
Technol Econ Smart Grids Sustain Energy (2017) 2: 14
DOI 10.1007/s40866-017-0031-8

ORIGINAL PAPER

Techno-Economical Study of Using Nuclear Power Plants
for Supporting Electrical Grid in Arabian Gulf

Ali M. Eltamaly1 ·Amer Nasr A. Elghaffar2

Received: 3 March 2017 / Accepted: 22 August 2017 / Published online: 1 September 2017
© Springer Nature Singapore Pte Ltd. 2017

Abstract Generating electric power in Gulf region is
depending on fossil fuels especially crude oil, natural gas
and coal plus their derivatives. With increasing of the life
standard and the world population, the fear of running out
of these fuels in the long term is a great concern. So, it
is better to search for reliable power in the future to be
used instead of fossil fuels and also to take advantage of
the energy consumed to export. Renewables like solar or
wind power plants are very important to save a considerable
amount of oil. But, they are not a secure option for feeding
basic loads. Nuclear power Plants (NPP) are the best option
to feed basic loads. Uranium is an available element in many
places on earth and now feeding about 1000 reactor nuclear
power around the world. This paper discusses NPP cost
analysis in Gulf countries, design characteristics that repre-
sent a fundamental part of the Power Reactor Information
System (PRIS), briefly describe the safety and essential aux-
iliary systems, and its importance for increase the security
and reliability of the power system in Gulf region.
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Introduction

Gulf Cooperation Council (GCC) is a collective of six coun-
tries or nations Bahrain, Kuwait, Oman, Qatar, Saudi Arabia
and UAE, which show in Fig. 1. Demand for power in
GULF is increasing very fast. Renewable sources of energy,
such as wind and solar power plants are important. But,
there are cannot satisfy the total requirements of energy due
to its intermitted nature. NPP can play an important role
in this matter by feeding basic loads with very high sta-
bility and cost reduction with respect to oil or natural gas
power plants. By 1900, physicists knew the atom contain
large amounts of energy, British physicist Ernest Ruther-
ford was called the father of nuclear science because of his
contribution on theory of atomic structure, Albert Einstein
developed his theory of the relationship between mass and
energy where the mathematical formula is E = MC 2. The
relationship between oil and nuclear energy in the global
energy scene over the past 50 years is analyzed, the for-
mer nuclear, oil product competition in power generation
and various end-use markets is found to have transformed
into a complementary relationship “Ferenc L. Toth and
Hans-Holger Rogner-2006 [1]”.

The GCC countries with their growing population require
more energy for basic needs, that’s depend on fossil fuel
by 99%. Renewable energy provides an opportunity to
promote sustainable development in those regions where
good renewable wind and solar resources are available and
hence reduce dependence on fossil fuel-based energy. Other
driving forces for utilization of renewable energy sources
include vast growth in demand for electricity, increasing
magnitude of carbon emissions due to burning of fossil
fuels, maturing of technology, etc “S.M. Shaahid, L.M. Al-
Hadhrami and M.K. Rahman-2013 [2]”. It’s very important
to plan the electrical system with consideration for the load
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Fig. 1 Map of the GCC region

forecasting to reliable the electrical source at any exten-
sion for the building or any increasing in the future in the
demand electrical power “2010 [3]”. In another hand, with
more than 1000 TWh at 2025 required in Arabian GULF,
needing for reliable power plants is require which cannot
depend on renewable energy power plants alone. To produce
electricity, a power plant needs a source of heat to produce
super steam out of water. The steam then turns a turbine
that can be used to turn an electrical generator to produces
electricity.

Value the Electricity in Gulf Region

GCC consumption growth was driven by the UAE and
Oman, followed by Saudi Arabia. The fastest growing mar-
kets are, at the time of writing, those of the UAE and
Qatar. Both countries witnessed average annual consump-
tion growth rates of above 9 per percent over the first
decade of the twenty-first century, compared with close to
8 per percent in Bahrain and Oman, and between 5 and
6 per percent in Saudi Arabia and Kuwait as showing in
Fig. 2 “Laura El-Katiri—2011—[4]”. The annual electricity
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demand in the GCC will increase from 467 TWh in 2011 to
about 1400 TWh in 2030. Figure 3 discuss the GCC electri-
cal demand forecasting to 2035 “Mycle Schneider, Antony
Froggatt, Yurika Ayukawa—2014 [5]”.

Renewable Energy in GULF

The value of the renewable energy in Gulf countries can be
discussed with simple Pie charts. Figure 4 shows the values
of renewable energy in Bahrain, it’s found the value of solar
energy is the higher percentage which 35% and the wind
energy is the second by 30%. For the renewable energy used
in Qatar shows in Fig. 5, that discusses the solar energy is
40 % and the Biofuel is the second by 30 %. Figure 6 shows
the available from renewable energy in KSA, that shows the
solar renewable energy by 35% and the Geothermal by 30%.
The renewable energy available in Oman depicts in Fig. 7,
which show the high value available from solar by 40% and
the second is the biofuel by 30%. Figure 8 shows the avail-
able in UAE from the renewable energy the shows the higher
value from the solar energy by 55% and the wind by 20%.
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Fig. 4 Renewable energy percentage in Bahrain
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Fig. 5 Renewable energy percentage in Qatar

Figure 9 shows the renewable energy that’s available from
Kuwait, that shows the solar energy is the high value by 35%
and the second is the wind energy by 30%. “2015—[6]”.

The Arab region’s renewable energy potential is high,
particularly for the wind and solar projects. But, the weather
changes and high winter rainfall makes the utilization of
solar energy in the winter period not suitable to rely on
the full adoption, in the summer period and the presence of
wind loaded with dust make the utilization of solar energy is
disproportionate with the increase in the amount of demand
for energy in the region. Where, to plan depend on the solar
or wind energy.

General Overview About NPP in World

There are 31 countries in 2014 were operating reactors for
nuclear fission for electrical energy. NPP generated 2,359
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Fig. 6 Renewable energy percentage in KSA
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Fig. 7 Renewable energy percentage in Oman

net terawatt-hours (TWh or billion kilowatt-hours) of elec-
tricity in 2013, but still less than in 1999 and 11.3% below
the historic peak nuclear generation in 2006. NPP for elec-
tricity declined in 13 countries, while in 16 countries it
increased and remained stable in two. And six countries
in the world generated their historic maximum in 2013.
Figure 10 shows NPP for electricity generation in the World
from 1990 to 2014 that’s mention to maximum generation
value is 2.66 TWh. Figure 11 shows annual nuclear power
generation by country and historic maximum “2014—[5]”.

Construction Cost for NPP

The NPP in service from more than 50 years ago, its fore-
casts for costs to extend in the future with high technology
to the values from first NPP in the world that’s from 1950
to 1960, but for more save it has been consistently unreli-
able. This trend continued with the construction of second
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Fig. 8 Renewable energy percentage in UAE
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Fig. 9 Renewable energy percentage in Kuwait

generation operated in service in the 1970s, which make up
the present nuclear fleet “2013—[7]”. In the case of both
solar and nuclear power plants, the primary components of
the electricity costs are the capital costs of the installation.
In the case of natural gas plants, depending on the cost of
the gas, it could be either the fueling cost or the capital
cost. Because domestic gas prices in Arabian GULF are so
low, the capital cost is again the dominant element. Over
time remains a work in progress research study, in nuclear
power plant construction cost and time performance it’s a
large number of sizeable industrial projects. Cautious with
ascribing all observable impacts to the internal economies
or diseconomies of the reactor builder, reactor costs really

did come down during the 1990s in many countries. As
far as the subsequent cost fortunately, external influences
can go either way. Disassembly of the reactor or insurance
to malfunction or a problem with the reactor could affect
agriculture or tourism to the country by the existing radia-
tion. External factors such as increases in the price of steel,
specialized labor and energy played a significant role. Not
everything can be controlled. Only two thirds of the costs
can be considered as firm at the time of signing the contract;
the rest is variable. Fortunately, external influences can go
either way “ 2013—[8]”.

Analysis Cost for Construction

Nuclear reactor capacity of a 1000 Mw (this power equiv-
alent to one million KWh which is 8.7 TWh per year).
Nuclear reactor does not work all time in year, but stops
for the purpose of maintenance for almost two months. So,
the actual production of 7.3 TWh per year and is calcu-
lated by dividing the annual Arabian GULF consumption
(1000 TWh in year 2023) on the actual production of the
reactor is one of the reactors needed by the total electricity
demand of any 136.9 nuclear reactors, there are currently
no nuclear power plant to generate electricity in the Arab
world. The nuclear reactors are different rates depending on
their specifications, including capacity and the exploited.

Jordanian and Russian sides signed an agreement
provides for supplying Jordan with nuclear capability
1000 MW each reactor for 60 years select ten billion dollars
“2014—[9]”. Figure 12 shows the total cost for construction
nuclear power plant where found 60% is direct costs and
40% indirect costs “John Moore -2013—[10]”.

Fig. 10 Nuclear Generation in
the world from 1990 to 2014
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Fig. 11 The world countries value from nuclear electrical in 2013

Operating Costs for NPP

Nuclear plants require Uranium, although other materi-
als may be used (See MOX fuel or Thorium). In 2005,
prices on the world market for uranium averaged US$20/lb
(US$44.09/kg). On 2007-04-19, prices reached US$113/lb
(US$249.12/kg) [11]. The capital costs to construct the fuel
or gas and oil electric generation is less than the cost for
NPP, but the running cost for the uranium is very low at
comparing with the fuel generation, but the outage from
the waste uranium is require to high cost. So, it’s impor-
tant to treat this problem by allowances near to half of
the cost is due to enrichment “2003—[12]”. In the estima-
tion economics of NPP, some costs for the management of
radioactive to the disposal of this wastes by the separated.
But, also after adding this costs to the NPP running costs,
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Fig. 12 Total cost for construction nuclear power plant

the total costs of NPP are equalized approaching to quarter
from combined gas substation and third of those for a coal
plant. The US NPP Institute propose that for a coal plant
costs are decreased to 14% by using NPP. In July 2015,
the approx. US (20$ to 50$) cost to get 1 kg of uranium
as UO2 reactor fuel (at current long-term uranium price)
“2016—[13]”.

Operation of the NPP

NPP generate the electricity by the same way that used with
thermal generation power plants. The flaming fuel is used
to generate the heat; that’s used to produce the steam to spin
turbines, which in turn generate electricity. The difference
with NPP is that instead of using the flaming of the fossil
fuels to generate the heat by use the nuclear fission to gen-
erate the heat. The fission in simple terms is the splitting of
large atoms into smaller atoms; this process delivers large
values of energy “2016—[14]”. Figure 13 shows nuclear fis-
sion generates heat which typically uses fuel to produce heat
to boil water that delivers the steam to spin a turbine.

Uranium Fission in Nuclear Reactor

The uranium 246 is used as the fuel for NPP.Most of the 99.3%
from uranium is consist of a nucleus with 146 neutrons
uncharged and 92 protons positive charged. Adding the
number of neutrons and protons will create atoms having a
total of 238 neutrons and protons which called atomic num-
ber atomic number, and refer to this nucleus as uranium-
238, or just U-238. However, not all uranium atoms have
146 neutrons; 0.7% having 143, which called U-235.
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Fig. 13 Nuclear Reactor generates heat to operation the turbine

Although uranium 238 and 235 consider a type of the
uranium but there are varying in characteristics. Where U-
235 automatically fissions, that creates two smaller nuclei
and two to five neutrons that generate the heat energy. These
fissions for U-235 is applied in the reactor, through this pro-
cess is increase the numbers of U-235 from 0.7% to 3 to
4%. At this process, the one neutron was used and three
new neutrons produced. The three new neutrons are renewed
by initiate the U-235 atoms fissions, this chain reaction of
U-235 is shown in Fig. 14 [15]. In Eq. 1 discuss uranium
fission with neutron.

U235
92 + n10 = Ba14156 + Kr9236 + 3n10 (1)

Safety Requirements

The safety system is the main important at construct and
designs the NPP, that’s must be meet all requirements for
safe the environment and the worker with accurate opera-
tion by allowing dependability for the system at all time
for the operation in the future “2015—[16]”. The safety in

Fig. 14 Chain reaction uranium 235 fission

NPP requirements is direct by the objective and policy of
the international safety rules. Technique and format of the
safety requirements in NPP expedite their use for the cor-
poration, in a harmonized manner, of a national supervisory
structure. “IAEA—2014—[17]”, “2015—[13]”.

Hydrogen Risk

Hydrogen generated during accident conditions may pose
a serious threat to water-cooled reactors. Once released
into the containment atmosphere, hydrogen can form a
combustible or explosive mixture with air [18]. Ignition
of this flammable mixture will initiate a combustion pro-
cess that may damage relevant safety systems and can
even jeopardize the integrity of the containment wall. In
the worst-case, the safety function of the containment can
get lost “State of UFG—2012—[19]”. The hydrogen risk
assessment methodology of NRG consists of the following
consecutive steps; Hydrogen can be generated and released
to the reactor containment during a severe accident. Hydro-
gen combustion inside the containment or adjacent building
may damage relevant safety systems and can jeopardize
the integrity of the containment wall. CFD can be used to
accurately predict the distribution of hydrogen in the con-
tainment as well as the combustion process and resulting
pressure loads. In addition, CFD can predict the effective-
ness of severe accident mitigation measures like sprays and
re-combiners.

Pressurized Thermal Shocks

During emergency core coolant injection, a large amount of
relatively cold water is suddenly introduced into the reactor
vessel.
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Thermal Fatigue

Temperature oscillations in the coolant flow can induce ther-
mal fatigue damage in reactor structures and components,
affecting the reactor life time.

Advantages and Dis-advantages of NPP

Advantage of NPP

• 1 kg of fuel of uranium gives energy equivalent 3,000
tons of high grade coal.

• Fossil fuel reserves depleting at higher rate. There-
fore, the cost of electricity production through coal and
oil reserves increases per kilowatt hour compared to
nuclear power plant, i.e, operational cost of nuclear
plant is cheaper

• NPP require little space compared to thermal power
plant for the same MW output. Thermal plants require
lot of space for coal.

• Nuclear fuel is available in plenty amount all over the
world.

• The output efficiency of nuclear plants is higher com-
pared to thermal power plants.

• Nuclear plants always operate as base load plants.
Therefore, plant availability factor and load factor of the
plant is quite high [20].

Disadvantage of Nuclear Power Plant

• Radioactive wastage and storage problem.
• It requires large capital cost.
• The nuclear reactors will work only as long as uranium

is available.
• It requires large mass of water for cooling purpose.
• Therefore, the plant should be located near sea or river.
• It requires large area around the plant to be isolated

from living.
• During shutdown of the reactor, decay heat is produced

from the reactor due to the fission daughter product.
• Building of a new nuclear power generation plant is in

the range of 20 to 30 years.
• Mining and transportation is costly and is dangerous “H.

N. Mu, J. W. Liu and M. C. Lu—IEEE-2016—[21]”.

Planning for NPP in the Future

Renewable like solar or wind power plants is very impor-
tant to save a considerable amount of oil. But, they are

not secure option for feeding basic loads. Nuclear power
plants are the best option to feed basic loads. Uranium is
available element in many places on earth and now feed-
ing about 1000 nuclear power plants around the world. As
discussed, the costs of both nuclear and solar technologies
go up sharply with the discount rate, while gas is relatively
stable. However, nuclear costs are more sensitive because
of the long construction period over which the expenditures
are incurred. While we have assumed the same discount
rate for all technologies, there are good reasons to use of a
higher discount rate specifically for nuclear power plants.
Several economists have argued for such higher discount
rates because nuclear projects are financially more risk
“2003—[22]”, “2012—[23]” and “IEEE-2006—[24]”.

There are more studies working to both support a nuclear
future such as the push for clean energy and against it like
costs. Unless, of course, emerging technologies come to the
rescue. One proposed solution is to build small, modular
reactors “IEE-2016—[25]”. The demand power at 2035 is
1700 TWh, by starting to construct nuclear reactors with
plan to 2035 reach to near 35% from total demand power
by NPP, its will limit from natural gas and oil power plant.
And will face the future problem from decreasing in the fos-
sil fuel. this suggestion required to 81 nuclear reactors, and
its can reach to this target by dividing the projects to start
by 5 Reactors/year, Capital cost to construct one reactor is 5
billion by operation capacity 1000 MW.

Conclusion

There are many studies that evaluate the construction cost
of electricity for alternative generating technologies. So,
all countries search about renewable energy. The demand
power in GULF countries is increases very fast, but the
renewable sources of energy, such as wind or solar power
plants are low efficiency and depend on the environmen-
tal stability. In GULF countries, the using of alternative
energy is still limited as demonstration projects have shown
high cost compared with conventional power generation.
By examined the economic prospects for nuclear power in
Arabian Gulf it has been found that they are not favorable
in comparison with natural gas, even if the currently low
domestic natural gas prices in Arabian Gulf were to rise sub-
stantially. But nuclear reactor capacity of a 1000 MW this
power equivalent to one million KWh which is 8.7 TWh
per year and reactor can be work for 60 years by cost 5 bil-
lion dollars, but the diversity of energy sources dependence
is required where the future is not guaranteed for non-
renewable energy compared with renewable energy such as
nuclear power plant.
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