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Abstract

The study identifies the pathways to promote renewable energy in the Middle
East and assesses its scope to attain the United Nations’ Sustainable Develop-
ment Goals (SDGs). The research undertakes a comparative thematic analysis
of available literature on the subject to categorize the Middle Eastern countries
into three groups based on their economic and political systems: hydrocarbon-
producing countries, non-hydrocarbon-producing countries, and countries
facing conflicts. The research reveals that there is a considerable gap in the
adoption and utilization of renewable energy in the Middle East, which can be
attributed to the differences in the governing systems, policies, financial condi-
tions, and stability in these countries. The study reveals that renewable energy
can play a pivotal role in the economic diversification and generation of em-
ployment opportunities in the Middle East, which can be achieved by reducing
carbon dioxide emissions and increasing energy security. The research high-
lights that the adoption and utilization of renewable energy can be restricted due
to its high capital costs and geopolitical conditions in the Middle East.

Keywords

Renewable Energy, Sustainable Development Goals, Energy Pollution,
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1. Introduction

Improving energy efficiency is one of the principal means of minimising energy
pollution producing economic growth, and will produce wider energy access and
better living standards. This leads to a decrease in fossil fuel consumption while

at the same time an increase in the supply of clean sources of energy. The Gulf
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states have the same number of renewable resources available as hydrocarbons;
significant amounts of solar energy and a large amount of wind energy, and a good
source of geothermal energy. The economy of the Middle Eastern region relays
heavily on the export of fossil fuels. The decline in supply of fossil fuels, and the
rise in prices of energy globally, are leading to a greater reliance on renewable
sources of energy. Although the Middle East region is geographically positioned
to be a prime candidate for the expansion of renewable energy resources, most of
these have not yet been developed [1].

Over the last decade, Middle Eastern countries have become a major player in
the global energy market because of their large reserves of oil and natural gas. The
development of these resources has led to significant economic growth for the
region, especially among Gulf Cooperation Council (GCC) countries, and has
provided them with a unique position within the global energy marketplace. As
countries continue to face the increasing urgency to address climate change, many
are developing policies to transition away from fossil fuels and towards renewable
energy sources. This presents a significant challenge for the Middle East; many of
the largest producers of fossil fuels also have economies that rely heavily on these
resources. There are many questions about how post-oil economies will affect the
future development of Middle Eastern societies, and whether these nations will
continue to play a significant role in an economy that is not dependent on fossil
fuels [2].

The Middle East, like many other regions of the world, is facing what has been
popularly described as a “global multiple crisis”, which refers to the combined
impact of a variety of phenomena including climate change, the mass extinction
of species, the tension being created by social and economic inequalities and in-
stability, the depletion of fossil fuels and natural resources, the increasing number
of forcibly displaced persons and overwhelmed governments. Among the many
concepts that have emerged from the response to this crisis has been a general
agreement about the need for a basic, strategic framework across many sectors of
society (government, business, non-profit) with respect to sustainable develop-
ment as the means of addressing these issues affecting current and future genera-
tions. In 2015, all UN member states committed to the Agenda for Global Sustain-
able Development 2030 and agreed to incorporate the United Nations Sustainable
Development Goals (SDGs) into the policies and actions of their respective na-
tions. The Agenda 2030 for Global Sustainable Development is a binding treaty
on all member states and a shared framework for achieving global sustainable de-
velopment by establishing 17 specific goals (SDGs) and 169 specific targets that
are to be implemented, established and achieved at all levels—from global to local.
Each nation has its own unique circumstances that will determine how quickly it
implements the SDGs. All countries in the Middle East Region have made some
level of progress towards meeting the SDGs, but this progress has been determined
by the amount of effort that was put forth during the time the MDGs were in

effect. There are areas where sub-regions within the MENA Region have been rel-
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atively successful in developing SDGs, particularly in the Gulf, while there is a
tremendous lack of success in some areas, particularly the Mashreq; most notably,
the differences among sub-regions in the area are the result of disparate priorities
based on the needs and requirements of the individual countries [3].

The Middle East faces many energy and sustainable development-related issues.
Historically, its economy has been based largely on fossil fuels which, in addition
to increasing competition from climate change and the volatility of the global en-
ergy market, pose unique challenges for the region’s economies today. Although
the region contains some of the largest solar and wind resource areas in the world,
those resources are still not being utilized to their fullest potential. Based on this
situation, we will compare some of the renewable energy experiences of the Mid-
dle Eastern countries, identify opportunities and barriers faced by the countries
in meeting the Sustainable Development Goals (SDGs), and draw lessons learned
in the hopes of identifying commonalities that will aid policymakers and research-
ers in developing better targeted and more effective renewable energy policies spe-
cific to each country’s needs. To help achieve these goals, this study will provide
an overall framework that can be utilized as a guide to assist these countries in

achieving a sustainable and inclusive transition to renewable energy.

2. Methodology

This study uses a structured comparative case study method to investigate the re-
newable energy transitions and the role played in the achievement of the Sustain-
able Development Goals (SDGs) established by the United Nations in the selected
countries in the Middle East region. The selection criteria for the case study are
guided by a Maximum Variation logic, where the countries were chosen with the
intention of including diverse economic systems, hydrocarbon dependence, en-
ergy import dependence, and political instability or conflict. The selected case
studies are considered illustrative rather than exhaustive, capturing the dominant
structural types in the region and enabling in-depth qualitative comparisons. The
final sample of countries includes Saudi Arabia, Qatar, Bahrain, Kuwait, Oman,
Iran, Iraq, Jordan, Egypt, Tiirkiye, Morocco, Lebanon, and Yemen. The selected
countries cover hydrocarbon-exporting countries (Saudi Arabia, Qatar, Kuwait,
Oman, Iran, Iraq, Bahrain), energy-importing or mixed-structure countries (Jor-
dan, Morocco, Lebanon, Tiirkiye, Egypt), and conflict-affected or fragile countries
(Iraq, Yemen, Lebanon, and Syria in the broader regional classification, although
Syria is not included because of data limitations).

The research method employed in the paper is based on a qualitative secondary
data research protocol. The secondary data research protocol employed in the pa-
per is founded on the basis of systematic document analysis. The data was identi-
fied through a systematic search in Scopus, Web of Science, Google Scholar, as
well as official institutional portals such as the International Energy Agency,
World Bank, United Nations Development Programme, as well as official energy

ministry portals of the countries. The inclusion criteria for the research paper were
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as follows: The research paper had to directly deal with renewable energy policy,
investment, infrastructure, or sustainability in the identified countries. The re-
search paper had to include empirical evidence, modelling, or policy analysis. The
research paper had to be published in a peer-reviewed journal, official government
strategies, or official international reports. The research paper had to exclude
opinion articles, undocumented policy commentary, as well as research articles
without empirical evidence.

To minimize selection bias, a structured thematic framework was employed to
code the documents. The sources were systematically reviewed and coded accord-
ing to a range of analytical dimensions such as renewable potential, policy instru-
ments, institutional capacity, grid readiness, investment levels, and measurable
sustainability. The findings were coded into two main themes: Opportunities—
economic diversification, technological development, energy security, employ-
ment creation—and Challenges—financial constraints, grid readiness, institu-
tional capacity, political instability, and market volatility. To ensure that the cod-
ing criteria were consistently applied across all countries, cross-case matrices were
employed.

In terms of the temporal scope of the study, it is based on literature and policy
documents published between 2010 and 2025. Although the original study design
was based on literature published before 2020 in order to assess foundational re-
newable energy strategies, the analysis was subsequently extended to include lit-
erature published after 2020 in order to reflect recent changes in policy, new tech-
nologies, and post-pandemic economic conditions. The inclusion of literature
published before 2020 was used to assess foundational conditions, with literature
published after 2020 being included in the analysis in order to assess the progress
of implementing these policies, new targets, and emerging issues such as market
volatility and geopolitical shifts.

The above said comparative thematic methodology therefore offers a rigorous
analytical base for both structural patterns and country-specific dynamics. By us-
ing systematic document selection, transparent coding, and maximum variation
selection, the study can increase the validity of its cross-country comparisons and
enhance the relevance of its findings for renewable energy transitions in the Mid-

dle Eastern region.

3. Literature Review

The increasing demand for energy worldwide is making our planet feel like a
smaller, more connected place, even though the Earth itself can’t change its shape.
To meet our individual, social, and economic needs, like education and health,
we’re using more and more energy. Every aspect of our lives, from basic needs like
security and lighting to more complex things like transportation and communi-
cation, relies on energy. The power industry plays a crucial role in securing our
electricity supply and reducing emissions that contribute to climate change. Cur-

rently, there’s a serious electricity shortage in many places, especially in rural areas
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where 85% of people live. It’s estimated that by 2030, around 2.7 to 2.8 billion
people in rural communities will still be relying on traditional biomass for energy
[4].

The “Middle East” region is taken to be the set of countries included in the
Middle East and North Africa region by the World Bank and the International
Monetary Fund. It is a geographic area that focuses particularly on West Asia and
the Arabian Peninsula. It includes Bahrain, Iran, Iraq, Palestine, Jordan, Kuwait,
Lebanon, Oman, Qatar, Saudi Arabia, Syria, the UAE, and Yemen. Of these, hy-
drocarbon-producing countries are taken to be those countries whose govern-
ment revenues and/or export earnings are derived primarily from oil and/or nat-
ural gas. These countries are Saudi Arabia, the UAE, Qatar, Kuwait, Oman, Iraq,
Iran, and Bahrain. On the other hand, the energy-importing countries are those
countries whose energy demands are met primarily by imports. These countries
are Jordan, Lebanon, Palestine, Yemen, and Syria. Moreover, there are several
countries in the region that are classified as conflict-affected or fragile countries,
according to the World Bank’s Fragile and Conflict Framework and UNDP re-
ports, including Syria, Yemen, Iraq, and Lebanon, which have faced prolonged
political instability or conflict. Such classifications can serve as an analytical tool
to compare transitions to renewable energy between countries with varying eco-

nomic structures and political systems.

3.1. The Reality of Achieving Sustainable Development Goals in
Middle Eastern Countries

Saudi Arabia:

The article, “The Potential for Renewable Energy Investment in Saudi Arabia,”
presents research conducted by Al Yousif (2020) on the benefits of investing in
renewable energy in Saudi Arabia. Investing in renewable energy will create fu-
ture, enduring, sustainable career opportunities for the citizens of Saudi Arabia,
therefore helping to locally diversify the economy of Saudi Arabia. In addition to
creating new careers for citizens, development of the renewable energy sector will
ultimately increase the portion of the non-oil private sector contributing to Saudi
Arabia’s total economic output. The methodology used to compute the effects of
investing in renewable energy are based on Leontief. There are three cases for in-
vestment (SAR 25, SAR 50, and SAR 85 billion) made over the five-year period
from 2020-2025. The estimated GDP contribution of these investments over this
period of time is to produce a total of approximately 2.7%, 4.7%, and 6% of the
investment amounts made in renewable energy, respectively. These cases and the
numbers of jobs projected to be produced by them are, respectively, 44,000,
90,000, and 150,000 new jobs. Continuing the development of renewable energy
in Saudi Arabia enables greater use of energy by allowing for increased energy
efficiency and reduced pollution; however, the growth of the renewable energy
sector is being delayed due to obstacles, such as technology limitations, opera-

tional costs, and lack of capital. The writer has suggested several ideas that could

DOI: 10.4236/epe.2026.185013

247 Energy and Power Engineering


https://doi.org/10.4236/epe.2026.185013

M. S. Abuzaid Mahmoud

help alleviate these obstacles [5].

To estimate the potential benefits resulting from investments in renewable en-
ergy, this report uses the Leontief model, using three scenarios (total initial invest-
ments of (SAR) 25 billion, 50 billion, and 85 billion) over a period of 5 years (2020-
2025). Estimated GDP growth rates for the period are approximately 2.7%, 4.7%,
and 6.0% respectively for total investments in renewable energy in amounts of
(SAR) 25 billion, 50 billion, and 85 billion [5]. New jobs expected to be created in
each of the three scenarios will total 44,000, 90,000, and 150,000, respectively. The
continued development of the renewable energy sector in Saudi Arabia will allow
for increased energy efficiency and pollution reduction. However, there are sev-
eral factors that may impede the continued development of the renewable energy
sector, including problems with technology, cost of operation, and a lack of finan-
cial resources [6].

Qatar:

With plentiful quantities of both non-renewable (especially oil and gas), as well
as renewable (such as terrestrial and marine resources) resource bases, Qatar’s
wealth of natural assets generates enormous potential for pursuing sustainability
through development initiatives. In addition, this large resource base creates a sta-
ble source of funding to support diversification toward developing an innovation-
based economy based on a knowledge economy while simultaneously maintaining
Qatar’s traditional cultural heritage and providing for innovative advanced tech-
nology development (e.g., biotechnology) along with sustainable urban planning/en-
gineering strategies. The National Development Strategy 2011-2016 and the Qatar
National Vision 2030 are examples of national frameworks that combine environ-
mental, economic and social goals in order to provide a clear strategic direction
towards sustainability, with the goal of creating opportunities for Qatar to diver-
sify its GDP away from hydrocarbons, improve education and healthcare, increase
research and development and provide higher-value employment to Qatari citi-
zens. There are also a number of significant barriers that have the potential to
impede Qatar’s ability to achieve these opportunities, including rapid population
growth, industrial and urban development exerting pressure on natural and cul-
tural resources, and a continued reliance on non-renewable energy sources. In
addition to these issues, Qatar faces challenges related to the implementation of
policies, management of labor dynamics, preservation of social and cultural iden-
tity during a period of modernization, and the ability to inspire future generations
to pursue higher education and innovation. As a result, although Qatar is well-
situated to assume a leadership role in sustainable development, for it to reach this
point, effective policy implementation, balanced planning for urban and indus-
trial development and ongoing leadership to turn natural capital into long-term
economic and human capital will need to be implemented [7].

Moreover, Sustainable energy transitions in hydrocarbon-dependent econo-
mies, such as Qatar, are fraught with technical feasibility, economic viability, and

policy coherence challenges. Despite these hurdles, Qatar has emerged as a leader
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in sustainable energy investments and renewable infrastructure development
since the 2010s. This paper analyzes Qatar’s energy diversification efforts from
2014 to 2024 and how they reshape its economic landscape and socio-economic dy-
namics. Through a comprehensive review of approximately 57 scientific sources,
data sets, and case studies, this study identifies and analyzes the unique drivers,
challenges, and opportunities associated with Qatar’s energy transition. The paper
delves into Qatar’s government’s strategic initiatives to enhance public awareness,
foster innovation, and stimulate research and development in the energy sector.
Moreover, this review introduces a novel perspective on Qatar’s readiness for the
sustainable energy transition, emphasizing the interplay between limited energy
diversification, global energy market fluctuations, and policy implementation and
monitoring effectiveness. The findings suggest that while Qatar is strategically po-
sitioned to advance its sustainable energy goals, it must navigate significant ob-
stacles, including the volatility of international markets and the complexity of en-
forcing and adapting policies in a rapidly evolving energy landscape [8].

Bahrain:

Alabbasi et al [9] conducted a study on sustainable indicators for power gen-
eration in Bahrain which identified both the opportunities and challenges facing
Bahrain’s renewable energy sector. The Renewable Energy Sector can be integrated
into Bahrain’s Power System through a combination of Technical, Economic, En-
vironmental, and Social Indicators (such as Efficiency, Reliability, Availability of
Resources, Job Creation and Reduction in emissions). The Sustainable Indicators
identified in the study create a pathway to support the link between the sustaina-
bility objectives of the country to energy planning, thereby creating opportunities
for economic contributions, social benefit and protection for the environment. In
addition to the opportunities for integrating Renewable Energy into the power
system, the study identified a number of challenges to overcome, including weak
political and security concerns, gaps in institutional support, and a need for better
knowledge about how best to promote sustainability in each of the various sectors
of the country. Bahrain’s future development will require a strategic approach to
developing a Policy Framework, engaging Stakeholders in the Planning Process,
and supporting Capacity Development to maximise the potential of Renewable
Energy while addressing the issues identified in Alabbasi et al. [9] regarding Struc-
tural Barriers and Operational Barriers in the development of this sector.

Kuwait.

Kuwait’s goal is to incorporate Renewable Energy Resources (RER) in the ex-
isting power grid (utilized for grid reliability). The Amir of Kuwait, at the UN-
FCCC’s Doha Climate Change Conference in 2012, created a goal that 15% (1.5
gigawatts, or 4800 megawatts) of electricity will come from renewable sources by
2030. Currently, the Supreme Council of Energy has created a target to reach 15%
of projected peak loads from RER by 2030. While this is, currently, Kuwait’s goal,
the goal of the Supreme Council of Energy is to significantly increase the amount

of RER in the long-term. Research indicates that annual energy share forecasts
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(the Amir’s original goal) are the second-largest rater of total installed RER in the
world; however, the way that this is achieved in the long term is through a require-
ment that 15% of the total annual electrical consumption of electricity by 2030 is
produced from RER. While, historically there is little correlation between RER
production and peak (hourly) electrical use, there is a direct relationship. Hence,
using a greater amount of RER that can be utilized during the peak timeframe is
a requirement of the model for incorporating RER into the existing power grid.
As a result, the production of electricity from renewable sources is expected to
become increasingly inconsistent during the winter months. Potential solutions
to resolve this inconsistency include reducing renewable energy production, re-
acting to demand for electricity, and using fossil-fuel-powered plants as alterna-
tive sources of electricity. Conversely, in the summer months, solar-generated
electricity tends to be generated in large quantities when electrical demand is high
because of the requirement for cooling during hot summer months in Kuwait and
because there are many hours of sunlight available [10].

Oman:

Through its larger objectives of a low-carbon future, Oman has committed large
amounts of money to both clean and renewable energy sources. The country has
a very large amount of solar potential; therefore, the central and southern regions
of Oman have the potential for large-scale solar power projects. In addition to
solar, wind energy projects are currently receiving significant investments from
both private and public entities; these investments support the chlorine energy
agenda of Oman. The most notable goals set forth by the government of Oman
include a 20% penetration of renewable energy into the energy mix by 2030, with
an increase to between 35% - 39% by 2040. The creation of Hydrogen Oman (Hy-
drom) as a fully owned government entity responsible for both the strategic plan-
ning and land leasing/developing for hydrogen projects as a major milestone in
Oman’s clean energy journey in October 2022. As of February 2023, approxi-
mately 65,000 km? of land has already been identified for the purpose of support-
ing renewable energy and clean hydrogen projects; of this total, 50,000 km?* has
been designated for the future development of green hydrogen. The ultimate ob-
jective is to produce in excess of 1 million metric tons of green hydrogen by the
year 2030, with the long-term objective being as much as 8 million metric tons by
the year 2050. The achievement/fulfillment of these ambitious objectives will fur-
ther establish Oman’s position as a major global centre for sustainable energy gen-
eration and produce green hydrogen, therefore significantly contributing to its
goal of becoming a zero-emission country and a sustainable economy [11].

The integration of renewable energy sources into the electrical grid is currently
challenging. The technologies associated with the generation of power through
Wind, Water and Solar must be integrated with a price point that allows for a
zero-sum game between cost and demand response of different energy sectors
(transportation, heating and cooling). By optimizing the different storage meth-

ods available for renewable energy, by utilizing the storage option that is most cost
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effective and responsive to the highest demand, a system can be developed
whereby a portion of the renewably-generated energy is converted into hydrogen.
With water and solar resources from 145 different nations, there exists a viable
option of being able to transition to a 100% renewable resource base, since the
abundance of these two resources will provide opportunities for significant de-
creases in energy pricing, decreases in greenhouse gases and increases in the over-
all efficiency of energy delivery. As the world transitions away from fossil fuels to
renewable energy sources, there is a need for both high-capacity storage units that
will allow power generated through renewable energy to be available for use when
it is most expensive to produce, and also means of transitioning from internal
combustion engine vehicles to electric vehicles to help reduce greenhouse gas
emissions from the transportation sector [12].

While Oman already has a competitive advantage of utilising renewable energy
for commercial purposes, including solar and wind power, the country has large
potential in the future to create jobs in these sectors due to the likely increasing
costs associated with these technologies. As Oman’s use of these technologies pro-
gresses, the need for a higher skill level of employment related to the manufacture
of these technologies will also increase. The expansion and diversification of both
the economy and energy sources, both of which are key goals of Oman Vision
2020. Through establishing a centre of excellence in this energy field, Oman will
develop into a leader in this sector by establishing a robust capability to demon-
strate and monitor these technologies for technology manufacturers and help de-
velop future relevant technologies [13].

Jordan:

Due to globalization of the economy and rising quality of life; energy security
has become an extreme priority for government administrators throughout the
globe. Jordan is experiencing a particularly challenging time in this area, due to
the lack of natural resources in the country and the impact of regional instability
on the availability of energy resources. Based on desk research and expert inter-
views, this report outlines the current state of the Jordanian Energy Sector, iden-
tifies the major obstacles to achieving energy independence for Jordan, and dis-
cusses the anticipated future direction of the Energy Sector in Jordan. The find-
ings of this report will contribute to the ongoing discourse regarding Jordan’s
ability to achieve environmental, economic, social, and political sustainability
of the Jordanian energy sector. The historical correlation between Jordanian En-
ergy Security and its relationships with its immediate neighbours has made Jor-
dan’s energy security vulnerable to external forces, including external political
events [14].

Egypt.

The demand for electricity in Egypt is growing rapidly as Egypt’s population
exceeds 100 million people. The increase in Egypt’s energy demand occurs due to
the increase in Egypt’s number of people living there (Population Growth) and

the expansion of the Industrial Sector (Development). Due to Increased Energy
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Demand in both areas, the need for alternatives to conventional energy sources

will have to be considered to prevent an energy crisis. Therefore, the Egyptian

Government has initiated a process of exploring renewable sources of Energy, in-

cluding Wind and Solar, which have already provided some of its required amount

of Renewable Energy. Additionally, Egypt’s Government has recently moved to-

wards Nuclear Power [15].

In its 2016 Integrated Sustainable Energy Strategy, Egypt set targets of 20% RE
in the electricity generation mix by 2022 and 42% by 2035. However, the actual
amount of installed RE capacity (6.3 GW) is only approximately 11% of Egypt’s
total electricity generation capacity (59 GW), and the amount of energy generated
from RE sources (24 TWh) is only about 12% of Egypt’s total energy production
(200 TWh). Egypt currently has 4 - 5 years remaining before it will need to achieve
the target of 42% RE in the total electricity generation mix (63 GW). Thus, Egypt
needs to increase its RE capacity from 6.3 GW to at least 63 GW, averaging 4 - 5
GW of additional RE capacity each year from now until 2035. Since Egypt’s total
hydropower energy generation capacity is currently fully utilized (approximately
2.8 GW), the combined generating capacity of solar and wind sources (approxi-
mately 3.5 GW) represents the total amount of NEW RE generation that can be
developed for immediate use prior to 2035. Challenges to achieving RE target in
Egypt include [16]:
¢ High capital costs of renewables—Slow increase in the demand due to energy

efficiency and COVID-19, combined with presence of surplus generating ca-
pacities.

e Recent natural gas discoveries will lead to increased dependence on domestic,
relatively cheap natural gas—Agreements to build nuclear power plants will
decelerate RE.

e The share of hydropower energy will decline during the filling of the Ethiopian
Dam Opportunities for boosting.

RE in Egypt include [16]:
¢ Abundance of land, sunny weather and high wind speeds, with published solar

and wind atlases.

e Egypt’s environmental commitments to sustainable future—Initiatives of
green hydrogen resulting from water electrolysis by RE.

o Introducing electric mobility and the need to charge it from RE—New policies
and regulations that support the deployment of RE.

In conclusion, Egypt’s energy strategy should be revised, updated, and SMART
action plans should be applied. Several recommendations for mass deployment of
RE in Egypt are presented.

Iraq:

According to Al-Ghabera and colleagues [17], renewable energy is a viable ap-
proach to addressing the infrastructure challenges that follow a period of conflict
in Iraq, with evidence suggesting that areas such as Basra’s solar resources (5.5

kW/m?/day) and Erbil/Sulaimaniyah’s wind energy potential. The research high-
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lights the need for considerable attention to be paid to addressing several barriers
impeding success: ie., lack of technical expertise, insufficient resources, and lim-
ited availability of trained personnel. Recognizing the overall multitude of barriers
to the transition to renewable energy system, the authors conclude by stating that
while Iraq faces numerous barriers, with appropriate policy development, finan-
cial incentives, and collaboration with the international community, the potential
to utilize renewable energy sources can be completely realised. Additionally, the
comparison of countries like Morocco and Tunisia demonstrates that while Iraq
has some very specific barriers, the successful implementation of renewable en-
ergy in other nations with similar demographic and economic characteristics
serves to establish a clear path for Iraq’s development of renewable energy infra-
structure. Many of these countries have undergone substantial transformation
through policy changes, workforce training, and financial incentives, which are
examples that Iraq may wish to adopt to aid in overcoming its energy infrastruc-
ture challenges. Moreover, cultural and economic contexts should be considered
for successful implementation. The study finds that a comprehensive and inclu-
sive national strategy is crucial for incorporating renewable energy into Iraq’s en-
ergy ecosystem. Additional research is recommended to evaluate project-specific
viability, policy frameworks, and the effects of global collaboration on speeding
up Iraq’s shift to renewable energy [18].

Iram:

Iran has a lot of potential in terms of the use of renewable energy. Iran has
access to a variety of abundant natural resources to help develop renewable energy
in Iran, including solar, hydro and biomass resources from agricultural waste and
municipal waste. Therefore, renewable energy represents a viable solution for re-
ducing dependence on fossil fuels, enhancing energy security, and promoting
long-term sustainability. Furthermore, the Iranian government’s efforts to diver-
sify energy sources and increase the use of renewable energy, as well as the geo-
graphical characteristics of Iran, provide a strong basis for developing new renew-
able technologies and creating additional electric generation capacity from renew-
able sources. In addition, there is a positive relationship between economic growth
and energy consumption, so the investment in renewable energy will help meet
both the goals of improving environmental performance and enhancing economic
growth. Iran has many challenges that will make it difficult for it to take advantage
of its potential regards renewable energy sources. Even after all of the policy initi-
atives, only a very small percentage of total energy consumed in the country comes
from renewables while the remainder will be fossil fuel related. This is the result
of restrictions on building out the necessary related infrastructure, restrictions on
dissemination of technology, and limitations on the rate of technology adoption.
Iran’s continued reliance on fossil fuels for internal use and exports causes the
economy and policymaking to be affected by the continuation of that reliance.
Iran’s problems of reducing air pollution, climate change, and protecting its en-

ergy security are all problematic as they add to the complexity of transitioning to
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a low-carbon energy system [19].

Tiirkiye:

Tiirkiye has pledged to achieve net-carbon free emissions by 2053 but maintains
a considerable dependence on imported fossil fuels, which constitute over seven
percent of its total energy consumption. The energy section is Tiirkiye’s greatest
contributor to national carbon dioxide emissions, providing approximately sev-
enty-two percent of the country’s total emissions during 2022. Renewables ac-
counted for fifty-nine percent of installed capacity in 2024 by category of energy
source and supplied forty-six percent of the nation’s electricity. Tiirkiye has an
estimated 380 trillion watt-hours potential for solar generation yet produces only
25 trillion watt-hours. Tiirkiye has installed only 13 GW of approximately 48 GW
capacity for wind generation. The capacity installed for geothermal generation is
only 4.5 GWe, and it utilises only 38 percent of the available capacity for geother-
mal resources. Since 2010, several hydropower reservoirs have declined in level
due to climate change and over-extraction. For example, Gediz Basin has had a
decline of 45 percent of its storage since 2010. As a result of these trends, the avail-
ability of water for hydropower generation in areas where water reliability has de-
creased has been adversely affected by climate variability and overuse. Addition-
ally, geographical mismatches between demand and supply for energy means that
most energy demand centers in Tiirkiye are located in the industrial northwest part
of the country, whereas the best locations for generating energy from renewable
sources (particularly hydropower) are located in remote areas of the country. This
geographical separation requires considerable infrastructure investment [20].

Morocco:

Morocco has experienced a rapid growth in its Power Sector as evidenced by
rising electricity consumption levels, a continued reliance on imported sources of
energy, and a primary generation mix using fossil fuels. In 2022, over 43 TWh of
electricity were generated by Morocco; however, due to inefficiencies in storage
and distribution, only approximately 38 TWh were made available for final con-
sumption. Another behaviour related to Morocco’s energy sector is that approxi-
mately 83% of electricity produced in Morocco comes from fossil fuels and is re-
sponsible for approximately 48% of total GHG emissions from Morocco’s energy
sector. Morocco, guided by the international commitment to effectuate decarbon-
ization on a national basis, has created a very stringent goal to reach a significant
portion of its total energy needs through the use of renewable energy. Under
Conv. 51 Program, Morocco’s goal is to achieve a minimum of 52% of the elec-
tricity mix coming from renewable sources by 2030 and a minimum of 70% by
2050.

We will systematically assess the renewable energy sector in Morocco using the
PRISMA methodology, which includes a thorough review of 1328 published
works sourced through Scopus, Web of Science, and Google Scholar. The review
found that as of November 2021, Morocco has completed the construction and
installation of over 5.0 GWh of solar power (1.6 GWh = 4.14 TWh/year), over 4.0
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GWh of wind power (1.28 GWh = 4.29 TWh/year), and approximately 2.5 GWh
of hydropower (1.1 GWh = 1.70 TWh/year). Improvement in solar energy gener-
ation is expected to be at least 28% better than it currently is by 2050, for wind
energy at least 55% better than it currently is, and for hydropower generators will
be about 90% - 94% more efficient. The major contributing factors to the cost
reductions in the solar, wind, and hydropower industry are expected to drop to
$37, $41, and $26, respectively. The development of an integrated energy sector
has produced emissions reductions of approximately 41 Mt-CO,e, and renewable
energy systems have already produced approximately 125 MW of solar-powered
irrigation, approximately 480 MW of industrial-grade electric power, and about
91 MW of electric vehicles. Although Morocco’s existing regulatory framework,
primarily composed of Laws 57-09, 37-16, 13-09, and 48-15, enabled the develop-
ment of renewable energy systems, the institutional structure’s effectiveness needs
to be improved and private investments of $1-2 billion are required [21].

Lebanon:

Lebanon faces a persistent energy crisis, characterized by chronic electricity
shortages and an over-reliance on polluting self-generation methods, particularly
in urban areas like Beirut. Despite a lack of sufficient political support, the use of
solar energy has increased significantly since 2020. This rise is primarily attributed
to widespread distrust of the state-owned electricity company and the govern-
ment, decreasing costs, and growing public awareness of the risks of pollution and
health. These studies propose simplifying import procedures and exempting solar
panels and their accessories from customs duties and value-added tax. This initi-
ative aims to encourage the adoption of renewable energy solutions, reduce pol-
lution, alleviate the electricity supply crisis, and thus contribute to building a more
sustainable and resilient energy future for Lebanon. By implementing these measures,
Lebanon can promote a comprehensive and equitable energy transition, improve
the quality of life for its citizens, and reduce the environmental impact of its en-
ergy consumption [22].

Yemen:

The National Renewable Energy and Energy Efficiency Strategy of Yemen is the
main guide for developing renewable energy in Yemen. This strategy has set high
targets for enlarging and improving the energy mix of Yemen, including reaching
15% of the energy mix as renewable energy by 2025, providing solar electricity to
rural regions, and enhancing the entire electric power system’s efficiency. Unfor-
tunately, as a result of ongoing conflict and the fragmentation of institutions, the
Yemen Renewable Energy and Energy Efficiency Strategy is now outdated and
missing its means of implementation. Although the future of renewable energy in
Yemen looks promising, it heavily relies on the support of policies, institutions,
and financing. Therefore, the future of photovoltaic electricity in Yemen can be a
major success if the necessary financing and institutional stability exist along with
the implementation of policies that are adaptive. A phased approach to establish-

ing supportive policies, instituting networks for both support and funding, pilot-
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ing and scaling up successful models, and incorporating resilience into national
recovery efforts will yield a much stronger and brighter future for photovoltaic
electricity in Yemen [23].

As per research Yemen is capable of using renewable energy as clean energy
and for other energy needs. Fossil fuels can yield much manipulation and creating
bigger advantages than heating and lighting. Even with Yemen having a large
crude supplier and discovering and creating new oil resources, Yemen’s ad-
vantages to pursue renewable and sustainable energy sources is sufficient to make
it an attractive form of energy. Due to the current conflict, skyrocketing gas prices
have had a tremendous effect on food prices and other macroeconomic factors,
the government must begin to address some of these attempts to ease public frus-
tration. While it is necessary for the Yemeni government to commit to CO; re-
duction as part of international climate agreements like the Kyoto and Paris
Agreements, it must also make a commitment to the establishment of clean energy
infrastructure in Yemen. Yemen’s future vitality regarding renewables and renew-
able energy will greatly vary depending on the efficiency of its government. Cer-
tain strategies might seem to have been more successful for some people than for
others depending on where they live (e.g., some people have benefited from solar
panels in isolated areas). Still, the majority of people do not see any practical ben-
efits from these approaches. In fact, at present, renewable energy technologies are
neither practical nor significant components of Yemen’s energy supply. Moreo-
ver, we also are witnessing similar trends in countries with substantial energy re-
sources (e.g., Saudi Arabia). Yemen’s major barriers to successful renewable en-
ergy development include a lack of effective, well-established government policies
that support the growth of the renewable energy sector, an ongoing presence of
international trade embargoes against Yemen, and low levels of public awareness
[24].

3.2. Opportunities and Challenges

The challenges associated with developing renewable energy sources include fi-
nancial and technical issues as well as limited market penetration. The installation
of renewable technologies; operation and maintenance of these technologies; and
training employees to operate, maintain, and utilize these technologies, are signif-
icantly more costly than conventional energy sources. Together these factors re-
sulted in the fact that worldwide, only 12% of all energy consumed was derived
from renewable sources in 2017, while only 9% of the energy consumed in the
United States was renewable in that same year. The efficiency of photovoltaic sys-
tems decreases as surrounding temperatures rise, and dust impacts the efficiency
of Inverter systems found in many Concentrated Solar Power (CSP) plants. These
problems may be resolved by implementing cooling and cleaning systems to sup-
port PV and CSP projects, respectively. These issues aside, there are several hur-
dles for the development of renewable energy, including: Technical Challenges;

High Initial Investment; Low Efficiency; and Lack of Access to Financial Capital.
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However, Supporting Investments in Renewable Energy Projects creates many
new job opportunities within Communities and increases activity within Local
Economies. In addition, by investing in Renewable Energy, we can, at a minimum,
partially reduce our Pollution Footprint and Improve Environmental Quality [5].

Over half of the world’s fossil fuel reserves are located in the Middle East, which
meets approximately 31% of the world’s oil needs and 18% of the world’s natural
gas needs (68,410). In addition, the Middle East is situated at a geographic cross-
roads between Europe, Asia, and Africa; thus providing a prime location provid-
ing fossil fuel supplies to other parts of the world. Recently some Middle Eastern
nations have begun moving away from their dependence on crude oil and natural
gas to export for the purposes of becoming economically diversified, with meth-
ods to secure their future sustainable development through the development and
utilization of renewable energy sources. Renewable energy sources provide a via-
ble means of satisfying the energy needs of various Middle Eastern nations while
allowing them to decrease their overall dependency on fossil fuels. Solar energy is
viewed as the best option for future development of renewable energy sources
within the Middle East because of its potential to satisfy the energy needs of the
region’s nations. As of 2021, the total installed capacity of solar power in the Mid-
dle East was approximately 8.4GW (approximately 8.5 times greater than the 2015
installed capacity). By 2030 it is predicted that 92% of the projected renewable
energy installations of the Middle East will be completed, with most of the instal-
lations focused upon solar and wind, thus providing an estimated increase of
200% of installed capacity by 2030 [25].

A large number of obstacles to the development of renewable energy produc-
tion in the ME exist due to both political and economic factors. The primary eco-
nomic challenge of developing renewable energy production in the ME is the sig-
nificantly lower cost of fossil fuels versus renewable energy sources. To meet the
price disparity, coherent development plans for renewable energy production, as
well as educating the public on renewable energy sources, are recommended in
order to reduce the costs associated with renewable energy in the ME. The most
complete and coherent renewable energy development plans in the UAE and
Saudi Arabia have been implemented. A similar constraint in the development of
renewable energy sources in part results from the political instability and/or con-
flicts of some ME nations. The challenges being encountered with the develop-
ment and harvesting of renewable energy in the ME, along with recommendations
on how to circumvent these problems, can be found in Table 1. Some countries
such as Iraq and Iran were unable to achieve a consistent increase in their renew-
able energy contributions to total energy consumption from 1990-2020, due to a
variety of technology-based (technical) and social (non-technical) difficulties en-
countered while trying to develop renewable energy systems. The specific prob-
lems included a dearth of advanced infrastructure, difficulties integrating other
power systems into the existing electrical grids, and instability in the region, as

well as the existence of inconsistent government policies regarding renewable en-
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ergy development. Conversely, countries using renewable energy have shown sig-

nificant annual growth of varying rates during the same time period [26].

Table 1. The main challenges of renewable energy development and production in the
Middle East and some proposed solutions [26].

Challenge Proposed solution

* Localization/domestication of knowledge associated
with development and harvesting of renewable energy
High production cost in the fields of process design, equipment, simulation,
compared to fossil fuels and optimization.
* Revising the current production techniques and
improving them toward new strategies.

* Forming an expert committee to review and establish

applicable policies in each country.

Lack of precise and reliable S . .

.. Prioritizing the design and developing

framework/policies for R

. . framework/policies in each country.
developing renewable energies

* Using the experience of developed countries in

designing new policies.

Disinclination and reluctance . . . . .
. L * Offering constant tariffs for national and international
of investors for activity in the .
investors.

renewable energy area

4. Discussion

From the comparative findings, it is evident that the development of renewable
energy in the Middle East is influenced by not only the economic structures of the
individual nations but also by regional-level factors that are subject to different
levels of institutionalization and policy coherence. As the preceding sections have
highlighted the individual country-level findings, the following discussion aims to
present a synthesized view of the structural dynamics that either drive or hinder
the attainment of the United Nations’ Sustainable Development Goals (SDGs).
One of the most significant cross-cutting technological challenges identified in
the region involves the effects of extreme weather, dust, and arid weather condi-
tions on solar photovoltaic (PV) efficiency. This challenge was specifically identi-
fied in the Saudi Arabian context [5] but is more generally applicable across the
region as a whole. The effects of dust storms, in particular, have significant impli-
cations for the cost of maintenance as well as the quantity of water used to clean
solar panels. Nevertheless, the strategies employed to address this challenge vary
significantly across the region in line with differences in research, development,
and financial capacity. For instance, hydrocarbon-rich Gulf Cooperation Council
(GCC) states such as Saudi Arabia and Qatar have the financial capacity to invest
in cooling systems as well as innovation ecosystems that are specifically linked to
their broader national agendas of economic diversification. The innovation strat-
egy in Qatar, for instance, specifically reflects the capacity of the government to
link its energy transition strategy with research funding [8]. The investment in

green hydrogen solutions in Oman [11], on the other hand, specifically reflects
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the capacity of the government to link the intermittency of solar power with en-
ergy storage solutions.

On the contrary, in conflict-affected countries such as Iraq and Yemen, the cli-
matic conditions are the same, but they do not have the institutional and financial
means to respond to these conditions technologically. Research done in Iraq [17]
[18] indicates that the solar potential in these countries is good, but there is a lack
of technological know-how. In Yemen, the expansion of renewable energy is frag-
mented owing to institutional instability and outdated strategies [23]. The com-
mon climatic condition in these countries, ie., hot weather and dust, thus be-
comes a distinguishing factor.

Another cross-cutting theme is that of grid integration and storage limitations.
All countries, namely Kuwait, Tiirkiye, Egypt, and Oman, face technical issues of
mismatches between renewable resources and peak demand structures. For Ku-
wait, renewable resources require matching peak summer demand for cooling [8].
Tiirkiye has geographical mismatches in renewable resources and industrial de-
mand [20]. Egypt has an abundance of surplus renewable capacity, which is being
offset by natural gas discoveries [16]. All of this shows that renewable resources
are not limited by scarcity of resources but by matching their capacity to existing
infrastructure.

A third cross-country linkage is that of economic diversification incentives. For
hydrocarbon-exporting countries like Saudi Arabia and Qatar, renewable energy
is seen as a means to an end for long-term economic restructuring and post-oil
visions. The economic gains that Saudi Arabia is likely to make from renewable
investments, as reflected by their GDP and employment projections [5], are an
example of how this country is working towards achieving SDG 8 on decent work
and economic growth. For countries that import hydrocarbons, such as Jordan
and Morocco, renewable energy is more likely to be seen as an energy security
policy. For instance, Morocco is an example of how a stable regulatory framework
can be used to support scaling, even when it is a fossil fuel-dependent country
[21].

Lastly, governance capacity consistently mediates outcomes in all country groups.
Lebanon’s solar expansion post-2020, which was mainly driven by citizenry dis-
trust of the state’s utilities [22], stands in sharp contrast to the centralized strategic
planning model of Qatar. Iraq and Yemen also underscore the limitations of in-
stitutional strength in leveraging resource potential. Meanwhile, Morocco and
Oman underscore the impact of relatively coherent regulatory systems in attract-
ing private sector investment in renewable energy development in the face of
structural constraints.

In terms of regional-level findings, International Energy Agency and World
Bank reports cite the paradox of the Middle East boasting some of the world’s
most favorable solar irradiance conditions but also boasting relatively low pene-
tration of renewable energy. The above comparative study’s findings underscore,

however, that the paradox is not technological in nature. The region’s shared tech-
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nical challenges of heat, dust, and intermittency with grid management can all be
addressed. The question, however, remains to what extent these factors can be
addressed.

On the whole, the cases provide support for the central argument that the tran-
sition to renewable energy sources in the Middle East is influenced by an interplay
of three layers: 1) shared environmental and technological conditions, 2) eco-
nomic conditions and incentives for diversification, and 3) institutional condi-
tions and stability. Countries with financial, policy, and innovation capacities can
capitalize on shared environmental challenges as opportunities for technological
advancement, while those with fragmented governance structures and unstable
politics cannot capitalize on their abundant renewable energy resources.

On the whole, the inter-case findings provide additional robustness to the over-
arching argument that renewable energy transitions in the Middle Eastern region
can be explained by the three-tiered interplay between shared environmental/tech-
nological factors, economic factors/economic diversification needs, and institu-
tional factors/institutional stability. Countries with economic capabilities, along
with appropriate institutional mechanisms, can successfully transform shared en-
vironmental challenges into opportunities for technological advancements. Coun-
tries with institutional fragmentation and political volatility, however, continue to
underutilize their renewable wealth.

Therefore, in the Middle Eastern region, the renewable energy transition is not
just a matter of capital investments but also of R&D efforts geared toward desert
conditions, institutional strengthening, and knowledge-sharing between regions.
Learning between countries, especially in the domains of regulatory mechanisms
in Morocco and system planning in Oman, can go a long way in addressing com-
mon challenges faced in the region, such as dust management, storage develop-
ment, and climate resilience, in the quest for inclusive development in line with
the SDGs.

5. Results

Analysis of renewable energy opportunity for Middle Eastern countries differ ac-
cording to factors of country economic structure, and political stability. Gulf
countries (Ze., Saudi Arabia, Qatar, & Oman) with a high level of resources avail-
able to them, and who are relatively politically stable, are positioned to have
greater success investing in renewable energy (the finance available supports the de-
velopment), whereas countries impacted by conflict/insecurity/governance (e,
Iraq, Yemen, Lebanon) have significant solar/wind potential, but do not appear to
be able to translate that into successful outcomes. Countries facing political insta-
bility, lack of confidence in institutions, limited access to finance are typically not
able to leverage their renewable energy potential to develop the renewable energy
sector as a means to diversify the economy or create jobs.

A second key finding is that ambitious targets alone do not guarantee effective

implementation. Countries, like Egypt, Tiirkiye and Jordan, share similar experi-
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ences where there is a significant gap between their ambitious goals outlined in
government policies and the actual progress made toward those goals. Although
they have good planning with regard to renewables, they still face significant hur-
dles to overcome. These hurdles include high costs of renewable technologies, lim-
itations in the grid to accommodate more renewables, current capacity from fossil
fuels being underutilised, and the economic incentive for a large majority of the
population not to invest in renewables because abundant amounts of fossil fuel
remain on the market at very low prices. Morocco demonstrates a way to mitigate
many of these same hurdles through a consistent regulatory framework, long-
term planning and engagement of the private sector. This comparison highlights
that the quality of governance, clarity of regulatory framework, and availability of
the physical infrastructure needed to support renewable energy development are
as important as the physical availability of renewable energy resources in deter-
mining success.

The results reveal that shared regional challenges exist alongside differentiated
national opportunities. High upfront investment costs, grid integration and en-
ergy storage limitations, as well as environmental impacts (e.g., heat and dust),
restrict the growth of renewable energy across all participating countries; how-
ever, there are differing opportunities for different groups of countries: Gulf states
have the opportunity to use renewable energy for a post-oil economic transfor-
mation; energy importing nations (Ze., Jordan) can strengthen their energy secu-
rity; and fragile countries can use decentralized, solar-based systems to increase
resilience and access. Overall, this study provides evidence that a one-size-fits-all
approach to renewable energy in the Middle East is not effective; therefore, re-
newable energy strategies in the Middle East need to be developed based on the
specific economic structure, institutional capacity, and socio-political context of
each nation in order to take advantage of the opportunities available and address

the challenges faced.

6. Recommendation

The findings of this study indicate that the countries of the Middle-East will ben-
efit from adopting renewable energy strategies, which are inclusive of all of the
country specific characteristics, instead of taking a “one size fits all” regional ap-
proach. In doing so, Middle Eastern Governments should work towards ensuring
consistency between their renewable energy policies and their existing oil and gas
sector policies. In addition, they should put in place a consistent regulatory frame-
work for the renewable energy sector, as well as establish long-term plans for the
development of renewables in their countries to provide certainty to potential in-
vestors and speed up their country’s implementation of renewable energy sources.
Governments of hydrocarbon rich countries should have a stronger link between
their renewable energy policies and the development of economies to diversify
away from reliance on oil and gas, as well as create opportunities for local manu-

facturing and workforce development.
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Governments in energy importing countries and low and middle income coun-
tries should work to upgrade their grid infrastructure, develop more advanced
energy storage systems, and improve energy efficiency in order to meet their re-
newable energy goals. In fragile and conflict affected countries, the focus should
be on deploying decentralised and off-grid renewable systems, which will require
the support of the international community in the areas of funding, capacity
building, and regulatory reform. Finally, many of the technology related costs as-
sociated with climate conditions will require more investments in research and
development, regional cooperation to share knowledge, and partnerships between
the public and private sectors in order to reduce costs and support renewable en-

ergy solutions linked to the goals of sustainable development.

7. Conclusion

In conclusion, this research illustrates that there are significant disparities be-
tween countries throughout the Middle East in their ability to transition to renew-
able energy sources and achieve sustainable development goals. While the region
possesses substantial quantities of renewable resources, particularly solar and wind,
a comparative analysis shows that only in countries where there is political stabil-
ity, institutional capability, and coherent policy frameworks, are there opportuni-
ties for maximum utilization of these resources. In the Gulf States, the economies
of these countries are better equipped to take advantage of renewables to support
economic diversification. In contrast, middle-income and energy-importing na-
tions have barriers, including the lack of infrastructure required to implement re-
newables, while fragile states continue to experience challenges to effective gov-
ernance and access to financing. Therefore, these results emphasize that the chal-
lenges associated with renewable energy in the region are not merely technical,
but rather are multi-faceted issues related to development. Ultimately, the degree
of success achieved in this energy transition will depend upon the extent to which
each country aligns its renewable energy initiatives with its existing economic sys-
tem, the extent to which the state is capable of governing itself effectively, and its
long-term development objectives, thereby ensuring that the transition to cleaner
energy provides a meaningful contribution to the promotion of sustainable and

inclusive growth.
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