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With countries throughout middle east and north Africa pursuing ambitious targets for a
transition to renewable energies, the political economy of a region predominantly analyzed
through the prism of fossil fuels is on the verge of radical change. As hydrocarbon prices decline,
the low-cost producers of Middle East have an advantage and should be the last to leave the
market. The world will demand proportionally more of the region’s oil and gas. Nearly half of
the world's oil is located in Middle East, which has long been referred to as the "energy axis" of
the planet. In the meanwhile, as the nations of this area progress towards the future, they have
realized the need of supplying energy from these other sources, such that the utilization of
renewable energy sources, such as the sun, has attracted considerable interest. This study
analyzed and assessed these attractions in addition to five middle eastern nations and Turkey,
which is located in middle east, close proximity to this area. The approach of comparing
government incentives in the development of renewable power plants was used in this study.
The final findings revealed the current status of this energy in the target nations. This study may
give the target countries and other nations in the middle east with a wealth of information for
the formulation of effective policies for the use of renewable resources.
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NOMENCLATURE
FIT Feed in Tariff GWh Gigawatt hours (10°Wh)
ME Middle East MWh Megawatt hours (105Wh)
PPA Power Purchase Agreement $/KWH USD kilowatt hours ($/10°Wh)
IEA International Energy Agency TWh Terawatt hours (10*2Wh)
RET Renewable Energy Technology USDcent 102$
SPP Solar Power Plant tJ Terajoules
INTRODUCTION certain nations have even discussed long-term objectives.

The depletion of fossil fuels has prompted middle east
(ME) nations to contemplate broad plans for the adoption
of Renewable Energy Technology (RET) sources, and
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The governments of Middle East are definitely seeking to
diversify their energy supplies beyond oil; therefore, they
have studied the combination of RET and oil and gas
products. ME nations' interest in RET is not only a
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question of combining energy sources, but also a
worldwide commitment in the area of climate, and the
same problem will influence the price of fossil fuels. In
addition to the most recent estimate, ME nations have a
200 billion dollar plan for the development of renewable
energy technologies [1]. According to a report published
by the International Energy Agency (IEA) in Table 1, the
Middle East is comprised of 12 countries with a combined
population of approximately 248 million people: Iran,
Afghanistan, the United Arab Emirates, Syria, Qatar,
Jordan, Oman, Bahrain, lrag, Lebanon, Kuwait, and
Yemen. There are 12 countries in Middle East, and the
total installed capacity of RET in these nations is 3873 TJ
by the end of 2022 [2].

Figure 1 shows the installation and investment plan in
the solar energy sector in MENA region. As this figure
shows, Research focusing on Middle East and Africa
(MEA) has forecast solar installations to skyrocket by
170% this year and continue accelerating to install more
than 83 gigawatts (GW) of new solar capacity between
2018 and 2023. The recent increase in the usage of RET
in ME is a remarkable aspect of the evolution of RET in
the region. According to the data published by the IEA
until the end of 2019, the share of RET in the final
consumption of these nations was approximately 0.6%
(see Figure 1), and the dispersion of the technology of
using these resources is also significant, so the share of
using from solar power plant (SPP), including
photovoltaic, was approximately 10,189 GWh until the
end of 2020.

The availability of fossil resources unquestionably
threatens the attractiveness of interest in the development
of RET, and in this case, the employment of different
incentives may be the answer to these resources'
circumstances. In the meantime, numerous nations,
including the United States, Germany, China, Japan,
England, the European Union, and several European

Table 1. Total energy consumption in 2022 ME region [3]

Total ME Total Natural gas Solar, wind, etc.
Iran 11035889 7673101 3873
Saudi Arabia 9624183 3378669 2803
Emirates 3444896 2342439 21550
Iraq 1911381 618336 206
Qatar 1762654 1588394

Kuwait 1622907 945630 1938
Oman 1079535 939404 459
Bahrain 669228 567203

Syrian 365980 105183

Jordan 354630 134662 24408
Lebanon 292965 2668
Yemen 120841 4690 1763
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Figure 1. Forecasting installation and investment in solar
energy sector in the MENA region [2]

nations, have detailed plans for the development of
renewable energy technologies (RET), which include
incentives such as Feed in tariff (FIT), guaranteed
purchase contracts (GPC), green certificates, and various
tax exemptions and investment incentives.

This study investigates the most recent policies and
incentives of six nations in ME over seven categories.
These nations are including: Emirates, Turkey, Oman,
Saudi Arabia, Irag. It should be mentioned that the
selection of these nations is predicated on their efforts
toward the use of renewable energy and their proximity
to Iran. Significant findings about the number of
incentives and policies are reported in the seventh part.
Therefore, based on literature [4-7] there have been
scattered studies about the policies of other countries in
ME and North Africa in the field of RET.

MATERIALS AND METHODS

The RET and conventional fossil energy policies of each
nation are individually presented, followed by the
assessment metrics and policy instruments for each
country. In the conclusion, a comparative analysis of
countries and policy recommendations have been
provided. Also, the sources extracted from the scientific
articles of the last few years have been internationally
recognized.

United Arab Emirates

The United Arab Emirates is one of Iran's neighbors.
According to published statistics, almost 98% of the
nation's energy is derived from two frequently used
materials: gas and oil [8]. So it may be claimed that this
country's policy is centered on these fossil fuels.
However, the UAE, like many other nations, is seeking an
environmental approach, minimizing the usage of oil and
gas resources, and using renewable energy sources, like
solar systems, which have been extensively explored
[9,10]. However, one of the most significant aspects of
energy consumption in the UAE is the variable nature of
power consumption rates. This is the case despite the fact
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that this tariff may be different in other places. The tariffs
of various locations, which effect investments in solar
panels, are shown in Table 2. The following is
unquestionably one of the most alluring aspects of
investing in the solar energy area in terms of power
consumption costs.

But what is the forecast for the RET sector in the
United Arab Emirates? According to the RET regulations
in this nation, which were released in 2011 under the
name of Dubai's 2030 Integrated Strategy Program, the
target is to attain 5% of the energy sector from
renewables. In 2015, the rate rose to 15%. In the
meanwhile, so-called guaranteed purchase initiatives are
launched in the UAE to strengthen the motivation of
individuals to use RET. In addition, modest rooftop
power plants and other incentive schemes are
implemented in this nation. These policies are described
in the aforementioned sources [5, 6, 8, 11].

The UAE utilizes price fluctuations to better regulate
energy. For instance, the price of gasoline in the middle
of this nation is around $0.50 per liter, which was cheaper
than the price of Brent crude oil until 2014. Of course,
there are further facets to this problem, such as the tiered
structure of the household power bill in Dubai. That the
first 2000 kW will incur a fee of 6.2 US cents per kilowatt,
and this tariff will increase to 10.4 US cents per kilowatt
when the consumption exceeds 6,000 kilowatts [12].
Obviously, this legislation will not discriminate against
low-income individuals, since decreased water and power
use would lower prices. According to the IEA's estimate
of fuel consumption subsidies provided by governments,
the UAE paid 21.8 billion dollars in fuel subsidies in
2011. Obviously, this number is smaller for the UAE than
for other ME nations, such as Iran [10]. Prior to 2008, the
UAE did not have a RET organization (Table 3), but since
then, around 150 megawatts of SPPs have been installed
and constructed [13]. With these numbers, the UAE has a
greater total contracted capacity and installed capacity
than other Persian Gulf cooperation nations [14].

Figure 2 shows a comprehensive comparison of power
capacity based on Reference Case and RE map 2030.
Each of the seven provinces of the United Arab Emirates
is ruled by its own ruler. The seven provinces are: Dubai,
Ras Al Khaimah, Sharjah, and four smaller cities, if Abu
Dhabi is considered the capital. This nation has an area of
around 84 thousand square kilometers and a coastline of
about 700 kilometers. It has borders with Saudi Arabia
and Oman [9]. This nation shares a center with Saudi
Arabia and Oman, has a 650-kilometer coastline, and an
area of 83,600 square kilometers [15].

The UAE is situated between, it is situated at around
26100 minutes north latitude and 56000 minutes east
longitude, which is favorable for solar radiation. This
country's high pollution levels and atmospheric humidity
diminish the quality of sunlight. The overhead imagery
demonstrates that UEA has a greater potential to use solar
e

energy than other renewable sources. Consequently, the
rate of solar energy absorption in the UAE may be
determined using four indicators: 1. Ground
measurements, 2. Artificial intelligence networks, 3.
Correlational analyses, and 4. Satellite processing [18,
19]. In addition, Figure 3 depicts the expenses

Table 2. Tariff in Emirates [11]

Types Rate ($/kwh)
Domestic national 0.01
Foreign national 0.06
Commercial use 0.04
Application of industries 0.04
Agricultural application 0.04

Table 3. RET projects for power generation in UAE [8]
Period Dhabi Dubai

2014 Masdar PV—11MW Mohammad Rashid Maktoum
in 2009 Solar park PV, Phase 1-13 MW
Sir Bani Wind—30 MW Roof top PV installations

Shams 1CSP—100 MW 4 MW
2021 Noor1lPV—100 MW Mohammad Bin Rashid Al
(in planning) Maktoum Dubai
Noor 2PV—150 MW Solar park PV
(in planning) Phase 2-130 MW
Energy losses —101 MW
in 2016
2031 Without announcement  Mohammad Rashid Al Maktoum
Solar Park PV,
Phase 3-1000 MW
Total 488.8 MW 1004 MW

Coal

Landfill

Wind onshore
Nuclear

Solar csp

Solar pv-rooftop
Solar pv-Utility
35.2 . NG

100% 80% 60% 40% 20% 0%
W 2030 Refrence case RE map2030

Figure 2. Power capacity break down comparison for
reference case and RE map 2030 [14]
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Figure 3. Separate expenses in a period of up to 5 years [16]
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Figure 5. Per capita rate in several countries [17]

disaggregated over five years. Figure 4 illustrates the per
capita rate in different nations. Figure 5 depicts the gross
domestic product, and Figure 6 depicts per capita
consumption. Obviously, Figure 7 identifies important
aspects of the development of solar power plants. As
shown in Figure 8, the UAE has the potential to construct
power plants with a capacity of 50 kW or more.

Over the years, the UAE has encountered several
difficulties. The daily reliance on oil, the use of foreign
power, and the decline in the worldwide price of oil have
resulted in several threats and concerns, including the
budget deficit. In the last decade, the UEA has made
considerable investments in the use of RET, and as a
result, it has placed 2300 megawatts of RET, including
solar, into service, and around 4000 megawatts are in the
tender stage [20, 21]. Therefore, the UAE intends to
spend 160 billion dollars in the renewable industry over
the next two decades. According to this problem, 68 firms
in the Emirates are extensively engaged in SPPs. The
United Arab Emirates lacks an integrated system or
service, yet three centers individually address energy
challenges. Abu Dhabi Electricity Company, Dubai
Electricity Company, and Sharjah Electricity Authority
are subsidiaries of the Ministry of Energy [22]. Based on
this, Dubai and Abu Dhabi now contribute just about 10%
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Figure 4. Comparative gross domestic product of several
countries [16]
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Figure 6. Per capita consumption in several countries [16]

of your gross energy from RET, but as part of a national
plan, they are expected to get about 25% and nearly 50%
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Figure 7. The development program of SPPs in the UAE [14]
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Figure 8. UAE electricity generation and consumption (TWh) [14]

of their energy through RET by 2030 and 2050,
respectively [Y¥]. Currently, this country has about 2.4
GW of total renewable capacity, which is expected to
reach 9.1GW by 2025, which is mostly solar [24]. The
demographic makeup of men and women working in
SPPs is a serious concern. In the major RET nations,
women comprise up between 20 and 25% of the
workforce. In the UAE, about 90% of the labor force is
male. This represents 25% of the female population in the
UAE [25-27]. However, between 2010 and 2016, the
price of solar panels, which were mostly imported from
China, fell by 80%, making the development of these
power plants more viable [28]. In contrast, now that the
planning is complete, the 2 GW Al-Dhafra SPP will
shortly be linked to the country's grid. The Al Dhafra
Project (IPP) is being constructed by a collaboration
consisting of a French firm and Jinko Power Technology
Co. The development contract for this facility was
granted to the consortium in July 2020 [Y4]. In the UAE,
power consumption has climbed dramatically during the
last two decades. Beginning in 2000, this nation produced
40 terawatt hours of energy, which increased to 110
terawatt hours by the end of 2013, indicating a 15%
growth in power consumption from customers. The
United Arab Emirates ranks 25th in the world for CO>
emissions. Consequently, this nation was the second most
polluting in the world from 2000 to 2004, but in 2013 it
was rated eighth and currently it is placed 25" [30]. In
general, the average irradiation in this nation is
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approximately 10 hours, which might be a decent ranking
from the point of view of irradiation in the globe.
Obviously, the middle of this nation has high humidity
and a substantial dust particle concentration [31]. In 2009,
the UAE government established its first significant
policy in the area of RET, and in its vision, it set a goal of
at least 7% of the city of Abu Dhabi's electrical capacity
came from RET sources in 2020 [32, 33]. According to
the steps taken in the UAE, there are still several
impediments, including a lack of legislation and
regulations in the area of renewable energy technologies
(RET) [34]. These barriers exist within the area of RET:
The UAE's power network is managed
independently by seven provinces, and its
integration would upset the country's upstream
laws.
2. Electricity consumption tariff in this country is very
low due to subsidized consumption. For example,
the electricity tariff in Dhabi is approximately 3.9
US cents.
3. In UAE, there is no direct tax system to support
RET.
4.  Requirements for using RET are not defined [35].
In Table 3, the reported expenses include yearly,
periodic, initial, and device depreciation charges. The
cost estimate, building, and operation of an SPP are
shown in Table 4. As stated in the chart for comparative
purposes, the price of solar panels per watt is $5.50, and
the overall cost of the equipment is $55.5 million.
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According to Table 4, yearly expenditures include both
operating and inverter repair expenses. The anticipated
annual running expenses are $334,500, which is less than
thermal power plants [37]. Table 5 as well simplifying the
financial index of a SPP in the UAE it has been shown.

Turkey

The FIT technique is a realistic strategy for encouraging
investment, particularly in the sector of SPP construction.
The terms of these incentives range from 10 to 25 years.
This technique of incentives may be used in many ways
based on the markets of each nation. This topic has been
well explored in earlier studies [38, 39]. The price of solar
energy generation is one of the elements driving investor
interest in this sector. Between 2009 and 2020, for

Table 4. Important indicators in evaluating a solar system [36]

Type $USD % of initial
(In thousands) costs

FS $200 0.22%

outspread $165 0.18%

Inverter replacement cost $2000 Period 5 years

Installation $9000

Balance of plant costs $36,500 39.67%

Electrical $7000

Inverters $10,000

Tracking system $10,500

Equipment $55,000 59.77%

Total initial costs $92,015 100%

Engineering $150 0.16%

O&M $335 Period 1 year

Salvage value $9202 10%

Table 5. Simplifying the financial index of a SPP in the UAE

instance, the cost of constructing a megawatt SPP
decreased from 351 US$/MWh to 50 US$/MWh, which
is less than other renewable energy (Figure 9).

In August of 2020, the nominal capacity of the
country's power plants has reached 93022 megawatts,
according to statistics from the Turkish Ministry of
Interior. The distribution of power plants established in
Turkey is shown in Figure 10 as 49.7% thermal power
plants, 32% hydro power energy sources, 6.8% solar and
8.8% wind energy sources [40]. According to the
preceding data, this nation has 8934 power plants at the
end of 2020, the solar plant was 6435. Due to its
geographical position, this nation has a significant solar
energy potential (Figure 11). The average yearly length of
sunshine is 2741 hours, while the average daily duration
of sunlight is 7.5 hours. Until the end of 2020, the
installed capacity in this nation was around 300
megawatts.

Table 6 displays the production tariff for renewable
power sources. The nation gives large incentives for
building and RET in general, including a range of tax
exemptions, a discount of 85% on transmission line costs,
and a 10-year purchase guarantee of 13.3 US cents per
+69. As seen in Table 7, the nation has also provided
incentives for the use of indigenous manufacturing
equipment.

Among the United States and France, Turkey has the
shortest guaranteed purchase time for renewable power,

Table 6. FIT
RET Tariff power plant USDcent/kWh
Wind 7.3
Bioenergy 133
Hydroelectric 7.3
Solar (PV) 13.3
Geothermal 10.5

Net value $/50.9 million Table 7. Internal construction incentives

Energy cost 16.18 cent/kWh Types Plant Native USDcent/kWh
Profit to money ratio 0.46 PV Inverter 0.6

Save money $3.3 M PV Cell 35
internal efficiency 0.¢% PV Module 13
Payback time 55.¢ years PV Structure 0.8
Course to the right cash flow 30 years PV Other items on the module 0.5
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Figure 9. The cost of building a SSP [38]
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with a 10-year guarantee. This problem has diminished its
appeal to investors. Notable was Turkey's new policy for
the building of renewable power plants, which, after 2019
and with the elimination of subsidies for rooftop power
plants, would render rooftop power plants unattractive.
The building of large-scale SPPs was put out to bid, which
accelerated the development of SPPs and maximized the
use of non-agricultural and underutilized land [41, 42].
Moreover, with the actualization of energy costs in
Turkey at the end of 2012, the trend of attractiveness and
interest in investing in the area of RET has been

2000 2001 2002 2003 2004

2005

Year

reevaluated. Alternatively, the natural potential of this
nation has garnered considerable interest in the subject of
RET [43]. Obviously, these numbers were rather
intriguing in 2010, when the percentage of RET in total
consumption was 1%, while other fuels such as oil
accounted for 26% and coal for 31%. Assuming
hydroelectric power facilities, the percentage of RET
would cover around 11% of the nation's overall demand.
According to data, the installed capacity of SPPs in 2000
reached 400 kilowatts in the same year, and 600 kilowatts
in 2010 (Figure 12).

Geothermal
I solar
I wind

2006 2007 2008 2009 2010

Figure 12. Summary of the capacity of power plants built in Turkey during 10 years [43]

Total Solar
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Figure 13. Capacitance measurement of solar radiation in different parts of Turkey [46]
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Table 8. Incentive policies in Turkey

Changing market rules Amount

R&D Incentives up to 100 expenses incurred

and tax relief
Connect to the network

FIT

Clearly distribution companies

Creating a mechanism to sell electricity

in the energy market at different prices
Guaranteed purchase Easing rules for distribution companies

Fix the problem of
multiple licenses

Determination of capacity up to 0.5
MwW

Use of land incentives for free or
discounted up to 90%

Costs related to the
construction of the land

Issuance fees Exemptions known as 1% and the first

eight years

Existing hurdles to the development of renewable
power plants include the absence of an accurate
evaluation of renewable resources and a data repository
for the renewable industry. In recent years, 5 kW rooftop
systems have been one of Turkey's support options. For
example, if we take a Profitability index, payback
duration, and internal rate of return for one of these units,
the extracted indicators are as follows: The findings
indicated that the aforementioned values fall between the
ranges of 13.68 to 6.87 %, 7.75 to 14.43 years, and 2.02
to 1.28, respectively. This example demonstrates the need
to improve incentives (Table 8) for the building of
residential SPPs in Turkey and create a regional support
network [44].

However, there have been little research on residential
SPPs in Turkey. So that the installed capacity of rooftop
systems accounts for 5 percent of the overall installed
capacity of solar power plants in the nation (Figure 13).
By the end of 2017, the installed capacity of SPPs in
Turkey had reached around 3,42,000 megawatts, placing
it among the top five countries worldwide in terms of SPP
construction. Of course, 200 megawatts have been put on
the rooftops of industrial and commercial buildings as a
portion of this capacity [45]. It should be mentioned that
the price of domestic power in this nation, including taxes
and fees, is 10.60 dollars per kilowatt hour.

Another highlight is the development made in the area
of renewable resources in this nation, with roughly 48%
of the country's total power output coming from
renewable sources from 2019 to the present, while water
resources were the cause for this statistic [46]. The
Energy Organization of this nation reported the
breakdown of Turkey's energy resources at the end of
2019: 22% coal, 6% solar, 31% hydro, 28% natural gas,
and 8% wind [47].

Oman
The use of solar energy in Oman is in its early stages, and
government institutes have conducted extensive research
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and initiatives on the subject [48]. Solar energy in Oman
has problems such as power price subsidies, natural gas
prices, laws, and public education among the country's
people [49]. For example, the city of Dhofar in the nation
of Oman is one of the towns with highly adequate
sunshine, with the highest solar flux in this city being
1360 watts per square meter in the month of March,
according to the records supplied. This potential has
enticed investors to employ SPPs instead of fossil fuel
power facilities. Interestingly, temperature is also
important in this nation; for example, in Muscat, the air
temperature reaches 48 degrees Celsius, while in the
desert, it reaches 54 degrees Celsius [50]. Oman is a royal
kingdom in the southwest of Asia and the east of Arabia.
This country's economy is mainly reliant on oil and gas
[51]. Solar energy is now used in this nation for street
lighting, traffic lights, and low-capacity public usage. The
Omani government, of course, has just announced a short
list of six renewable power plant building projects, four
of which are SPPs [52]. Although no extensive study has
been conducted, statistics reveal that solar energy was the
sole adequate capacity of RET in Oman in 2017. This
nation offered thorough plans and strategies to facilitate
the building of major SPPs beyond 2017. The current
target for RET share is at 30% by 2030, with a goal of
40% by 2040 [50]. In recent years, Oman has seen the
biggest rise in power usage by roughly 23% when
compared to other Persian Gulf countries [17]. This is a
critical concern since this country's power consumption is
increasing at a quicker pace than nations such as America,
Germany, and Spain [53]. The north of the nation is
desert, whereas the south is subtropical. The radiation
length of sun light ranges from 8 to 15.5 hours, and it is
noteworthy to note that the average sun radiation is close
to 5.2 kilowatt hours per square meter. Summers in this
nation are often hot and humid [54]. These figures are
noteworthy since Oman has a radiation of around 2500 to
6000 Watt hours per square meter owing to the bright sky,
which is mostly attributable to Oman's placement on the
solar belt [55, 56]. According to United Nations figures,
Oman's population distribution in 2022 is about 5.5
million people. Based on these estimates, Oman's
population in 2020 is expected to be 5106626 persons in
the middle of the year. According to the same data, this
country's total population is equivalent to 0.08% of the
global population. In terms of population, this nation
ranks 120th out of 120. The recorded population density
is 17 persons per square Kilometer, urbanization accounts
for almost 88% of the population, and the average age is
around 31 years [57]. The country's electrical status is
such that all domestic demands are covered, and some is
even exported. The utilization of solar systems is
hampered by humidity, dust, and coastal areas [58]. In
general, and based on studies, solar power plants are
appropriate in Oman's northern areas. This method is
useful for producing energy in arid locations that are not
connected to the power grid. Of course, the effectiveness
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of these cells will vary depending on temperature,
humidity, and dust [59].

Saudi Arabia

Saudi Arabia's economy relies on the sale of fossil fuels,
yet strangely, the government is exploring selling solar
energy to Europe [60]. In other words, the Kingdom of
Saudi Arabia is situated in the heart of the most solar-
productive regions, with an average yearly radiation of
2200 kilowatts per square meter [61]. In 1960, the French
erected and activated the first photovoltaic light at
Madinah Al Manwarah Airport [62], if we are to
investigate the historical usage of solar energy in Saudi
Arabia (Table 9). After the French, research began in
1969 with a small-scale university initiative, but the ruler
of this nation announced the development of RET
technology in 1977.

Table 9. List of completed development projects in Saudi
Arabia

Period or year Description of projects

Location
conducted Type Capacity
Solar Long-term
1990 village performance of PV 3kw
1993-1995 S_olar Int(_arnal )
village combustion engine
Solar Fuel cell
1993-2000 village development Tkw
1994-1999 Sadous PV water AKW
village desalination
1994-2000 5 stations Wind energy 4KW
measurement
1996 Muzahmia PV in agriculture 6 kW
Solar . .
1999-2000 village Solar refrigeration 2 kw

40 4 -

40

Average Irradiance (MJ/m2)
\ ° .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Figure 14. Average Sunlight in one of the provinces of Saudi

Arabia— Najran [61]
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In contrast to its neighbor Iran, Saudi Arabia only
experiences summer and winter. Because of this, solar
radiation is in excellent condition throughout the whole
year. According to official figures, the average solar
radiation in Saudi Arabia is two kilowatt hours per square
meter, which is a substantial amount. Figure 14 depicts
the average sun radiation in Saudi Arabian city of Najran.

In the last decade, Saudi Arabia has expanded its
renewable energy technology (RET) research initiatives
and collaborated with nations such as the United States
and Germany, who have been engaged in this sector for
over three decades. This nation has designated SOLERAS
for this collaboration [61]. In1998, the beginning of large-
scale solar projects in this nation, northwest of Riyadh
was observed. This project produced around 1.5
megawatt hours and cost 18 million dollars. If we want to
determine the worth of constructing renewable power
plants, we may consider the rise in the price of oil fuel. In
general, one ton of oil is equivalent to 6.9 barrels and can
generate 11,630 kilowatts of energy. Currently, a barrel
of oil costs around $100, and this price is growing
annually; this indicates that the cost of generating power
from fossil fuels is daily increasing [61, 63].

Iraq

In 1991, the Iragi power grid had a severe outage. After
this occurrence, Irag's power output increased from 5,000
megawatts in 2005 to over 14,000 megawatts in 2016
[64]. Obviously, power losses and rising consumption
demand have resulted in an average of 15 hours of
electricity per day for the citizens of this nation
throughout the whole year [65]. Figure 15 depicts the
distribution of fuel sources used for the generation of
electricity consumed in Iraqg. In this nation, gas plants and
liquid fuels account for the majority of power production
[66].

Geographically, Iraq is placed inside the world's solar
belt of significance. This nation receives 3000 hours of
irradiation every year, with an average of 11 hours in the
summer and 8 hours in the winter, which is sufficient for
using this technique. According to the study, the sun
intensity in Baghdad in January is around 415 Watts per
square meter and in June it is approximately 830 Watts
per square meter. It is intriguing that the majority of
nations do not have this level of light intensity. It is
notable that Irag has more bright winter days than other
countries [68]. In reality, Iraq lacks an electricity grid and
electricity sales to the grid; however, in 2018, the Iraqi
Ministry of Energy began discussions with international
organizations regarding electricity sales and purchase
tariffs (FIT) and grid measurement models in the presence
of renewable power plants. In the meanwhile, several
studies have been undertaken on guaranteed purchase
rates and power sales; for instance, Aziz et al. [69]
reported the three electricity purchase prices for low load,
medium load, and peak load were 0.0084 dollars per
kilowatt hour, 0.0293 dollars per kilowatt hour, and
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$0.0672 per kWh, respectively. In contrast, the price of
power sold is considered 50% of the purchase price in this
study. Figure 16 shows a map showing radiation levels in
Iraq based on 2018 NASA data. This nation is bordered
on the north by Turkey, on the west by Syria and Saudi
Arabia, on the south by Lebanon and Kuwait, and on the
east by Iran. In 2022, Iraq's size is around 436 thousand
kilometers and its population is approximately 43 million.
It is intriguing that the area between the Tigris and
Euphrates in the heart of lraq is the most irradiated.
Notable is the southern area of this nation, which is
recognized as one of the places with the highest levels of
solar radiation in the globe. Figures 17 and 18 depict the
energy balance in Iraq for 2019 and 2036. It is evident
that the proportion of renewables will undergo significant
changes in 25 years.

Iran

Iran is a nation with immense natural resources; in
addition to oil and gas deposits, it also boasts a range of
renewable energy sources, including solar, wind, water,
geothermal, etc. According to meteorological statistics,
Iran has 299 bright days with an average daily radiation
of around 5 Kilowatt-hours. According to the research
undertaken, this nation will employ almost 3,000
megawatts of renewable energy sources to generate
power by 2030 [71]. According to Iran's sixth
development plan, around 5% of the country's power, or
roughly 5,000 megawatts, came from renewable sources
at 2020. This seems to be related to the country's
economic issues and sanctions. By 2025, the nation will
accomplish its ambition. Obviously, this nation provides
the highest level of gasoline subsidies in the world.

Iran is among the top nations in ME for RET
organization. The government founded the RET
Organization in 2000, and in 2016, after a name change
by the Ministry of Energy, the organization's activities
were expanded. Its name is SATBA, and its

Diesel o Qil

Hydro

Figure 15. Iraq electricity generation profile [65]
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responsibilities include the focused promotion of RET, as
well as enhancing network productivity and decreasing
losses. Until 2022, Satba's contracts took the form of
PPAs, which were designed for purchasers as a 20-year
guaranteed purchase with a complex tariff whose annual
price was announced [72]. The intention of SATBA's
move was to attract investors, and the 20-year purchase
time might assist attract local and international
investment [73, 74] outlines, in accordance with SATBA
regulations, the rate for the guaranteed purchase of power
under a PPA contract until the end of 2022(Table 10).

Obviously, the number of sub 200 kilowatt power
plants (Table 11) has increased by 20 to 60 percent during
the last several years. In accordance with an
announcement made by the Ministry of Energy in
November 2022, the guaranteed electricity purchase rate
from SPPs with a capacity of less than 20 kW increased
by 20%, from 14,560 Rials to 17,500 Rials, while the
guaranteed electricity purchase rate from SPPs with a
capacity between 20 and 200 kW increased by 30%, from
12,740 Rials to 16,500 Rials. The rate of rip has risen. In
addition, the purchase price per kilowatt-hour of energy
generated by small-scale branch wind power plants with
a capacity of less than 250 kW will rise by 60 percent to
16,600 Rials, and wind power plants with a capacity of
250 kW to 1 MW will increase by 20 percent to 12,400
Rials. This report indicates that new prices are subject to
change at the time of bill payment.

Iran has a strong solar radiation potential, with a
radiation capacity of 5.5 kilowatt hours per square meter,
which allows the building of any SPP feasible and cost-
effective. In its development plans, Iran has

Mosu
JErbil

Ky <Sulayfiiniran

o Tikrit
« Diyata

Jess - Baghdad

il

s

Lamng tarm sverage of GHI, periad T9U9- 2018

Dadty totals Al 50 52 54 56 58 60

Yearlytotal: 1753 826 w2 2065 21 2191

Figure 16. Solar map of Iraq [67]
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Figure 18. Chart of RET use in Iraq until 2019 [65]

envisioned several scenarios and possibilities for the use
of renewable energy; for instance, in its fourth five-year
growth plan between 2005 and 2010, renewables
accounted for 1% of the country's power system capacity.
Alternatively, the 55-year development plan predicts the
installation of 5,000 megawatts of SPPs and a 15%
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Table 10. Satba's guaranteed purchase tariff until the end of
2022

Base rate of guaranteed

Types of power plants purchase of electricity
(Iran Riyals per kWh)
Biomass Landfill 5670
Other biological 7350
processes
All thermal processes 7770
Wind farm (with a capacity of 10 MWHh) 7644
Solar farm (with a capacity of 10 MWh) 8918
Geothermal 8918
Electricity generation (CHP) 5278
Small Blue On rivers 6916

(with a capacity of (river or stream)
10 MW and less)

On water and sewage 5915

pipelines
Fuel cell system 9004
Expansion turbines 2912

decrease in grid losses. Or, in the sixth development
plan,a greater emphasis was placed on these figures. So
that the percentage of renewables in Iran's total power
generation by the end of 2030 is 10%, it seems to be quite
challenging for Iran to accomplish these numbers [75].
According to statistics published on the SATBA website,
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the installed capacity of renewable power plants in Iran
should be nearly 984 megawatts by the end of 2022, of
which 42% is SPPs with a capacity of 416.16 megawatts
and the rest, including wind, Hydroelectric power,
biomass, etc., are in the next place. The distribution of
RET in Iran to the end of 2022 is shown in Table 12.
SATBA cancelled all PPAs in the middle of 2022 and
contracted the building of renewable and specifically
SPPs in Iran based on the Economic Council's approval
of the issuing of an investment authorization for the
construction of a 4000 megawatt SPP [77]. The Economic
Council of Iran will reimburse the new contracts of these
power plants from the savings income and schedule the
implementation based on Article (12) The law on
improving the financial system and the law on removing
obstacles to production and its Executive Regulations as
well as Note (3) of Article (61)) Law on the amendment
of the energy consumption pattern, reviewed and
approved subject to compliance with the relevant laws
and regulations. 1. This plan calls for the building and
operation of 4,000 megawatts of solar power plants in
vulnerable regions of the nation. 2. The organization of
RET and Electricity Efficiency (SATBA) is required to
run an auction to pick the investor businesses executing
the project in accordance with the tendering regulations.
The firm that provides the lowest price per kilowatt-hour
of power generated wins each bid. 3. The ceiling price per
kilowatt-hour of electricity in the tender is based on the

Table 11. Guaranteed purchase tariff for RET below 200 kW

Type of Power plant FIT (Iran FIT (Iran
technology capacity Riyals)/2020 Rials)/2022
Solar 20 kW and less 14560 1750
Between 20 kW 12740 16500
and 200 kW
Wind 250 kW and 10374 16600
less
Between 250 10374 12400
kW and one
megawatt

Table 12. The share of renewable power plants in Iran at the end
of 2022 [76]

Technology Capacity(MW) pesrhcae;i(il;) )
Hydropower sources 100.78 10.4
Wind sources 337.39 34.8
Expansion turbine 9.6 1
Biomass sources 125 10.3
Solar sources 416.16 429
Total 983.02
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weighted average value of the fuel saved; it is a maximum
of 6.9 cents and is unaffected by fuel price fluctuations.
4. The technical characteristics of solar panels must
comply with national and international standards
authorized by the Energy Ministry. 5. The repayment
period of the government subject to this project from the
savings related to Article (12) of the law on improving the
financial system and the law on removing obstacles to
production is a maximum of six years, which if the
investor requests and provides a guarantee letter for the
fifth and sixth years, it will be possible to receive the total
value of fuel saved in the last two years during the first
four years following the operation of the power plant. The
value of the saved gasoline will be repaid to the investor
in accordance with the quarterly measurement and
validation process, the currency exchange rate declared in
the ETS system at the time of payback, and the savings
limit established during the repayment term. According to
this decision, the SATBA tender was conducted in two
phases through the end of 2022, and out of a total of 4,000
megawatts, roughly 1,700 megawatts have been awarded
building permissions and are in the process of acquiring
land and other construction permits. Considering the limit
on the price of each kilowatt-hour of power in the tender
of 6.9 cents in this resolution made it appealing to
investors, and it seems that this strategy, which has legal
backing, will lead to the expansion of renewable energy
capacity in this nation. Obviously, the Iranian
government's support for RET has not resulted in
guaranteed purchase contracts. For instance, the
government of this country in late 2022, in a resolution
titled Article 16 of the Executive Regulations of Danesh-
Banyan, emphasized that industries with a consumption
power of more than one megawatt are obligated to
provide the equivalent of one percent (1%) of their annual
electricity needs through the construction of SPP, and that
this amount will reach five percent (5%) by 2025.
Otherwise, the power company, a part of the Ministry of
Energy, must compute this amount from the industrial
plant's renewable energy tariff consumption [78].
Considering that 34% of Iran's energy consumption is
accounted for by the industrial sector, this notice might be
quite important.

This study examined the most recent advancements in
the area of RET in the ME nations. In this study, six
nations, including Iran, Irag, Saudi Arabia, Oman, and the
United Arab Emirates, as well as Turkey, were analyzed
and their incentives, policies, and prospects in the area of
solar power plant building were provided (Table 13).
After the introduction, the status of solar power plants in
the UAE was studied in the first section. As indicated in
Table 14, this nation has adopted comprehensive plans
and expanded the capacity of its SPPs during the last
several years. The trustee of this country's government
has not stated the guaranteed purchase method and tariffs
because of the country's modest size. In the second
section, Turkey was investigated as one of the Middle
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eastern nations' neighbors (Table 14). This country's
predicament is more extraordinary than that of other
nations studied in this sector. Guaranteed purchase tariffs,
guarantee contracts, tax advantages, and government
backing are the country's most significant distinctions.
Tables 13 and 14 outline policies and incentives. In the
third section, Oman is studied as an important middle
eastern nation (Table 14). In recent years, this country's
measures to minimize reliance on fossil fuels have
included considerable projects for the development of
RET. Tables 13 and 14 illustrate the most essential
policies and incentives. In the fourth and fifth portions,
Iraq and Saudi Arabia (Table 14) are studied. Although
these two nations have been investing in RET for a
number of years, their investments are substantial in

Table 14. RET policy and incentives in the UAE

Table 13. RET incentives in six ME countries
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Iran * * * * * *

Turkey * * * * *

Arabic - - -

Emirates

Oman *

Saudi Arabia * *

Iraq *

Countries Incentive and policy
Arabic Emirates e  Based onthe RET policies in this country, which was announced in the name of Dubai's 2030 Integrated Strategy
Program in 2011, the goal is to reach 5% of the energy sector from renewables, which is this number. In 2015, it
increased to 15%.
e  The UAE did not have a RET organization until 2008, but from that year until the time of writing this article,
about 150 megawatts of SPPs have been installed and built
. Currently, this country has about 2.3 gigawatts of total renewable capacity, which is expected to reach 9 gigawatts
by 2025, which is mostly solar.
. In this country, there is no direct tax system to support RET
Turkey e incentives for the construction of SPP and RET in general, including a variety of tax exemptions, an 85% discount
on transmission line costs
e  Guaranteed purchase period of 10 years
. Holding a tender for the construction of large-scale SPPs
e The difference in the tariff value of electricity produced in RET
e  Ten-year guaranteed purchase, and use the attractiveness of bilateral contracts
e  Tax exemptions up to 100%
. Incentive for the construction of facilities below 10 kW
Oman e The current goal of the share of RET is about 30% by 2030 and this amount will reach about 40% by 2040
e Taxwaivers
. Implementation of the smart incentive plan in recent years
e  Low interest loan
e  Exemptions for transmission line fees
. Providing at least one hundred percent of electricity from RET until the beginning of 2026.
. Planning the so-called hydrogen economy until 2041. Including this vision of building wind and SPP with a
capacity of 25,000 megawatts.
Saudi Arabia e  Achieving a 50% share of RET by the beginning of 2031.
. The prospect of building RET with a capacity of 54,000 megawatts at the beginning of 2033 and operating
40,000 megawatts of SPP by the beginning of 2031.
e  Creating new rules for solar power plants up to 2 megawatts to facilitate construction In 202.
e Construction of SPPs with the mechanism of holding tenders
Iraq e  Approval of the facility of about 700 million dollars of the Central Bank of Iraq for the development of RET.
e According to the agreements signed, nearly 7.5 gigawatts of renewable electricity will be produced in this country
in the coming years.
. In 2021, this country has signed a 1 GW contract.
e The contract of 525 megawatt SPP in Karbala and Babol province in the south of Araf, worth 500 million dollars.
Iran e  Guaranteed purchase tariff in dollars
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e  Guaranteed purchase contract for 20 years for power plants under 200 kilowatts and 6 years for megawatt power

plants
5-year tax discounts

total electricity capacity

Higher purchase rate of produced energy compared to thermal power plants
Paying bills earlier than thermal stations

The mechanism of participation in the tender
Incentive payment in the form of saved fuel
Requiring industries to use 5% of energy consumption from RET

According to the Sixth Development Plan of this country, the share of RET in Iran should be 55% of the country's

comparison to those of other Middle eastern nations. In
Table 14, the building plans and strategies of these two
nations are depicted. In addition, it has been explored in
the last region of Iran. Due to the pre-planning of its
national electrical infrastructure, this country, like
Turkey, has made substantial precautions addressing its
RET sources. According to Table 19, this nation's rules
and incentives for the construction of solar power plants
are extensive and supported in a number of ways. Table
13 depicts the comparative results of these six nations'
incentives and policies for the construction and support of
solar power plants.

CONCLUSIONS

Finally, it can be concluded that policy making in the field
of renewable energy in Middle East is still in its infancy,
although countries like Iran and Turkey have taken
significant measures in the last few years in the area of
reforming the energy tariff rate, increasing investment
attractiveness and real They have made the rate of fossil
energy, but it seems that despite the abundance of fossil
energy in this region, policy making and the importance
of this industry are in the next priorities.
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