist Pierre Curie and his wife Maria Sklodowska-Curie had discovered what they will name as radium
(Ledoshchuk, 2016). In 1917, Ernest Rutherford the father of nuclear physics was credited with splitting the
atom. In 1932, John Cockcroft and Ernest Walton attempted to split the atomic nucleus thereby producing
two helium nuclei (Ledoshchuk, 2016). Also, in 1932 James Chadwick discovered the neutron. In 1934
nuclear fission was first experimentally achieved by Enrico Fermi in Rome, when his team bombarded
uranium with neutrons. In 1938, German chemists Otto Hahn and Fritz Strassmann, along with Austrian
physicists Lise Meitner and Otto Robert Frisch, conducted experiments with the products of neutron-
bombarded uranium (Ledoshchuk, 2016). All of these were precursors to the whole construct of nuclear
energy. After all, these discoveries were made before utilization began.

It is reported that the first nuclear reactors were all designed to produce plutonium for their respective
nuclear weapons programs (Walls and Harrison, 2011). Earliest atomic research focused on developing an
effective weapon for use in World War II. The work was done under the code name Manhattan Project (US
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Department of Energy, 2017). Early in 1942, a group of scientists led by Fermi gathered at the University of
Chicago to develop their theories. By November 1942, they were ready for construction to begin on the
world’s first nuclear reactor, which became known as Chicago Pilel (US Department of Energy, 2017). The US
Department of energy reports that the major goal of nuclear research in the mid-1950s was to show that
nuclear energy could produce electricity for commercial use. The first commercial electricity-generating plant
powered by nuclear energy was located in Shipping port, Pennsylvania. It reached its full design power in
1957 (US Department of Energy, 2017). Nuclear energy then became the epitome of modernity in the 1950s
and 1960s and seemed to have promised abundant energy even in the 1970s. Significantly, the accidents at
Three Mile Island and Chernobyl halted development in almost all countries. Some plants were
decommissioned before the end of the intended life span. However, instead of building new reactors, existing
ones have been upgraded and their licenses extended, thus offering almost new reactors. The last decade has
seen a renewed interest in nuclear energy, with a new generation of fission reactors (relying on existing
reactor experience and adding more automatic safety systems, e.g.) entering the scene (Grandin, Jagers and
Kullander, 2010).

Grandin, Jagers and Kullander (2010) have argued that electricity was generated for the first time by a
nuclear reactor on December 20, 1951, at the EBR-I experimental station near Arco, Idaho, which initially
produced about 100 kW (the Arco Reactor was also the first to experience partial meltdown, in 1955).
Russia’s first nuclear power plant and the first in the world to produce electricity, was the 5 MWE Obninsk
reactor, in 1954 (Grandin, Jagers and Kullander, 2010). The large scale use of nuclear power during the 1950s
and 1960s was concentrated in the USA, UK, Russia and Canada. It was touted as a solution to the urban
pollution caused primarily by coal-fired power stations. As a result, the federal government financed and built
a number of demonstration reactors to prove to the Energy companies that nuclear was feasible (Walls and
Harrison, 2011). The Oil crisis of the 1970s necessitated a focal attention on the nuclear industry. The OPEC
oil crises of 1973-1974 caused the prices of oil to soar and made energy independence and energy security
focal policy issues on the global stage. The oil crisis among other related issues increased nuclear plant orders
as was seen in France, Belgium, Sweden, Japan and the USSR. A total of 423 nuclear reactors were built from
1966 to 1985 (Walls and Harrison, 2011). The US Energy Department has further reported that the nuclear
power industry in the U.S. grew rapidly in the 1960s. Utility companies saw this new form of electricity
production as economical, environmentally clean and safe. In the 1970s and 1980s, however, growth slowed.
Demand for electricity decreased and concern grew over nuclear issues, such as reactor safety, waste disposal
and other environmental considerations. Still the U.S. had twice as many operating nuclear power plants as
any other country in 1991. This was more than one-fourth of the world’s operating plants. Nuclear energy
supplied almost 22 percent of the electricity produced in the U.S (US Energy Department, 2017). In many
countries, among which is the Netherlands, the use of nuclear energy is a controversial issue. The actions in
favor of and against the use of nuclear energy have strongly guided political decision making throughout the
years. The first commercial nuclear plant in the Netherlands, Dodewaard, was shut down in 1997 after only
28 years of service (de Groot et al., 2010).

Palliser (2012) has argued that to address energy and climate concerns, the use of non-renewable and
renewable energy sources (hydropower, solar, wind, geothermal, biomass) is being analyzed; interest in
nuclear power has increased, with proposed government-backed loans to support the building of new plants.

Both the Obasanjo (1999-2007) and Yar’Adua’s administrations in Nigeria looked to nuclear power as a
potential solution to the country’s energy woes. Although the government of Nigeria has explored the
possibility of developing nuclear energy since the 1970s, there has been renewed interest in nuclear power
over the past years (Lowbeer-Lewis, 2011). In 1961, the government of the first Republic of Ghana initiated
the Kwabenya Nuclear Reactor Project (KNRP). A 2 MW Soviet Reactor was to be acquired and used for
research, training and production of radioisotopes. The objectives of KNRP initiative of 1961 were to:
introduce nuclear science and technology into Ghana, develop the infrastructure for nuclear power
programme and acquire nuclear technology to provide sufficient electricity for industrialization. The Nuclear
Reactor Project was cancelled in 1966 after a military coup (Nyarko, Akaho, and Enninson, 2009). Ghana
gained her independence in the same year as the first commercial power plant was built that is, in 1957.
Ghana is signatory to the non-proliferation treaty and this allows her to utilize nuclear technology for
peaceful purposes. The first president of the country cut the sod for the Ghana Nuclear Reactor Project
(GNRP) on 25th November 1964. The project was intended to introduce nuclear science and technology into
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the country and to exploit the peaceful applications of nuclear energy for national development. The
Kwabenya Nuclear Reactor Project was abandoned after the first president was removed from power in 1966
through a military coup d’état (Nyarko, Akaho, and Enninson, 2009).

The concern for Ghana deciding to go for nuclear energy has been in the news headlines since 2008. Few
questions raised from these concerns include how prepared is Ghana and how will the Ghana Atomic Energy
Commission (GAEC) and the government deal with the waste from the nuclear plant in order not to cause
harm to the people. It is however reported that concerns regarding nuclear power risks are misconceptions
and exaggerations which are largely fueled by international politics. Never have such risks prevented the
developed countries from developing nuclear technology (Klutse, 2016). Nuru (2014) has however,
emphasized that if there is any issue in the world that has a major problem with its image, then, it must be
nuclear energy. Regardless of its enviable track record in terms of safety among all sources of energy, nuclear
energy often remains at the bottom in all public opinion ratings primarily due to sheer misconceptions about
its nature orchestrated by nuclear antagonists (Nuru, 2014). Ghana is planning to build a nuclear plant for
much-needed power generation. Not everyone, however, is in support of the nuclear project which would
take eight years to complete. The country generates power from thermal and other sources but they have
become unreliable due to increased demand for home and industrial use (Trade News, 2016). The single
source of natural gas supply through the West African Gas Pipeline (WAGP) is not reliable since the source
and the pipeline system have suffered disruptions in the immediate past either through marine accidents or
sabotage. In the midst of these uncertainties, nuclear power could provide at least 10% of the installed
capacity by 2020 (Nyarko, Akaho and Enninson, 2009). It is reported that in 2007, when the third major
energy crisis occurred in Ghana, difficulties to raise funds to procure light crude oil for thermal power
generation to meet the shortfall in the face of high crude oil prices and delays in the West African Gas pipeline
project brought the consideration of nuclear energy for electricity generation to the fore (Birikorang et al.,
2012). Although some major research namely the works or writings of scholars such as Nana Ama Browne
Klutse (Adding Nuclear Power to Ghana’s Energy Mix), Nyarko et al. (Nuclear Power for Electricity Generation
in Ghana: Issues and Challenges) and S.A. Birikorang et al. (Prospects of Nuclear Power Today as Part of
Ghana Energy Mix and Socio-Economic Development), have focused on the prospects of Nuclear Energy for
the generation of electric power for Ghana; little or null interdisciplinary and systematic historical research
have been done to highlight the evolution of nuclear energy and the Ghanaian story in particular. In
particular, the prospects it holds for the country now and the future needs further amplification.

We have focused on building a narrative from in-depth oral interviews from experts in the field (Ghana
Atomic Energy Commission) and written data. They helped us gather enough information on the whole
concept of nuclear energy in Ghana and the issues surrounding it. Again, some specific data from these
sources included those that concern the contribution of Nkrumah’s government and the plans to develop
nuclear energy in Ghana. The objective of this paper, however, is to study the history of nuclear energy in
Ghana, and to highlight some aspects of policies and the benefits the country stands to gain as well as possible
challenges. Based on these objectives, the following research questions have been framed to guide the
discussions that shall ensue: What is nuclear energy? What is the history and significance of nuclear energy?
Why did Ghana plan and continues to plan a nuclear programme? Are the institutions well-equipped for this
task? The paper comprises of five sections. The first section introduces the subject matter, and approaches.
The second section pays attention to nuclear energy: the case thus far. We build on the writings of other
scholars regarding nuclear energy to weave a tapestry of nuclear energy from past to present. The third
section discusses the nuclear energy situation in Ghana; the fourth presents the data collected and analysis of
this data. The final section deals with the conclusion of the study which highlights key issues arising out of the
research.

Discussions: This section pays attention to the discussions on key issues pertaining to nuclear energy, its
history, science and policy focusing attention on the Ghanaian case.

Nuclear Energy: The Case Thus Far: This section of the paper focuses on the review of key definitional,

historical and policy issues that have been put out by related literature or authors. We aim at adding to the
existing literature or confirm them upon establishing a hiatus among other things.
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What is Nuclear Energy? Hubert (1956) argued that Nuclear Energy is generated from the reactions of
nuclear fission materials, thus its definition or description stems from these reactions. He explained the basic
elements of nuclear power reactions which formed the basics of nuclear energy. He explained fissionable
elements which comprise two isotopes of uranium, U-235 and U-233 and one of plutonium, Pu-239. Of these,
only one, U-235, occurs naturally and other two are man-made, Pu-239 which is derived by a radioactive
transformation from U-238 and U-233 from thorium. The isotopes, U-235, U-233 and Pu-239 are known
accordingly as fissionable or fuel materials. From these materials comes the core of nuclear power reactions
and eventual generation of nuclear energy (Hubert, 1956). After outlining the fissionable materials primarily
used to produce or generate nuclear energy, Hubert (1956) speaks briefly about the preliminary stages these
fissionable materials are subjected to as well as the processes involved in the fission. He explained that the
Spontaneous fusion of U-235 occurs when a concentration of this isotope greater than some critical amount is
brought together. If the reaction is uncontrolled, the result is the explosion of an atomic bomb; if properly
controlled, the energy, in the form of heat, can be released at a determinate rate. Nuclear piles comprise
assemblages of fissionable and auxiliary materials for maintaining controlled nuclear reactions (Hubert,
1956).

According to Hubert (1956), when a U-235 atom is struck by a neutron, it breaks into fragments known as
fission products which consist of other atoms near the middle of the table of atomic numbers, and also
releases neutrons which strike other U-235 atoms, thereby maintaining a chain reaction. Where each fission
releases, on the average, 200-million electron volts of heat which like the heat of combustion of coal or oil, can
be used to drive a steam power plant. Energy is released by the fusioning of a given amount of uranium (or
thorium). The fusioning of 1 gram of U-235 releases 2.28x 10*kw-hr of heat, which is equivalent to the heat of
combustion of 3 tons of coal or 13 barrels of oil. One pound of U-235 is equivalent to 1400 tons of coal or
6000 barrels of oil. Within narrow limits the same values are valid for U-238 and for thorium (Hubert, 1956).
In another sense, nuclear power could be defined from a different perspective as power produced from
controlled (that is, non-explosive) nuclear reactions. Commercial plants in use to date use nuclear fission
reactions. Electric utility reactors heat water to produce steam, which is then used to generate electricity
(Ledoshchuk, 2016). In discussing nuclear energy, Janna Palliser talks about the nuclear plant which is the
main engine through which electricity is generated from nuclear energy. Nuclear plants use uranium
(uranium-238 and uranium-235) in the form of solid ceramic pellets packaged into long, vertical tubes. The
pellets are bombarded with neutrons, causing the uranium atoms to split (fission) and release heat and
neutrons. These neutrons collide with other uranium atoms and release additional heat and neutrons in a
chain reaction. The heat is used to generate steam, which is used by a turbine to generate electricity (Palliser,
2012). Nuclear power is any nuclear technology designed to extract usable energy from atomic nuclei via
controlled nuclear reaction (Birikorang et al., 2012).

The History and Significance of Nuclear Energy: One important aspect of nuclear energy is radioactivity;
the elements that constitute nuclear energy have radioactive properties and for this reason one of these
radioactive materials, uranium, was discovered by Antoine Henri Becquerel who was a French scientist. This
element is a vital part of any nuclear power structure. Other scientists apparently from the same country
made a groundbreaking discovery which gave rise to other discoveries in similar fields. This couple was
Marie Curie and her husband Pierre Curie who were among the first researchers who began to work in the
new field of radioactivity. Their discovery won them a Nobel Peace Prize. Soon after Becquerel’s contribution,
J. J. Thompson discovered the electron in 1897 (Woolbright, Schumacher and Michonova-Alexova, 2014).
Presently considered the father of nuclear physics, Ernest Rutherford, a physicist from New Zealand who was
one of . ]. Thompson’s first students, was the first to formulate the concept of radioactive half-life. He first
named and classified alpha, beta and gamma radiation, and verified that radioactivity involved the change of
one element into another. Then came Canadian Physicist Harriet Brooks who performed the pioneering
experiments that led to the discovery of nuclear transmutation. Her experimental discovery that thorium
gave out a radioactive gas with a smaller molecular weight than that of the original thorium was a critical key
step in the history of nuclear physics (Woolbright et al., 2014).

Other scientists took the initiative of investigating other radioactive elements taking a cue from earlier

experiments and discoveries as a buildup on previous discoveries or bring out new discoveries altogether.
Following the experiments by Enrico Fermi, Lise Meitner, Otto Hahn and Fritz Strassmann, they focused their
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research efforts on the Uranium Problem. Lise Meitner in November 1938 met with Hahn in Copenhagen to
discuss the experimental results in the group. Later, analyzing the results from the experiments together with
her nephew, the physicist Otto Robert Frisch, she identified the new product of the reaction as barium and
the nuclear fission was discovered. Otto Robert Frisch was the scientist who introduced the term ‘fission’ to
describe the splitting of a heavy nucleus into smaller nuclei of about the same size (Woolbright et al., 2014).
Otto Robert Frisch after his initial experiment and coining the term ‘fusion’ went further to carry out other
experiments in this field of fission of radioactive. In 1939, he directly observed nuclear fission using an
ionization chamber to detect the fragments from fission, an experiment that he managed to perform in only
two days. Even before the nuclear fission reaction was observed, the Hungarian-born Jewish physicist Leo
Szilard had postulated the possibility for controlled release of the energy of the atom via neutron chain
reaction. He holds the first patent on the neutron chain reaction from the British Patent Agency, filed in 1934
and approved in 1936 (Woolbright et al., 2014).

Countries now absorbed these discoveries into their systems to harness their benefits, thus the first
controlled fission of an atom occurred in 1938 in Germany. The U.S. was the first to develop an atomic bomb.
In 1945, the U.S. military dropped bombs on the Japanese cities of Hiroshima and Nagasaki. During the fifty
years following WWII, the major super powers conducted secret projects related to the building and testing of
bombs. A legacy of the military research is that a great deal of soil, water and air are contaminated with
radioactive material (Hanford, Savannah River sites). After WWII many people began to see the potential for
using nuclear energy for peaceful purposes. The world’s first electricity reactor was constructed in the U.S. in
1951. In December 1953, President Dwight D. Eisenhower, in his ‘Atoms for Peace’ speech said, “Nuclear
reactors will produce electricity so cheaply that it will not be necessary to meter it, the user will pay an
annual fee and use as much electricity as they want. Atoms will provide a safe, clean and dependable source of
electricity. The Russians built their first plant in 1954 (Nuclear Energy, 2016). To produce electricity from
nuclear energy, it is essential to have nuclear reactors which are the primary media through which electricity
from nuclear power can be taped before connected to the grid for transmission to consumers and for other
purposes. In view of that, countries which embraced nuclear energy invested in developing nuclear reactors
to satisfy this quest. This saw the first nuclear reactors designed to produce plutonium for their respective
nuclear weapons programs. “The development of atomic energy for peaceful purposes and the development
of atomic energy for bombs are in much of their course interchangeable and interdependent.” In the post war
era, as Britain still had to import relatively expensive oil, policy makers thought that nuclear energy could be
a cheap alternative. The shift from military to peaceful uses of nuclear power gained traction in 1953 when
President Eisenhower proposed his “Atoms for Peace” program, suggested nuclear materials be used to
provide “abundant electrical energy in the power-starved areas of the world.” This was beneficial to
governments who were keen to develop their nuclear weapons program away from the glare of public
scrutiny (Walls and Harrison, 2011).

The concept of the atom has existed for many centuries. But we only recently began to understand the
enormous power contained in the tiny mass. In the year just before and during World War II, nuclear
research focused mainly on the development of defense weapons. Later, scientists concentrated on peaceful
applications of nuclear technology. An important use of nuclear energy is the generation of electricity. After
years of research, scientists have successfully applied nuclear technology to many other scientific, medical
and industrial purposes (US Department of Energy, 2017). The 1950s saw the aims of countries venturing
into nuclear research realized as it was resolved that electricity could be generated from nuclear energy for
commercial use and not just atomic bombs. Shipping port, Pennsylvania was the location for the first
commercial electricity- generating plant powered by nuclear energy and it reached its full design in 1957 (US
Department of Energy, 2017). Thirty-one other countries by the end of 1991 were operating these
commercial nuclear plants or were under construction, signifying advancement in world-wide commitment
to nuclear power technology (US Department of Energy, 2017). In the early decades of the twentieth century,
a revolution in physics came on stream, when in 1898 the French physicist Pierre Curie and his wife Maria
Sklodowska-Curie discovered that present in pitchblende, an ore of uranium, was a substance named radium
which was highly radioactive as it emits lots of radioactivity. It uplifted the spirits of scientists and laymen
alike as many believed the elements around contained enormous amount of energy which has not been fully
tapped (US Department of Energy, 2017). As scientists kept on advancing their research into radioactive
elements, the man credited as the father of nuclear physics Ernest Rutherford is also noted for splitting the
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atom with naturally occurring alpha particles from radioactive material and also observed a proton emitted
with energy higher than the alpha particle. This split was carried out by his team in England by bombarding
nitrogen with the naturally occurring alpha particles. Two other scientists who carried out splitting were
Rutherford’s students, John Cockcroft and Ernest Walton, working under the tutelage of Ernest Rutherford.
They attempted splitting by artificial means by using a particle accelerator to bombard lithium with protons,
thereby producing two helium nuclei (US Department of Energy, 2017).

Another groundbreaking discovery was made when James Chadwick discovered the neutron in 1932. This
spurred Enrico Fermi on to be the first to achieve nuclear fission experimentally in Rome in 1934, as his team
also bombarded uranium with neutrons. Some scientists experimented with neutron-bombarded uranium. In
1938, German chemists Otto Hahn and Fritz Strassmann along with Austrian physicists Lise Meitner and Otto
Robert Frisch took on this initiative. Scientists like Leo Szilard was one of the first to recognize that if fission
reactions released additional neutrons, a self-sustaining nuclear chain reactor could result (US Department of
Energy, 2017). On 20t December, 1951, the EBR-1 experimental station near Arco, Idaho became significant
for the generation of electricity. The plant initially produced about 100 kW (the Arco Reactor was also the
first to experience partial meltdown, in 1955). The Paley Commission report for President Harry Truman in
1952 made a ‘relatively pessimistic’ assessment of nuclear power, and called for ‘aggressive research in the
whole field of solar energy.’ President Dwight Eisenhower’s ‘Atoms for Peace’ speech emphasized the useful
harnessing of the atom and set the U.S. on a course of strong government support for international use of
nuclear power. The breeder served to harness useful energy which can be extracted from natural uranium,
such that the Atomic Energy Commission of the U.S. announced on June 4, 1953 that the EBR-1 had become
the world’s first reactor to demonstrate the breeding of plutonium from uranium (US Department of Energy,
2017).

Following the history of nuclear energy is its importance or significance. According to de De Groot et al.
(2010), it has been argued that an increase in the use of nuclear energy may help to safeguard security of
energy supplies and contribute to climate change mitigation through reduced CO; emissions (de Groot, Steg
and Poortinga, 2013). According to Amanda Beckrich, nuclear energy is fit, it is safe, and it is back: nuclear
power is a viable energy option again. So asserts the nuclear industry, key politicians and other stakeholders
who see a nuclear renaissance ahead. It is fit because it is the only major source of electricity that does not
produce greenhouse gases. It is safe because of nearly two decades of accident-free operations and because of
a new generation of ‘inherently safe’ reactors (Beckrich, 2013). Bruno Comby believes that nuclear energy is a
clean, safe, reliable and competitive energy source. It is the only source of energy that can replace a significant
part of the fossil fuels (coal, oil and gas) which massively pollute the atmosphere and contribute to the
greenhouse effect. Tomorrow’s nuclear electric power plants will also provide power for electric vehicles for
cleaner transportation. With the new high temperature reactors, we will be able to recover fresh water from
the sea and support hydrogen production (Comby, 2006). He emphasizes that nuclear power is clean, safe,
reliable, compact, competitively and practically inexhaustible. Today, over four hundred nuclear reactors
provide base-load electric power in thirty countries. Fifty years old, it is a relatively mature technology with
the assurance of great improvement in the next generation. Nuclear energy produces almost no carbon
dioxide, and no sulfur dioxide or nitrogen oxide whatsoever. These gases are produced in vast quantities
when fossil fuels are burned (Comby, 2006). Compared to fossil fuel, nuclear power’s safety has been proven
by half of a century’s record with an accumulated experience of 12,000 reactor-years. The base-load of these
nuclear reactors can be relied upon 90% of the time as intervals between refueling have been extended and
down time for refueling has been reduced. Again, the cost of running or operating a nuclear plant is relatively
stable and cost efficient. The cost of nuclear fuel is a small part of the price of a nuclear kilowatt-hour,
whereas fossil fueled power, especially oil and gas, is at the mercy of the market (Comby, 2006).

Comparing nuclear energy to natural gas has shown that one kilogram of uranium can illuminate fourteen
100-watt light bulbs for ten years. With the same amount, natural gas and coal can light equal number of
bulbs for only ten and six hours respectively. This makes electricity production from nuclear energy cheap,
powerful, reliable and efficient. It is also proven that nuclear energy does not generate or release greenhouse
gases, which are the main causes of global warming and ozone layer depletion, making it environmentally
clean. Again, nuclear waste has lots of guidelines on how to effectively manage them (Klutse, 2016).
International climate experts are considering the full application of nuclear energy in the protection of the
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environment by keeping the temperature under 2°C increase by 2050. In examining the facts, it has been
realized that 0.0035 GW/hr of power to power an average household annually and to obtain this threshold, 7
Grams of uranium (nuclear fuel), which is equivalent to the release of 56kg CO,/year. That also translates into
890kg of oil, also equivalent to 2,620kg CO:/year, 1,100kg of coal, equivalent to 3,503kg CO;/year and
1,000m? of gas, equivalent to 1,736kg CO2/year. Nuclear energy is believed to emit less carbon dioxide over
these sources of power and is environmentally friendly (Gawusu, 2016). Students from the School of Nuclear
and Allied Sciences (SNAS) of the University of Ghana, Legon and the STEM fields will be beneficiaries of jobs
which will be created by clean energy aside reducing emissions (Gawusu, 2016). As it has been proven with
nuclear energy so is wind and solar power environmentally as they are a low carbon energy source that emit
only 16 grams of CO,/kWh. The waste produced from nuclear is effectively monitored since a number of
regulations exist on how nuclear waste is to be managed. As a very competitive source of electricity, power is
generated for all hours of the day and night. Nuclear energy is serving the purpose of providing a lasting
solution to the climatic and electricity shortcomings of countries of the world, as it provides stable and steady
power and ensures electric grid reliability (Gawusu, 2016).

The atomic nuclei is a very important source of energy, which is gained from disintegrating atomic nuclei and
has the potential to improve the lives of people globally. Statistics have revealed that about 17% of the energy
in the world is gained from nuclear power plants. These radioactive isotopes are instrumental in the field of
nuclear medicine, where X-rays are used to examine fractures and scan for any malfunctions inside the
human body; also diagnosis and the treatment of cancer are all done with the help of radioactivity (Nuclear
Energy, 2016). Nuclear power is credited as a mature and well-established technology, since it emits less
carbon dioxide and is widely believed to play a vital role in the curbing the issue of global warming. Unlike
electricity generated from coal or natural gas, nuclear power is relatively clean, producing almost no
emissions. It is a very reliable source of power as opposed to wind and solar in spite of their generation
qualities as well. The cost of building and running nuclear plants is huge; however, they are the most effective
as compared to other low-greenhouse-gas electric-generation mechanisms (Feiveson, 2009). According to
Feiveson, “when the total bus-bar costs are considered, nuclear appears at least arguably competitive with
integrated gasification combined cycle coal (IGCC) and combined cycle gas turbine (CCGT) plants, if there is a
carbon charge roughly in the range of $30 to $50 per ton of CO; emitted (Feiveson, 2009). In some regions
where wind energy is the major source of electricity generation, nuclear energy supplements it to ensure a
continuous supply of power (Feiveson, 2009). Nuclear power is the result of man’s quest to explore the
positive use of radioactive elements for use by humans. For this reason, it portrays the sterling achievements
made over the years to bring to the fore the benefits of harnessing nuclear power from the smallest of
particles. Now 1kg of uranium U238 is capable of producing as much energy as will 35,000kg of coal (Bose,
1981). Although nuclear energy like any other source of electricity generation is bereft with shortcomings, its
merits overrides that of the others. Nuclear energy provides a safe haven for man as he determines the next
course of action at finding a more effective source of power to satisfy his needs. Nuclear energy is able to
generate more power with little uranium fuel and also safeguards the earth’s ozone layer from carbon
emissions. As coal for instance, involves a sophisticated structure required for processing fuel needed to
power coal plants, nuclear requires a relatively cost effective source of power (Bose, 1981). Nuclear energy is
capable of supplementing the existing forms of power generation as a peaceful application of it rather than
manufacture of atomic bombs (Nickson and Brown, 1947).

According to Nickson and Harrison (1947), another application of nuclear energy is for solving industrial
problems. One obvious application will be in the control of a wide variety of plant processes. It seems feasible
to predict that many complicated and costly present-day inspection systems will rely upon the use of the by-
products of nuclear energy. One of the most important immediate applications of nuclear energy and its by-
products will be the solution of problems in biology and medicine (Nickson and Brown, 1947). Nuclear
energy has the potential of saving the volume of oil burnt by coal-powered-plants daily. A 1,000 mw nuclear
plant can save up to 30,000 barrels of residual oil burnt daily by an oil-burning plant and it can also save up to
20,000 barrels if its output were used for resistive heating per heating day. Furthermore, it can be used for
energizing heat pumps of perhaps 40,000 barrels per heating day (Weinberg, 1980). Although there are some
skeptics and opposition to the full realization of nuclear power in some countries, there are many more who
believe in the prospects of nuclear energy to arrest the issue of high rising carbon emissions and greenhouse
effect. A recent article in Wired magazine put it as, “some of the world’s most thoughtful greens have
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discovered the logic of nuclear power”- suggesting that “a clean green future” is very possible if we “start
building nuke plants and keep building them at a furious pace” (Center for the Study of Technology and
Society, 2016). A coal plant can emit about six million tons of carbon dioxide and sixteen thousand tons of
nitrous oxide and a natural gas plant emits one hundred and forty million tons of carbon dioxide. This is not
true for nuclear power which is highly considered due to its zero emissions of carbon dioxide, Sulphur
dioxide or nitrous oxide. According to the World Nuclear Association (WNA), “if the entire world’s nuclear
power were replaced by coal-fired power, electricity’s carbon dioxide emissions would rise by a third” (Bratt,
2005).

According to the Canadian Nuclear Association, “the use of nuclear power at Qinshan will reduce the quantity
of carbon dioxide produced in China by nine million tonnes per year compared with coal, which would have
been used if nuclear power was not available. From the project commissioning in 2003 to the end of 2012,
this project will avoid, in total, over eighty-five million tonnes of carbon dioxide” (Bratt, 2005). It is advisable
for economies of countries to adopt nuclear energy as an option in the production and distribution of
electricity because it saves fuel which will otherwise be used by coal and natural gas plants. However,
uranium fuel which is used by nuclear plants can be re-used for up to ten years before totally discarding it
(Birikorang et al., 2012). Nuclear is a better option for countries with little or no fossil fuel reserves but desire
to ensure the continuous generation of power to feed its industries and the nation at large; countries in this
category include South Korea, Japan, France, and so on who can rely on nuclear power in the absence of fossil
fuel. Again, the lifetime of the new breeds of nuclear plants could last up to sixty years. There currently are
steps to increase this further. As stated earlier, though the cost of building nuclear plants is huge, the fuel for
running them are cheaper and can be reused for a period of time before disposing them off. These plants are a
sure protection from the fluctuating prices of oil on the global market; uranium fuel’s cost is stable. The new
nuclear plants coming on stream are cost efficient (Birikorang et al., 2012).

According to Birikorang et al. (2012) given its low emissions, nuclear power is seen by many as part of the
solution to meet, for example, the new environmental constraints, like entry-into-force of the Kyoto protocol,
and the 2007 G8 summit goal of cutting global emissions in half by 2050. Nuclear power is a mature
technology with more than half a century of operating experience. The past two decades have seen significant
improvements in nuclear power plant reliability, as well as lower operating costs, and a progressively
improved safety record (Birikorang et al, 2012). Nuclear energy is an essential drive at ensuring food
security. This is because the process of irradiation kills bacteria and parasites present in food, including
listeria, salmonella and potentially deadly E. Coli and is very instrumental at preventing non-microbial
spoilage of certain foods, thereby increasing their shelf life (Napavalley, 2011). Radiation is also useful in the
areas of cosmetics as radiation is used to sterilize baby powder, bandages, contact lens solution and several
other cosmetics, including false eyelashes and mascara (Napavalley, 2011). Radioactivity is used as tracers in
process materials to track leakage from piping systems, monitor the extent of wear in an engine and
corrosion of processing equipment, and to also examine the velocity of materials through pipes and gauge
system filtration efficiency (Napavalley, 2011). The automobile industry is a testament to the usefulness of
nuclear energy as radioactive materials are used to test the quality of the steel of cars. Also in the aviation
industry, manufacturers use radiation to check for faults in jet engines. There is also the question of whether
manufacturers can use radioactive materials to obtain the proper thickness of tin and aluminum (Napavalley,
2011).

2. Ghana’s Quest for Nuclear Energy

This section pays attention at Ghana'’s efforts to build a nuclear plant. It discusses the reasons for a nuclear
plant, the preparedness of existing institutions to take up the challenge among others.

Why was Ghana Planning and Continues to Plan for a Nuclear Program? Ghana continues to face serious
power crisis with its attendant strain on the economy and a crush on general industrial output. This crisis is
one of the most severe energy shortfalls ever to hit the country since the 1980s. Since this crisis began,
several considerations have been brought forth to forestall future energy needs. These include investing in
other energy sources apart from the traditional hydro-electricity; nuclear energy appears to be the most
promising of the rest (Klutse, 2016). The Convention People’s Party (CPP) Government of the first Republic
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set out with an industrial drive to revolutionize the country’s economy. This led to the construction of the
Akosombo hydro-electric dam. Other areas identified as likely considerations for a similar project were Bui,
the Tano and Ankobra for complementing the existing dam and further augmenting the country’s energy
capacity. In addition, the Nkrumah Government began planning for nuclear energy by procuring a reactor for
the country under the Ghana Atomic Energy Project to cater for the needs of the country’s emerging
industries (Dadzie, 2016). Dr. Kwame Nkrumah when inaugurating the Ghana Atomic Energy Project on
November 25, 1964, made the following remarks: “we have therefore been compelled to enter the field of
Atomic energy, because this already promises to yield the most economic source of power since the beginning
of man. Our sources in this field would enable us to solve the many sided problems which face us in all the
spheres of our development in Ghana and in Africa (Dadzie, 2016).

It can be inferred that Dr. Kwame Nkrumah was set on making nuclear energy an integral part of the nation’s
energy mix. Experiments involving the use of radio-isotopes had begun at the University of Ghana (Legon) in
the early 1950s, which exposed the great potentials the nation stands to gain if it adopted nuclear power. The
Defense Ministry in 1958 carried out a nuclear fallout monitoring service on behalf of the University of Ghana
due to fears of public hazards from radioactive fallout from nuclear weapon tests (Amuzu, 2016). The
Kwabenya Nuclear Reactor Project was initiated by the government in 1961, “to introduce nuclear science
and technology into the country and to exploit nuclear energy in its peaceful applications [for] the solution of
problems of national development (Amuzu, 2016). It was anticipated that the government could augment the
generating capacity at 500MW by 2015 to make her energy sufficient and also an exporter of power in the
West African sub-region. The country experienced load shedding in 2014 which was carried out by the
Electricity Company of Ghana. Demands by 2015 were pegged at 19.5 billion kw/h. The government
announced plans to re-visit nuclear energy to safeguard Ghana’s energy sources and in 2008 estimated 400
mw of nuclear power by 2018 (World Nuclear Association, 2016).

According to Nyarko et al. (2009) Ghana’s Growth and Reduction Strategy (GGRS) is focused on the
transformation of the Ghanaian economy from its current low or middle income status to a middle income
with a per capita of about $1,000 by 2015. This however, would require cost competitive, environmentally
friendly and reliable source of grid electricity. Should the GGRS target be realized, demand for energy is
expected to rise steadily. In the midst of these uncertainties, nuclear power could provide at least 10% of the
installed capacity by 2020 (Nyarko, Akaho and Ennison, 2009). The 1961 Kwabenya Nuclear Reactor Project
(KNPP) pursued by the first Republican government was aimed at introducing nuclear science and
technology into Ghana, to provide a suitable nuclear infrastructure for the incoming nuclear programme the
country has opted for and to eventually acquire maximum electric power for the country’s industries
(Nyarko, Akaho and Ennison, 2009). In 2007, the Nuclear Power Project was revisited due to a severe drought
in the sub-region between 2003 and 2006 which led to a drop of 44% in water inflow into the Volta Lake in
2006 (Nyarko, Akaho and Ennison, 2009). The President of Ghana in 2008 established a committee which
became the Nuclear Power Planning Committee (NPPC) to involve Stakeholder Institutions. This committee
was tasked to formulate a feasible Nuclear Power Policy and help develop basic elements for the nuclear
infrastructure (Nyarko, Akaho and Ennison, 2009). The concern of the Government of Ghana was with high
cost of imported oil and gas and other environmental issues due to global warming as well as the demerits
associated with hydro-electricity as it heavily relies on weather. This led to the formation of a Committee to
supervise Ghana’s nuclear programme. Though there are provisions for wind and solar plants, developing
them on a large-scale is currently not envisaged for the future (Nyarko, Akaho and Ennison, 2009).

Ghana experienced its worst power crisis in 2007 due to inadequate funds to procure light crude to power
thermal plants. Some of these plants were obsolete and required replacement. Again, the West African Gas
pipeline could not supply enough gas for the country’s plants which run on the product. All these culminated
in a cabinet decision to build a 400 MW nuclear power plant by 2018 from the Committee’s report set up by
the President of Ghana on the viability for this new venture (Birikorang et al., 2012). The country has decided
to adopt nuclear energy like several others for various reasons. Ghana’s drive for sustainable development
requires a constant and reliable source of electricity and nuclear energy is one sure way to make this vision a
success. The demands or load on the country’s energy resources are over-stretched and this has necessitated
a proposition for nuclear to be added to the country’s energy mix. It has been estimated that by the year 2020
Ghana'’s energy demands will rise from 1200MW TO 3630MW (Birikorang et al,, 2012). One merit of nuclear
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plants is the price stability of the nuclear fuel and the ability of it being re-used before completely discarding
it. This is because nuclear plants require low fuel supply and the fuel can be stocked for up to ten years by
reducing the risks associated with fuel shortage and price fluctuations. Nuclear fuel is easily acquired since
there are several establishments which specialize in that sector. Also, nuclear fuels only power nuclear plants
(Birikorang et al., 2012). The motive for the project was to help Ghana develop a long-term energy plan by
determining future energy and electricity demand as well as the future energy sources or resources essential
for Ghana’s energy mix for a sustainable plan for the energy sector (Boussaha et al., 2007).

Are The Institutions Well-Prepared For This Task? This aspect of the paper highlights the preparedness
or otherwise of the sole institution, the Ghana Atomic Energy Commission, which has been tasked to ensure
Ghana'’s nuclear programme comes to fruition. It also analyzes the agencies under the Commission and how
they are helping with the programme. One of the thoughts which floods the minds of Ghanaians particularly is
how well our institutions are prepared for the tasks assigned to them and most importantly an Atomic
Agency’s capabilities lie in its efficiency at managing radioactive waste which if not tackled tactfully can prove
dangerous to the health of the people and the environment in general. These fears ought to be discarded since
Ghana already has a long history of managing radioactive waste from medical equipment as well as industrial
ones, thus fears of radioactive waste management need not be a problem. Again, the International Atomic
Energy Commission (IAEA) has regulations for the management of radioactive waste (Klutse, 2016). Work on
Ghana’s nuclear programme is at an advanced stage as the infrastructure is ongoing with the needed human
resource required to manage it under regular training to ensure they are well-prepared for the job at hand.
An appropriate site for the construction of the plant has been sourced with its attendant feasibility studies
and stakeholder consultation. The IAEA has already cleared the country to go ahead with the programme
(Bannor, 2014). As part of plans to formulate the best policy guidelines for a swift execution of the nuclear
power project, an independent Nuclear Regulatory Authority is on course for action as a bill is before the
National Legislature awaiting passage. This authority will supervise the activities of the GAEC in every
process involving the programme. This has not been possible without the support of the Government
(Bannor, 2014).

With the help of the IAEA through its technical support programme for countries entering into the nuclear
industry, Ghana will soon take delivery of its first nuclear plant to help its numerous initiatives aimed at
improving the socio-economic outlook of the country. It will also be the first of its kind in the West-African
sub-region (Bannor, 2014). As part of the country’s aim at developing the capabilities of its human resource
for the project, the Graduate School of Nuclear and Allied Sciences (SNAS) at the University of Ghana has been
instituted to pursue this course to aid in the Nuclear Knowledge Management (NKM) programme. The school
is an IAEA African Regional Designated Centre (RDC) for Professional Training and Higher Education in
Nuclear Science and Technology and Radiation Protection (Bannor, 2014). With the support of the IAEA,
Ghana has developed a set of draft Radioactive Waste Management regulations and a Radioactive Waste
Management Policy and Strategy in addition to equipping its human resource to ensure they are up to date on
these policies and strategies (Bannor, 2014).

According to Dr. Albert W. N. Q. Bannor, since 1978, various national and international activities have been
undertaken by Member States, with the support of the Agency, to convert Highly Enriched Uranium fuel
(HEU)-based research and test reactors (RRs) to Low Enriched Uranium (LEU) fuel. Ghana has in that regard
conducted feasibility studies for the possible conversion of her research reactor from HEU to LEU with the
support of the IAEA and the Argonne National Laboratory (ANL). A reactor Core Conversion Safety Analysis
Report (CC SAR) has since been completed. In line with the international efforts, plans to return HEU spent
fuel were initiated in February 2011, when an international MNSR Working Group (WG) was established to
coordinate these activities. Ghana has officially requested the Agency’s assistance in the removal and
transportation of the irradiated HEU MNSR core. A Project and Supply Agreement (PSA) has also been
assigned by Ghana and China, with the Agency’s support and guidance to ship the first LEU fuel to Ghana
((Bannor, 2014). Ghana has always approved and supported nuclear security programs carried out by the
IAEA. Thus the country is very much aware of the concerns raised by member states on their responsibility to
ensure nuclear security in their respective nations and the world as a whole (Bannor, 2014). To develop the
human resource base needed for the take-off of the country’s nuclear programme, the Ghana Atomic Energy
Commission (GAEC) in collaboration with the University of Ghana with support from the International Atomic
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Energy Agency (IAEA) has established the Graduate School of Nuclear Allied Sciences which runs a
postgraduate programme in different areas associated with nuclear energy. The country still partakes in
research by the IAEA to help increase the nation’s knowledge of nuclear science and technology. GAEC also
keeps contact with other International Agencies such as Global Nuclear Energy Partnership (GNEP) all geared
towards realization of the vision (Nyarko et al., 2009). Ghana has well-endowed nuclear scientists with the
ability to manage any advanced level technology in the field without any setbacks. The Ghana Atomic Energy
Commission since 1995 has been operating a 30-kilowatt research reactor (GHARR-1) at Kwabenya.
Interestingly, only well trained Ghanaian personnel are in charge of this nuclear research reactor and its
safety record has been praised by the IAEA as satisfactory. The country has also signed the Non-Proliferation
Act (NPA) and other Safeguard Protocols to deter the country from using its nuclear resources for war
purposes (Nyarko et al., 2009).

According to Nyarko et al. (2009) human resource capacity building currently in place is in two forms, that is,
degree and non-degree awarding programs. In the degree awarding category, Ghana Atomic Energy
Commission (GAEC) has established the Graduate School of Nuclear and Allied Sciences in collaboration with
the University of Ghana with assistance from the International Atomic Energy Agency (IAEA) to award
masters and Ph.D. degrees in nuclear science. The school currently has five departments offering ten
accredited programs. Programs in place which are directly related to the nuclear power programs includes;
Nuclear Engineering, Applied Nuclear Physics, Nuclear and Environmental Protection, Nuclear and
Radiochemistry, Nuclear Security and Safety and Radiation Protection (Nyarko et al., 2009). There are some
non-degree programs run at the Graduate School of Nuclear Allied Sciences which involves training and
teaching nuclear scientists and technicians on the use of the 30-kilowatt research reactor in areas like reactor
operation, physics, safety, engineering, maintenance and so on. The IAEA also has Technical Cooperation
Projects (TCs) like GHA0008; Planning for sustainable energy development, GHA009; Human resource
development and nuclear support technology support, GHA0011; Evaluating the role of nuclear power in
future options for electricity generation and coordinated research projects such as Core Conversion and
Benchmarking for safety, and many more. All these have gone a long way to improve the country’s knowledge
base on the subject matter. Ghana still makes appearances at IAEA training courses and workshops on
national, regional and international levels. GAEC continuously maintains correspondence with other
International Nuclear Agencies such as Global Nuclear Energy Partnership (GNEP) (Nyarko et al., 2009).

Ghana Atomic Energy Commission: This section focuses on the Ghana Atomic Energy Commission which is
the institution charged with the responsibility of regulating, supervising, administering and overseeing
Ghana'’s nuclear program and also maps out the modalities in place to ensure how Ghana manages its nuclear
resources effectively and benefits from these resources. In addition, the structure or nature of nuclear energy
will also be looked at. This will involve the various nuclear plants and its constituents and the advantages and
disadvantages of a type of nuclear plant. Again, GAEC’s agencies and their functions will also be examined.

The Nuclear Plant, How It Works and Its Components: Serving as the primary channel through which
electricity is generated from nuclear sources is the nuclear plant. Like every other plant for electricity
generation, it has its own type of fuel that powers it and how it is operated and what constitutes any nuclear
plant whatever the type or model. Nuclear power is power generated from controlled nuclear reactions.
Nuclear plants today are mostly fit for fission reactions. The electric utility reactors heat water to produce
steam, which is then used to generate electricity. More than 100 nuclear power plants today provide 20% of
the electricity consumed in the United States. Again, there are over 439 reactors providing some 17% of the
world’s electricity needs, and about 65 of these plants are under construction globally. 2009 saw 15% of the
world’s electricity from nuclear resources, in spite of the concerns raised about safety and radioactive waste
management. Naval vessels numbering more than 150 have been built, which operates on nuclear propulsion
(Ledoshchuk, 2016). The nuclear plant is often referred to as nuclear reactor because a nuclear plant is
centered round the reactor. The reactor is housed in the containment building with the core of the reactor
being the heart of the plant. Like the fossil-fuel generators, the reactor generates the heat that boils the water
into steam. This steam turns the turbine in the turbine building to produce the needed electricity. Finally, the
water flows from the cooling water source to help re-condense the steam into water before it flows back into
the reactor building to be boiled into steam again (Klutse, 2016). There are several types of nuclear reactor
configuration. These include high-temperature gas-cooled reactor, boiling water reactor and pressurized
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water reactor. Common to these reactor configurations is the reactor core, which contains the fuel assembly.
The fuel assembly is a complex set-up that ensures and maintains a controlled nuclear fission. The major
components of the plant are uranium fuel and the control rods. Uranium starts out as ore just like gold ore,
and contains a very low percentage (or low enrichment) of the desired atoms (U-235). The U-235 is a more
desirable atom for fuel because it undergoes fission early. Uranium is a fissionable material. U-238 atoms are
however, much more abundant. The fuel fabrication process, therefore, includes steps to increase the number
of U-235 atoms in relation to the number of U-238 atoms (enrichment process). It is this enriched uranium
which is loaded into the reactor core. Though it is based on a lower technology, the enrichment process for
nuclear power reactor could produce an atomic bomb. That is what raises the controversy with a country’s
development or acquisition of nuclear enrichment technology (Klutse, 2016).

To go round this, reactor grade enriched uranium are always available commercially. To produce the heat
needed for steam generation, uranium undergoes a lot of changes whose description is beyond the scope of
this discussion. The change process is referred to as fission. An atom is made up of a cloud of electrons
surrounding a tiny but highly dense nucleus. The whole of matter is therefore concentrated in the nucleus. In
the reactor, the nucleus of a uranium atom undergoes splitting (fusioning) to form daughter nuclei leading to
the release of a huge amount of energy in the form of heat. The boiling water reactor operation is a typical
example of the operation of a fossil-fuelled generating plant. Inside the reactor vessel, a steam or water
mixture is produced when pure water (reactor coolant) moves upward through the core absorbing heat. The
steam or water mixture leaves the top of the core and enters two stages of moisture separation, where water
droplets are removed before the steam is allowed to enter the steam line. The steam line, in turn, directs the
steam to the main turbine, causing it to turn the turbine and the attached electrical generator. The unused
steam is exhausted to the condenser where it is condensed into water. The resulting water (condensate) is
pumped out of the condenser with a series of pumps and back to the reactor vessel. The recirculation pumps
and the jet pumps allow the operator to vary coolant flow through the core, and to change reactor power
(Klutse, 2016).

To operate properly, all steam plants, whether nuclear or fossil-fuelled need a circulating water system to
remove excess heat from the steam system in order to condense the steam, and transfer that heat to the
environment. The circulating water system pumps water from the environment (river, lake or ocean) through
thousands of metal tubes in the plant’s condenser. Steam exiting the plant’s turbine is very rapidly cooled and
condensed into water when it comes in contact with the much cooler tubes (Klutse, 2016). Since the tubes
provide a barrier between the steam and the environment, there is no physical contact between the plant’s
steam and the cooling water. Because a condenser operates at a vacuum, any tube leakage in this system will
produce an “inflow” of water into the condenser rather than an “outflow” of water to the environment
(Klutse, 2016). Commercial nuclear power plants in the United States are either boiling water reactors
(BWRs) or pressurized water reactors (PWRs). Both are cooled by regular water. BWRs heat water
surrounding the nuclear fuel directly into steam in the reactor vessel. Pipes carry steam to the turbine, which
drives the electric generator to produce electricity. PWRs heat the water surrounding the nuclear fuel, but
keep the water under pressure to prevent boiling. The hot water is pumped from the reactor vessel to a steam
generator. There, the heat from the water is transferred to a second, separate supply of water. This water
boils to make steam. The steam spins the turbine, which drives the electric generator to produce electricity.
About two-thirds of the nuclear reactors in the United States are PWRs, and one-third are BWRs (Palliser,
2012).

The Ghana Atomic Energy Commission: The beginning of what is now Ghana Atomic Energy Commission
(GAEC) could be traced far back as 1952 when the use of radioisotopes began in Ghana. At that time, radio
strontium was used in experiments on monkeys. In 1958, the Physics Department of the University College of
the Gold Coast (now University of Ghana, Legon) on behalf of the Ministry of Defense started radioactive
fallout monitoring service. By the end of 1959, work in radioisotope applications in Ghana had sufficiently
gained ground in a number of institutions to justify the establishment of a Radioisotope Unit (GAEC, 2016). In
1961, the Government of Ghana decided to undertake the “Ghana Nuclear Reactor Project (GNRP).” This was
intended to introduce nuclear science and technology into the country and to exploit the peaceful
applications of nuclear energy to foster national development. The central facility of the project was to be a
research reactor designed solely for research, training and production of radioisotopes. The long term
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strategic objective of this initiative was that the research would facilitate the development of manpower and
promote plans for the introduction of nuclear power for electricity generation in the country. To help realize
the objective of the Ghana Nuclear Reactor Project, the Ghana Atomic Energy Commission was founded by an
Act of Parliament (GAEC, 2016).

The Vision or Plan for the Project: In 1960 the President of the First Republic, Osagyefo Dr. Kwame
Nkrumah made a political decision for Ghana to pursue a Nuclear Reactor Programme. He conceived the idea
of meeting Ghana’s electricity needs with two major projects- the Akosombo Hydroelectric Dam and a
Nuclear Power Reactor. At the ceremony marking the laying of foundation stone for the Atomic Complex on
25th November, 1964, Dr. Nkrumah said: Our sole motive in reaching the decision to build the Centre which
you now see rising before you, is to enable Ghana to take advantage of the decisive methods of research and
development which mark our modern world. It is essential to do this if we are to impart to our development
that acceleration which is required to break even with more advanced economies. We have therefore been
compelled to enter the field of atomic energy, because this already promises to yield the greatest economic
source of power since the beginning of man (GAEC, 2016). This was the era of Russian sputniks that
dominated the outer space. It was also a time when nuclear science as a study had some global appeal, and
nuclear power reactors were considered as an inevitable option that many countries were likely to adopt to
solve their energy problems (GAEC, 2016).

In Ghana at that time the word ‘atomic’ was conceived by the general public as having “magical” possibilities.
These and perhaps other factors might have shaped Dr. Nkrumah'’s vision on nuclear reactors (both research
and power) for Ghana. He was indeed an outstanding visionary. In 1960, the Government therefore decided
to set up the Reactor Programme under a Credit Agreement previously concluded with the Government of the
U.S.S.R. A delegation sent to the U.S.S.R. to negotiate for both a Research Reactor and a Power Reactor, on its
return, recommended the procurement of a Research Reactor only to begin with (GAEC, 2016). On
September, 1960, Ghana applied and became a member of the International Atomic Energy Agency (IAEA) -
the third country from black Africa to be admitted as a member of the Agency. In 1961, a Protocol Agreement
was signed and ratified by the Government of Ghana and the U.S.S.R. for the building of a 2 MW Swimming
Pool Soviet-made (Type IRT 2000) Research Reactor with the possibility for upgrading to 5 MW under the
Ghana Atomic Energy Reactor Project. Following feasibility studies, based on topography, groundwater
status and density of human settlement, etc. carried out by Ghanaian specialists in collaboration with Soviet
experts, the present site near Dome village about two miles from Kwabenya village was acquired for the
project (GAEC, 2016).

The Ghana Atomic Energy Committee: Responsibility for the implementation of the Nuclear Reactor
Project was vested in the Ghana Atomic Energy Committee which was set up in 1961. The Fuel and Power
Secretariat at the Flagstaff House exercised governmental oversight over the Reactor Project. But the Project
was placed under the Ghana Academy of Science for technical direction. Dr. R.P. Baffour, the then Vice-
Chairman of the Academy of Science and Dr. ].Y. Ewusie, the then General Secretary of the Academy became
the Chairman and Secretary respectively of the Ghana Atomic Energy Committee. They both formulated the
Executive Instrument for the Project (GAEC, 2016).

The Establishment of the Ghana Atomic Energy Commission: To consolidate Dr. Nkrumah's vision, the
Nuclear Reactor Project was created by an Act of Parliament, Act 204, in 1963 which, among other things,
established the Ghana Atomic Energy Commission (GAEC) to replace the Ghana Atomic Energy Committee
and to be in charge of the Project. The membership of the Commission at the time of its inauguration
consisted of the people: Dr. R.P. Baffour as Chairman, Dr. D.A. Bekoe, Prof. F.K. Kufuor as Members, Prof. ].E.O.
Lindsay as ex-officio member and Dr. ].Y. Ewusie as Secretary and a member as well. This Act vested in the
Commission responsibility in Ghana for all matters relating to the peaceful uses of atomic energy. At the same
time, it conferred on the Commission the following powers and functions: one is to maintain relations with
the International Atomic Energy Agency and other similar International bodies, to make arrangements with
other African countries and with the universities or other institutions of such countries for the conduct of
research into matters connected with the peaceful uses of atomic energy, to make proposals to the
Government for legislation in the field of atomic energy, to advise the Government on questions relating to
atomic energy, to promote scientific and technical education in matters connected with the peaceful uses of
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atomic energy and to promote the establishment of the necessary installations for such education, to prospect
for and use radioactive minerals and to produce, distribute and develop the uses of radioisotopes and finally
to supervise generally the carrying out of all requirements designed to secure the safety and health of persons
employed in work in the course of which they may be exposed to the risk of injury from ionizing radiations
(GAEC, 2016). The central facility around which the nuclear energy research programme was to revolve was
the Research Reactor designed for research, training and production of radioisotopes. The Kwame Nkrumah
Nuclear Research Institute (KNNRI), also established in 1963 by the same Act 204, and the only research
institute operating under the GAEC, was placed under the directorship of Professor J.E.O. Lindsay. Thus, the
GAEC was established and placed under the Office of the President to realize all of the above objectives
(GAEC, 2016).

Training of Staff: One of the initial tasks tackled by the Ghana Atomic Energy Committee, which was later
replaced by the Ghana Atomic Energy Commission, was a programme of staff training and development for
selected Ghanaians. In 1962, while various construction works were on-going, Mr. Hayford, the Principal
Secretary under the Office of the President, recruited staff (Ghanaian physicists, chemists, mathematicians,
engineers and technicians) for training in Moscow under a protocol agreement signed between the GAEC and
the USSR State Committee for the peaceful uses of Atomic Energy. The first batch left for Moscow in
September 1962. The training covered reactor physics and engineering, reactor operation, instrumentation
and control, nuclear physics, radiobiology, radiochemistry and the production, processing and certification of
radioisotopes and labeled compounds. Three months were initially spent in studying the Russian language at
the Moscow Power Institute before the recruits undertook their respective training leading to Diplomas
based on their fields of study (GAEC, 2016). In September 1963, a second year batch of trainees also went to
Moscow and was again divided into two groups and given the same training that the earlier group had been
given. On 14th April, 1964, all the trainees returned to Ghana. Since the Reactor Project was far from being
completed, most of the scientists left for further training under the International Atomic Energy Agency
fellowships in the U.K. and other European countries to pursue postgraduate studies for higher degrees. Some
returned to the Commission after training, while others went to the universities in Ghana (GAEC, 2016).

Purpose of the Project: The Reactor Project was intended to introduce nuclear science and technology into
the country and to exploit nuclear energy in its peaceful applications to the solution of problems of national
development. In particular, the IRT 2000 Reactor was intended for the production of radioisotopes for use in
the Health, Agricultural and Industrial Sectors of our economy. From a long-term point of view, it was hoped
that the research reactor facility would provide the means for preparation for the development of manpower
and promote plans for the introduction of nuclear power for electricity generation in the country (GAEC,
2016). After the February 1966 coup, the Nuclear Reactor Programme, the GAEC with all the plans and
projects outlined for Ghana’s switch to nuclear science and technology took a nose dive as the entire
programme was placed on hold amidst several commissions of enquiries to ascertain the viability of the
programme. This caused a lot of delays in executing the project. However, under the NDC Administration in
1993 saw a reformed and revived Ghana Atomic Energy Commission (GAEC). This saw the establishment of
new institutes or centers under the Commission. This was in furtherance of the Atomic Energy Commission
(Amendment) Law, PNDC 308 of 1993, which empowered the Commission to establish Institutes and Centers.
As aresult, the following Institutes and Centers were established (GAEC, 2016).

Institutes and Centers Under the Commission-The Radiation Protection Board: As part of structural
reforms of the GAEC under the National Democratic Congress Government of 1993, some institutes and
centers were established, one of which is the Radiation Protection Board. This Board was established by a
Legislative Instrument, LI 1559, which was promulgated in January, 1993. It was governed by a Board
consisting of a Chairman and eight other members, and empowered by the provisions of LI 1559 to carry out
the following activities: to register and authorize practices which involve the use of radiation and radioactive
materials and sources, conduct inspections for the purposes of issuance of authorization as well as regular
inspection to ensure compliance with regulatory requirements, regulate nuclear radiation and waste safety in
the country and to promote human resources development in radiation safety by promoting training of
regulatory staff and organizing training courses for registrants and/or licensees. The RPB attained Institute
status in the year 2002 (GAEC, 2016).
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The Biotechnology and Nuclear Agriculture Research Institute: The Biotechnology and Nuclear
Agriculture Research Institute (BNARI) was established in its present form in September, 1993. Prior to that,
it existed as the Department of Biology, Food and Agriculture in the National Nuclear Research Institute
(NNRI), then the only institute of the Ghana Atomic Energy Commission. Since then it has developed to be the
nation’s leading research and development institution in nuclear science and technology covering nuclear
agriculture and biotechnology. Its mandate is the efficient exploration of scientific knowledge and peaceful
applications of nuclear energy and modern biotechnology for the improvement of agricultural production in
furtherance of socio-economic development and national efforts to improve quality of life (GAEC, 2016).

The National Nuclear Research Institute: The National Nuclear Research Institute (NNRI), the oldest and
the biggest research institute in the Commission, was established by an act of Parliament, Act 204, which also
set-up the Ghana Atomic Energy Commission in 1963. The responsibilities of the Institute were spelt out in
detail in Section 8 of the said Act. These responsibilities are: the supervision and control of the buildings of
any nuclear installation established by or on behalf of the Commission, the supervision and the
administration of the operation of any such installation, the promotion, in conjunction with the Universities,
of advanced specialized teaching of and training in nuclear science and technology, securing close co-
operation between the GAEC and the universities in their teaching of and research into the peaceful uses of
atomic energy and promoting and maintaining close co-operation between the institute and other research or
industrial bodies concerned with such teaching and research (GAEC, 2016).

The Research Reactor: It took thirty-four long years to have this dream of Ghana acquiring a research
reactor fulfilled, and this was made possible through China’s extra-budgetary contributions to the IAEA for
the support of the Reactor Project. Thus, the IAEA provided more than one million US dollars towards the
purchasing of this Chinese reactor as well as training of staff and provision of expert services. The
Government of Ghana contributed two hundred thousand US dollars towards the purchasing of the reactor
and also provided the infrastructure to house the machine at a cost of five hundred million cedis (GAEC,
2016). The commissioning of the reactor, named as Ghana Research Reactor-1 (GHARR-1), was performed
on 8th March, 1995 by a member of the Council of State, the Honorable Nana Kojo Esuanti. The occasion
attracted important dignitaries and personalities such as Dr. Hans Blix, the Director-General of IAEA, Dr. Qian
Ji-hui, the Deputy Director-General, Technical Co-operation Department of the IAEA, Mr. Chen Shi-qiu,
Chinese Ambassador to Austria, Dr. Christiana Amoako-Nuamah, Honorable Minister of Environment, Science
and Technology and other Government Officials and members of the Diplomatic Corps (GAEC, 2016).

The GHARR-1 facility is a tank-in-pool type, light water research reactor. It is cooled by natural convection.
The core is reflected on all sides with beryllium alloy. The reactor core is heavily moderated to enhance its
excellent inherent safety features. The reactor was designed mainly for neutron activation analysis, and
production of short-and medium-lived radioisotopes for radio-tracer studies and applications. It is also used
for training and educational purposes. For maximum utilization of the reactor, the Commission established a
new centre called Research Reactor Centre under the NNRI to conduct research and promote
commercialization. Dr. E.H.K. Akaho was subsequently appointed the Manager of the newly created Centre.

The Gamma Irradiation Facility: In 1976, the first Head of the Department of Biology, Food and Agriculture
(DBFA), the late Dr. LK.A. Amuh started the Gamma Irradiation Project under the IAEA TC Agreement. The
IAEA was to provide the Gamma Source, expert services and training. The construction of the DBFA building
complex which included the housing for the Gamma Irradiator was started in 1978, but was abandoned at the
foundation level due to lack of funds (GAEC, 2016). Meanwhile, personnel from the DBFA were trained by the
IAEA. Using the major tool, Gamma cell 220 for laboratory-scale studies, scientists in the department carried
out research on Food Irradiation, Mutation Breeding and Control of Riverine Tsetse using Sterile Insect
Technique. A comprehensive programme was drawn for the Food Irradiation from the laboratory through
Pilot-scale to Commercialization. Adherence to the programme led to the following achievements:
identification of food commodities and non-food items which could benefit from radiation processing for
preservation and microbiological safety, determination of effective irradiation dose for specific agricultural
produce and product, identification of suitable packaging materials and determination of storage conditions
for irradiation of commodities, public education on radiation preservation and sterilization of medical
supplies, identification of potential users of radiation processing technology (GAEC, 2016).
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The above research achievements justified pilot/semi-commercial scale studies. Therefore, the use of a pilot-
scale gamma irradiator was revisited. The installation of the GIF was completed in 1994 and commissioned
on 8th March, 1995 along with the Research Reactor. The contribution of the Ghana Government was about
Three Hundred Million Cedis in the form of local inputs whilst the IAEA paid for equipment, training and
foreign exchange component of the facility totaling about Two Hundred Thousand US dollars. The facility
does not introduce any environmental hazard in any form, even in an accident situation. It is the Type IV
irradiation facility, stored in a water pool of depth 5.7 meters. In its exposed position, the centre of symmetry
of the source cage is 80cm. From the floor, it is shielded with concrete wall of 1.7 meters thickness. The water
and concrete shields attenuate the dose rate below the recommended 2uSv/h (GAEC, 2016). This
multipurpose Hungarian facility is being used for the sterilization of pharmaceutical products, preservation of
food, and the processing of materials like plastics and wood and treatment of insects for pests and vector
control using the Sterile Insect Technique (SIT). The Commission therefore, established a new Centre called
Radiation Technology Centre (RTC) under the NNRI to run the Gamma Irradiation Facility (GIF). The
establishment of the facility enhanced Research and Development, and facilitated pilot scale studies and
commercialization of Radiation Processing. Mr. G. Emi-Reynolds was subsequently appointed the Manager of
the RTC. In the sterilization of pharmaceutical products, highly energetic gamma rays are used to kill all the
micro-organisms in the products, thus rendering them free from any harmful micro-organisms.

The Establishment of the Health Physics and The Radioactive Waste Management Centre (HPRW(C):
The Health Physics and Radioactive Waste Management Centre (HPRWC) was established in June, 1995 to
engage in the management of radioactive waste and health physics operation at the Commission and in the
nation. It has the mandate to operate a radioactive waste facility for Ghana, to help waste generators to
manage their wastes, that is, treat, store and transport to the Waste Management Centre at the GAEC for
conditioning, storage and final disposal and to help users of ionizing radiations to translate the Regulations
and Guides of the RPB into practice (GAEC, 2016).

The Establishment of the National Centre for Mathematical Sciences: The National Centre for
Mathematical Sciences (NCMS) was established by the Ghana Atomic Energy Commission in 1995 and was
officially inaugurated on 10th July, 1995 by Nana Kojo Esuanti IV, a member of the Council of State. The main
aim was the provision of infrastructure for research, training and education in mathematical sciences which
could be available to the staff of the Commission and to other Ghanaians. Prof. F.K.A. Allotey, the Chairman of
the Commission and the prime mover of the NCMS, became the Honorary Director of the Centre. The
functions of the Centre were as follows: to advise the Ghana Atomic Energy Commission on policy matters
with regard to development and promotion of mathematical sciences as related to the peaceful uses of
nuclear energy, to establish strong links with Departments of Mathematics, Physics, Statistics and Computer
Sciences in Ghanaian Universities and other research institutions, to co-ordinate mathematical research and
provision of training for undergraduate and postgraduate students, to host mathematicians (not only
Ghanaians) at the Centre for Seminars, workshops, conferences and sabbatical and long-term residence, to
foster interaction with policy makers on matters relating to mathematics and its promotion and applications
and to provide continuing education in mathematics at the pre-tertiary levels (GAEC, 2016).

The Commission and its New Parliamentary Act: As a result of the challenge thrown to the Commission by
the sector Minister during his familiarization visit in February 1999, the Commission, in its anxiety to ensure
that GAEC gets a viable mandate to support its developmental agenda, passionately requested the
Government to speedily enact the new Commission’s Bill into an Act. The Commission also formulated the
following Vision and Mission statements to befit the anticipated new Act (GAEC, 2016):

GAEC Vision: To enhance the strategies for the realization of the aspirations envisaged in Ghana's
developmental goal of transforming Ghana’s economy to the status of a middle-level income country by the
year 2020 through the peaceful uses of atomic energy and modern biotechnology. To be ready by the year
2015 to introduce nuclear power for electricity generation in Ghana for energy security and economic and
social development for improved quality of life (GAEC, 2016).

GAEC Mission Statement: To co-ordinate and promote research into peaceful and safe application of Nuclear
Science and Technology and Biotechnology in sectors such as health, agriculture, industry, environment and
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energy. To develop, commercialize and operate a portfolio of profitable business opportunities within GAEC’s
core competencies of nuclear techniques and radiation technology with the support of mechanical and system
engineering capability (GAEC, 2016).

International Relations: GAEC’s programs and activities are supported by several international agencies
and bodies like the IAEA, UNDP, FAO, International Institute of Tropical Agriculture (ITA), International
Development Agency (IDA) and World Association of Industrial and Technological Research Organization
(WAITRO). The IAEA has been a major source for technical and financial support as well as manpower
development. In the wake of Government policy shift to commercialization, it would be prudent to still look at
the IAEA as a strategic partner to promote the peaceful utilization of nuclear technologies for socio-economic
development of Ghana. GAEC is a member of African Regional Co-operative Agreement (ARCA), a regional
body established in 1990 under the umbrella of the IAEA for research, development and training relevant to
nuclear science and technology (GAEC, 2016).

3. Ghana’s Nuclear Power Program

As part of plans to successfully implement a nuclear power programme, Ghana requested an Integrated
Nuclear Infrastructure Review (INIR) Mission in December 2015 and submitted a Self-Evaluation Report
(SER) to the International Atomic Energy Agency (IAEA) in March 2016. The main objective of the INIR
mission is to assist Ghana to evaluate and determine the current status of the implementation of the nation’s
nuclear power programme by reviewing the nineteen infrastructure issues for phase 1 of the programme
based on the evaluation conditions prescribed by the IAEA (Nyadroh, 2017). Ghana has outlined a 3-phase, 3-
milestone approach to the implementation of the Nuclear Power Programme in Ghana. The milestone
approach involves the nineteen nuclear infrastructure development issues any newcomer country to nuclear
energy must adhere to. The first phase involves: the considerations before a decision to launch a nuclear
power programme (milestone 1) and the readiness to make a knowledgeable commitment to a nuclear
programme, phase two involves: the preparatory work for the construction of a nuclear power plant after a
policy decision has been taken (milestone 2) and invitation for bids for the first nuclear power plant, phase
three will involve: the activities to implement a first nuclear power plant (milestone 3) and be ready to
commission and operate the first nuclear power plant (Nyadroh, 2017). The nineteen infrastructural issues
every newcomer country is expected to fulfill are: national position, nuclear safety, management, funding and
financing, legislative framework, safeguards, regulatory framework, radiation protection, electrical grid,
human resources development, stakeholder involvement, site and supporting facilities, environmental
protection, emergency planning, security and physical protection, nuclear fuel cycle, radioactive waste,
industrial involvement and procurement (Kwakye, 2017).

Ghana'’s quest to use nuclear science and technology for peaceful purposes including power generation dates
far back in the 1960s. Realizing the significant benefits of nuclear science and technology in fostering national
development, the Government of Ghana in 1961, decided to undertake the “Ghana Nuclear Reactor Project
(GNRP).” The short-term objective of the project was solely for research, training and production of
radioisotopes. In the long-term however, the project was to facilitate the development of manpower and
promote plans for the introduction of nuclear power for electricity generation in the country (GNPPO, 2017).
The programme was however halted following the overthrow of Ghana’s first President in 1966 and very
little was done to revisit this noble quest for stable and steady development until the severe electricity
shortages of 1998 and 2007. More than fifty years after the relegation of the first president’s vision to the
background, Ghana’s quest for industrial revolution and rapid economic growth is now threatened by huge
energy deficit and insecurity of electricity supply. In 2007, a Presidential Committee was set up to advice
Government on the potential use of nuclear energy for power generation in Ghana. This set the tone for
revisiting the nuclear agenda. The committee in their report noted the following; that a decision by Ghana to
acquire nuclear power technology will be a natural progression in the country’s technological advancement
and that the introduction of nuclear power in Ghana’s fuel supply mix will improve the security of meeting
future electricity needs of the country and thereby play a vital role in sustaining the energy requirements of a
middle income economy (GNPPO, 2017).
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The committee that was set up to report on Ghana’s nuclear potential submitted its report to Government
after five to six months of work, which was presented to parliament and then cabinet took a decision in early
2008 and gave it the go ahead (Watson, 2017). The committee made the following recommendations in its
report; setting up of a Presidential Commission on Nuclear Power Development (PCNPD) to prepare a draft
Nuclear Power Policy and Terms of Reference for the additional work needed for a Technical and Financial
feasibility study with a programme and time frame for action, the establishment of a legal framework and
regulatory body for the regulation and enforcement of technical standards for nuclear safety and radiological
protection and accidence to international agreements related to non-proliferation, physical protection,
nuclear safety and security as well as a civil liability regime. Following the report and recommendations of
the committee, a decision was taken to include nuclear energy into Ghana’s energy mix. To realize this
objective, the Ghana Nuclear Power Programme Organization (GNPPO) was constituted and inaugurated on
27th September 2012. The GNPPO is an organization mandated by the Government of Ghana to develop,
implement and manage Ghana’s nuclear energy programme by adopting international best practices. The
GNPPO is headquartered at the Ministry of Power (GNPPO, 2017). The GNPPO is chaired by the deputy
Minister of Energy under the Ministry of Energy, the vice chairman is the director-general of the Ghana
Atomic Energy Commission (GAEC), who is an advisor to the Government on all nuclear energy issues
including CEOs of other related institutions like the Volta River Authority (VRA). GAEC in 2014 set up a
Nuclear Power Centre (NPC) to give technical advice to the board. It became the Nuclear Power Institute
(NPI) in 2015. The NPI is a development institution and the lead technical power in Ghana’s nuclear power
programme (Watson, 2017). A Nuclear Power Programme is a major undertaking requiring investments in
time, finances, institutions and human resources. The IAEA Milestone’s Approach is an internationally
accepted method to sustainably implement a nuclear power programme. Ghana is following the Milestone
Approach which considers the programme development across three phases to achieve three respective
Milestones.

Phase 1: considerations before a decision to launch a Nuclear Power Programme is taken. The embarking
Country at this Phase is to make planning and preparations to satisfactorily address all the nineteen
infrastructural issues. This is to be culminated into a national nuclear programme comprehensive study
based on which a knowledgeable decision to implement a nuclear project can be taken.

Phase 2: preparatory work for the contracting of a Nuclear Power Plant after a policy decision has been
taken. The country at this Phase, has decided that a safe nuclear power project is feasible. It therefore
prepares a business justification and bankability for implementation. During this stage, the country
implements most of the planning activities done in Phase 1.

Phase 3: activities to implement the first Nuclear Power Plant. Phase 3 is where the actual construction to
plant commissioning usually take place. The term “Infrastructure Milestone” is used to identify the successful
completion of activities under a particular phase. A decision to move to another phase is determined by the
milestones. Generally, Phases 1 to 3 takes 10 to 15 years for new embarking countries (GNPPO, 2016).

Legislative Framework: Legal framework is one of the nineteen infrastructure issues to be addressed by
newcomer countries for a successful implementation of a Nuclear Power Programme. A fundamental
understanding of the requirements for a legal framework is therefore necessary to the GNPPO and other
governmental institutions involved in the Nuclear Power Programme. The purpose of a legal framework is to
develop a national legislation that would comprehensively cover all aspects of nuclear law (that is, nuclear
safety, nuclear security, safeguards and civil liability for nuclear damage) and regulations. In addition, the
legislation should implement international legal instruments to which the country is a party or intends to
become a party (GNPPO, 2016). It is necessary to establish a national legislative framework because it
addresses, the safety principle (prevention and protection), the security principle (peaceful use of nuclear
power), the responsibility principle (operator or license), the permission principle (review and authorization
by regulatory body), the continuous control principle (right of inspection and access by the regulatory body),
the compensation principle (extent of nuclear liability), the sustainable development principle (protection of
future), the compliance principle (international and transboundary agreements, treaties and conventions),
the independence principle (separation of regulatory body from nuclear implementation organization), the
predictability and transparency principle (clarity of the process and availability of information on all aspects
of nuclear power to the applicants and to the public) (GNPPO, 2016).
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National Position: A decision to embark on a Nuclear Power Programme should be based upon a well-
defined and knowledgeable national position, which is one of the nineteen infrastructural issues to be
addressed by countries that opt to undertake a nuclear programme (GNPPO, 2016). Every power programme
requires major investment in time, human and financial resources. Nuclear Power has additional issues
involving nuclear safety, security and safeguards. An interested country should, therefore, be prepared to
answer key questions and to communicate that information in a clear transparent manner. Initial discussion
usually centre on the available sources of energy and the general assessment of energy demand and supply,
thus the first criteria for a newcomer country embarking on a nuclear power programme is for the
government to show commitment to the programme (GNPPO, 2016). A national position must provide the
foundation for future development and implementation of the nuclear power programme. Most importantly,
a national position provides a credible answer to the question of why nuclear power is being chosen, while
taking into account the results of long-term energy planning and national priorities such as energy security,
pollution mitigation including the mitigation of greenhouse gases, industrial and economic development
(GNPPO, 2016).

Management: Ghana is making efforts to become a high-income country and an energy hub in the West
African sub-region. A major driver to this ambition is the availability of efficient, affordable, reliable and
environmentally friendly energy. The country is therefore taking systematic steps to include nuclear energy
in its energy mix because nuclear technology promises to yield such type of energy (GNPPO, 2016). An
important step towards the inclusion of nuclear energy is that the country has developed a roadmap that
follows the International Atomic Energy Agency’s (IAEA) three-phase model for the development of a nuclear
power programme. Management is one of the infrastructural issues. Efficient management is the bedrock for
a successful execution of any project. In the nuclear industry, human and environmental safety is the utmost
priority. Sound management, leadership and strong safety culture are needed to prevent and deal with any
threat on safety. The management system provides the framework for the effective management of a nuclear
power programme by ensuring that the available resources are well organized and applied efficiently to
achieve the best outcome. Rules and responsibilities of management of the Ghana nuclear power programme
will change as the process progresses from study to implementation to operation and decommissioning.
Highly competent managers are therefore vital to the success of the Ghana nuclear power programme at all
stages. The goal of the GNPPO as a management body of Ghana’s nuclear power programme is to ensure an
effective management that entails commitment to leadership and management systems, project management,
strategy and planning, organization and competence development (GNPPO, 2016). After the country is able to
satisfy the nineteen issues then the international community is sure the project is safe and safeguarded from
malicious use or intent. The country has also made provisions for spent fuel; either recycled or cooled
(Watson, 2017).

4. The Role of Nuclear Energy in the Development of Countries

Nuclear Power is unique as very large amount of energy is generated from a very small amount of fuel (Badu,
2013). One peacetime application of nuclear energy is its use as a source of power. In the beginning, at least,
this development will serve to supplement our existing sources of energy. Ultimately, nuclear energy may
supplement entirely our present sources (Nickson and Brown, 1947). One of the most important immediate
applications of nuclear energy and its by-products will be the solution of problems in biology and medicine
(Nickson and Brown, 1947). According to Dr. Daniel Watson, countries which adopted nuclear energy in their
energy mix has their Gross Domestic Product (GDP) shoot up due to the stable power supply that came with
it. Nuclear power is stable, reliable and helps companies thrive owing to the stable power. Also, except for the
cost of setting up nuclear plants, operating and maintaining, it is relatively cheaper as compared to other
sources of electricity (Watson, 2017). Although opposition to nuclear energy is prominent in United States
among the political left, reasonable liberals are realizing that increased use of nuclear energy will reduce the
emissions linked to climate change. As an article in Wired magazine put it, “some of the world’s most
thoughtful greens have discovered the logic of nuclear power”- logic suggesting that “a clean, green future”
can be reached if we “start building nuke plants and keep building them at a furious pace (Center for the
Study of Technology and Society, 2005).”
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Nigeria hopes to become one of the twenty biggest economies in the world by 2020 in its “Vision 2020” plan.
Also, in order for Nigeria to meet its Millennium Development Goals of being energy sufficient, the Nigerian
government has revisited its earlier nuclear power programme in order to achieve this target and clamp
down on the erratic power supply the country continues to face (Lowbeer-Lewis, 2011). Global warming has
become a great source of worry to many countries across the world, due to the adverse effects on especially
agriculture. There is a pursuit for international energy security where countries are looking for alternative
sources to fossil fuels and coal which have high carbon emission rates compared to lower carbon emission
sources of power. Nuclear power offers energy-hungry developing nations the access to large-scale reliable
base load electricity supplies, with very low carbon emissions (Jackson, 1944). According to Dr. Nils ]. Diaz,
“safe nuclear energy is good for the nation and good for the world. And the future is bright for those who
choose to pursue careers in the field (Diaz, 2003).” Dr. Nils ]. Diaz believes that with abundant and economical
energy, it is possible to provide the food, water, hygiene, environment and quality of life essential to the
dignity and well-being of every human. Nuclear energy, safe and abundant, is and should be an important part
of such a bright future and those who choose engineering careers in the field can count on bright futures, too
(Diaz, 2003).

Advocates of nuclear power cite its clean energy- that nuclear power plants do not emit carbon dioxide,
Sulphur dioxide or nitrogen oxides. Huge amounts of electricity can be generated in a relatively small space
with less land than other energy sources. One uranium fuel pellet contains the same amount of energy as
17,000 cubic feet of natural gas, 1,780 pounds of coal, or 149 gallons of oil. Nuclear waste is small in physical
size compared to waste produced by other forms of energy. Electricity from a nuclear power plant is available
when needed and not dependent on the wind or the Sun. The water that is discharged from power plants is
relatively clean and not radioactive. Some sources also cite benefits such as state and tax revenues and the
potential to develop wetlands around a power plant (Palliser, 2012). The beauty of nuclear fission is its ability
to derive so much from so little. The energy density of nuclear fuel far exceeds that of any other energy
source. As Peter Huber states, “a bundle of enriched-uranium fuel rods that could fit into a two-bedroom
apartment in Hell’s Kitchen would power (New York City) for a year: furnaces, espresso machines, subways,
streetlights, stock tickers, Times Square, everything- even our cars and taxis, if we could conveniently plug
them into the grid (Schulz, 2006).

Safety Concerns: Many Ghanaians are concerned about Ghana adopting nuclear energy into its energy mix,
because they are skeptical about Government and the Ghana Atomic Energy Commission’s readiness to
manage the waste from nuclear plants which can be harmful to the people. Risks are associated with a lot of
these. However, the risks involved with nuclear power did not deter the developed countries from opting for
it (Klutse, 2016). In Africa, nuclear energy production invokes so much fear in people such that governments
have had to abandon these projects irrespective of the numerous benefits these countries stand to gain from
it. Dr. Nana Ama Klutse Browne argues that some of the concerns regarding nuclear power are
misconceptions and exaggerations largely fuelled by international politics (Klutse, 2016). Concerns have been
raised about the safety of the global expansion of nuclear energy. These concerns are embedded in the belief
that nuclear energy is instrumental in the proliferation of nuclear weapons. It is also believed that there are
about 20,000 nuclear weapons in the world and countries with such fire-power see this as a source of power
and prestige which they can unleash on any one they may deem as an enemy. This has sparked some fear of
an imminent nuclear war among people worldwide (Socolow and Glaser, 2009). For the past fifty years of
commercial nuclear plants operation, there have been serious accidents, yet the safety record of existing
nuclear plants has improved over time as safety precautions regarding nuclear energy has been strictly
observed and upgraded. Nuclear energy is unsafe in environments of complacency and the desire to
maximize profits over the safety of the environment (Walls and Harrison, 2011).

Einstein is of the view that the “dangers of destructive power of nuclear energy are so vast that a new way of
thinking is necessary if we want to survive (Sahovi¢, 1965).” According to Dr. Watson, the production and
proliferation of nuclear weapons gave rise to strict regulations on nuclear energy production as well as
generating electricity through nuclear energy. Any newcomer country wanting to adopt nuclear energy to
generate electricity goes through some nineteen regulations which is strictly monitored by the International
Atomic Energy Agency (IAEA) before it is finally cleared to operate the plant. Again, while operating the plant,
it is still monitored to prevent any accidents (Watson, 2017). No new nuclear plants were ordered in the
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United States since the 1970s and today it has only 104 reactors, largely due to fears of a nuclear accident in
the wake of the Three Mile Island and Chernobyl (Center for the Study of Technology and Society, 2005). The
Seabrook nuclear power plant in New Hampshire was proposed in 1968 for completion in the mid-1970s.
However, anti-nuclear protesters hampered its construction. There were several other protests of such
nature all aimed at preventing the project from being carried out. It was finally completed in 1986. Before
that, a group calling itself “Food Not Bombs” attempted to occupy the Seabrook plant as a way of opposing the
project (Center for the Study of Technology and Society, 2005). Significantly, in Netherlands, the Social and
Economic Council advised the Dutch government to suspend further plans on increasing the country’s nuclear
generating capacity until 2010. It suggested that the government should keep an open mind about the use of
nuclear energy in the Netherlands (de Groot et al., 2010).

Nuclear energy though will serve as a solution to climate change. There is a price to pay: the risk of nuclear
energy technology and nuclear materials being diverted and weaponized to fabricate military atomic
weapons. The tension in the Persian Gulf which involves Iran and the United Arab Emirates also raises
concerns as these countries are also developing nuclear energy technology, with Iran going ahead to begin
what the international community deems is a move to develop nuclear weapons (Jackson, 1944). Since the
terrorist attacks of September 11, 2001, concerns have been raised about the United States’ 103 nuclear
plants as likely to experience a terrorist attack in the coming years. This led to a heightened state of alert at all
nuclear plants in the country. Nuclear plants security forces were deployed at all facilities. A legislation was
also passed by the House of Representatives to revise the security requirements of the Nuclear Regulatory
Commission (NRC). Again, anti-aircraft weapons were installed and a permanent “no fly” zone was created
around them (Gaukler et al., 2002).

5. Conclusion

Nuclear energy in Ghana is as old as Ghana'’s republican status as it was during this period that the country in
its industrialization drive sought to opt for nuclear power to augment the already existing hydroelectric dam
project at Akosombo. However, this plan was cut short when the nation’s first government was toppled in a
military coup d’état. The country since then has been going back and forth with its nuclear plants with
successive governments making very little contributions. Nuclear energy for electricity generation is
becoming a stronger case as an alternative energy source, especially when compelling arguments are also
made for solar energy. Our electricity situation is alarming because we are not generating enough with Hydro
from Akosombo and Kpong which is producing roughly 1180 MW and Thermal producing 1005.5 MW which
total as 2185.5 MW installed capacity of electricity (Nyadroh, 2017). The country’s effort to utilize nuclear
energy dates back to the early 1960s. In 1961, the government initiated the Kwabenya Nuclear Reactor
Project as a means of introducing nuclear science and technology into the country and to exploit nuclear
energy in its peaceful applications for the solution of problems of national development (Ennison and Dzobo,
2017). The Ghana Atomic Energy Committee was set up to implement the Kwabenya Nuclear Reactor Project.
This committee was later replaced by the Ghana Atomic Energy Commission (GAEC) by an Act of Parliament
in 1963. The research reactor project involved the construction of a 2MW Soviet reactor for the production of
isotopes as well as training the requisite manpower for reactor operations and research into nuclear science
and technology (Ennison and Dzobo, 2017).

The Ghana Atomic Energy Commission Act set out the direction in which the future development of atomic
energy in Ghana shall take. The Government under the National Liberation Council (NLC) negotiated with the
Government of the United Soviet Socialist Republics (USSR), in an agreement to build in Ghana a research
thermal reactor of the Swimming Pool type (Public Records and Archival Department of Ghana, 1966).
Training of personnel to operate the research reactor began in September 1962 with the first batch of twenty
trainees sent to the Soviet Union, for duration of eighteen months. Under the terms of the agreement covering
the Reactor Project, specialists from the Soviet Union were available to work at the Institute for a specified
period (Public Records and Archival Department of Ghana, 1966). Though such progress was made in
acquiring a research reactor for the country, the entire nuclear project as envisioned by Dr. Kwame Nkrumah
was abandoned, when the NLC government invited a British consulting firm led by John Cockcroft who said
the country will not need this amount of energy for the next twenty years, citing the strength or size of
Ghana'’s economy (Watson, 2017). The country, after the energy crisis in 2007, took a critical look at nuclear
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energy salvaging the situation. There was a shortfall of about 400MW in power supply from the hydro system.
The import bill of crude oil soared due to high price on the international market and the supply of gas from
Nigeria delayed. The then President John Kufuor in May 2007 set up an eight-member committee to advise
government on the potential use of nuclear energy for electricity generation and develop a roadmap, which
must culminate in a pre-feasibility study. After its assessment, the committee concluded that since nuclear
energy is a mature technology which has witnessed significant improvements in economic performance and
operational safety in recent years, it is capable of providing safe, reliable and economically competitive
electricity with very low carbon emissions. A roadmap was developed, which proposed the formation of
Presidential Commission on Nuclear Power Development and a 400 MW nuclear Power plant to start
commercial operation in 2018. A cabinet decision was taken in early 2008 to proceed with the roadmap
(Ennison and Dzobo, 2017).

The country has since then made efforts to arrive at this plan of involving nuclear energy into its energy mix.
The country is working closely with the International Atomic Energy Agency (IAEA) to fulfill this plan. The
country is adhering to all the nineteen issues that comes with a newcomer country wanting to go nuclear:
issues like a national position, nuclear safety, management, funding and financing, legislative framework,
safeguards, regulatory framework, radiation protection, electrical grid, human resources development,
stakeholder involvement, site and supporting facilities, environmental protection, emergency planning,
security and physical protection, nuclear fuel cycle, radioactive waste, industrial involvement and
procurement. Electricity supply security is a pre-requisite for industrialization, sustainable development and
improvement in social well-being and therefore it must be a key policy agenda for the government. In order
for Ghana to attain high levels of economic growth and social well-being in the future, electricity consumption
and production will have to increase significantly. The current and future primary energy supply potential for
the country cannot guarantee this magnitude of future electricity demand and supply unless nuclear energy is
considered and a comprehensive long term primary energy supply strategy developed to ensure the
availability and accessibility of primary energy at affordable prices. Nuclear power is therefore expected to
play a critical role in the sustainable development of the country as well as meeting the millennium
development goals. There are however challenges in the deployment of nuclear power for electricity
generation in the country. The future deployment of nuclear power therefore requires comprehensive
planning and development of an appropriate implementation strategy (Ennison and Dzobo, 2017).

Ghana stands to gain a lot if it adopts nuclear power into its energy mix. If Ghana wants to achieve sustainable
development, it should not drag its feet at this project. Nuclear power is known to produce much power with
just a little uranium fuel which will encourage the growth of industries and promote foreign direct
investment due to the stable power it will bring. The concern over nuclear energy is radioactive, this is known
to be dangerous and a legitimate concern, yet it did not deter France from adopting it into its energy mix.
France’s electricity is primarily from nuclear sources and arguably the country in Europe with the highest
percentage in nuclear power generation. The Chinese are also looking to boost their economy and control of
the world’s market with nuclear energy as their main source of electricity. Ghana can learn from these
countries and make use of the nuclear resources it has including the human resource it had spent its
resources to train and equip for the nuclear power project.
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Abstract: The nature of the transport infrastructure has been shown as an important factor in the socio-
economic development of its countries. Here, in our country, the developmental possibilities of the
transportation system and the basic directions of the state policy towards the development of the
transportation infrastructure have been shown. Some aspects of the transport's role in the country's economy
have been reviewed. Basic indicators of the development of the transport infrastructure and information on
the current state of transport infrastructure for the various countries of the world are provided. Some
provisions regarding the effect of the development of transportation infrastructure on the economic growth,
the development of the economy are mentioned. A number of expected economic impacts have been shown
from investments made to improve the transport infrastructure at the end.

Keywords: Transport infrastructure, various of transport, investments in the transport sector, transport system,
economic growth

1. Introduction

The integration of globalization and international sales markets, geographical mobility of the population and
the development of social consumption, has increased its role as an important component in the transport
infrastructure in individual regions and in the socio-economic development of all countries. The
complementary medium of the transportation production process played an important role in the history of
human development, such as the fundamental factor of recycling, and the development of this area has always
been closely related to the development of the community. At the same time, transport has a major role in the
optimal placement of individual production sites. The development of the productive forces required for the
production of material blessings during various periods of the development of the society, various
transportation types played an important role in the transport of the produced products. As a result, the
transportation system has now become one of the key infrastructure areas that ensure the reliable
effectiveness of the national economy and the defense capability of the state. Today, large-scale regional and
international projects are being carried out in the Azerbaijan Republic's enterprise, active participation and
transport sector. By rapidly integrating the European and Asian transportation systems, the country is
transformed into one of the major transport-transit junctions of the Euro-Atlantic space. Saying with the
words of the revered President [lham Aliyev (2015): "Azerbaijan will have an indispensable role in the field of
transportation, our geographical situation creates these possibilities, but we are adding infrastructure
projects to this geographical situation. Today, transportation infrastructure is the first area for the
investments that have been made in Azerbaijan, this is very necessary for our country, we must do it ".

Indeed, transportation has a special place in the development of the economy and is considered to be an
important factor in the formation of economic and social space. As a special form of material production,
transport affects the demands of the population and the business sector by providing movement of goods and
people. Railways, water, automobiles, air and pipelines constitute the only transport system, where passenger
and freight volume are the main indicators. In the rise of the economy, it is not just to consider transportation
as an area. Transportation is a sophisticated system that improves existing conditions in freight and
passenger transport, in the management of the economy, and in people's living activities. The uninterrupted
development of transportation is the guarantee of economic perception, liberal change of goods and services,
liberation in economic activity, competition and increase of living conditions of the population. The normal
operation of the production and exchange process of the goods (products) is also provided with the help of
transportation means.
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2. Literature Review

According to Hacizade (2014), transportation is one of the basic components of the economic infrastructure,
such as the movement of passengers and cargoes, and the material production area, which in this line
technological processes are realized. It has a significant impact on economic growth, helping to improve labor
productivity, raising the level of living, or reducing the time for people to travel to work, housing, and to any
destination in general. Some scientists (Werner Bayer, Rahul A.Sirohi, 2015 ) by infrastructure mean an
efficient transportation system, an adequate power generation and distribution system, an efficient
telecommunication structure, a modern system of ports and airports, and adequate social infrastructure
(water supply, sewage, and waste disposal system). The economic impact of transport infrastructure
investment has been explored since the work of Aschauer (1989). Aschauer (1989) estimated the impact of
“core” infrastructure (streets, highways, airports, and water systems) on economic growth and productivity
in the United States during 1949-1985. The same result was found by Munnell (1990), Lynde & Richmond
(1993), Holtz-Eakin & Schwartz (1994) and others. Munnell (1990) suggest that infrastructure does
contribute towards a state’s employment growth. Holtz-Eakin & Schwartz (1994), who were among the first
to incorporate infrastructure in a neoclassical growth model, do not find a very large role for infrastructure in
the growth pattern of states. However, they also say that the importance of infrastructure is probably
underestimated as they cannot totally control for the endogeneity problem, that is higher productivity gives
states more money to invest in infrastructure. In a study about public investment spending and productivity
in the United Kingdom, Lynde & Richmond (1993) conclude that higher infrastructure investments could
have brought about an increase in labor productivity in the United Kingdom of about 4 to 4,5% per year.

Other researchers appraised the “broader” economic effects of transport infrastructure by considering the
indirect effects on neighboring geographic areas, attempting to enhance the precision of the effects of
infrastructure (Cohen, 2010; Tong et al., 2013). Bagirov (2007) states that if infrastructure is more effectively
used by a country, that country will go to a higher steady-state income per capita than a country that does not
use infrastructure so effectively. By exploring the role of transport in the country's economy generally there
are three ways to approach. First, the establishment of relations between the different regions of the country,
the development of the transport system, to assess the availability of resources and production capacity, but
also allows to plan economic activity. Second, the development of the transport system and spatial
development of the country, where people live, work and draw conclusions about the opportunity to
implement measures for their transportation. Third, the management of public transport in the public
transport infrastructure investment in developing and influencing the development of the transport system
should focus on. There is a functional relationship between transport and economic growth. The development
of transport networks, positive relationship, the acceleration of economic growth, such as employment
growth, could lead to a reduction in the cost of production and distribution. It is also possible negative effects
as well, such as the increase in emissions of pollutants. Evaluating the impact of the economic growth of the
country's transport infrastructure, passenger and cargo transportation volume, the length the roads and
employment indicators in the field of transportation should be used (Table 1).

Table 1: The main indicators of the development of transport infrastructure

Criteria in the areas of transport

. 2011 2012 2013 2014 2015
infrastructure

Transport and = non-transport  cargo g4, 93869 94946 97631 96846
turnover, million ton-km

Pgss:enger turnover in the transport sector, 22881 25083 27307 28905 30111
million passenger-km

The average annual number of employees, 1134 1173 1223 1202 1273
by thousand

The length of roads, km 18986 18994 19002 19016 19016
The length of railways, km 2,798 2,820 2,826 2,603 2,446
Value-added (current prices), mln 2,659 2,694 2,569 2,656 2,932

Source: Prepared by authors according to the data of the State Statistics Committee
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It is understood from the information given that the volume of passenger and freight transports, the length of
transportation routes and the number of the population working in the transport sector are increasing and
the volume of value added is also increasing as well.

World experience: In majority of development countries (USA, Germany, Japan) the problems of forming of
backbone road network have been solved on the basis of long-term State Programs covering features of
development of road network and corresponding volumes of financial provision. So much so that experts
have been evaluating the impact of the "Fast Highway Federal System" program on the US economy and the
lifestyle of the Americans over the past 100 years. The establishment of a high-speed road system has led to
increased business activity, increased volume of investments, increased labor efficiency, increased number of
new jobs, and reduced traffic accidents in the United States. In the USA, the increase in labor productivity
related to this field is 25% and the general economic income is 2,1-2,5 trln. dollar. Yet it is 6-19 times of the
cost of building these high-speed roads. The first measures in the field of European Union transport policy
belong to the formation of the transport structure of Trans Europe and the integration of the new members of
the European Union into the general transport network. The European Union allocates considerable financial
resources to the priority projects in the development of the motor vehicle network, which is necessary to
increase the capacity of the roads. In China, India and Brasilia, the network of high-speed roads is developing.
Along with the construction of roads, it is anticipated that local roads will be built to increase the load of the
network in these countries and to reduce the return period of investments (Boponijosa,2007).

3. Methodology
This research depends mainly on statistical data, which was obtained from the State Statistical Committee of
the Republic of Azerbaijan for an eight (8) year period, “2007-2014.” This period was selected because it is

the time during which the observed investment activity in the transport sector.

Table 2: Investments and revenues by various types of transportation (mln. manat)

Type of transportation 2007 2008 2009 2010 2011 2012 2013 2014

Railway revenues 178,2 205,8 149,7 158,4 196,7 223,3 236,3 232,1
investment 4,4 13,4 2,8 3,4 3,1 5,9 4.3 1,6
Sea revenues 100,3 116,1 122,5 107,2 109,7 97,9 102,3 94,0
investment 21,2 65,6 35,6 13,2 83,5 9,7 142,6 112,7
Air revenues 326,4 372,0 331,5 388,9 557,9 779, 8 837,8 828,1
investment 83,0 99,8 31,9 214,1 180,5 282,0 82,2 397,2
Pipeline revenues 1157,9 1393,9 17055 1712,6 16059 1448,9 1439,1 1679,8
investment 23,5 27,2 21,9 344.8 253,5 218,3 53,7 313,9

Automobile revenues 331,9 426,8 569,1 669,9 784,6 916,0 1020,0 1128,7
investment 1674 173,7 156,4 162,9 228,0 453,1 358,2 237,6

With the increase in transport infrastructure, the time spent moving and transporting in transport decreases,
the volume of transactions increases, and this is reflected in the increase in revenues.

4. Conclusion

As can be seen in the table 2, a large amount of pre-established investments increase revenues and continue
to generate income in an increasingly small amount. Although the main revenues are obtained on the
pipeline, the raw material orientation of Azerbaijan is obvious. Considering that about 50% of the income of
Azerbaijan's state budget is made up of oil-exporting, of course, the pipeline plays an important role in the
development of the Azerbaijani economy, depending on the higher income of this type of transportation. It is
pleasant that, if we do not consider pipelines in transportation, automobile transportation is the leading
place. This means that Azerbaijan is using the transit more and more from the possibilities of international
transport. Investments made in large quantities of automobile loans in 2012-2013 give their own results
today. In 2014, despite the decrease in investments in automobile loans, revenues have increased to account
for investments made in advance. The main reason for the increase is that in recent years the implementation
of privatization policies on these types of vehicles has resulted in an increase in the number of new national
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transportation companies, an increase in the level of equipment through automobile transportation in the
transport parcels, and a rise in freight and passenger flows as a result of the creation of new production and
infrastructure areas for Baku and regions.

Practically, investment in transport infrastructure is directly linked to economic growth. Investments in
transportation infrastructure are practically regarded as an incentive for economic growth. They contribute
to the economic development of regions, towns and villages. They reduce transport costs, reduce the level of
regional economic disparity, increase exit competition to new markets, increase labor movements, and
reduce the cost of cargo transshipments within the framework of foreign and domestic logistics systems. All
of this leads to increased labor productivity and new competitive advantages. As a rule, these can be
expressed as follows:

e Improving quality characteristics as a result of investments in high-speed motorways, airports,

modern railways for high-speed trains;
o Effective use of existing power;
e Optimization of the transportation process with the use of intelligent system etc.

Such changes have a positive effect on the overall level of the mentioned transport services and ultimately
economic growth. The construction of transportation networks allows citizens to move around the country.
The current road scarcity slows down the process of adaptation of the socio-economic development level of
the regions. Improvement of the transportation infrastructure and every factor influencing the formation and
development of the transportation service market leads to a decrease in the cargo price and the expansion of
access to various commodity markets. Increased export opportunities lead to increased production, increased
sales, restructuring of companies' production lines, the formation of new logistics companies, and reduced
production costs. Reducing transportation costs leads to widening of the labor market, making markets more
accessible.

Recommendations: Such an economic effect can be seen by investing in investment projects:

e Asnew roads are constructed and restructured, the moving distance will be reduced, the driving time
of the drivers will be optimized, the high quality route will be spent less time at the same distance
and there will be a saving opportunity for the costs of the entities;

e The increase in the quality of automobile roads will create new routes by sharing the transportation
between the vehicles. This will encourage the efficient use of modern logistics technologies;

e The development of the transportation infrastructure will lead to the optimal placement of the
productive forces, productive forces, efficient use of natural resources, commodity markets and
service expansion;

Thus, nearly developed transport infrastructure will contribute to the infrastructure capital increase, to the
reduction of the final price of goods, to the increase in the volume of transports, to the efficient use of
business power, and to the entrance of companies into new markets. In its turn, efficient use of workforce will
cause employment and income per person to increase at a high rate. The emergence of new markets and
transportation networks, innovations and technology, will increase trade expansion and ultimately increase
overall labor productivity. Together, this will bring real GDP per capita to grow.
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Abstract: The research looks at the reseller’'s view of the brand's reputation, quality and customer loyalty on
the profitability and purchasing of the brand. In addition, the research focuses on clarifying the role of the
purchasing power intermediary in the relationship between brand awareness and profitability, quality and
profitability, brand awareness and profitability. The investigation was of a causal nature and data was
collected from 200 retailers. The results showed the brand awareness and loyally meaningless impact, while
the observed quality had a significant impact on profitability. In addition, the results revealed a significant
impact on brand awareness, quality knowledge and loyalty for purchasing purposes. The conciliation Sobel
test showed that procurement intensity only conveys the relationship between observed quality and
profitability.

Keywords: Impact ; Brand Awareness; Perceived Quality ; Customer Loyalty ; Brand Profitability ; Purchase
Intention; Resellers’ View

1. Introduction

Recently buyers' awareness raising has made buyers want to pay for their recognizable and constructive
brand. That is why it is important for companies to attract their brilliant brands to a better position than their
competitors. It is obvious that consumers are distributing and always wanting to acquire the product, so
brand awareness is always a decisive factor in manipulating purchasing decisions and purchasing intuitions
(Macdonald & Sharp, 2000). Reseller and consumer corner shopping if the product includes a branded alert
(Grewal, Monroe, & Krishnan, 1998). Usability performance usually has a positive relationship with brand
awareness. Profitability is a brand-financier of the retailer's income. The underlying reason is that the
responsive level controls the increased purchasing behavior. Customers who do not have brand awareness
are also not buying it. High brand awareness can affect dealers or retailers in purchasing decisions (Grewal et
al,, 1998). The purchasing decision is also affected by the observed quality, which is also the brand's value
perspective, which makes consumers pay for certain products or services (Kotler & Gertner, 2002). The
apparent value can help buyers to a controversial judgment on the entire range of products that makes the
product a significant asset and also that it becomes interesting products and also increases the interest of
retailers to give the best spot for a particular product in a market situation. (Kotler & Gertner, 2002). Many
studies have looked at the effects of recognized excellence on productivity.

Although the brand's attention and qualitative quality are not committed to buying and specifically
repurchase agreements. The significance of craftsmanship cannot be ignored. If buying a brand requires
brand awareness and knowledge of the quality, loyalty guarantees the purchase, as Oliver (1999), the brand's
loyalty plays a key role in buying, repurchasing, and switching behavior. So all three are important for
purchasing and purchasing purposes. Aaker (1996) found that brand loyalty at a high level significantly
boosts brand sales and increase the brand's financial value. The buyers did not have so much to do with price
competition. Strong sales boost product productivity by lowering the so-called " Loyalty is also important
because the price attracts the attention of the new customer considerably (Bandyopadhyay, Gupta, & Dube,
2005). The brand's profitability, which supports the product or its manufacturing equipment as a result that
it attracts and which ensures its sustainability and growth in order to further identify how this profitability is
affected (Dodds, Monroe, & Grewal, 1991) and ii) the end result of all of these brand awareness, brand loyalty
and brand profitability that will further help create a plan to buy a purpose that is basically preparation for a
specific feature or service in the future.
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Problem Statement: The study is to investigate the impact of brand awareness, perceived quality and brand
loyalty on brand profitability with mediating effect of purchase intentions.

Knowledge gap: There is extensive literature on the effects of brand awareness (Macdonald & Sharp, 2000),
quality and loyalty (Dodds et al., 1991) and profitability and purchase targets (Aaker, 1996) from the point of
view of the consumer and the company. Literature lacks the knowledge of how the above dimensions affect
the retailer, so that priority be given to one brand for others. The present study focuses on how a retailer
affects brand awareness, quality awareness, brand loyalty, profitability, and purchases to fill these gaps. In
addition, the research focuses on brand awareness, perceived quality and reliability from the point of view of
buyers' interests and profitability dealers.

Objective of the Statement: These are the objectives of the statement:
e To find out the influence of brand awareness, perceived quality, brand loyalty and purchase

intentions on brand profitability
e To find out whether purchase intention mediates the relation between brand awareness and brand

profitability.

e To find out whether purchase intention mediates the relation between perceived quality and brand
profitability.

e To find out whether purchase intention mediates the relation between brand loyalty and brand
profitability.

Practical Implications: The study would be helpful to understand how resellers are influenced with respect
to brand awareness, perceived quality and brand loyalty while considering the purchase intensions and
profitability. Companies can influence resellers positively by focusing on the results of the study.

2. Literature Review

The ability of a retailer and a consumer to organize a brand and restore it is known as a brand awareness
(Aaker, 1996). Reselling a brand means that a reseller and consumers look at manufactured goods, they can
fully name the product, and brand recognition means a reseller and customers also have the ability to identify
the brand when it's fast. Hoeffler and Keller (2002) recognized the intensity and breadth of brand awareness.
If the product has a brand concentration and the size at the same time, first the retailer and then the
consumers think of a particular brand when they go to buy if the product has tremendous awareness. In
addition, the brand is a very important factor in producing a picture of a brand (Davis, Golicic, & Marquardyt,
2008). The brand provides a brand that helps retailers and consumers see service providers and wait for the
results of the service (Hoeffler & Keller, 2002). Brand awareness has an impact on purchasing purposes as
customers tend to pay money for a known and well-known product (Keller, 1993; Macdonald & Sharp, 2000).
Brand awareness makes customers know the product on the product line and generates purchasing power. A
product with a high brand awareness gains more retailers and consumer preferences because it has
increased its market share and quality (Dodds et al., 1991). Kan (2002) suggests that brand awareness
increases profitability assessment. From the above discussion the following hypothesis may be inferred:

H1. Brand awareness significantly influences the purchase intension.

H2. Brand awareness significantly influences the profitability.

H3. Purchase intension mediates the relationship of brand awareness and profitability.

Apparent excellence is the user's perception of the benefits of product creation and the negative nature of
product quality (Dodds et al,, 1991). Aaker (1996) argues that apparent eminence can prove a distinctive
segregation of creation or service and is the most preferred consumer thinking. Manufacturers, retailers and
consumers always have different analyzes of the quality decision (Aaker, 1996). Although patrons have
enough information, they may be inadequate in time and encourage decisions to be taken, and in the closing
stages they can choose only minor information and make high-quality decisions (Wu, 2002). Observed quality
can be, for example, past experience, exclusion of education and temporary variables, such as purchasing,
state payment, order power, and community preferences for customers (Hoyer & Brown, 1990). Fishbein and
Ajzen (1977) suggest that a recognized class governs the idea of a customer's trade and Monroe (1990)
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shows that the chosen quality guides the purchasing purpose with the optimum value. If the manufactured
goods are overwhelming, they are alert it has an overwhelming market breakdown and improved better
evaluation and ultimately raising the profitability of the brand (Dodds et al, 1991; Grewal et al., 1998).
Following hypothesis may be inferred from the above discussion:

H4. Perceived quality significantly influences the purchase intension.

H5. Perceived quality significantly influences the profitability.

Hé6. Purchase intension mediates the relationship of perceived quality and profitability.

H7. Purchase intension significantly influences the profitability.

Brand devotion is a product secret that users do not think of complementary brands when they buy industrial
products (Cavero & Cebollada, 1998). Brand fidelity guarantees the repurchase of an identical brand (Oliver,
1999). Product loyalty includes performance features and approaches. Behavior devotion symbolizes the
repurchase activity, and devotion loom reflects the psychosomatic promise of the product (Monroe, 1990).
Bandyopadhyay et al. (2005) suggest that the dedication of a genuine brand should include the brand's
tendency to acquire the behavior that is present in the extended clause's promise, constraint and
psychosomatic liberalization (making a choice together with evaluation). Parasuraman and Grewal (2000)
suggest that the added optimistic retailer contract observation is a strong buyer's loyalty. Brand loyalty is a
repurchase request that binds permanent purchasers of constructive brands in the future and does not
change their loyalty on any condition (Oliver, 1999). Consumers must have encouraging feelings and
complete joy in the brand, and then they create purchasing purposes and give the highest share of brand
loyalty that will further improve the profitability of the brand (Wu, 2002). The following hypothesis may be
inferred from the above discussion:

H8. Brand loyalty significantly influences the purchase intension.

HO. Brand loyalty significantly influences the profitability.

H10. Purchase intension mediates the relationship of brand loyalty and profitability.

Following is the hypothetical diagram of the relationship of variables:

Figure 1: study framework

( 2\

Brand awareness

L ) Brand profitability

' —\
Purchase intention

L y, \ 4

- ~ Customer loyalty
Perceived quality

Source: Researchers proposed model
3. Methodology

The study is cross sectional in nature and follows the causal research design. The data was collected from 200
retailers about the two brands i.e. L’Oreal and Garnier. The retailers were selected to collect the data as the
study was focused on resellers view. Convenience sampling technique was used to collect the data. Self-
administered questionnaire was used for the data collection which was adopted form the study of Baldauf,
Cravens, and Binder (2003).

Reliability for the instrument: Alpha reliability value for all variables stands more than 0.7 showing the
internal consistency of the questionnaire.
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4. Data Analysis and Discussion

Table 1: Model testing

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta T Sig.
1 (Constant) 1.463 .350 4.178 .000
Brand awareness .117 .076 107 1.538 126
Perceived quality .177 .071 176 2.481 014
Customer loyalty  .099 .074 .092 1.348 179
purchase intension .189 .043 294 4.356 .000

a. Dependent Variable: profitability
source: Field Data

Hypotheses Testing: Table 1 Regression Analysis of Brand Awareness, Perceived Quality, Customer Loyalty,
Purchase Intension and Profitability

Table 2: Coefficient

Unstandardized Standardized

Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .855 .573 1.492 137
brand awareness .269 123 .159 2.182 .030
perceived quality 212 116 146 2.028 .054
customer loyalty .290 119 174 2.437 016

Table 3: Regression Analysis Purchase Intension and Profitability

Coefficients2
Standardized
Unstandardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 2.725 .165 16.521 .000
purchase
intension .250 .042 .389 5.922 .000

Table 4: Sobel Test for the mediation of purchase intensions
Sobel Test Statistics Std. Error p-value

Perceived Quality and 1.96224816 0.02700984 0.0497336
Profitability

The first hypothesis in the survey was that brand awareness had a significant impact on the acquisition.
Regression analysis (Table 2) showed that brand awareness had a significant impact on the purchase
intensive site with a beta value of 146, indicating a relative strength of almost 15%. The study is based on
Macdonald and Sharp (2000) findings that concluded that brand recognition has a positive impact on buying
interests. The second hypothesis of the study was brand consciousness, which significantly contributes to
profitability. According to regression analysis (Table 1), brand awareness and profitability are not significant.
So your null hypothesis is accepted. A possible reason may be that retailers are not interested in awareness
rather than just dealing with their profits or it might be that the two brands that were included in the

43



Jornal of Social and Development Sciences (JSDS)
Vol. 8, No. 3, Septmember 2017 (ISSN 2221-1152)

research were already well-known brands so no impact on consciousness could be identified by profitability.
The third hypothesis was that purchasing intensity mediates brand awareness and profitability. Since the
awareness of profitability is unknown, the mediation could not be carried out; because the condition for
mediation is that an independent variable must be given a dependence on the calculation of mediation. The
fourth hypothesis found that quality has a significant impact on purchasing intensive. Regression analysis
(Table 2) showed that the observed quality had a significant effect on purchasing power at betal59, which
indicates a relative strength of almost 16%. The research is in the same direction as, who stated that the
observed quality has a positive role in the procurement sphere. The fifth hypothesis of the study was the
deterioration of quality significantly affected profitability. Regression analysis (Table 1) showed that the
observed quality had a significant impact on profitability with betal.176, which shows the ratio strength, i.e.
nearly 18%. The results are from Grewal et al. (1998), and concluded that the observed quality corresponds
to the increase in market share and profitability. The sixth hypothesis of the study was purchasing intensity
to convey the relationship between the observed quality and profitability. The Sobel test (Table 4.4) showed
an alternative hypothesis with a p value of less than 0.05, that is, purchasing power transmits the ratio of
observed quality and profitability. The seventh hypothesis was that the purchase intentionally significantly
contributes to profitability. Regression analysis (Table 4.3) showed that the effect of purchasing power on
profitability had a significant impact on beta 389, which indicates a relative strength of nearly 39%.

The eighth hypothesis of the study was brand loyalty, which had a significant impact on purchasing intensive.
Regression analysis (Table 2) showed that brand loyalty had a significant impact on purchasing power with a
beta value of 174 indicating the strength of proportionality, i.e. almost 17%. The study is in line with the
observations of Bandyopadhyay et al. (2005), which determined the positive role of brand loyalty in
purchasing intensity. The ninth hypothesis of the study was brand loyalty, which significantly contributes to
profitability. According to regression analysis (Table 1), brand awareness and profitability are not significant.
So your null hypothesis is accepted. Possible cause may be that dealers are not interested in buying or not
buying customers. So retailers are only concerned about buying intensive. The tenth hypothesis was that
purchasing intensity mediates the relationship and profitability. Since loyalty has not been shown to
profitability, a mediation test cannot be performed since it is a prerequisite for mediation that the effect of an
independent variable on dependent variables is to calculate mediation.

5. Conclusion and Recommendations

The study shows that retailers are more concerned about customer buying goals and brand quality. By
enticing retailers, brand managers need to be more focused on purchasing intensive and better quality so that
more and more customers are calling for a brand (adhere to a challenging strategy). In addition, the purchase
intent also conveys the relationship between quality and profitability, so the brand manager must focus on
such a relationship in order to gain more retailers' demand for their products.

Limitations
e Asample of 200 may be small. A larger sample may conclude better results.
e Data was collected only from retailers.
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Abstract: This study investigates the impact of socio economic variables on household poverty in Chitral
valley, the largest district of Khyber Pakhtunkhwa Province of Pakistan. The household poverty index has
been constructed while calculating multidimensional poverty index for each household. For this purpose, a
representative sample of 252 households have been surveyed while distributing questionnaire to each
household. The data have been collected through stratified sampling technique and the collected data then
analyzed while applying descriptive statistical tools and regression techniques. The regression analysis has
done while taking explanatory variables as income of household, gender of household head, lives stock
population of household, age of household head and dependence ratio of household. Results of the regression
analysis show that lives stock population and income of household have significant negative impact on
household poverty. The results further reveal that dependency ratio has also significant positive impact on
household poverty. Different diagnostics tests have also been applied in order to test the assumptions of liner
regression model and the results of all the diagnostics show the absence of econometric problems in the
estimated model.

Keywords: Socio-economic variables, Multidimensional Poverty Index, Chitral

1. Introduction

Poverty is a complicated phenomenon to understand based on a network of interlocking economic, social,
political, demographic and cultural factors. It’s prerequisite to understand existence of poverty especially in
the rural areas; it is a socioeconomic factor persists everywhere but a little bit complexes to find out the
dimension and strength. Most societies face such dynamic vicious issue and large numbers of peoples live in
miserable condition of the poverty. In Chitral the poverty is becoming a serious issue like that of other areas
of Pakistan. Poverty is not an individual hard issue solely for one country or an area but it’s a past, present
and future phenomenon, and it justifies with different dimension with respect to different areas. Although,
poverty is related to socioeconomic factor, the people they cannot meet their basic needs and unable to afford
essential necessities. Living conditions of poverty aside for a moment, it must be true that, however
unwelcome, the temporary experience of low-income is much less likely to damage life chances and lead to
serious deprivation than is repeated or long-term exposure to low income. Poverty also encompasses low
level of health and education, poor access to clean water and sanitation, inadequate physical security. Usually
poverty is measured by the poverty line.

This study is an effort to identify the socioeconomic factors which determinant the poverty in Chitral Valley.
This rigorous issue has been analyzed in many studies, but theses study have been ordinarily failed to
incorporate different socioeconomic variables in their analysis. In this study, we have endeavored to analyze
the impact of socioeconomic variables on poverty. This issue has not been examined in the context of Chitral
valley which is the largest district of Khyber Pakhtunkhwa Province of Pakistan where significant number of
people face multidimensional poverty especially in terms of equation, health and living standard. The
existence of multidimensional poverty in this mountainous region could be possible due it's geographically
location and being far away from the cities of the countries. Therefore, investigating the socio economics
determinants of multidimensional poverty is crucial in the current era in order to develop policies to
eliminate the multidimensional poverty in the region.

2. Literature Review
Wardhana (2010) conducted study about the multidimensional poverty dynamics in Indonesia. He stated that
the poverty line is often; derive from consumption level of every individual and costs of the basket of the

basic needs. He analyzed that a single indicator such as consumption, expenditure and per capita income to
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determines the poverty. He examined in the study and stated that there is difference between the poor and
non-poor the basis of poverty line. He also discussed that the human and physical assets are much important
to measurement for the poverty, especially in Indonesia where the chronic poor characterize the poverty
problem. Chaudhry, Malik, & Hussan (2009) studied the impact of socioeconomic and demoghraphic variable
on poverty while selecting southern Punjab. They used regression technique for the study and found the
different socioeconomic and demographic variables which impact on poverty. They examined that the age of
household head has negative relationship with per capita income and indirectly positive relationship with
poverty. The study also concluded that the highest education attainment of household head has indirect
relation with poverty.

Sabir & Tahir (2012) analyzed that the different macroeconomic variables have impact on the welfare of poor
in Pakistan. The study revealed that the GDP growth, per capita income, major crops and livestock inversely
related with poverty while the population growth, inflation and so other variables which have positive impact
upon poverty. They explored that in the long run reduction or alleviate in poverty in Pakistan is driven by the
change different macroeconomic variables. Aue & Roosen (2010) found about the relationship between two
multidimensional the low socioeconomic and health behavior, including dietary behavior, weight status and
health behavior. This finding conducted based on the primary data and it collected through questionnaires
from Germany. Public health have shown the low socioeconomic status and found that the poverty is related
to lower level of health. They also concluded in the study both multidimensional indicators shows inverse
relationship between socioeconomic status and several type of health behavior. They also analyzed that
there are other key socioeconomic variables which have a major impact on poverty with along forth side such
as unemployment, health behavior and weight status. Faridi, Chaudhry, & Anwar (2009) found in the study
the women work participation which impact socioeconomic and demographic variable and the study is based
on cross sectional data collected through field survey. They explore that the participation of educated females
in labor force cannot give a fruitful result but the tendency of labor force of the women’s directly impact on
poverty. They analyzed that the basic education is not sufficient in the participation of economic activities for
production purposes but increase the quality of women’s education become fruitful.

Freeman (2010) explored the factors which cause poverty. In the analysis, he collected data from the
longitudinal survey and panel study income dynamics of US. To estimation for the data regression model has
been used. The main finding of the study is that the poorness of the neighborhood effect overall environments
and he explored in the study that the racism is also a factor which divided the people in different group due to
the separate tradition and ethnic group which impact socioeconomically and become a reason of the social
evil such as poverty. Duclos & Grégoire (2001) analyzed regarding to the absolute and relative deprivation
and the measurement of poverty. The data drawn from the Luxembourg Income Study (LIS) data sets of
Belgium and Denmark (1992) and of Italy and the USA (1991). They investigated that the relationship
between poverty and inequality through the class of poverty indices, which concern to relative and absolute
poverty and fined the indices, can be easily used to evaluate the impact of growth on poverty. The impact of
growth on poverty is also seen to depend on the presence of and on concerns over relative de-privation.
Achia, Wangombe, & khadioly (2010) explored the key determinant of poverty in Kenya using the
demographic and health survey data. They estimated the data a Logistic regression model. In their study, they
focused the demographic variables as an independent variables and SES (poor and non-poor) considered the
dependent variables. The study conclude and determine that the demographic and socio economic status
have correlate to poverty.

Arif (2000) analyzed the factor, which causes rise in poverty in the poor households in Pakistan. In his study
has used data through household survey about the 1992, and 1996-1997 and socioeconomic survey. He
explored that the rise in poverty in 1991 chronically affected the poor household of the country and the
primary enrollment of School has decreased, health and housing conditions have extremely declined. The
study concludes that there was a big gap between poor and non-poor families as well as between urban and
rural areas. Usman & Marmara (2015) explored that the poverty is a phenomenon correlates to households’
environmental indicator in Nigeria. In the study used the survey data (secondary data 2006-2014) on
environmental health indicator to know about the poverty in Nigeria. They used the logistic regression
technique to estimation for the poor and non-poor. Explained that the poverty encompasses due to the lack of
basic necessities such as education, health services, clean water and sanitation, which are the fundamental
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necessities for human survival and the study conclude that the non-improved cooking and drinking water,
toilets facilities and cooking fuels, such essential needs are correlated to the poverty.

Kimsun & Bopharath (2011) examined the factors which impact of environmental degradation on poverty in
Cambodia. They used the socioeconomic survey in (2007) and other secondary data to know about the impact
of environmental income and the variables such as livestock population, drought, land sliding and flood on
poverty. The simple descriptive method has been used to assessment for the data. They analyzed that the less
motivated strategies of the household and limited response of the government create a risk for the
environmental changes. The study concluded that the drought and poverty has positive relationship but
probably the flood and poverty has negative relationship. Waheed & Ahmad (2012) studied concern to
Pakistan and they studied the terrorism is chronic effect on socioeconomically. The qualitative data used in
the study and t-test is used to estimation for the data. Their study they analyzed the terrorism is intense
impact on socioeconomically such as education, health, academic performance, and even the people become
mentally disturb. The study concluded the impact of terrorism directly affect on individual as well as over all
family. Barma (2011) examined concern to the socioeconomic and demographic impact on the child labor. In
the study, the primary data has been used and taken from different area or cities in India. He explored that
the high level participation of labor force is negative associated with education of the parent as well as
children and also mention here that the improvement of education may be reduce participation rate of child
labor and reduce the social problem. The main finding of the study is the education levels of the parent,
wealth status reduce the participation in labor force, and also explored that the participation rates of the child
labor force are high in India.

3. Methodology

Study area and Sample Size Distribution: The Chitral region has been selected for this study. Chitral is the
largest district of Khyber Pokhtonkhawah Province of Pakistan. This is situated the north side in Pakistan and
meet to Afghanistan from both side north and south, western side has Gilgit Baltisatan approximately
associated with a small distance. The Chitral district have two tehsils, tehsil Chitral ordinarily consider this
area is lower Chitral, while the second is tehsil Mastuj, generally the upper areas of the district come to this
tehsil. The data have been selected through questionnaire and stratified random sampling technique has been
used to select the sample. For this purpose data have been collected from Ounavich, GarumChashma,
Torkhow (Rech), Shust and Broghil village.

Table 1: Distribution of sample

Shust Ounavich Torkhow GarumChashma Broghil
(Rech)
Respondent 37 46 68 65 36 252

(N=252)

Source: Field visit (2015)

Specification of Econometric Model: Following Chaudary, Mailk and Hassan (2013) we have constructed
the following econometric model:

Pov = a+p;DR+B,Y+B;GR+B, Age+fs LP+u

Pov = poverty measured by multi-dimensional poverty index

DR = Dependency Ratio of household

Y = Income of the household

GR = Gender of household

Age = Age of Household Head

LP = Live Stock Population
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4. Data Analysis and Results

Table 2: Descriptive Statistics

S/No Characteristics Frequency (f) percentage (%)
1 Income Range Below 5000 176 69.7
5000-10,000 44 17.4
10,000-15000 19 7.6
Above 15000 13 5.3
2 Size Range 1-2 4 1.5
3-6 59 23.5
7-9 90 35.6
Above 9 99 39.4
3 Earner Range
1-2 204 81.1
3-4 42 16.7
Above 4 6 2.2
4 Occupation
Farmer 92 36.4
Employed 27 10.6
Labor 133 53.0
5 Landholding Range
1-5 Kanal 143 56.8
6-10 82 32.6
11-15 17 6.8
16-20 10 38
6 Ranges of Livestock Population
1-5 31 12.2
6-10 84 333
16-20 112 44.7
Above 20 25 9.8
7 Gender of household
Male 231 91.7
Female 21 8.3
8 Level of Education (Hh)
Literate 32 12.9
Illiterate 220 87.1
9 Type of Household
Pacca 31 17.4
katcha 221 87.6
10 Range of Room in (Hh)
1-2 181 72.0
4-6 52 20.5
Above 6 19 7.5
Total 252 100

Table 2 shows the per month income of households surveyed in July, 2015. The income ranges show that the
income of 176 (69.7%) household falls in the income range of below 5000 and per month income of 44
(17.4%) household falls in the income range of 5000 to 10,000. Similarly, the monthly income of 19 (7.6%)
household falls in the income range of 10,000-15000 and household income of 13 (5.3%) household falls in
the income range of the household above 15000. The analysis show that majority of the households have per
month income falls in the income category of below 5000. This also indicates that majority of the households
selected for this study are poor. Table 2 also results show that 4 households (1.5% of the total no of
households) have family members falling in the rage of 1-2. 59 households (23.5%) have household members,
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falling in the range of 3-6. Similarly 90 household (35.6%) have household member falling in the range of 7 to
9 and 52 households (39.4%) household member falling in the range of above 9. It also results that majority
of the households has household size of more than 9 members.

The table further shows that 204 households (81.1%) have earner in household members falling in the range
of 1-2. The above table indicates that 42 household (16.7%) earner in household members falling in the range
of 3-4 and 6 household (2.2%) have earner in household members falling in the range of above 4. This
analysis show that the most of household has earner of 1-2 only, and the figure in 4.2 shows that majority of
the household size of the household has household size of more than 9 members. We can conclude from this
analysis that in the Chitral dependent ratio is very high. Table 2 further shows 92 (36.4%) occupations of
household head are farmer. The table also indicate that the household 27 (10.6%) have occupation of
household employed and the household 133 (53%) occupied in labor force in household head. This analysis
reveal that the majority of the household members engage in labor force and this also describe that most
household has earn from labor force and a small fraction of household head occupied in agriculture sector
and a minimal part of household head has employed. The land holding of household is also presented in the
table. The land holding range show that the land holding of 143 (56.8%) households falling in the range of 1
to 5 kanal and landholding of 82 (32.6%) household land holding falling in the range of 6 to 10 kanal.
Similarly the landholding of 17 (6.8%) household landholding have 11 to 15 kanal and landholding of 10
(3.8%) have household landholding falling in the range of 16-20. Table 2 indicates that the majority of the
households of household landholding has 1-5 kanal.

The table 2 explains that 84 households have (33.3%) household livestock population falling in the range of
6-10. Similarly, 112 households have (44.7%) total number of livestock population in the household falling in
the range of 16-20 and 25 households have (9.8%0 livestock population in the household falling in the range
above 20. Table 2 also shows that 231 households (91.7%) have male head and 21 households have (8.3%)
female head. The table shows 32 household (12.9%) have literate in total number of household head) and
220 household (87.1%) have illiterate household head. The analysis indicates that most of the household
head illiterate and the table further show the type of Household in the study area. The table presents that the
31 household (17.4%) have pacca type of household and the 221 (87.6%) have katcha household type. The
study reveals that the majority people living in Katcha type of houses and a few numbers of household
members have the capability to live in pacca type of house. This indicates that most of the people in valley
victim of extreme poverty. The analysis also describes the number of room in household. The table shows that
the 181 household (72%) have room in household falls below in the range of 1-3 and 52 household (20.5%)
have room in household falling in the range of 4-6, similarly 19 household (7.5%) have room in household
falling in the range of above 6. The analysis show that majority of household has 1-3 rooms and a few
household has four to six or above six rooms in table 2. This result also concluded that, people in Chitral is
tend to live in joint family.

Regression Analysis: A regression model requires different assumption to hold in order to get reliable and
authentic results. Non-fulfillment of the assumption may lead to wrong interpretations of the regression
results and therefore, we have applied different test in order to confirm the assumptions of regression model
to hold.

Normality Test: The purposes of normality test is to know distribution of the variables in constracted
model. (I, 2005) states that the normality can be seen on the data distribution curve when the curve does
not pass through either the left or the right. As demonstrated in Figure 1, it shows that the data output is
normally distributed.
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Multicolliniarity Test: In order to test the problem of multicolliniarity we have applied VIF criteria Menard
(1995) find out that the VIF value greater than 10 indicates a collinearity problem. For this model, as given
in Table 3, the VIF values are all well below 10. Therefore, it is safe to conclude that there is no issue of
Multicolliniarity in the model.

Table 3: Multicollenearity Test

Collinearity Statistics

VIF
Variables Tolerance
Y 0.948 1.0548
DR 0.948 1.0548
Age 0.949 1.0537
Gen 0.939 1.0649
LsP 0.967 1.0341

Multi-regression model has been used to investigate the impact of different socio economics variables on
poverty and the results are reported in table 4. The explanatory variables gender, dependency ratio has
positive relationship with poverty while variables income, livestock population and age have negative
relationship with poverty.

Table 4: Regression Analysis
Dependent Variable= MPI

Variables Co-efficient t-value
C .610 3.096

Y -.008 2.25

Gender .074 8.18

DR .078 8.70

Age -.139 -1.516

LsP -.128 3.91
R-square =.54

Adj R-square = .51
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It has been empirically analyzed that the coefficient of income is statistically significant and reveal negative
relationship with the poverty. This tendency indicates when the income tends to increase of the household
the poverty will decline. The result empirically analyzed and justify that the income is very characterizing
factor regarding to the living standard of household members. It can be said that high level of income become
helpful to the expenditure and consumption of the households. When the income will increase the
consumption and expenditure of household will be more and nearly poverty will decrease, so the income and
poverty has an inverse relationship. It has been analyzed that the coefficient of gender is statically significant
and indicate positive related to poverty. This analysis shows that if the household head is women this
becomes a reason to increase the poverty. There are few fundamental scenario and structural socio
dynamical issues which become vicious cause of poverty. Women often have to live with greater social
constraints than men do. Legal sanctions on the ownership of land or access to loans, for example, mean that
women have fewer possibilities than men of improving their lives economically by their own efforts and more
effective in productive purposes. What is more, the obligations compelled by their reproductive
responsibilities, such as household duties and caring for children leave them less time for other pursuits. The
female headship provide a basic guide line to household but these are generally tend to failed to proceed
further steps due to meet different unwanted constraints. Thus it does justify that, the female headship and
poverty has direct relationship.

Similarly, the dependency ratio has also a positive relationship with poverty and the coefficient of
dependency ratio is statistically significant and shows that the higher dependency ratio causes to make poor
and a witness of existence poverty. The dependency ratio assumed to be measure the household members
below 15 ages and above 64 age who dependent on the household head earning. It is because of the
household member who below the age of 15 they are child not in workforce and the member of household
who above the age of 64. It has been empirically proven that the coefficient of livestock is statistically
significant and shows negative relationship with poverty. This indicates that the poverty will decrease with
the increase of livestock population. Animals are means of food, more especially for human diets,
employment, income and possibly used for other need base. For low income producer, livestock population
support as a store of wealth. The livestock considers being a source of asset for the household, particularly in
rural areas. Livestock sector development not only helps in reducing the poverty levels but it can also satisfy
the domestic needs and it’s only a highest degree to increase the individual income of the household in rural
areas and this probably a best source to alleviate and deprive the poverty. Thus, it is proven that the livestock
population and poverty have a negative relationship, the poverty will decrease cause by the increase in
livestock population.

5. Conclusion and Policy Recommendation

This study examined the impact of socioeconomic variables on poverty in Chitral Valley. For this purpose
descriptive statistics tools and regression technique have been employed. Based on regression analysis the
study concluded that variables income, livestock population, gender, age and dependency ratio have
significant impact on poverty. Livestock population and income are significant and negatively related to
poverty. It is found that the poverty would be decline with increase in livestock population and income of
household head. Secondly, the dependency ratio has a positive related to poverty and the coefficient of
dependency ratio is statistically significant and shows that the higher dependency ratio causes to make poor
and a witness of existence poverty. It is concluded that the poverty will decrease with decline the dependency
ratio it's because of the few numbers household members, which is facilitated by the household head easily,
so, the less dependency ratio means less intensity of poverty. Similarly, coefficient of variable gender is
statistically significant and positive impact on poverty indicates that poverty tend to increase when the
household has female head, and so the study conclude that the female head do not efficient to perform in
economic activities as compare to male head of household due to the fact that women cannot easily access to
loan as compare to men and they are also subject to discrimination in labor, credit and a variety of other
markets and they own less property less productive compared to men.

Based on the results of this study the following policy recommendations are recommended.

e Since poverty is the emerging issue in developing countries special in rural areas, the governments of
Pakistan should develop different program like Benazir Income Support Program (BISP) that aims to
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per month cash support to the poor households. This income support will decrease the poverty in the
target area.

e  Our study reveals the poverty tends to increase if household has female head. Since female could not
participate in income generating as male can participate. Therefore, women empower programs
should be launched in order to give equal opportunities to women in all spare of life.

e High dependency ratio is the study area is one of the main causes of poverty. Therefore, people of
study should be educated about job opportunities so that maximum members of the households can
participate in the job market and in this dependency ratio can be reduced.
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