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Abstract— The demand for electricity in Iraq increased from 11,000
MW in 2007 to 16,000 MW in 2013, and is expected that this demand
will be increased to more than 20000 MW in 2020. Iraq has been
suffering from a shortage of processed electricity since 1991 and will
increase if the current demand continues. The Iragi government has
begun to use solar energy to produce electricity as one of its future
goals as part of its focus on reducing environmental damage and
pollution of the country's atmosphere, soil, and water as well as
working to determine the best ways to use renewable energy in the
country. The Iraqgi government is working with many local and
international research bodies to study renewable resources to
generate electricity. The availability of renewable energy sources
locally and renewable, in addition to being environmentally friendly,
is one of the most important factors determining the choice of new
sources of energy. It can be said that solar energy in Iraq meets all
these requirements. The level of solar energy density in this country
is very high and among the desirable rates globally. As it is free
energy for all, renewable for a long time, and does not harm the
environment.

Keywords— Iraq, Solar Energy, Stand-Alone System, Photovoltaic,
environmental variables.

. INTRODUCTION

The continued progress and development of societies and the
need to provide conditions of comfort, both in housing and
transport, have greatly increased global energy demand.
Rising demand for energy caused an increase in fossil fuel
consumption, which is expected to be depleted soon [1]. The
trend towards renewable energies is growing around the world
in an impressive way [2]. Applications of power generation
from wind stations and fields have begun to spread in many
countries around the world [3]. The production of electricity
using solar energy has become available and an acceptable
option around the world. In Irag, solar energy can be
considered the best and most logical alternative to burning
fossil fuels [4]. The solar energy falling to the ground in one
hour is enough for a full year of electricity to all the earth if
used properly [5]. There is no denying that energy availability
is of great importance in the progress and development of
societies. It also provides solutions to other dilemmas such as
water, food, environment, health, education, climate
protection, information, communication and mobility. A
sufficient amount of environmentally friendly energy that
reduces high air pollution and reduces greenhouse gases is one
of the biggest challenges facing the planet today [6].

Solar energy can be used in many applications rather than
fossil fuels. It can be used to heat the water in the residential
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buildings and factories [7, 8]. This energy can also be used to
heat the air for home and laboratory heating purposes [9, 10].
It is also currently used to heat the Trombe walls to store heat
for ventilation and heating for the comfort purposed in houses
and buildings [11, 12]. One of the most promising applications
for the use of solar energy is water distillation [13, 14]. Water
is the lifeblood and the provision of adequate drinking water
to revive residential communities away from urbanization [15,
16]. The most important uses of solar energy today are in the
production of electricity and either by concentrated heating or
using photovoltaic cells. Solar heat is used to heat the air that
rotates wind turbines in solar chimney systems [17, 18], as it is
used in concentrated power plants to generate electricity [19,
20]. As for the solar cells, part of this fallen radiation is used
in the production of electricity, while the largest part goes to
heat the cell [21, 22]. Today, the use of photovoltaic thermal
(PVIT) systems is an excellent, realistic, and promising
alternative [23, 24]. In these systems, the photovoltaic cell is
cooled using a cooling fluid, whether air, water or kinds of
nanofluids, to increase its electrical output and to utilize the
heat absorbed in other applications [25, 26].

The advantages of crystalline solar cells they are efficient,
reliable with long lifetime and have a long record of proven
durability [27]. Therefore, they are often the preferred solution
for solar-based electricity production on buildings. On the
other hand, thin film solar panels are less efficient and have a
shorter lifetime [28]. However, thin film technology is
increasingly used in small applications. It is generally
expected that in the long term, thin film technology with
multi-layer cells will be widely used and attain efficiencies
beyond 25%. The major advantage of thin film is that they use
less material and are therefore potentially less expensive than
conventional PV technology [29].

The use of PV technology to produce electricity has
become known and popularly accepted these days.
Photovoltaic systems are used outside or connected to the
electrical grid (producing electricity directly to the network
system) [30]. Photovoltaic cells outside the grid are used in
small power systems linked to diesel power generators as an
alternative to dust storms or clouds [31]. Both these types of
PV systems can be used in Iraq. Solar photovoltaic technology
is suitable for generating electricity in rural desert areas away
from the grid in particular [32]. Iraq is a country rich in solar
resources and when using hybrid solar power plants and diesel
generators in remote logic, it can reduce fossil fuel discharges
to a large extent [33].
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The space available for the installation of photovoltaic
cells controls the technical possibilities of generating
electricity with grid-connected PV systems (for example,
buildings, parking spaces, etc.). Assuming that 80 percent of
Irag's homes are flat-topped, the installation of photovoltaic
cells is relatively simple. The roofs of the houses are at least
20 square meters in size, so the total potential space available
is around 1588 megawatts and a potential annual electricity
production capacity of 5180 GWh. The typical photovoltaic
capacity per square meter of land is about 30 Wp (Watt peak)
corresponding to 30 MWp per square kilometer [34].

The efficiency of photovoltaic cells is affected by different
weather conditions such as air temperature [35], solar
radiation [36], relative humidity [37, 38], and dust pollution
[39, 40]. Various weather conditions have reduced the
efficiency of photovoltaic cells in Iraq, and the Iraqi
researcher has focused on these conditions and studied them
with great concentration. The Iragi researcher studied the
effect of air humidity on the cells and sites where the effect of
this moisture affects productivity. They also studied the effect
of the intensity of solar radiation in the atmosphere of the city
and the desert. The high temperature of the photovoltaic cell
reduces its efficiency so this subject has been studied
extensively.  Treatment with PV/T  systems, using
nanoparticles, or PCM substances has been reported to reduce
this effect [41]. The effect of the accumulation of dust on the
surfaces of solar applications in general has taken a
considerable amount of study and review [42]. The physical
and chemical properties of dust, the type of contaminants and
the have a significant role in the rate of low productivity of the
solar application whether it is a solar chimney, a concentrated
solar power station, or a solar cell [43, 44]. Ref. [45] indicated
that periodic cleaning every two weeks maintains a high
productivity of the cell provided. Also, the use of specified
cleaning materials has a competent. In addition, modeling is
important for accurately predicting the annual performance of
the PV system for any given geographical location, directing
the building, and the type of photovoltaic technology. Models
can be used to accurately predict the response of photovoltaic
systems to a wide range of operating conditions encountered
[46, 47]. Modeling software requires specifying different
operational and environmental conditions, which the unit’s
performance depend on. These inputs can be obtained using a
solar simulator or measured natural outdoors conditions [48,
49].

The PV system contains beside PV arrays, various wiring,
battery charge controller, inverters, and batteries, mounting
hardware, combiner boxes and monitoring equipment [50]. In
this paper, we will try to review various articles to evaluate
wither the use of standalone PV systems in desert of Iraq is
valuable or not.

Il.  SOLARENERGY IN IRAQ

Several valuable scientific studies have shown that total solar
energy reaching the Earth's surface is 10,000 times the world's
total installed energy reserves per year [51]. Iraq is a region
rich in solar energy, where the sun's brightness increases more
than 3,300 hours a year. The solar radiation falling in the
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desert areas of Iraq, which currently accounts for more than
60% of the country's area, is equivalent to hundreds of
thousands of times the total energy generated in this country
[34]. PV electricity can be considered the main alternative and
the most feasible application of solar energy. That solar
energy is energy available everywhere and free of pollutants
and a true friend of the environment, as the end is not subject
to geographical or political restrictions and does not cause
consumption of any fuel. At the same time, building the
photovoltaic system requires short construction periods, small
or medium size design systems can also be provided, so the
design size of the PV plant is flexible and can be used directly
and can be easily stored or redeployed in other areas.
Photovoltaic systems can be combined with buildings. The
study of the feasibility of solar energy in Iraq (current and
future situation) requires us to discuss the following points:
the status of energy in lraq, the solar density in Iraq; the
benefits of using solar energy in Iraq; and the future of solar
energy in Irag.

Ill.  ELECTRICAL ENERGY STATUS IN IRAQ

Over the past 60 years, Iraq has suffered from political
instability, with many military coups and many government
changes that have caused deterioration in services and
infrastructure in the country in general. Since 1980 until today,
Irag has been in a constant war and has eaten green and land.
In 1980, the Iran-lraq war sparked, which lasted for eight
years. This war caused an increase in government spending on
war and reduced spending on infrastructure, especially
electricity [52]. In 1991, the first Gulf War broke out when the
US-British-French coalition launched the worst campaign in
human history to destroy all infrastructures. This brutal
aggression targeted all the country's power plants
indiscriminately and caused over 95% destruction at all
stations. If there is something the Americans can be proud of,
it is that they have destroyed infrastructure for a country that is
basically weakly built, and they have done something
unprecedented even to Genghis Khan [53]. After this war and
the destruction of this country, the United States and its allies
from the coalition countries imposed resolutions through the
United Nations to ease the siege of Iraq and expose its citizens
of starvation and causing severe shortages of food and
medicine and continued this siege until the invasion of Iraq in
2003 and occupation by the aggressor countries headed by
United State.

All these unjust acts of aggression have destroyed the
infrastructure of Iraq's power plants. Today, in 2018, Iraq still
suffers from a severe shortage in the processing of electricity
to citizens, noting that 90% of the factories and government
buildings are still out of work [54]. The Iragi Ministry of
Electricity has identified the shortfall in the production of
electricity up to 6000 megawatts currently increasing during
the summer because of the need to use air conditioners in this
hot season of the year, which runs from May until the end of
September [34].

The bulk of the country's citizens rely on small or medium-
sized generators (not more than one megawatts) to compensate
for the lack of government processing [55]. These generators
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work with Iragi gasoline and diesel, which both represent the
worst fuels in the world because they contain large amounts of
sulfur [56-58]. The operation of these generators causes high
noise in addition to the emission of millions of tons of air
pollutants and greenhouse gases [59]. The operation of these
generators caused additional problems for the environment of
Irag, which is heavily contaminated with the depleted uranium
launched by the American warplanes, which has caused
contamination of irrigation, water and air for billions of years
[42, 60]. It is believed that the number of generators operating
in Iraq exceeded two million generators of all sizes.

The use of renewable energies in Iraq is still very late and
does not exceed some of the dams that produce hydroelectric
power and some shy projects to use PV systems whose
capacity does not exceed 10 kilowatts [34].

IV. SOLAR DENSITY IN IRAQ

Irag has a high-density solar card available across the
country from north to south. The occurrence of this country in
the Middle East, on the north-eastern edge of the Arabian
Peninsula, is adjoining the region of the solar system. The
climate in this country is very hot, with temperatures reaching
56 degrees Celsius during the hot summer season from the
beginning of May to the end of September [61]. The climate in
Iraq is generally dry (the rainfall is very small and in small
amounts) and the atmosphere is very high. But the weather is
humid in the southern coastal area of Basra province, the most
popular days of the year [62]. Air conditions such as the heat
of the atmosphere associated with high solar radiation,
humidity and dust, as well as lack of rain, can be considered as
barriers to reducing the use of photovoltaic systems [63].
Desert areas in Iraq, especially near the Saudi Arabian Empty
Quarter, are areas of high solar density. The entire area of Iraq
can be considered to have a suitable solar intensity for the
operation of photovoltaic stations [64]. The solar density of
Iraq is approaching the density of the solar belt states, which
are considered one of the highest solar densities in the world.
According to the Iragi studies, solar energy in Irag has the
ability to provide enough electricity to meet all the needs of
local electricity in addition to the provision of significant
quantities of electricity for export [65].

V.  BENEFITS OF USING SOLAR ENERGY IN IRAQ

The use of solar energy in lIraq to generate electricity
offers many benefits. Solar energy is an environmentally
friendly energy: it is clean and sustainable and helps to protect
its environment and reduce the damage caused by the
production of electricity from fossil fuels [66]. The use of
solar energy will certainly reduce air pollution, as it will
reduce the emissions of sulfur oxides, nitrogen oxides, carbon
monoxide and partially burned hydrocarbons and reduce the
emission of the first greenhouse gas (carbon dioxide) in the
atmosphere [67]. Solar energy is free energy, which gives it
economic advantages; there is no need to spend money to buy
fuel or to reduce the damage produced from using it [68]. The
reliance on solar energy to produce electricity will reduce the
dependence of the Iragi state on non-renewable sources [69].
Solar systems do not require much maintenance and the
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highest costs are spent on the installation costs, so there are no
recurring costs at all [70].

Going forward with the use of solar energy to produce
electricity in Iraq faces two major problems [71]:

First: Electricity is considered subsidized goods in the
Republic of Iraq; it is sold at prices below the actual cost. On
average, the Iragi government supports at least 28%, and the
amount of support is greater than that up to 50% in some areas
of Iraq. Iraq (the rich country in oil and gas) relies on
electricity production through generators using black oil or
diesel, as well as many natural gas generators [34]. The actual
cost of oil production and decontamination or production and
transportation of natural gas for the current generation is
already low, because these materials are produced
domestically [72, 73]. A liter of diesel fuel is sold for $ 0.20
while natural gas is sold at $ 1.50 per million British thermal
units (approximately the same as 1,000 cubic feet of gas). The
Iragi government pays more than this value and can sell this
gas at much higher prices and export it to the world as
liquefied natural gas at a price of around $ 4/MCF, and natural
gas prices in Europe and the USA have recently raised to $ 8.
Oil has risen recently to exceed the $ 60 a barrier.

Secondly: Theoretically, if the Iragi government partially
subsidizes solar through carbon trading, unfortunately till
today the government has not established the internationally
recognized resolutions and laws to promote and allow trading
in carbon offsets under the Kyotot Protocol (with a current
value of at least $ 20 per ton) of CO. The presence of such
regulations, which have the force of law, can be used to reduce
the effective "gas price equivalent”" by more than $ 1.20 per
MCEF [74].

VI.

Why is the current focus on renewable energy and solar
energy in lraq these days? The correct answer is that this
concentration is due to the lack of energy in exchange for the
rising demand for it, and the fluctuation of oil prices rapidly
and largely, causing a global economic recession, in addition
to the rising prices of natural gas and the environmental
hazards resulting from pollution from the burning of fossil
fuels such as coal, oil and natural gas [75]. The available
resources of solar energy in Irag can be considered in addition
to the availability of sites necessary to build such stations [76].
As lIrag is a country rich in oil and gas reservoirs, the
availability of government incentives and increased funding
and investment options are reasons to focus on solar power
generation [34].

This focus is one of the future objectives of the Iraqi
government and as part of the focus on improving the
environment and reducing pollution. In addition to the
required work needed to develop the citizens' awareness about
the benefits of using renewable energy such as solar energy in
the country. So far, the Iragi Ministry of Electricity has not
worked out a plan to deploy renewable energies to generate
electricity [34]. Practical and theoretical studies of solar
energy have shown that Irag has the potential to create solar
power systems. Authors of the book found that the large-scale
commercial solar project is applicable in the country. The

FUTURE OF SOLAR ENERGY IN IRAQ
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possibility of establishing a photoelectric system in Iraq was
also discussed with the impact of weather variables on the
efficiency and performance of PV systems.

The Iraqgi Ministry of Electricity has confirmed that it will
list several renewable energy pilot projects. Of these projects
the project to establish a power plant using 100 kW of solar
PV, and another project with a capacity of 10 MW. These pilot
projects, if implemented, will contribute electricity to the rural
areas and the marshes of Iraq and provide more than 30
gigawatt hours of annual diesel generation with renewable
electricity [34]. As a result, diesel consumption will be
reduced by more than 11.5 million liters annually and avoided
over 18735 metric tons of carbon dioxide per year.

Ref. [77] studied the different performance parameters of
the photovoltaic systems and the atmospheric effects of Iraq.
The results of the study gave a clear idea and solid information
about the feasibility of PV systems for independent work in
the Iraqi desert. The information available from manufacturers
is usually limited to temperature coefficients, such as the
current short circuit current, the open circuit power of the Voc,
and the maximum Pmax capacity, in the classification
conditions. This information, although useful in comparing the
performance of photovoltaic units in classification conditions,
is not sufficient to predict performance under uncharacteristic
operating conditions, especially in extreme conditions that
apply during the summer periods of Iraq.

In addition, the numerous studies conducted by the Refs.
[78, 79] on the effect of dust on the performance of the solar
cell and how to reduce the damage resulting from it, either by
periodic cleaning or other cleaning methods have laid an
acceptable basis to move forward in the projects of power
production using safe systems and provide stable electricity.

VII. CONCLUSION

Irag can be considered one of the most feasible and
preferred areas for the implementation of photovoltaic solar
systems in the world. The reliance on electricity produced by
the PV system provides many immediate benefits to the lives
of people in the deserts of Irag. These systems can also be
used in small towns and villages or in Irag's vast marshes. The
stations must be constructed with efficient load characteristics
and maintain the necessary energy supply used by the Iraqis.

Numerous studies by Iragi and non-Iragi researchers have
shown that the performance of photovoltaic systems to be
installed in different parts of Irag can work at almost the best
performance. Also, these systems will produce enough energy
that will meet the requirements of pregnancy for the lraqi
citizen in the desert and the marshes and remote areas. Many
studies of the life cycle cost of the system have been
considered, with the appropriate design of course, it is possible
to extend the life span of all parts of the system, which will
reduce the cost of replacing these parts to a large extent and
reduce the cost of the system in view of its operating life.
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