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Abstract:

This study examines the evolving hydrogen sector in Arab countries
within the context of energy transition strategies, emphasizing the interplay
with the natural gas industry. It analyzes current developments, futurs
prospects, and recent policy decisions regarding sustainable hydrogen
production. Additionally, it highlights the potential synergies between
natural gas and hydrogen, leveraging existing infrastructure and expertise.
The study underscores the pivotal role of both hydrogen and natural gas in
diversifying energy sources, addressing environmental challenges, and
fostering economic growth through export opportunities, aligning with the
Sustainable Development Plan for 2030.

Keywords :Renewable energy, Natural Gas, Hydrogen, Energy transition,
Arab countries
Jel Classification Codes :Q43; Q48

Abstract in Arabic:

Leald celly 1) AilaYl alaivedl) Cpm g saed) Ul Adleiall 3 5aY) dulud) il ) 8 5 Al
Al e 3ol 5 s puedl s (erakall ) Al 5l Aa gl e ¢ gl Ll
omshall s s pael) e JSU (g small sall e Al 5l S5 Al 5 el s Aiatl
o b A (e oY) el 33ads il Clasill dgal gy Al jalias aygi
2030 alad daltivsal) dpaiil) Ao e lay Loy gy padl Jsall jpaiaill
A all Jsall e sl Jgatl cm g sl ¢ ganlall Slall caaaaviall 48U ;A alida cilals
Q43 ; Q48 :JEL sl

Introduction:
The economy of the Arab region heavily relies on fossil fuels as a source of
energy, raw materials, economic growth, and export revenues. This situation
not only has direct negative impacts on the climate but also poses a serious
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threat to the region's economy. Therefore, addressing environmental and
economic vulnerabilities is imperative, as the situation will worsen without
swift measures towards energy transition.

Diversifying the energy mix is a key aspect of energy transition. In addition
to accelerating the adoption of renewable energy and electrification in
relevant sectors, exploring alternative energy sources, including hydrogen
production, usage, and exportation, is necessary to ensure a fair and
sustainable transition in the energy sector.

Hydrogen can play an effective role in the energy transition process within
the framework of international efforts to reduce greenhouse gas emissions,
improve air quality, and create a low-carbon energy future leading to carbon
neutrality. Hydrogen is a safe and clean energy source that does not produce
any carbon dioxide emissions when combusted. Moreover, it is versatile,
applicable in fuel cells for vehicles, as a heat source in residential sectors, or
as a raw material in the industrial sector.

Developing and utilizing low-carbon hydrogen, whether blue or green, in
the Arab region can play a significant role as part of a suite of clean energy
solutions. It can leverage the region's natural gas resources and expanding
renewable energy potentials. In the long term, transitioning to a hydrogen
economy can ensure that Arab countries do not excessively rely on a few
selected energy sources, thus making them more resilient and less
vulnerable to supply shocks in the energy sector.

Hence, this paper seeks to address the following questions:

- What is the significance and role of hydrogen within energy transition
strategies and future renewable energy mix in Arab countries?

In exploring the significance and role of hydrogen within energy transition
strategies in Arab countries, several key sub-questions arise:

1. What are the current initiatives and policies regarding hydrogen adoption
and integration into energy transition strategies in Arab countries?

2. How can Arab countries leverage their existing natural gas resources and
renewable energy potentials to develop and utilize low-carbon hydrogen
(both blue and green) effectively?

3. What are the economic, environmental, and geopolitical implications of
transitioning towards a hydrogen economy in Arab countries, and how can
potential challenges be mitigated?

Based on the examination of energy transition strategies in Arab countries,
the following hypothesis is proposed:
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- Arab countries can leverage natural gas and renewables to produce
low-carbon hydrogen, fostering energy diversification and economic
growth

Research Methodology:

This study employs a combination of qualitative and quantitative research
methods to investigate the integration of hydrogen into energy transition
strategies in Arab countries. Qualitative analysis involves reviewing policy
documents, governmental initiatives, and expert opinions to understand the
regulatory landscape and identify key challenges and opportunities.
Quantitative analysis includes data collection on energy consumption,
production, and emissions to assess the potential impact of hydrogen
adoption. Additionally, case studies and comparative analysis will be
utilized to provide insights into successful hydrogen implementation
strategies from other regions.

Literature Review:

Several studies highlight the potential of hydrogen as a game-changer in
Arab countries' energy transition. Jacobson et al. (2017) emphasize the
crucial role of renewable energy, including hydrogen, in mitigating global
warming. Their research underscores the synergistic effects of integrated
systems incorporating hydrogen for a sustainable future. Similarly, a study
by Al-Saidi et al. (2023) explores the nexus between renewable energy and
carbon emissions, specifically focusing on the significance of hydrogen
energy. They conclude that green hydrogen production using renewable
sources can significantly contribute to achieving Goal 7 of the UN's
Sustainable Development Goals — affordable and clean energy.

However, challenges remain, as highlighted by various researchers. The
high cost of green hydrogen production compared to traditional fuels is a
major concern, as emphasized by Fattoum et al. (2023) in their study on the
prospect of green hydrogen in Saudi Arabia. Additionally, extensive
infrastructure development is required for storage, transportation, and
utilization, as identified by The International Renewable Energy Agency
(IRENA) in their 2021 report on green hydrogen.

Also, structural adjustments in key sectors of the economy are necessary to
create the appropriate conditions for hydrogen to play its role as the energy
of the future, as Bravo Melgarejo. S (2021) demonstrates in his stady on the
role of hydrogen in the energy transition through challenges related to
hydrogen's deployment in the transport sector and the use of hydrogen-
based storage in the electricity market.

Natural gas, though not a zero-carbon solution, presents potential benefits as
a transition fuel. The Oxford Institute for Energy Studies (2021)
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acknowledges its cleaner emissions compared to coal and oil, making it a
preferable option during the initial stages of energy transition. However,
they also emphasize the importance of carbon capture and storage
technologies to mitigate the environmental impact of natural gas throughout
its lifecycle.

1.Hydrogen production, transportation, and storage are not novel
endeavors;

Indeed, significant quantities of hydrogen have been produced and utilized
for decades, primarily serving as a raw material in industries such as
ammonia and methanol production. However, the increasing global
momentum arises from a recontextualization of hydrogen as a clean energy
source upon which future energy systems are predicated. Notably, hydrogen
combustion yields no carbon dioxide emissions, thereby holding promise for
realizing a global carbon-neutral economy.

1.1 Hydrogen Production:

Pure hydrogen can be produced through various methods, although natural
hydrogen extraction sites, both terrestrial and marine, remain limited.
Currently, natural hydrogen is only extracted at a single location, the
Borakibougou Basin in Mali, West Africa, where the Canadian company
Hydroma operates a pilot project. Globally, all consumed hydrogen is
presently produced utilizing sophisticated technological processes (KETI,
2020).

While hydrogen holds immense promise as a clean energy carrier in the
Arab world's energy transition, significant challenges remain. According to
the International Renewable Energy Agency (IRENA), global hydrogen
production in 2022 stood at around 75 million tonnes per year (MtH2/yr) as
pure hydrogen and an additional 45 MtH2/yr as part of a mix of gases. This
translate to approximately 3% of global final energy demand, equivalent to
the annual energy consumption of Germany. Notably, around 70% of the
energy required for dedicated hydrogen production in 2022 still relied on
natural gas, with coal also contributing significantly, particularly in China,
which alone accounted for 90% of global coal consumption for hydrogen
productionb(IRENA, 2023). As emphasized by Fattoum et al. (2023), the
high cost of green hydrogen production compared to traditional fuels
remains a significant hurdle. Additionally, extensive infrastructure
development, as identified by IRENA (2021), is required for widespread
adoption.

Natural gas, although not a perfect solution, offers potential as a bridge fuel.
The Oxford Institute for Energy Studies (2021) acknowledges its cleaner
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emissions compared to coal and oil, but stresses the importance of carbon
capture and storage technologies, currently limited to a small fraction of
global hydrogen production, to mitigate its environmental impact.

A nuanced approach that acknowledges the potential and limitations of both
hydrogen and natural gas is crucial. While studies by Jacobson et al. (2017)
and Al-Saidi et al. (2023) highlight the promise of green hydrogen for
decarbonization and achieving sustainable development goals, overcoming
cost and infrastructure hurdles remains essential. Arab nations like the UAE
and Saudi Arabia, demonstrating leadership with ambitious green hydrogen
plans, showcase the potential for a clean energy future. Ultimately, a
balanced strategy that leverages the strengths of both hydrogen and natural
gas, while addressing their limitations and investing in carbon capture
technologies, is likely the key to a successful and sustainable energy
transition in the Arab world.

Dominating the market but contributing to the problem, steam methane
reforming (SMR) currently reigns supreme as the primary method for
hydrogen production. This process, reliant on natural gas and high
temperatures, churns out hydrogen but also generates significant carbon
dioxide emissions. Gasification, another option, utilizes coal or biomass as
feedstocks, further adding to the carbon footprint (Shell, 2017).

Electrolysis, however, offers a glimmer of hope for a cleaner future. This
method employs electricity to split water into hydrogen and oxygen, but its
environmental impact hinges critically on the source of the electricity used.
Unfortunately, as of 2022, only around 1% of global pure hydrogen
production comes from electrolysis powered by renewable energy sources,
highlighting the urgent need for substantial investment in clean energy
infrastructure (IRENA, 2023).

Some of the aforementioned technologies, particularly steam methane
reforming, can be coupled with carbon capture and storage (CCS) or carbon
capture, utilization, and storage (CCUS) facilities. In such cases, the
produced hydrogen is termed "blue hydrogen." Conversely, hydrogen
produced via electrolysis using electricity generated entirely from renewable
energy sources is termed "green hydrogen" and is considered the preferable
option for long-term carbon removal measures.

A number of terminologies are used to categorise hydrogen based on how it
is produced, including sustainable or clean. Even more common is the use
of colours. However, there are no agreed definitions for these terms, and
they can obscure many different levels of potential emissions. These last
estimated per kg of hydrogen produced can vary substantially depending on
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several factors such as the technology used, the source of the electricity used
in the production process and the carbon capture rate (IEA, 2023)

Despite the absence of recognized universal appellations and the fact that
these color definitions may change from one country to another, the
following classifications are generally used to describe the different types of
hydrogen based on the primary energy source used in the production process
(Arcos, J.M.M & Santos, D.M.F, 2023).

Black, brown and grey hydrogen : these three are the most polluting. Grey
hydrogen is the most common form and is generated from natural gas (or
methane) through a process called steam reforming. Grey hydrogen is
generally used in the petrochemical industry and for ammonia production.
GHG emissions of this process remain moderate compared to those of black
or brown hydrogen, the least environmentally friendly hydrogen production
method, using bituminous and lignite coal.

Blue hydrogen : is essentially the same as grey hydrogen, but the carbon
generated from steam reforming is captured and stored underground through
industrial carbon capture and storage (CCS). Therfore this hydrogen is
described as low carbon (80-90% of the generated carbon is captured). Blue
hydrogen is considered an alternative solution during the energy transition,
as it still offers the possibility of consuming fossil fuels, but with a
reduction in the carbon footprint.

Green hydrogen : Green hydrogen called clean hydrogen, renewable
hydrogen or low-carbon hydrogen, is produced through a process called
electrolysis by using clean electricity from surplus renewable energy
sources. Green hydrogen is seen as the best way of harmonizing the
intermittency of renewables. Green hydrogen only represents a small
percentage of the total hydrogen production because of the high costs
involved in its process. However, it has an excellent projection in the
perspective of satisfying net-zero carbon plans.

Turquoise hydrogen : the production of this form of hydrogen is still in the
experimental phase. It refers to a way of creating the element through a
process called methane pyrolysis, which generates solid carbon.

Pink hydrogen : it is created through electrolysis of water powered by
nuclear energy. This energy is also used in other ways to produce purple
(violet) hydrogen and red hydrogen.

Yellow hydrogen : is produced with electrolysis using electricity from the
energy grid. Carbon emissions vary significantly in time, depending on the
grid’s energy sources.
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White hydrogen : White hydrogen or natural hydrogen refers to hydrogen
that occurs naturally underground. Strategies and techniques or exploiting
this hydrogen are still in the development phase.

1.2 Transportation and Storage:

Hydrogen production, transportation, and storage vary from one country to
another in terms of technologies and primary sources utilized in production.
The choice of technology is influenced by cost-related and non-cost-related
factors. With increasing concerns about achieving climate targets by mid-
century and SDG 7 by 2030, particularly in the transportation sector,
technology selection will be significantly influenced by these drivers,
policies, laws, and related systems(Shell, 2017).

Available data suggests that roughly 80% of hydrogen is utilized near its
production sites, with the remaining 20% transported via trucks or pipelines.
However, this is expected to change significantly in the coming decade as
the hydrogen economy globalizes and interregional trade increases(IEA,
2019).

Several methods exist for hydrogen transportation, each with its own
advantages and limitations :

e Pipeline transportation: Blending hydrogen with natural gas in
existing pipelines or utilizing dedicated hydrogen pipelines remains
the most cost-effective option for medium and long distances.

e Liquid hydrogen: While suitable for shipping pure hydrogen, this
method requires significant energy for cryogenic liquefaction and
transportation, impacting overall efficiency.

« Ammonia: Converting hydrogen into ammonia offers a versatile
option for long-distance transportation at ambient temperatures.
However, the conversion and re-gasification processes add
complexity and potential energy losses.

e Liquid organic hydrogen carriers (LOHCs): This emerging
technology utilizes organic liquids that reversibly bind with
hydrogen, enabling easier transportation and storage at ambient
conditions. However, LOHCs are still under development, and their
feasibility requires further evaluation.

Pipelines represent the most cost-effective means for transporting hydrogen
over medium and long distances. Large-scale hydrogen shipments over long
international distances are preferably converted into ammonia or liquid
organic forms. However, the costs associated with conversion and re-
gasification may increase total expenses and compromise energy efficiency.
Hydrogen storage primarily depends on the quantities to be stored, storage
duration, movements within and outside storage, and geological conditions.
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For small quantities stored for short periods, compressed tanks remain the
preferred option, while larger quantities stored for longer durations are best
stored within geological formations. Additionally, aquifers have been
considered a potential storage option, but their suitability has yet to be
confirmed, as they have not been used for pure hydrogen storage before
(IEA, 2019).

1.3 Current Structure of Hydrogen Utilization:

Hydrogen is currently predominantly wused in hydrocarbon and
petrochemical industries, including ammonia production for fertilizers. It is
also utilized in steel manufacturing, particularly for direct reduced iron. In
2021, oil refining and ammonia production accounted for over 80% of the
total global hydrogen utilization.

Fig (1): illustrates the global distribution of major hydrogen utilization
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However, the landscape of hydrogen utilization is undergoing a significant
transformation, extending beyond its traditional applications. One promising
area of growth lies in steel manufacturing. The direct reduced iron (DRI)
process, which utilizes hydrogen, offers a cleaner alternative to traditional
blast furnace methods. Furthermore, hydrogen's potential extends to
hydrogenation processes, where it can be combined with various
feedstocks to create valuable products like synthetic fuels, methanol, and
even ammonia. This opens doors for potential decarbonization in sectors
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like transportation and power generation, offering exciting possibilities for a
cleaner future.
Fig (2): Worldwide Hydrogen Demand Across Sectors from 2019 to 2070
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2.Hydrogen Production, Utilization, and its Alignment with Sustainable
Development Goals

The integration of low-carbon hydrogen into global economies is a crucial
component of sustainable energy solutions and actions required to achieve
carbon neutrality by 2050, a long-term goal adopted by several nations,
organizations, and entities. The United Nations Sustainable Development
Goals (SDGs) framework serves as a basis for identifying and classifying
various sustainable development benefits of low-carbon hydrogen by
examining its interrelation with these goals, as illustrated in Table (1).

Table (1): Low-Carbon Hydrogen and Its Relationship to the
Sustainable Development Goals

Impact of Low-Carbon Hydrogen Sustainable Development Goals

Introduction of clean hydrogen sources, | Goal 3: Ensure healthy lives
especially in hard-to-abate sectors of the | and promote well-being for
economy, has a clear positive impact on the | all at all ages.

health and well-being of local communities.

Developing commercially  viable and | Goal 6: Ensure availability
sustainable sources of additional seawater | and sustainable
desalination ~ capacity  for  hydrogen | management of water and
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production can also provide local

communities with a water supply.

sanitation for all.

Low-carbon hydrogen production and use
offers a new source of clean energy storage
in the long term. The challenge is to increase
low-carbon hydrogen production capacity
over time and create sustainable and
affordable markets for everyone.

Goal 7: Ensure access to
affordable, reliable,
sustainable and modern

energy for all.

Developing a multi-billion dollar low-carbon
industry in potential low-carbon hydrogen
producing and consuming countries will
provide long-term economic growth and job
opportunities.

Goal 8: Promote inclusive
and sustainable economic
growth, full and productive
employment and decent
work for all.

The development of low-carbon hydrogen
allows for innovation along the low-carbon
hydrogen value chain and, in the long term, is
likely to develop a flexible infrastructure for
hydrogen production and consumption.

Goal 9: Industry, Innovation
and Infrastructure.

The long-term use of low-carbon hydrogen in
the transport sector helps to reduce traffic
pollution and improve local environments in
cities and communities.

Goal 11: Make cities and
human settlements
inclusive, safe, resilient and
sustainable.

Low-carbon hydrogen is part of a mix of
clean solutions and measures to address
climate change mitigation, particularly in
hard-to-abate sectors.

Goal 13: Take urgent action
to combat climate change
and its impacts.

Source :(ESCWA, 2022, p. 25)

From the table, we can infer that realizing the full impact of low-carbon
hydrogen is likely to occur over a long period, with its cost expected to
significantly decrease over the coming decades. The contribution of green
hydrogen production will vary from one country to another, not solely due
to limited availability of low-cost renewable energy resources and
associated infrastructure, but also potentially due to the need to prioritize
their use for clean electricity purposes in certain countries. Blue hydrogen
production could serve as a quicker option for reducing greenhouse gas
emissions and supporting long-term expansion of green hydrogen
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production capacity. However, blue hydrogen production pathways are
costly, albeit relatively less expensive than green hydrogen production.
3.National Policies and Strategies in the Hydrogen Sector and its Role
in the Energy Transition

Several countries have expressed interest in hydrogen and the role it can
play in the energy transition process. Some have begun preparing and
developing visions, roadmaps, and strategies to determine the path towards
achieving a hydrogen economy at the national level. These strategies aim to
identify the best paths according to national priorities for providing
hydrogen supplies through either domestic production or imports, and the
applications in which hydrogen can be used. Additionally, some countries
have studied investment opportunities in hydrogen production for export to
potential markets, and have initiated preliminary agreements and
understandings to secure their share in future international hydrogen trade.
The process of developing a national hydrogen strategy involves several
stages, as illustrated in Table 3. Before formulating the strategy in its final
form, it begins with research and development programs to understand the
basic principles of technology and build the necessary knowledge base for
dealing with hydrogen in terms of production and use. Subsequently, it
transitions to the second stage, which is visioning, where the general
framework and guidelines for pilot projects are set, usually formulated in
partnership between governments and the private sector attracted by the
expected growth prospects of hydrogen applications. The third step is the
preparation of a roadmap, which includes a comprehensive plan with
activities required to assess the potential of hydrogen and identify priority
research areas and importante application for the implementation of pilot
projects. With the completion of the aforementioned three stages, the basic
components for formulating the national strategy are ready, which will in
turn establish clear policies and assess their compatibility with current
energy policy

(OAPEC, 2021, pp. 74-75).

In the past few years (starting from 2018), the number of countries
interested in hydrogen and its role in national energy policy has increased.
Some of these countries have announced their national hydrogen strategies,
while others are still in the process of developing their national strategies or
roadmaps.
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Table (2): Stages of Developing a National Hydrogen Strategy

2.Vision .
1R&D Document 3.Roadmap 4.National Strategy
Understand |- Review final - Determine - Formulate
the basic goals and the main main goals
principles of,  objectives goals - Ensure
technology Unifying - Review the consistency
Building viewpoints required with national
the between  thel  procedures energy policy
necessary publicand. Egrapjish an - Establish
knowledge private sectors initial  time direct and
base to deal | yigniighting frame  to supplementary
\év;g;ogen the accelerate procedures
i terms of advantages !mplementat - Establish a
; and added ion time frame
production value of
and use projects
Partnership - Create a platform for exchanging information
betvlv_een the.  _ Harmonizing visions between the two sides,
public and measure that will reduce investment risks during the
private sectors first implementation of hydrogen projects

Source :(OAPEC, 2021, p. 75)

According to the latest update, by the end of the first quarter of 2023, the
number of countries that have announced their national hydrogen strategies
reached 25 countries, in addition to the European Union, which announced
the European Hydrogen Strategy in mid-2020. The list includes, as shown in
Figure the majority of European countries such as Germany, France,
Belgium, and the Netherlands. Also, countries in Asia and the Pacific such
as Australia, Japan, and South Korea, in Africa like Namibia and South
Africa, and in the Americas including Canada, Chile, and Colombia. From
the Arab region, Algeria and Oman are included.
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Table (3): Evolution of Hydrogen Plans and Strategies by Country 2023

The  roadmap | The roadmap for | The national | The National
for hydrogen is | hydrogen has | hydrogen strategy | Hydrogen  Strategy
being prepared | been prepared is being prepared was announced
Jordan Italy Brazil Algeria, Spain,
: . . Portugal,  Norway,
Saudi Arabia Russia Egypt
] op Netherlands,
New Zealand | China Jordan Germany,  France,
India Mauritania Japan, Colomb!a,
United States of | Morocco nggiTJm Republic,
A_menca Paraguay Luxembourg,
Finland Sweden Australia, ~ Oman,
Ukraine Chile, South Korea,
The UAE The UAE Canada, Denmark,
€ Tunisia United  Kingdom,
Morocco Uzbekistan Hungary, Slovakia,
Austria, Poland,
South
Africa,Namibia
9 10 25

Source :(OAPEC, 2023, p. 24)

Furthermore, the number of countries working to finalize their national
hydrogen strategies reached 10. Additionally, a significant number of
countries have either completed or are actively developing hydrogen
roadmaps, totaling 12 countries. Thus, the total number of countries that
have completed or are in the process of developing national hydrogen plans
and strategies amounts to 47 countries.

Countries are increasingly turning to hydrogen production driven by the
growing global demand for this resource. For instance, the European Union
aims to increase its reliance on hydrogen to meet 14% of the energy demand
in Europe by 2050. To this end, the European Commission announced a
special support program in February 2023 to incentivize investments related
to hydrogen use for energy generation and transportation (EU, 2020).

In the United States, the US Congress approved a $369 billions support
package in August 2022, comprising various tax incentives to support a
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range of climate change-related projects, including infrastructure associated
with hydrogen storage, transportation, and consumption. Meanwhile, the
United Kingdom is betting on hydrogen to replace natural gas in heating and
cooking sectors by 30% by 2030. For this reason, the UK is studying
options to utilize the natural gas pipeline network for transporting and
consuming hydrogen in the future. The British government plans to produce
10 gigawatts of electricity through hydrogen by 2030 as part of its efforts to
reduce emissions and achieve carbon neutrality. Overall, the year 2022
witnessed approximately $240 billions injected into over 680 global projects
for hydrogen production, consumption, transportation, and storage,
representing a 50% increase in investments in this sector compared to the
previous year. This reflects the seriousness of gradually transitioning
towards using this resource as a balanced part of the global energy mix
(Nour EI-Din, 2023).

At the same time, conflicts and energy wars that threatened fossil energy
supply lines and raised prices in 2022 contributed to increased Western
interest in hydrogen as an alternative energy source. Hydrogen production
not only achieves clean energy transition goals but also allows countries to
diversify energy sources and mitigate risks surrounding their supply chains.

4. Energy potential in Arab countries and prospects for hydrogen
production within the framework of the energy transition

The current and future capabilities of the Arab region in renewable energy,
in addition to its wealth of natural gas resources, constitute an important
element for developing its capabilities to produce blue and green hydrogen.
It is speculated that each Arab country or group of Arab countries may
choose a different path to develop low-carbon hydrogen and integrate it into
its economy. Hydrocarbon producers with large natural gas reserves may
initially focus on blue hydrogen to develop their capabilities to produce low-
carbon hydrogen at relatively competitive prices. However, countries that do
not possess significant fossil fuel resources or have limited quantities may
focus on developing green hydrogen. Some countries with significant gas
reserves may decide to produce both blue and green hydrogen
simultaneously.

4.1 Natural Gas Resources and Their Potential for Hydrogen
Production in Arab Countries :

Natural gas, as mentioned earlier, is essential for producing blue hydrogen.
The Arab region encompasses an integrated and independent gas industry,
including onshore and offshore discovered reserves, producing gas fields,
gas transmission and distribution networks, gas processing, and purification
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stations, as well as massive infrastructure for gas exports to regional and
global markets. The Arab region is one of the largest global producers of
natural gas and a major exporter of natural gas via pipelines and liquefied
natural gas. Therefore, Arab countries can leverage this existing
infrastructure to produce and transport natural gas for use in hydrogen
production at investment costs that will be the lowest globally compared to
other regions (Abdel Moati, 2015). Figure (3) illustrates the natural gas
reserves in the Arab region.

Moreover, natural gas prices in Arab countries are among the lowest
globally compared to other regions. Gas prices are one of the most
significant factors influencing the cost of hydrogen production alongside
capital and operational expenses. Consequently, hydrogen production
utilizing natural gas in Arab countries would be highly competitive even
when coupled with carbon capture, utilization, and storage processes. As
illustrated in Table (4), the Arab region emerges as the least costly in gray
or blue hydrogen production compared to other regions worldwide, with
total costs amounting to less than 1 dollar per kilogram of gray hydrogen.
With the implementation of carbon capture, utilization, and storage
technology, the cost of blue hydrogen would rise to 1.5 dollars per kilogram.
This is attributed to the reduced cost of natural gas production and the
general decrease in operational expenses (OAPEC, 2021, p. 88).

Fig (3): Natural Gas Reserves in the Arab Region in 2023 (Billion Cubic

Meters)
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Source :(OAPEC, 2022)
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Table (4) : The cost of producing one kilogram of hydrogen in the Arab
region compared to other regions (dollars per kilogram).

Region Gray Blue Green
Hydrogen Hydrogen Hydrogen
Arab Region 0.5-1.0 1.0-15 26-45
North America 1.0-20 2.0-3.0 35-50
Europe 20-4.0 3.0-5.0 4.0-8.0
Asia (excluding Arab 1.5-3.0 25-4.0 40-7.0
Region)

Source : (IEA, 2019)

Therefore, the Arab region can potentially lead the world in blue hydrogen
production, ensuring the continued development of its natural gas resources
while considering international trends in carbon emissions reduction. This
would accelerate the establishment of a hydrogen economy within the
region, meeting demand across various sectors. Additionally, leveraging
existing natural gas export networks from the region to European markets
could transform the region into a global hydrogen supplier.

However, not every Arab country has the capacity to access this resource.
Where natural gas is available, priority is typically given to electricity
generation. Nonetheless, a very small group of Arab countries possess a
surplus of natural gas, exporting it through cross-border pipelines or
liquefied natural gas carriers. Furthermore, natural gas can also be utilized
in blue hydrogen production for export after meeting domestic market
demands. Figure 4 illustrates the fragile balance of natural gas in many
Arab countries, where a high proportion of current production is either
consumed domestically or simply insufficient to meet local needs (Abdel
Moati, 2015).
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Fig (4):The production and consumption of natural gas in the Arab
region in the year 2023 (billion cubic meters).
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Excluding Qatar, which will remain a principale source of gas regionally
and globally, it is expected that the produced natural gas in most Arab
countries will be primarily allocated to meet the growing domestic demand
in the energy and industrial sectors. However, its utilization for gas will
grow at a slower pace in the future compared to previous decades. Countries
with substantial reserves of natural gas, such as the United Arab Emirates,
Qatar, and Saudi Arabia, possess both renewable and non-renewable energy
potentials that enable them to develop blue and green hydrogen.Excluding
Qatar, which will remain a principale source of gas regionally and globally,
it is expected that the produced natural gas in most Arab countries will be
primarily allocated to meet the growing domestic demand in the energy and
industrial sectors. (ESCWA, 2022, p. 34).

4.2 Renewable Energy Resources and Their Potential for Hydrogen
Production in Arab Countries

Over the past decade, there has been a notable increase in the Arab region's
capacity to generate combined renewable energy, rising from 1 gigawatt in
2010 to over 22 gigawatts in 2021 (OAPEC, 2022). However, the majority
of the total combined renewable energy remains concentrated in a few
countries, as illustrated in Figure (5). In 2021 alone, four countries (Jordan,
the United Arab Emirates, Morocco, and Egypt) accounted for
approximately 80% of the total variable renewable energy in the region.
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Fig (5): Cumulative Capacities of Renewable Energy Production in the
Arab Region in 2021 (megawatts)
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According to the Arab Future Energy Index, issued by the Regional Center
for Renewable Energy and Energy Efficiency in collaboration with the
United Nations Development Program, it is expected that the Arab region's
capacity for combined renewable energy production will reach
approximately 180 gigawatts by 2030. These estimates are based on goals
announced by various Arab countries regarding their plans for renewable
energy production capacities and the targeted future share of renewable
energy from their total energy production mix. These goals appear to be
highly ambitious when compared to the current cumulative renewable
energy capacity and its share in each country's energy production mix.
However, the likelihood of surpassing renewable energy accounting for
more than 30% of the total energy consumption mix by 2030 in most Arab
countries remains distant, even with the ambitious development
program(ESCWA, 2023, p. 7).

Therefore, it is expected that fossil fuels, especially natural gas, will
continue to play a dominant role in the overall capacity of the Arab region to
generate electricity in the coming years. Policy makers must make some
decisions related to public energy policies to introduce new capacities for
low-carbon hydrogen into their countries' economies for domestic purposes
and/or to serve their exports. This includes allocating a portion or a
significant portion of their future renewable energy generation capacity to
produce green hydrogen. This applies to Arab countries that either do not
possess natural gas resources or have limited access to this resource.
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5. Current and planned developments in the Arab region regarding
hydrogen production and export are as follows:

Hydrogen production and utilization in Arab countries are primarily driven
by the requirements of oil refining, petrochemicals, and steel industries,
which heavily rely on hydrogen. More than 90% of the total hydrogen
produced in the Arab region is gray hydrogen. Large quantities of hydrogen
are primarily consumed in the Gulf Cooperation Council (GCC) countries
and the Arab Maghreb region. Currently, the GCC countries consume
between 5 and 6 millions tons of hydrogen, with Saudi Arabia accounting
for over 40% of the total consumption of the GCC countries(Nour EI-Din,
2023).

Currently, only a very limited number of Arab countries are producing blue
and green hydrogen and developing circular carbon economy as alternatives
to help achieve the long-term goal of carbon neutrality. It is worth noting
that most countries in the Arab region still face challenges in planning and
implementing realistic programs for sustainable renewable energy. The
integration of sufficient levels of renewable electricity generation remains
an unrealized goal in this region; however, international focus on low-
carbon hydrogen has led to the development of new initiatives for low-
carbon hydrogen in the region.

Many Arab countries have been considered potential sources for low-carbon
hydrogen production due to their significant potentials in solar and wind
energy and the availability of vast land areas for renewable energy projects
(OAPEC, 2023) .

5.1 Projects and Proposed Plans for Hydrogen Production in Arab
Countries

In recent years, several Arab countries have shown interest in studying
opportunities for harnessing hydrogen and exploring the feasibility of
implementing projects for hydrogen production and export, particularly in
markets with clear strategies towards future hydrogen utilization.

Currently, six Arab countries are actively involved in developing low-
carbon hydrogen production or planning for it, including blue and green
hydrogen projects. These countries are Algeria, Egypt, and Morocco in
North Africa, as well as Oman, the United Arab Emirates, and Saudi Arabia
in the Gulf Cooperation Council (GCC) region. Additionally, other Arab
countries with significant capabilities or working on developing their
capacities for renewable energy and/or natural gas resources have also
expressed interest in hydrogen development and are planning initiatives to
develop low-carbon hydrogen production (OAPEC, 2023)
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Table (5) : Objectives Set by Arab Countries Interested in Investing in
Hydrogen and Ammonia Production and Export

Country

The objectives

Algeria

Production of 40 TWh by 2040,
equivalent to 1 million tons when
converted into hydrogen

Egypt

Producing 5 % of the global hydrogen
market by 2040

Morocco

Production 4 TWh of Hydrogen for the
local market, plus 10 TWh for export
by 2030, will require 6 GW of
renewable energy sources

4 % of the local hydrogen share market
by 2030, according to the strategy of
the Ministry ~ of  Sustainable
Development

Oman

1-1.25 million tons 1-1.25 million tons
of Green hydrogen production per year
by 2030

3.25-3.75 million tons of Green
hydrogen production per year by 2040

7.5-8.5 million tons of Green hydrogen
production per year by 2050

Saudi Arabia

Production of 2.9 millions tons of
Green and blue hydrogen per year by
2030 and 4 millions tons by 2035

Production of 11 millions tons of blue
ammonia by 2030

United Arab Emirates

25 % of the global hydrogen market by
2030

Among the top 10 hydrogen producing
countries in 2030

Source : (OAPEC, 2023, p. 25)
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The nature of measures taken by these countries has varied, including the
establishment of national hydrogen plans and the updating of national
energy strategies to consider the potential future role of hydrogen.
Additionally, some countries have focused on entering into preliminary
agreements and understandings with leading international companies to
directly invest in green and blue hydrogen production projects, as well as
experimental projects to implement hydrogen usage in transportation.
Overall, the number of announced hydrogen projects in Arab countries as of
the end of March 2023 reached 77 projects. Egypt leads with 24 projects,
the majority of which are for green hydrogen and green ammonia
production, followed by the United Arab Emirates with 12 projects
distributed among blue and green hydrogen production and hydrogen
applications in transportation. The remaining projects range from 11 in
Oman, 10 in Saudi Arabia, 7 in Morocco, to 4 in Algeria. Other countries,
such as lIraq, Qatar, Jordan, and Djibouti, have also joined the list (see
Figure 6).

Fig (6):Announced Projects for Hydrogen Production and Utilization in

Arab Countries up to March 2023
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In Egypt, the Cabinet approved in late 2022 the granting of eight licenses
for hydrogen production, leveraging the available infrastructure primarily in
the gas production and liquefaction sector. Notably, green hydrogen projects
in Egypt have seen significant Emirati involvement through the company
"Masdar,” which signed an agreement with Egypt to implement projects
capable of producing 480,000 tons of hydrogen annually. Currently, there
are more than 24 projects for green hydrogen production and export across
Egyptian regions, expected to benefit from existing gas export chains and
facilities.
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As for the United Arab Emirates (UAE), it aims to secure a quarter of the
world's green hydrogen production alone, following the opening of the first
green hydrogen production plant in the Middle East in November 2022. The
UAE is striving to achieve its targeted hydrogen production volume through
a series of agreements with global energy companies (Masdar, 2022).

Saudi Arabia relies on building the world's largest project for green
hydrogen production, located in the city of Neom in the northern part of the
Kingdom. The massive project is expected to utilize up to 4 gigawatts of
solar and wind energy to produce approximately 600 metric tons of green
hydrogen per day. Upon its operation by 2026, the entire production
capacity of the field will be dedicated to export, under pre-signed contracts
with foreign companies (Saudi Aramco, 2020).

5.2 Opportunities for exporting low-carbon hydrogen are emerging in
the Arab region

New opportunities for exporting low-carbon hydrogen are emerging in the
Arab region, partly due to the scarcity of local supplies, especially towards
Europe, which will not suffice to meet the anticipated long-term demand for
hydrogen. Industrialized countries like the European Union, South Korea,
and Japan continue to focus on decarbonizing their economies. Among the
available alternatives to achieve a clean energy consumption mix and fulfill
their climate neutrality commitments by 2050, the introduction of low-
carbon hydrogen, particularly in sectors where carbon electrification and
emission reduction are challenging, is being pursued. However, forecasts for
the planned consumption of low-carbon hydrogen or hydrogen-based
ammonia indicate that local supplies in Europe will not be adequate to meet
the expected long-term demand. Consequently, this opens the door to
importing it from the Arab region and other places (ESCWA, 2022, p. 44).
The European Union's hydrogen strategy points to potential imports of low-
carbon hydrogen from neighboring countries, particularly in Eastern Europe
and countries around the South and East of the Mediterranean Sea. It
specifically highlights North Africa and its geographical proximity,
emphasizing that it could provide cost-competitive renewable hydrogen
supplies. While the EU's strategy does not specify the methods of importing
from North Africa, an initiative launched by European gas pipeline
operators, known as the European Backbone for Hydrogen, suggests that
hydrogen imports from North Africa, planned for 2040 or possibly earlier,
will likely pass through Spain and Italy. This may include supplies of low-
carbon hydrogen from Algeria, and possibly Tunisia, Libya, and Morocco
(EU, 2020).
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The Arab countries in the Middle East also represent another potential
source of low-carbon hydrogen supply towards Europe and some Asian
countries. There has been much discussion about a planned gas pipeline
project in the Eastern Mediterranean to Southern Europe as a potential
cross-border infrastructure for transporting renewable low-carbon hydrogen.
However, the implementation of this ambitious gas pipeline project, which
spans 2,000 kilometers, is not expected to materialize in the near future.

It is speculated that potential supplies of low-carbon hydrogen from the
Middle East will be transported aboard specialized ships to Asia and
Europe. Currently, there are no clearly defined projects aimed at exporting
hydrogen gas from the Middle East, except for the NEOM Green Hydrogen
project in Saudi Arabia. A trial export shipment of blue ammonia, which
relies on hydrogen, was conducted from the industrial city of Jubail in Saudi
Arabia. Due to the constraints imposed by the costs of transporting pure
hydrogen over long distances, low-carbon hydrogen from the Middle East is
predominantly shipped in the form of low-cost low-carbon ammonia (Saudi
Aramco, 2020)

Finally, it is essential to address the issue of potential clean energy sources
in the Arab region and their adequacy to produce low-carbon hydrogen in
quantities that meet the expected demand for imports.

Conclusion:

The energy transition process necessitates structural changes in the energy
system to gradually eliminate practices leading to greenhouse gas emissions,
aiming for a carbon-free system. The electricity model based on expanding
renewable energy power plants has proven to be highly costly, and
achieving deep decarbonization will take a long time, especially in
industries reliant on fossil fuels. Hence, attention has turned towards finding
alternatives or supplements to renewable energy sources to achieve this
goal, with hydrogen emerging as one such solution due to its suitability as a
fuel and energy carrier, and its ability to be produced from renewable
energy sources, facilitating integration and grid balance. Therefore,
employing a hybrid model of electricity and hydrogen can overcome several
reasonable challenges in the energy sector.

However, the study found that low-carbon hydrogen production economies
still face several challenges, directly linked to various constraints, including
technological limitations. Green hydrogen production is significantly more
costly compared to blue hydrogen production. Blue hydrogen production
has not yet widely developed, and both options are more expensive than
natural gas production. Nevertheless, the low-carbon transitional blue
hydrogen option can progress more rapidly than green hydrogen. In the long
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term, it is expected that the cost gap between blue and green hydrogen
production will significantly narrow, with the expected increase in green
hydrogen production capacities.

Moreover, the study indicates that Arab countries with significant natural
gas reserves, such as Qatar, Saudi Arabia, Algeria, and Libya, have
renewable and non-renewable energy potentials enabling them to develop
blue and green hydrogen. However, only a limited number of these
countries have embarked on hydrogen production and circular carbon
economy development as alternatives to aid in achieving the long-term goal
of carbon neutrality. It is worth noting that most countries in the Arab
region still face challenges in planning and implementing realistic
sustainable renewable energy programs.

Furthermore, exporting low-carbon hydrogen presents opportunities for
potential new producers in the Arab region and can provide incentives for
fuel producers from Arab countries in the long run, especially with
emerging opportunities in low-carbon hydrogen export, partly attributed to
the scarcity of local low-carbon hydrogen supplies in Europe, which will not
suffice to meet the long-term hydrogen demand.

Here are selected recommendations for Arab countries aiming to accelerate
the development of low-carbon hydrogen on both local and global levels:

1. Accelerate local renewable energy projects to increase the share of
renewable electricity in energy systems to ensure sufficient capacity to
produce green hydrogen.

2. Mitigate risks by formulating low-carbon hydrogen strategies that reflect
each country's carbon neutrality goals and commitments, renewable and
non-renewable energy resources, financial strength, and/or access to
financing sources. Governments can also reduce risks by implementing
local initiatives to create demand for low-carbon hydrogen.

3. Enhance expertise in the oil and gas sectors and international partnerships
with oil and gas companies; strengthen the current infrastructure in refining
and shipping to expedite the transition to sustainable fuel and industrial
materials production, thereby mitigating disruptions in local economies and
jobs in the face of global strategies aimed at carbon removal and carbon
border adjustment mechanisms.

4. Establish suitable legal and regulatory frameworks to incentivize local
and international investors to invest in low-carbon hydrogen production;
focus on decarbonizing sectors that are difficult to electrify while avoiding
financially demanding and high-risk support cycles.
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