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Introduction



Key messages

The Arab region’s economy is highly dependent 
on fossil fuels as sources of energy and 
feedstock, employment and export revenues.

Developing and introducing low-carbon 
hydrogen, whether blue or green, in the Arab 
region would play an important role as part 
of a toolbox of clean energy solutions 
and would leverage the region’s natural 
gas resources and expansive renewable 
energy potential.

Diversifying the energy mix is a key aspect of the 
energy transition. Beyond accelerating the uptake 
of renewable energy and electrifying relevant 
sectors, alternative energy carriers including 
hydrogen and hydrogen derivatives should 
be explored in order to ensure a just and 
sustainable energy transition.

Low-carbon hydrogen development can change 
the energy mix in the Arab region while also 
diversifying export revenues and reducing 
energy-related emissions in line with the 2030 
Agenda for Sustainable Development.
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Context
Within the framework of the United Nations 2030 
Agenda for Sustainable Development and the 
Paris Agreement (COP21) on climate change, 
Arab States are working on the development 
of implementation programmes to achieve 
a just and inclusive transition in line with 
the Sustainable Development Goals (SDGs), 
including goal 7 to “ensure access to affordable, 
reliable, sustainable and modern energy for all” 
and goal 13 to “take urgent action to combat 
climate change and its impacts”.

Diversifying the energy mix is a key aspect of 
the energy transition. In addition to accelerating 
the uptake of renewable energy and electrifying 
relevant sectors, alternative energy carriers 
need to be explored, including hydrogen and 
hydrogen derivatives in order to ensure a just and 
sustainable energy transition. To reach our targets 
without leaving anyone behind, we must support 

States and communities to adapt to a green 
economy through social protection and new skills, 
ensuring that everyone in need is prepared to 
take advantage of the 30 million new green jobs 
expected by 2030. In the long run, the transition to 
a hydrogen economy can also ensure that States 
in the Arab region are not overly dependent on 
a select few energy sources and are therefore 
less exposed to supply shocks, thus becoming 
crucially more resilient.

Globally, there is a rapidly growing number of 
States, institutions and corporations that have 
introduced or will be soon introducing targets 
to reduce greenhouse gas emissions (GHGs) 
and achieve carbon neutrality by 2050. The 
Arab region’s economy is highly dependent on 
fossil fuels as sources of energy and feedstock, 
employment and export revenues. This has 
resulted in an unsustainable increase in GHG 
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emissions in the Arab region with some Arab 
States ranking among the highest per capita 
emitters of CO2.

1  This situation not only has direct, 
adverse implications on the climate but also 
seriously affects the region’s economy.

It is therefore vital that the region address its 
environmental and economic vulnerability, and 
the situation could worsen if energy transition 
measures are not urgently accelerated. These 
include a range of sustainable energy solutions 
and measures, such as an increase in the 
use of renewable sources of energy and the 
implementation of effective energy efficiency 

measures to reach the crucial objective of 
carbon neutrality.

The development and introduction of low-carbon 
hydrogen,2  whether blue or green, in the Arab 
region would play an important role as part of 
a toolbox of clean energy solutions and would 
leverage the region’s natural gas resources and 
expansive renewable energy potential. Efforts are 
already being deployed in some Arab States to 
develop production capacities of blue and green 
hydrogen. They are still however in their early 
development phase and the efforts are limited to 
only a few States.

Purpose and contents
This report focuses on existing and planned 
hydrogen developments in the Arab region and 
explores and discusses the major challenges and 
opportunities of hydrogen production and use 
to support the region’s energy transition within 
the context of the 2030 Agenda for Sustainable 
Development. The report also considers recent 
decisions by several States to introduce net-
zero GHG targets by 2050 and discusses the 
implications for sustainable hydrogen production.



Hydrogen 
production, 
transport and 
storage1
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Over 75% of all pure hydrogen produced 
globally comes from natural gas using 
steam reforming.

To transform grey hydrogen into more 
sustainable blue hydrogen, carbon capture 
and storage (CCS) or carbon capture 
utilization and storage (CCUS) is required.

The vast majority of hydrogen production today 
is non-sustainable grey hydrogen.

The hydrogen produced through electrolysis with 
electricity supplied fully from renewable sources 
of energy is called “green hydrogen” and is 
widely considered the most favourable option for 
long-term decarbonization measures.

renewable green hydrogen accounts for far less 
than 1 per cent of the global production of 
pure hydrogen and is two to three times more 
expensive than blue hydrogen.

About 85% of the hydrogen produced is 
consumed where it is produced or nearby. This 
may change in a future global hydrogen economy 
where exports and low-cost, long-distance 
transport are key.

75%

1% 85%

Key messages
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A. Production
Hydrogen in its natural form has been identified 
in different locations onshore and offshore. 
At present, there is only one location in the 
world where natural hydrogen is produced,3 
in the Bourakébougou basin in Mali, West 
Africa, where the Canadian company Hydroma 
operates a pilot project.4 Currently, all hydrogen 
consumed worldwide is produced using 
technological processes.

Over the past few decades, several States have 
been producing hydrogen at facilities mainly 
located near consumption areas. For the most 
part, hydrogen is produced using natural gas as a 
primary source and used primarily in oil refining 
and the production of ammonia. In addition to 
the dedicated hydrogen production technologies 
to produce pure hydrogen, hydrogen can also be 
obtained as a by-product from other processes, 
along with other gases.

In 2020, a total of 90 million tons of hydrogen 
were produced globally.5 About 80 per cent of this 
total was pure hydrogen produced by dedicated 
hydrogen plants and just over 20 per cent was 
hydrogen mixed with other gases.6 There are 
different ways to produce pure hydrogen, three of 
which are listed below:7

• Reforming of hydrocarbons.

• Coal and biomass gasification.

• Electrolysis.

Steam Methane Reforming (SMR) is presently the 
dominant hydrogen production technology. SMR 
uses natural gas (methane) as a primary source with 
steam to produce hydrogen. In 2018, natural gas-
based reforming technology accounted for over 75 
per cent of all pure hydrogen produced globally.

Hydrogen can also be produced through 
gasification, using coal or biomass as primary 
sources. Coal gasification is a technology that 

came to prominence in the 1800s in Europe and 
remains popular especially in coal producing 
countries such as China and South Africa. Biomass 
can also be used to produce hydrogen through the 
gasification process.

Electrolysis is different from the above two 
categories that rely on fossil fuels as primary 
sources (except for biomass gasification). In 
contrast, electrolysis uses electricity to split 
water into hydrogen and oxygen, with the 
electricity ultimately coming from fossil fuels or 
renewable sources. This is an important factor 
in the type of hydrogen produced, as explained 
below. Today, electrolysis using renewables 
accounts for far less than 1 per cent of the 
global production of pure hydrogen.

The following are the three main electrolysis 
technologies:

Alkaline water electrolysis (AWE).

Proton exchange membrane (PEM) 
electrolysis.

Solid oxide electrolysis cell (SOEC).

of hydrogen 
were produced globally 

in 2020

90
million tons
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B. Hydrogen categories 
Except for biomass gasification, reforming 
and gasification technologies use fossil fuels 
as primary sources to produce hydrogen. 
Consequently, these processes generate 
carbon dioxide (CO2) that is released into the 
atmosphere. The hydrogen produced through 
these technologies is called “grey hydrogen”, 
“brown hydrogen”, or “black hydrogen.” In 2020, 
the dedicated production of hydrogen resulted 
in the total emission of about 900 million tons 
of CO2.

8

Some of the above technologies, especially SMR, 
can be coupled with CCS or CCUS facilities that 
capture the CO2 and store it or use it and store it. 
In this case, the hydrogen produced is labelled 
“blue hydrogen.” Hydrogen produced using the 
methane pyrolysis technology is categorized as 
“turquoise hydrogen”.

Hydrogen produced through electrolysis with 
electricity supplied fully from renewable sources 
of energy is called “green hydrogen” and is 
considered the most favourable option for 
decarbonization measures. However, as discussed 
later in this paper, it is presently facing challenges 
due to high production costs.

Finally, there is no internationally agreed colour 
category classification for the hydrogen produced 
by different technologies and from different primary 
sources. Other colours have been used to describe 
hydrogen produced, for example, with a nuclear 
source of energy; coal or lignite; or as a by-product 
of industrial processes. Nevertheless, the categories 
of blue and green are widely used to refer to 
hydrogen produced from fossil fuels (mainly natural 
gas) with CCS or CCUS and hydrogen produced 
using renewable energy sources.

C. Transport and storage
Presently, about 85 per cent of the hydrogen 
produced is consumed where it is produced 
or nearby. Trucks or pipelines transport the 
remaining 15 per cent.9 Over the next 10 or 15 
years, this could change as hydrogen is traded 
and shipped across regions and countries.

The hydrogen transportation mode chosen will 
depend on transportation costs, which  
are essentially driven by the volume of 
hydrogen to be transported, the production 
cost, the transportation distance, the intervening 
geography and the relevant laws and regulations.

There are various options to transport hydrogen:

• Blending the hydrogen with natural gas in gas 
transmission pipelines,10 or through dedicated 
hydrogen pipelines.

• Shipping of liquid hydrogen as pure hydrogen.

• Shipping in ammonia form.

• Shipping in liquid organic hydrogen carriers (LOHCs).

Pipelines are the cheapest mode of hydrogen 
transportation across medium- to long-term 
distances (between 1,000 km and 4,000 km)11 
For longer-distance shipments of large volumes 
of hydrogen between countries, conversion 
into ammonia or liquid organic forms is 
preferred. However, the costs of conversion 
to liquid forms and then reconversion to gas 
increase the total costs, with a meaningful 
hit to energy efficiency. As indicated above, 
the cost competitiveness of the mode of 
transportation will depend on the production 
cost of hydrogen, but also on whether the 
end use is pure hydrogen or ammonia. Safety 
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considerations are another key driver in the 

choice of suitable transportation modes.

In addition to transportation through pipelines, 

trucks (or trains depending on routes) can distribute 

small-scale volumes of hydrogen over relatively 

short distances, with hydrogen stored in liquid or 

compressed gaseous forms or as ammonia.

The storage of hydrogen will depend mainly on 

the volumes to be stored; the storage duration; 

movements in and out of storage and geological 

conditions. For small volumes over short periods, 

storage in pressurized tanks is usually the 

preferred option.

For large-scale volumes over longer periods, 

storage in geological formations is a better 

option, including salt caverns and depleted 

hydrocarbon reservoirs. However, oil and 

gas reservoirs could present contamination 

issues that would limit or prohibit their use. 

Aquifers have also been considered as a 

potential storage option, but their suitability 

remains to be fully investigated as no pure 

hydrogen storage has taken place yet. In fact, 

the commercial viability of hydrogen storage 

in both depleted hydrocarbon reservoirs and 

aquifers remains to be proven.12

D. Relevant aspects for the Arab region
The production, transportation and storage of 

hydrogen will differ from country to country in 

terms of technologies and primary sources used 

for hydrogen production. Different Arab States may 

follow different pathways to introduce hydrogen 

into their respective economies. The choice of 

technology is driven by costs and non-cost factors. 

With the increasing concerns about achieving 

our climate targets by mid-century and the SDG 

7 targets by 2030, especially in the transport 

sector where the Arab region remains the most 

energy-intensive among all regions, the choice 

of technology will be highly influenced by these 

drivers and related policies, laws and regulations.

The vast Arab region stretches from the Atlantic to 

the Indian Ocean and is far from homogenous. It 

is characterized by different political and economic 

systems; financial and natural resource endowments; 

population sizes; geography; geological conditions 

and climates. The following table outlines some 

of the features that could be relevant to the use, 

transportation and storage of blue and green 

hydrogen in the Arab region by category of country.

The aspects in table 1, which do not necessarily 

constitute a comprehensive list of factors relevant 

to the production, transportation and storage of 

hydrogen, show that Arab hydrocarbon-producing 

countries could potentially account for the largest 

share of the Arab region’s future low-carbon 

hydrogen output.
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Table 1. Relevant aspects by category of Arab country

Hydrocarbon-producing countries Fuel-importing countries

Ample low-cost natural gas supplies of some gas-
exporting countries could be used for blue hydrogen 
production through hydrocarbon reforming with CCS or 
CCUS (e.g. Qatar).

Rapid and large deployment of renewable electricity 
generation capacity with low generation costs in some 
countries could be leveraged to produce green hydrogen 
using electrolysis (e.g. Egypt potentially, Saudi Arabia and the 
United Arab Emirates).

Some fuel-importing countries could leverage their existing 
and fast-growing renewable energy capacity, under 
development and planning, to produce green hydrogen using 
electrolysis technology (e.g. Morocco).

As indicated in the opposite column, hydrocarbon-
producing countries could also take advantage of their 
expanding renewable energy capacity to produce green 
hydrogen. However, blue hydrogen production is likely to 
be developed mainly by State-owned national oil and gas 
companies, while green hydrogen projects are executed 
mainly by utilities, in partnership with private local and/or 
international companies.

Existing hydrogen plants and related infrastructure in oil 
refineries and ammonia sites could be used to produce low-
carbon hydrogen. Leveraging existing industrial parks (e.g. 
Jubail in Saudi Arabia and Ruwais in the United Arab Emirates) 
provides a significant advantage in the creation of new 
hydrogen hubs or clusters.

Existing CCS facilities in some hydrocarbon-producing 
countries could be used.

Natural gas pipeline infrastructure already exists in key 
gas-producing countries that could potentially be used 
for low-carbon hydrogen blending and retrofitting or re-
purposing projects.

Depleted hydrocarbon reservoirs could be used for 
underground storage of CO2 and hydrogen in some countries, 
depending on their suitability and commercial viability.

Captured CO2 could be used in enhanced oil recovery (EOR) 
projects.

The experience of Arab liquefied natural gas and liquefied 
petroleum gas (LNG/LPG) exporters in the shipping of 
cryogenic products could be leveraged for the long-distance 
trade of low-carbon hydrogen and ammonia.
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Hydrogen is versatile and can be used to help 
tackle various critical energy challenges.

Currently, oil refining and ammonia production 
account for over 80 per cent of all hydrogen 
used globally.

Wherever possible, blue hydrogen production could 
be a quicker option to reduce GHG emissions 
and support the longer-term scaling up of 
green hydrogen production capacity.

In the Arab region, the bulk of hydrogen is used 
in oil refining and petrochemicals.

The role of low-carbon hydrogen in steel 
making, transport and hydrogen-based 
fuels in the region is set to grow.

The introduction of low-carbon hydrogen in the 
world’s economies is a key piece in the portfolio 
of sustainable energy solutions and actions 
needed to achieve carbon neutrality by 2050.

1% 2050

80%

Key messages
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A. Current structure of hydrogen uses
At present, hydrogen is mainly used in the 
hydrocarbon and petrochemical industries 
(including ammonia production for fertilizer). 
Hydrogen is also used in the steel industry, 
especially in the direct reduced iron (DRI) process.

In 2020, oil refining and ammonia production 
accounted for over 80 per cent of all hydrogen 
used globally. These industries have been 
developed and continue to be developed in Arab 
hydrocarbon-producing countries.

Figure 1. Shares of global hydrogen main uses by sector – 2020

13%

6%

43%

38%

Oil refining Ammonia Methanol Steel (DRI)

Source: IEA, 2021b.

B. Hydrocarbon and petrochemical industries
Hydrogen has been used in the oil refining 
industry for a long time. Hydrogen consumed 
by oil refineries is supplied by different sources, 

including integrated facilities located at the refinery 
site and hydrogen produced as a by-product by the 
refinery and industrial gas companies.

80%
In 2020, oil refining and 
ammonia production 
accounted of all 
hydrogen used globally
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In refineries, hydrogen is used mainly to remove 
sulfur from petroleum products in the de-
sulfurization process and in hydrocracking to 
crack large hydrocarbon molecules to produce 
smaller molecules such as diesel or gasoline.13

In the petrochemical industry, hydrogen is 
used to produce ammonia for nitrogenous 

fertiliser and other uses. Another application of 
hydrogen in petrochemicals is the manufacture 
of synthesis gas or syngas for the production 
of methanol. Hydrogen is also employed in 
the production of syngas in the gas-to-liquids 
(GTL) process. However, this application is 
limited to GTL production centres, which in the 
Arab region are limited to Qatar.

C. Steel industry
The global share of hydrogen use in the steel 
industry remains minor compared to the use in 
hydrocarbon and petrochemical industries, as 
shown in the figure above. The bulk of global 
steel output is produced through the blast 
furnace-basic oxygen furnace (BF-BOF) process 
using coal as a reducing agent. The process 
produces hydrogen as a by-product with other 
gases and hydrogen is consumed on-site or 
sold to other consumers. Hydrogen is used 
also as a reducing agent in the direct iron 
reduction-electric arc furnace (DRI-EAF) steel-
making process. In this process, hydrogen is 
produced from dedicated natural gas-based 
hydrogen units.

Presently, the production of steel involves the 
use of fossil fuels, mainly coal. As a result, 
the steel industry is a major emitter of CO2 
and faces major decarbonization challenges, 

especially in Europe.14 In order to address this 
issue, one option is to use green hydrogen 
produced from renewable energy sources 
instead of fossil fuels. The blue hydrogen route 
is another alternative where regulations may 
permit during a transition phase.

D. Transport
Globally, the transport sector, a key consumer 

of refined products, is undergoing a structural 

change in the type and quality of fuels it needs 

to use or can use to reduce its GHG emissions 

and its increasing urban pollution, especially in 

developing economies.

In 2018, this sector represented well below 1 
per cent of all the hydrogen consumed in the 
world. Presently, hydrogen fuel cell electric 
vehicles (FCEV) account for the bulk of all 
hydrogen uses by the transport sector. Over 
50 per cent of all hydrogen fuelling stations 
are in the Asia Pacific region, mainly in Japan 
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and Korea. Regions projected to record high 
growth of hydrogen-fuelling stations over the 
next ten years include China, Europe, Japan 
and the United States. However, the high 
cost of hydrogen in passenger vehicles and 
its limited competitiveness against battery 
electric vehicles remains a constraining issue. 

Long-haul and heavy-duty road transport 
could favour the use of hydrogen-based 
fuel solutions. In the long term, the use of 
hydrogen-based fuels in the shipping and 
possibly aviation industries could also present 
better opportunities to decarbonize these 
transportation segments.15

E. Potential sectors for blue or green 
hydrogen use
Except for very few blue hydrogen projects 
in the Gulf Cooperation Council (GCC) area, 
all of the hydrogen consumed in the Arab 
region is grey hydrogen produced from fossil 
fuel sources without CCS or CCUS. The bulk 
of the hydrogen used in the Arab region is 
in oil refining, petrochemicals (ammonia 
and methanol), the steel industry and GTL 
production. As part of a sustainable energy 
transition and the achievement of the SDGs, 

the abatement of the carbon footprints of these 
sectors or industries is a challenging objective 
that needs to be addressed.

However, the Arab region’s oil refining 
capacity has in fact increased significantly in 
recent years, especially in the GCC countries 
and Iraq, where about a dozen new projects 
and upgrades are under development or in 
planning. This is taking place at a moment 
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when the petroleum products industry is facing 
mounting uncertainties due to excess capacity, 
the global decarbonization push and the 
COVID-19 health crisis, which could have long-
term implications. International regulations 
for a continuous lowering of the sulfur content 
in transport fuels will require an increase in 
hydrogen volumes for de-sulfurization units, 
which could be addressed using blue or green 
hydrogen. However, this is a challenging 
proposition since these low-carbon forms of 
hydrogen are much more expensive than the 
grey hydrogen supplies currently used.

Large gas-based chemical plants, such as 
ammonia and methanol plants, located mainly 
in gas producing countries (e.g., Algeria, Egypt, 
Saudi Arabia and the United Arab Emirates), 
use exclusively hydrogen from grey hydrogen 
sources. The carbon footprint of the hydrogen 
production segment is a potential barrier for 
international ammonia and methanol trade, 
especially for exports to Europe and some parts 
of Asia. Thus, the blue and/or green hydrogen 
development pathways for these industries will 
have to be considered.

All steel plants in the Arab region use fossil 
fuels and produce grey hydrogen, except in 
one country. In the United Arab Emirates, the 
hydrogen used in the Emirates Steel DRI plant 
is produced from natural gas. It is however 
categorized as blue hydrogen since CO2 produced 
as part of the process is captured through the 
ADNOC Al Reyadah CCUS facility and transported 
to oil wells where it is used for EOR.16

There are several steel plants in Arab 
hydrocarbon-producing countries that use 
the DRI process, leveraging the availability 
of low-cost natural gas supplies to produce 
hydrogen. However, except for the United Arab 
Emirates, all the hydrogen produced is grey 
hydrogen. Therefore, green or blue hydrogen 
production targeting the Arab steel industry is 
another potential candidate for carbon footprint 

reduction. Still, this will depend on a number 
of key factors, including the countries’ strategic 
policy objectives; the availability of additional 
sources of low-cost renewable electricity;17 the 
possibly required process modifications; the 
overall cost-competitiveness of steel and the 
availability of commercially viable premium 
markets for steel products with low carbon 
footprints, or the application of carbon border 
taxes that could be imposed on unabated 
industrial products. This is a likely possibility for 
exports to Europe as the European Commission 
has adopted a new Carbon Border Adjustment 
Mechanism (CBAM) which will put a carbon price 
on imports of a targeted selection of products 
so that climate action in Europe does not lead to 
‘carbon leakage’.

The challenges faced by Arab States to 
introduce blue or green hydrogen in the hard-
to-abate sectors or industries identified in this 
section are explored further in the section 
Challenges and Opportunities.
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A. SDG interlinkages
• The introduction of low-carbon hydrogen in 

the world’s economies is a key piece in the 
portfolio of sustainable energy solutions and 
actions needed to achieve carbon neutrality by 
2050, a long-term target adopted by numerous 
States, institutions and corporate entities. The 
United Nations SDGs provide a framework to 
identify and categorize the different sustainable 
development advantages of low-carbon 
hydrogen through its linkages with these SDGs, 
as outlined in table 2.

• We can draw from this table the following 
observations. First, the impact of low-carbon 
hydrogen is likely to be fully realized over a long 
period, as the cost of low-carbon hydrogen is 

reduced significantly over the coming decades. 
The contribution of green hydrogen production 
will differ from one country to another. This is 
not only due to the limited availability of low-
cost renewable energy potential and related 
infrastructure, but also because there will likely 
be a need to prioritize the use of renewable 
energy sources for clean electrification purposes 
in some countries. Wherever possible, blue 
hydrogen production could be a quicker option 
to reduce GHG emissions and support the 
longer term scaling up of green hydrogen 
production capacity. Even so, the blue hydrogen 
production pathway will be costly, but relatively 
less costly than green hydrogen production.
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Table 2.  Low-carbon hydrogen and SDG linkages

Sustainable Development GoalLow-carbon hydrogen impact

SDG 3: Good Health 
and Well-being

The introduction of clean sources of hydrogen, 
especially in hard-to-abate sectors of the economy, 
has a clear positive impact on the health and well-
being of communities.

SDG 6: Clean Water and Sanitation

In some regions of the world that are severely 
affected by water scarcity problems, the use of 
fresh water to produce green hydrogen could 
be a critical issue. However, the development of 
commercially viable and sustainable sources of 
additional seawater desalination capacities for 
hydrogen production could also provide water 
supplies for local communities.

SDG 7: Affordable  
and Clean Energy

The long-term production and use of low-carbon 
hydrogen will provide a new source of storage for clean 
energy. The challenge will be to scale up low-carbon 
hydrogen production capacity over time and create 
viable markets to make it widely affordable.

SDG 8: Decent Work 
and Economic Growth

The development of a multibillion-dollar  
low-carbon industry in potential low-carbon 
hydrogen producing and consuming countries will 
in the long term provide economic growth and 
employment opportunities.

SDG 9: Industry, Innovation and Infrastructure

The development of low-carbon hydrogen is already 
promoting innovation along the low-carbon hydrogen 
chain and in the long term, a resilient low-carbon 
hydrogen infrastructure is likely to be developed, 
at least in the leading hydrogen producing and 
consuming centres.

SDG 11: Sustainable Cities and Communities

The long-term large-scale use of low-carbon 
hydrogen in the mobility or transport sector would 
contribute to the reduction of road traffic pollution 
and help improve local environments in cities and 
communities. However, low-carbon hydrogen use 
would be mainly for long-distance heavy 
load transport.

SDG 13: Climate Action

Low-carbon hydrogen is part of a mix of clean solutions 
and measures to address the issue of climate change 
mitigation, especially in hard-to-abate sectors. 
However, when considering the option of renewable 
energy use for green hydrogen production, there is 
a need to find an acceptable balance between clean 
electrification and low-carbon hydrogen production. 
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B. Low-carbon hydrogen and nationally 
determined contributions
Based on publicly available data and information 
at the time of writing, low-carbon hydrogen 
development for domestic and export markets 
has not been included by Arab States in their 
nationally determined contributions (NDCs). 
The only notable exception is the United Arab 
Emirates, which highlighted it in its second NDC 
submitted in December 2020.

However, five Arab States have referred to CCS 
technology in their existing NDCs. This could 
be an indication that CCS could be used to 
produce blue hydrogen, specifically in natural gas 
producing countries. CCS technology is likely to 
include uses other than the production of low-
carbon hydrogen, or it could only be part of a 
list of “long-term ‘decarbonization ambitions”.18 
It should however be mentioned that only four 
Arab States (Algeria, Qatar, Saudi Arabia and 
the United Arab Emirates) have and use (or have 
used) commercial CCS facilities.19
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Arab States will pursue either blue or green 
hydrogen or both, depending on their fossil 
and renewable resources.

A few States (Egypt, Morocco, Oman, Saudi 
Arabia and the United Arab Emirates) could 
emerge as sources of green hydrogen 
production capacities.

The region’s renewable energy generation 
capacity rose from 1 GW in 2010 to over 12 GW 
in 2020 and is projected to grow to 180 GW 
by 2030, opening the door for increased green 
hydrogen production.

The role of natural gas in the production of blue 
hydrogen is critical for the transition to the 
green hydrogen phase. In select Arab countries 
with natural gas surpluses, natural gas could 
also be used to produce blue hydrogen for 
export after meeting domestic market needs.

180 GW by 2030

Key messages
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A. Overview
The Arab region’s existing and future renewable 
energy capacities, as well as its endowment 
of natural gas resources, is important to the 
development of blue and green hydrogen 
capacities. Each Arab State or group of Arab States 
is likely to follow a different pathway to potentially 
develop low-carbon hydrogen and introduce it 
in their economy. Hydrocarbon producers with 
large natural gas resources may initially choose to 
focus on blue hydrogen to develop relatively cost-
competitive low-carbon hydrogen capacities.

However, States not endowed or poorly 
endowed with hydrocarbon resources will 
focus on the development of green hydrogen. 
In fact, some States well endowed with 
hydrocarbon resources may decide to do both. 
Thus, this section of the report will cover 
the above aspects and identify the Arab 
countries that may be potential candidates for 
hydrogen production.

B. Renewable energy potential
Over the last ten years, there has been a 
significant increase in the Arab region’s 
installed renewable energy capacity (excluding 
hydroelectricity), from 1 GW in 2010 to over 12 
GW in 2020.20 However, the bulk of this total 
installed renewable energy capacity remains 
concentrated in a few countries, as shown in 
the figure below. In 2020, four countries (Egypt, 
Jordan, Morocco and the United Arab Emirates) 
accounted for about 80 per cent of the region’s 
total variable renewable generation capacity.

According to the latest Arab Future Energy Index 
(AFEX), produced by the Regional Center for 
Renewable Energy and Energy Efficiency (RCREEE) in 
collaboration with the United Nations Development 
Program (UNDP), installed renewable energy 
capacity in the Arab region is projected to reach 
about 180 GW by 2030.21 This estimate is based on 
targets announced by various Arab States for their 
planned installed renewable energy capacity and the 
targeted future share of renewable energy out of the 
total power capacity mix.22 For the most part, these 
targets look very ambitious when contrasted with 
existing installed renewable capacity and its share of 
each country’s power capacity mix (table 3).

Nevertheless, one key message that emerges 
from the table below is the fact that even under 
an ambitious development scenario, by 2030, 
renewable energy is unlikely to exceed 30 per 
cent of the installed power mix in most Arab 
countries. Egypt, Morocco and Saudi Arabia are 
the exception, with announced targets of 52 per 
cent by 2030, 50 per cent by 2030 and 42 per cent 
by 2035, respectively. The Sudan, which accounts 
for the Arab region’s largest share of installed 
bioenergy capacity, is targeting a 50 per cent 
renewable energy capacity by 2031.

Therefore, over the next fifteen years, fossil fuels, 
especially natural gas, are expected to continue 
to play a dominant role in the Arab region’s total 
electricity generation capacity.23,24 Furthermore, 
there is an additional key observation to make 
regarding the projected limited share of renewable 
energy capacity in some Arab States. These States 
have already committed themselves to large gas or 
coal-fired plants, resulting in a limited remaining 
space for expansion of renewable energy. In fact, in 
some cases this will lead (or has already led) to a 
total surplus of electricity generation capacity over 
acceptable reserve margin thresholds.
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Figure 2. Arab region: installed renewable energy capacity – 2020 (MW)
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To introduce new low-carbon hydrogen 
capacities in their economies for domestic 
and/or export purposes, policymakers would 
have to take some fundamental energy policy 
decisions. This includes the critical question of 
whether Arab economies should dedicate a part 
(or rather a large part) of their future renewable 
energy capacity to produce green hydrogen 
or focus in the near term on the production 
of blue hydrogen using natural gas with CCS 
as a transition fuel, wherever resources and 
geological conditions allow.

This would enable Arab States to continue with 
the clean electrification of their power mixes 
and adopt policies consistent with the “principle 
of renewable energy additionality” which 
indicates, “if there are other productive uses for 
the electricity being generated from renewable 
sources, that electricity should not be diverted 
from those uses to produce green hydrogen.”25 
For Arab States not endowed or not well endowed 
with natural gas resources, the same issue 
applies. Still, the choice will be between further 
green or clean electrification and production of 
green hydrogen.
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Hydrogen production, 
transport and storage

Table 3.  Arab region: target future renewable energy capacity and power mix share

Country
Target
(MW)

Target year
Renewable as
percentage of target 
power mix

Variable renewable as
percentage of 2020 
power mix

Algeriaa 15,000 2035 30 2

Bahrain 700 2035 10 0.1

Egypt 54,000 2035 42 5

Iraq 2,240 2025 data not available 0.7

Jordan 3,220 2030 31 31

Kuwait 4,200 2030 15 0.5

Lebanon data not available 2030 30 2

Libya 4,600 2030 22 0

Mauritania data not available data not available data not available 21

Morocco 10,000 2030 52 19

Oman data not available 2030 30 1

Qatar 1,800 2030 20 0.3

Saudi Arabiab 58,700 2030 50 0.5

State of Palestine data not available data not available data not available data not available

Sudan 5,300 2031 50 5

Syrian Arab 
Republic

4,550 2030 30 0.1

Tunisia 3,815 2030 30 5

United Arab 
Emirates

6,500 2030 data not available 7

Yemen 714 2025 15 13

Source: RCREEE, 2019 and IRENA, 2021b.

a  Smati, Said, 2021.
b  One of the objectives of the Saudi Green Initiative announced in April 2021 is to have “50 per cent renewables in the Kingdom’s energy mix by 2030”. 

https://www.saudigreeninitiative.org/.

States that are not endowed or poorly endowed 
with natural gas resources will naturally have to 
continue to focus on the green hydrogen option 
(e.g. Morocco). However, the shift to green 
hydrogen production in the Arab region will take 
time and require substantial investment.

This overview of planned renewable capacities 
shows that a few countries (Egypt, Morocco, 
Oman, Saudi Arabia and the United Arab 
Emirates) could emerge as potential sources 
of green hydrogen production capacities. 
However, as indicated above, it will depend on 
the prioritization (or not) of further renewable 
electrification of their power sector. Still, 

countries such as Saudi Arabia with their planned 
development of a huge renewable energy 
capacity may not be affected by this prioritization 
choice. Morocco, the Arab region’s leader in 
renewable energy, along with Jordan, is planning 
the development of green hydrogen capacity 
for potential exports to Europe. In this case, the 
implementation would depend not only on the 
issue of renewable electrification versus green 
hydrogen production, but also on the financial 
and technological support for importing sources 
of green hydrogen in Europe.

As stressed earlier, during the transition to 
green hydrogen production, natural gas is 



32

Potential blue and green hydrogen developments in the Arab region

likely to play a key role in the production of 
low-carbon blue hydrogen in the Arab region. 
Nonetheless, a very small number of Arab 
countries could make available the financial 
and natural gas resources needed to produce 
both blue and green hydrogen, especially 
for potential long-term low-carbon hydrogen 
projects dedicated for exports to regions of 

the world with the strictest carbon regulations. 
According to Hydrogen Europe, Europe could 
potentially import over 2 million tons of low-
carbon hydrogen from North Africa through 
cross-border pipelines by 2030.26 However, this 
is an extremely ambitious plan given  
the current very preliminary status of these 
export plans.

C. Natural gas endowment
In 2020, 90 million tons of hydrogen was 
produced globally (excluding about 30 
Mt of hydrogen present in residual gases 
from industrial processes used for heat and 
electricity). Sixty per cent of this total hydrogen 
production was based on natural gas as a 
primary source and required 240 billion cubic 
meters of natural gas (IEA, 2021), equivalent to 
over 50 per cent of all the natural gas consumed 
in the Arab region in 2020. The rest was produced 
using coal and very small volumes of oil as 
primary sources. Of the total global hydrogen 
output, less than 1 per cent consisted of blue 
hydrogen produced with CSS facilities.

As explained above, natural gas is essential for 
the production of blue hydrogen, but not every 
Arab country has access to natural gas supplies. 

Where natural gas is available, it is likely to 
be prioritized for generation of electricity. 
Nevertheless, there is a very small group of 
Arab countries that are surplus gas countries 
where gas is exported through cross-border gas 
pipelines27 and/or by LNG tankers and where 
natural gas could also be used to produce blue 
hydrogen for export after meeting domestic 
market needs.

Figure 3 below shows that proved natural gas 
reserves are unevenly distributed in the Arab 
region, with only a very limited number of Arab 
countries with large gas reserves. Furthermore, 
this gas reserves chart, which is often displayed to 
show the region’s gas potential, does not provide 
a complete picture of the natural gas situation in 
the region.

60%

50%

of the total hydrogen 
production was based on 
natural gas as a primary source

of all the natural gas 
consumed in the Arab 
region in 2020
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Figure 3. Arab region: main proved natural gas reserves (bcm)
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Figure 4. Arab region – 2020 natural gas production and consumption (bcm)
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Figure 4 shows the fragile natural gas balance 
of several Arab countries, where a high 
percentage of current gas production is consumed 
domestically or is simply insufficient to meet 
domestic needs.

Apart from Qatar, which will continue to be a 
major net gas exporter regionally and globally, 
natural gas produced in most Arab countries is 
likely to be allocated to meet rising domestic 
demand for gas in the power sector and industry. 
However, their gas use will grow more slowly 
in the future than in previous decades.28 Large 
natural gas reserve holders such as Qatar, Saudi 
Arabia and the United Arab Emirates have the 
renewable and non-renewable energy potential 
to develop both blue and green hydrogen, as 
presented in the ensuing section.
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Well over 90 per cent of all the hydrogen 
produced in the Arab region is grey hydrogen.

Low-carbon hydrogen exports provide 
opportunities for potential new producers in 
the Arab region and could in the long term offer 
Arab hydrocarbon producers diversification 
opportunities and incentives for an 
accelerated energy transition.

As alternatives to help meet the long-term target 
of carbon neutrality, a very limited number 
of Arab countries are producing blue and 
green hydrogen and developing a circular 
carbon economy.

Several Arab countries have been considered 
as potential sources of low-carbon hydrogen 
production because of their significant solar and 
wind energy potential and the availability 
of large plots of land to develop renewable 
energy projects.

New export opportunities are emerging for 
low-carbon hydrogen from the Arab region, 
in part due to the fact that Europe’s domestic low-
carbon hydrogen supplies will not be sufficient to 
meet its projected long-term hydrogen demand.

90%

H

H

Key messages
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A. Changing scene
Hydrogen production and utilization in Arab 
countries have been driven by the requirements 
of industries, such as oil refining, petrochemicals 
and steel, that traditionally consume hydrogen. 
Well over 90 per cent of all the hydrogen 
produced in the Arab region is grey hydrogen. 
Large amounts of hydrogen are consumed mainly 
in the GCC and North Africa areas. GCC countries 
presently consume between 5 and 6 million tons 
of hydrogen and Saudi Arabia accounts for over 
40 per cent of this total GCC consumption.29

Over the last six years since the Paris Agreement, 
a small number of Arab countries channelled 
their policy efforts towards the development 
of renewable sources of electricity. Initially, 
these were not driven by climate change 
considerations, but mainly by the financial 

necessity to reduce costly petroleum product 
imports and leverage the falling costs of solar 
panels. Countries like Jordan and Morocco 
managed to significantly increase the share of 
renewables in their energy mix. In the GCC area, 
the United Arab Emirates emerged as the area’s 
champion by initiating several initiatives to 
develop carbon-free or low-carbon alternatives. 
Although the present share of renewables in the 
energy mix of the United Arab Emirates remains 
relatively low, the federal and local (Emirate-
level) governments in the United Arab Emirates 
have enacted strategies and plans with ambitious 
decarbonization targets, some of which are 
already being implemented. Recently, Saudi 
Arabia started developing a large renewable 
energy programme and initiated blue and green 
hydrogen projects.

B. Low-carbon hydrogen developments
The production of blue and green hydrogen and 
the development of a circular carbon economy 
as alternatives to help meet the long-term 
target of carbon neutrality are being adopted 
in a very limited number of Arab countries. It 
should be noted that most of the countries in 
the Arab region are still facing challenges in 
the planning and implementation of realistic 
sustainable renewable energy programmes. 
Integrating adequate levels of renewable 
electricity generation remains an objective that 
has yet to be achieved in this region, as shown 
in table 3. Nevertheless, the international focus 
on low-carbon hydrogen has resulted in new 
low-carbon hydrogen development initiatives in 
the region.

At present, there are five Arab States that are 
actively pursuing and/or planning new low-

carbon hydrogen developments, including blue 
and green hydrogen projects. These include 
Egypt and Morocco in North Africa and Oman, 
Saudi Arabica and the United Arab Emirates in 
the GCC area. Other Arab States with existing or 
planned large renewable energy capacity and/or 
natural gas resources have expressed interest 
in hydrogen developments and are undertaking 
initiatives to plan for the development of low-
carbon hydrogen production.

Focusing first on the five Arab States mentioned 
above, the following hydrogen or hydrogen-
related strategies, policies and plans have been 
developed or announced in them. It should be 
noted that these hydrogen developments and 
announcements are continuously taking place; 
therefore, this report aims to incorporate all the 
latest developments as of December 2021.
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1. United Arab Emirates

The United Arab Emirates was one of the first 
Arab countries to start developing strategies for 
the sustainable transition of its energy sector 
and other segments of its economy. In 2017, it 
launched Energy Strategy 2050, which “aims to 
increase the contribution of clean energy in the 
total energy mix from 25 per cent to 50 per cent 
by 2050 and reduce the carbon footprint of power 
generation by 70 per cent.”30 This strategy was 
preceded by several other clean energy initiatives 
and projects.

In January 2012, the Emirate of Dubai launched 
the development of the Mohammed bin Rashid 
Al Maktoum Solar Park. The ground-breaking 
ceremony for “the first solar-driven hydrogen 
electrolysis facility in the Middle East and North 
Africa region”31 took place in February 2019. 
This facility is to be sited in this solar park and is 
expected to become operational in 2022.

The United Arab Emirates has not yet produced 
a hydrogen development strategy. However, the 
commitment of the federal and local authorities 
to introduce blue and green hydrogen into the 
Emirati economy is continuously reiterated and 
decisions are being taken. In November 2020, at 
a meeting of the Abu Dhabi Supreme Petroleum 

Council, Crown Prince Sheikh Mohamed bin 
Zayed mandated ADNOC “to explore potential 
opportunities in hydrogen with the ambition 
to position the UAE as a hydrogen leader.”32 In 
January 2021, the Emirati Minister of Industry and 
Advanced Technology and CEO of ADNOC stated 
that “hydrogen could be a game changer in the 
energy transition.”33 As of November 2021, the 
United Arab Emirates has started building its first 
green hydrogen plant and testing is underway, 
according to Energy Minister Suhail Al-Mazrouei.34

In its second nationally determined contribution 
(NDC) submitted to the United Nations Framework 
Convention on Climate Change (UNFCCC) in 
December 2020, the United Arab Emirates has 
clearly identified the importance of low-carbon 
hydrogen and its introduction in its economy.35

In January 2021, ADNOC, Mubadala Investment 
Company and Abu Dhabi Developmental Holding 
Company PJSC (ADQ), signed a memorandum of 
understanding to form the Abu Dhabi Hydrogen 
Alliance “to establish Abu Dhabi as a trusted 
leader of low-carbon green and blue hydrogen in 
emerging international markets.”36

A couple of low-carbon hydrogen or hydrogen-
based projects have been announced recently, 
including a planned “world-scale” 1 million 
ton per annum blue ammonia project to be 
developed by ADNOC in joint venture with 
Orascom Construction Industries (OCI) of Egypt 
at the Ruwais petrochemical park.37 This new joint 
venture (Fertiglobe) announced in August 2021 a 
trial shipment of blue ammonia to the Japanese 
company Itochu.

Another project to be sited at the Khalifa Industrial 
Zone in Abu Dhabi is planned to produce 0.2 million 
tons per annum of green ammonia. This project is to 
be developed by a privately-owned company, Helios 
Industry.38 In the Emirate of Dubai, Siemens Energy, 
the Dubai Electricity and Water Authority (DEWA) 
and Expo 2020 Dubai have “inaugurated the first 
industrial scale, solar-driven green hydrogen 
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facility in the Middle East and North Africa”, sited at 
Mohammed bin Rashid Al Maktoum Solar Park.39

Low-carbon hydrogen is to be increasingly used 
in the United Arab Emirates in the transportation 
and other sectors. Hydrogen is already used 
in the United Arab Emirates in fuel cell electric 
vehicles (FCEVs). In 2019, the Emirates Authority 
for Standardization and Metrology (ESMA) issued 
the first technical regulation for hydrogen used in 
vehicles.40 The United Arab Emirates is also planning 
to export low-carbon hydrogen and aims to capture 
a quarter of the global hydrogen fuel market by 
2030, according to state news agency WAM.41

In November 2021, the two energy companies of 
the United Arab Emirates, ADNOC and Abu Dhabi 
National Energy Company (TAQA), teamed up to 
create a global renewables and hydrogen venture 
with the objective of developing a total generating 
capacity of 30 GW by 2030.42 At the COP26 climate 
Conference of the Parties in Glasgow, the United 
Arab Emirates presented its “hydrogen leadership 
roadmap” and announced that it will “target a 25 
per cent share of the global hydrogen market.”43

2. Saudi Arabia

Saudi Arabia has long focused on leveraging its 
large hydrocarbon resources domestically and 
externally. In the mid-2010s, the Government 
intensified its efforts to diversify its economy 
and reduce the country’s heavy reliance on 
hydrocarbons. These efforts culminated in Saudi 
Vision 2030, issued in 2016, which formulates the 
country’s “long-term goals and expectations”. It 
identifies the development of renewable energy 
resources as a strategic objective and highlights 
the strategic goal of growing the contribution of 
renewables within the national energy mix.44

The implementation of a renewable energy 
programme took some time to be launched, but 
it is now progressing with the aim of developing 
the Arab region’s largest renewable energy 
capacity with one of the most cost-competitive 
electricity generation costs. By 2030, Saudi Arabia 
plans to generate 50 per cent of its electricity 
from renewable energy sources, as announced in 
November 2020, at a session of the G20 presided 
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by Saudi Arabia. It was reiterated in January 
2021 at the 11th Session of the Assembly of the 
International Renewable Energy Agency (IRENA).45

During the G20 meetings, Saudi Arabia 
concentrated its efforts on the adoption of the 
concept of the circular carbon economy (CCE)46 
for a clean and sustainable energy transition. 
The CCE approach, which was endorsed by the 
G20 members, provides the framework for the 
production and use of low-carbon hydrogen 
domestically and for exports.47 At the same 
time, Saudi Arabia announced that it had 
commissioned a team to prepare “a national 
strategy on how we evolve with hydrogen.”48

At present, Saudi Arabia has two low-carbon 
hydrogen projects including both blue and green 
hydrogen. The largest is the green hydrogen 
project to be located in Neom in the north-
western region of Saudi Arabia, which is the 
world’s largest green hydrogen project.

The $5 billion Neom green hydrogen-based 
ammonia project is being developed by a joint 
venture between Neom and ACWA Power of Saudi 
Arabia and Air Products of the United States. The 
project will be equally owned by the three partners 
and will produce green ammonia for export. The 
project is scheduled to be on stream in 2025 and 
will include over 4 GW of renewable energy, using 
electrolysis to produce 650 tons of green hydrogen 
and 1.2 million tons of green ammonia per day.49 
Furthermore, plans have been announced to develop 
an assembly plant in the city of Neom to produce 
up to 10,000 hydrogen fuel cell-powered vehicles 
a year as part of a memorandum of understanding 
between Hyzon Motors of the United States and the 
Modern Industrial Investment Holding Group and 
Neom company50 of Saudi Arabia.

The second project is a blue hydrogen-based 
ammonia project located in Jubail Industrial City 
in the eastern province of Saudi Arabia. Jubail 
is the largest industrial park of Saudi Arabia and 
the Arab region and one of the largest industrial 
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parks in the world, and such provides significant 
comparative advantage for the production, 
utilization and export of low-carbon hydrogen and 
ammonia. The existing King Fahad Port of Jubail 
is connected to Jubail Industrial City, providing 
an additional advantage for export of low-carbon 
hydrogen-based ammonia.

This blue hydrogen-based ammonia project 
uses existing infrastructure in Jubail where the 
hydrogen and ammonia are produced. The CO2 
is captured and sent to oil fields for enhanced 
oil recovery and to a methanol plant in Jubail. In 
September 2020, Saudi Arabia exported a pilot 
shipment of 40 tons from this Saudi industrial 
hub, which was the world’s first shipment of 
blue hydrogen-based ammonia to Japan.51 Saudi 
Aramco and the Institute of Energy Economics 
of Japan (IEEJ) developed this export initiative, 
in partnership with the petrochemicals company 
SABIC of Saudi Arabia. The blue hydrogen-based 
ammonia was used in Japan to generate carbon-
free electricity.52

Saudi Arabia has also signed memoranda of 
understanding with Germany and South Korea to 
establish partnerships for the development of low-
carbon hydrogen and hydrogen-based initiatives.

In October 2021, at the first Saudi Green Initiative 
Forum, Saudi Arabia announced that it was planning 
to become a leading global supplier of blue and 
green hydrogen and that it would produce and export 
4 million tons of low-carbon hydrogen by 2030.53

3. Oman

Compared to Saudi Arabia and the United 
Arab Emirates, Oman has limited reserves of 
hydrocarbons and is still importing a small 
volume of natural gas supplies from Qatar 
through the Dolphin Energy gas pipeline via the 
United Arab Emirates. It is, however, pursuing 
the upstream development of its natural gas 

resources, in collaboration with international 
oil and gas companies, to meet its domestic 
needs and for potential additional exports. Oman 
is also undertaking many efforts to develop 
renewable sources of energy to diversify its 
energy mix and reduce its reliance on fossil fuels 
for electricity generation and release more gas 
supplies for LNG exports.

Renewable energy projects have been initiated 
by the oil and gas company of Oman, Petroleum 
Development Oman (PDO), the global integrated 
energy company OQ based in Oman and several 
Omani energy and petrochemicals companies, 
such as Oman Oil. OQ has set up a special 
renewable energy and energy efficiency unit 
called OQ Alternative Energy. The emerging 
interest of Oman in green hydrogen production 
is driven by the country’s planned expansion 
of its energy capacity. EJAAD, “a membership-
based virtual collaborative platform”,54 including 
the Omani Ministry of Oil and Gas, PDO and the 
Omani Research Council, is “coordinating the 
efforts to create a national strategy for hydrogen 
as a promising economic engine.”55

In terms of projects, two initiatives involving 
international partnerships were announced in 
2020. The first initiative was launched in January 
2020 with the creation of the Oman Hydrogen 
Centre at the German University of Technology, 
Oman. This centre “will serve as the centre of 
knowledge in hydrogen technology in Oman and 
beyond – regionally in the GCC.”56

The second initiative, announced in March 2020, 
is a partnership between the Belgian consortium 
DEME Concessions and OQ Alternative Energy to 
develop a green hydrogen project (Hyport Duqm) in 
the Special Economic Zone of Oman at Duqm. The 
first phase of this green hydrogen project consists 
of a 250 to 500 MW electrolyser plant to be supplied 
with renewable electricity from solar and wind.

In August 2021, as part of its Vision 2040 to 
transform its economy, Oman established a 
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national hydrogen alliance consisting of 13 
public and private sector institutions to produce, 
transport and use low-carbon hydrogen.57

4. Morocco

In North Africa, Morocco has developed a 
relatively large variable renewable energy 
(solar and wind) capacity programme in a short 
period of time. It is today a leading developer 
of renewable energy resources in the Arab 
region and consequently a candidate to 
produce green hydrogen and green hydrogen-
based ammonia.

Morocco is planning to become a source of green 
hydrogen or green hydrogen-based ammonia 
supplies for Europe. To promote the development of 
this source of low-carbon hydrogen, its Government 
has undertaken the following main actions:

“Setting up a national commission on green 

hydrogen including public and private sector 

participants.

Launch of a study to formulate a green 

hydrogen roadmap.

Ongoing pilot project for the production of 

green ammonia.

Development of an integrated programme 

of green ammonia production, through the 

redeployment of renewable energy.

Holding a large scientific and technological 

conference dedicated to green hydrogen.”58

In June 2020, Morocco and Germany signed 
a partnership agreement covering two green 
hydrogen related projects. The first project, 
Power-to-X, will consist of a pilot project to 
produce green hydrogen. The second project is 

the creation of a research platform on Power-
to-X, knowledge transfer and strengthening of 
related skills.59

Morocco is actively working on the development 
of green hydrogen production capacity. Its agency 
for the development of sustainable energy 
(MASEN) is planning the construction of a hybrid 
solar PV/wind power plant to supply a 100 MW 
electrolyser plant to produce green hydrogen. The 
project, which is presently at the feasibility study 
stage, is scheduled to be commissioned between 
2024 and 2025.60

Morocco continues to rely heavily on fossil 
fuel imports, though investments in renewable 
energy capacity are increasing to reduce the 
share of fossil fuels in the country’s energy mix. 
Its share of renewable energy will likely rise 
from about 20 per cent to 52 per cent by 2030. 
However, this means that as of 2019, almost 70 
per cent of the electricity generated in Morocco 
still originated from coal-fired power units.61

There is a question of how renewable energy 
capacity should be allocated between direct 
electrification and green hydrogen or green 
hydrogen-based ammonia production for export 
to Europe and for local fertiliser production to 
reduce imports of grey ammonia. Nevertheless, 
Morocco is expected to continue to play a 
leading role in the Arab region’s green hydrogen 
capacity and it is planning to capture up to 4 per 
cent of the global demand for green hydrogen 
and green ammonia.62

5. Egypt

Presently, Egypt has the largest installed 
renewable energy capacity in the Arab region and 
is actively planning the expansion of this existing 
capacity for the generation of clean electricity. 
Recently, it has also announced low-carbon 
hydrogen projects and initiatives in partnership 
with international companies.
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It is currently updating and extending its 
Integrated Sustainable Energy Strategy to 2040 
to incorporate the country’s “renewable energy 
contribution and transition to a green economy.” 
This includes the development of low-carbon 
hydrogen projects and initiatives “towards the 
development of a hydrogen economy in Egypt”, 
and an inter-ministerial committee has been set 
up to develop its “National Hydrogen Strategy”.

In fact, Egypt has already launched several 
low-carbon hydrogen projects and initiatives. 
In January 2021, the Ministry of Electricity and 
Renewable Energy signed an agreement with 
Siemens company of Germany to undertake 
studies for the development of a green 
hydrogen pilot project, including 100–200 MW of 
electrolyser capacity.63

In April and July 2021, the Egyptian Government 
signed separate agreements with the Belgian 
company DEME and Eni of Italy for low-carbon 
hydrogen projects targeting domestic and export 
markets. This was followed by the signing in 
October 2021 of an agreement between the joint 
Egyptian – Emirati company Fertiglobe and the 
renewable energy company Scatec of Norway for 
a green hydrogen and green ammonia project.64

In May 2021, the Ministry of Electricity and 
Renewable Energy of Egypt received six offers 
from international companies from China, 
Germany, Italy, Japan, the United Kingdom and 
the United States to implement low-carbon 
hydrogen production projects. A committee has 
been set up to review these offers.

Egypt is clearly determined to reduce its GHG 
emissions and transition to a greener economy 
in the long term, including the development 
of low-carbon hydrogen capacity, particularly 
green hydrogen. This could at least partly replace 
the large volumes of grey hydrogen currently 
consumed by Egyptian industry.65

6. Other Arab countries

Other Arab countries have been considered 
as potential sources of low-carbon hydrogen 
production because of their significant solar and 
wind energy potential and the availability of 
large plots of land to develop renewable energy 
projects. These include Algeria, based not only 
on its solar energy potential,66 but also its large 
cross-border natural gas pipeline infrastructure 
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connected to Europe. In the long-term, this gas 
infrastructure connection could potentially be 
used to transport low-carbon hydrogen produced 
in North Africa to Europe. In fact, low-carbon 
hydrogen plans formulated by EU institutions 
include hydrogen transport through the cross-
border natural gas pipelines between Algeria and 
Italy and Spain.

Studies and international workshops on the 
potential development of green hydrogen 
production in Algeria were first initiated in 2000 
by Algerian scientists and research centres. 
However, multi-faceted challenges prevented 
progress towards implementation.67 In 2021, 
the newly created Ministry of Energy Transition 
and Renewable Energy re-introduced the topic 
of green hydrogen development in the national 
agenda within the context of the country’s 
planned energy transition initiatives.

In February 2021, a study on green hydrogen 
and Power-to-X was launched by this ministry 
in partnership with Germany’s GIZ. This was 
followed by a workshop in April 2021 by the 
Ministry of Energy Transition and Renewable 
Energy and the Ministry of Higher Education 
and Scientific Research on the development 
of green hydrogen in Algeria and its potential 
impact on the country’s energy transition. 
A green hydrogen alliance and a new green 
hydrogen national plan were announced at the 
end of this workshop.68 In July 2021, the key 
objectives of this green hydrogen national plan 

were issued by the Ministry of Energy Transition 
and Renewable Energy.69

Other Algerian entities have also expressed 
interest in the potential development of low-carbon 
hydrogen. The national oil and gas company of 
Algeria, Sonatrach, and Eni of Italy, have agreed 
to perform a feasibility study on a pilot project to 
produce green hydrogen in Algeria.70

These recent developments have provided 
the opportunity to reconsider the low-carbon 
hydrogen initiative as part of the country’s future 
potential clean energy alternatives. At the end 
of November 2021, the Algerian Government 
appointed a national committee to formulate a 
national hydrogen strategy for the development 
of low-carbon hydrogen in Algeria.

Algeria could offer several advantages for the 
potential development of green hydrogen, such 
as very favourable solar irradiance levels, large 
plots of lands and a well-developed energy 
infrastructure. Nevertheless, developing low-
carbon hydrogen capacity is likely to be a long-
term objective as the country faces recurrent 
challenges in its clean electrification efforts. As 
indicated in figure 2, Algeria presently has a very 
small renewable energy capacity.

Mauritania has also announced plans to develop 
green hydrogen and green ammonia capacities. 
However, there is limited information available on 
these very ambitious projects.71,72

C. Planned hydrogen exports
Industrialized countries, such as those of the 
European Union, Japan and South Korea, 
continue to focus on the decarbonization of their 
economies. Among a mix of clean alternatives to 
meet their 2050 climate neutrality commitments, 
they are introducing low-carbon hydrogen, 
especially in sectors where it is hard to electrify 

and abate carbon. However, based on the 
projections that have been presented for their 
planned consumption of low-carbon hydrogen 
or low-carbon hydrogen-based ammonia, the 
domestic low-carbon hydrogen supplies of Europe 
will not be sufficient to meet their projected long-
term hydrogen demand. Consequently, this opens 
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opportunities for low-carbon hydrogen imports 
from the Arab region and elsewhere.

A brief overview of hydrogen export projects from 
Arab countries is presented below.

1. Potential North African 
hydrogen exports

In its hydrogen strategy, the European Union 
(EU) refers to potential imports of low-carbon 
hydrogen from the “EU’s neighbouring countries 
in Eastern Europe and in the Southern and 
Eastern Mediterranean countries”. It identifies 
particularly North Africa and its geographical 
proximity and the fact that it could potentially 
provide cost-competitive renewable hydrogen 
supplies.73 The EU strategy does not specify the 
import routes from North Africa, but an initiative 
launched by European gas pipeline operators 
called the European Hydrogen Backbone (EHB) 
indicates that hydrogen imports from North 
Africa, planned for 2040 or possibly earlier, 
would be routed through Italy and Spain.74 This 

would potentially include low-carbon hydrogen 
supplies, from Algeria, possibly Libya, Morocco 
and Tunisia.

2. Potential Middle Eastern 
hydrogen exports

The Middle East is another source of potential 
low-carbon hydrogen supply to Europe and 
to some Asian countries. There have been 
references to the planned East Mediterranean 
gas pipeline project to Southern Europe as a 
potential cross-border natural gas infrastructure 
that could be used to transport renewable low-
carbon hydrogen. However, this ambitious 2,000-
km gas pipeline project is unlikely to materialise 
any time soon.

Potential low-carbon hydrogen supplies from the 
Middle East are more likely to be transported by 
specialized ships to Asia and Europe. At present, 
there are no clearly identified hydrogen gas 
export projects from the Middle East, apart from 
the Neom green hydrogen project in Saudi Arabia. 
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There has also been a pilot export shipment of 
blue hydrogen-based ammonia from the Jubail 
Industrial City of Saudi Arabia. Given the cost 
constraints of pure hydrogen transportation 
across long distances, low-carbon hydrogen from 
the Middle East would predominantly be shipped 
in the cheaper low-carbon ammonia form.

3. Potential challenges of 
hydrogen exports

Finally, it is important to raise the question of 
whether the potential sources of clean energy 
in the Arab region could produce enough 
low-carbon hydrogen to meet the projected 
import demand. Furthermore, could Arab 
sources compete with other potential low-
carbon hydrogen producers such as Australia 
(especially for Asian markets), Chile and 
Russia? These challenges are outlined in the 
following section. Low-carbon hydrogen exports 
also provide opportunities for potential new 
producers in the Arab region and could in the 

long term offer Arab hydrocarbon producers 
diversification opportunities and incentives for 
an accelerated energy transition, but achieving 
this objective has been challenging so far. 
For producers with cross-border gas pipeline 
interconnections with Europe, low-carbon 
hydrogen trade could help optimize the use of 
this gas infrastructure, especially as European 
gas imports start to decline significantly by 2030 
and beyond. Still, this is likely to be a very long-
term opportunity.

4. Potential development 
approaches for low-
carbon hydrogen

Although States are likely to adopt different 
pathways to decarbonize their economies and 
move towards long-term carbon neutrality, 
there are common features regarding the 
development and implementation of blue and 
green hydrogen projects.

Blue hydrogen projects are mainly initiated 
and led by the national oil and gas companies 
(NOCs) in hydrocarbon-producing countries, 
in partnership with international oil and gas 
companies (IOCs), local and international private 
sector companies and government agencies 
in energy importing countries. However, in 
the case of green hydrogen projects which are 
closely linked to renewable energy projects, 
utility companies tend to play a leading role in 
development and implementation.

Furthermore, low-carbon hydrogen projects 
tend to be concentrated in industrial clusters, 
parks, “valleys” or new hubs (e.g. Neom), where 
most of the low-carbon hydrogen produced is 
expected to be consumed domestically, or in 
port areas where it can be consumed locally 
and/or in the long term be exported as low-
carbon hydrogen or green ammonia.
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6
Challenges
and opportunities
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Blue hydrogen can act as 
an effective bridge to green 
hydrogen, and CCS or CCUS 
enable the production  
of relatively less expensive 
blue hydrogen.

The water requirements of 
green hydrogen production 
could limit its use in certain 
water-scarce regions. 
However, desalinated water 
only adds about 1 per 
cent to the cost of green 
hydrogen, so with the proper 
mechanisms, water scarcity 
issues can be avoided and 
green hydrogen production 
can even be seen as an 
opportunity (to provide local 
communities with excess 
fresh water) as opposed  
to a risk.

Countries involved in or planning 
the development of low-carbon 
hydrogen production capacities 
are confronted with several 
interrelated technical, 
economic, regulatory and 
financing challenges.

In the long term, the cost 
gap between blue and green 
hydrogen production is predicted 
to narrow significantly.

Addressing financing challenges 
will require an adequate legal 
and regulatory framework 
to support the scaling up of 
low-carbon hydrogen  
production capacities.

The cost of producing green 
hydrogen, currently two 
to three times that of blue 
hydrogen, is a major barrier to 
scaling up its capacity.

The commercial viability of low-
carbon hydrogen projects requires 
a significant scaling up of the 
hydrogen production capacity, 
underpinned by secure long-term 
market demand.

Key messages

1%
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A. Technical and commercial barriers

1. Scaling constraints

Starting with the interlinked technical and 
commercial barriers and focusing on the production 
of green hydrogen through electrolysis, the main 
challenge is the fact that electrolysis technologies 
have not yet reached the commercial viability needed 
to realistically meet long-term net-zero emissions 
targets. The scaling up of these technologies and 
concomitant reduction in production costs will take 
time and require large financial resources. This 
scaling up constraint has a significant impact on the 
cost competitiveness of green hydrogen and the 
rolling out of a commercially and financeable green 
hydrogen programme as discussed below.

2. Energy efficiency

Another technology-related factor that is presently 
considered a significant barrier is the energy 
inefficiency or energy losses of the systems used 
to produce green hydrogen. According to IRENA, 
between 30 and 35 per cent of the energy consumed 
in the process of producing green hydrogen through 
electrolysis is lost. Furthermore, the transformation 
to other forms, especially to transport the clean 
product, can lead to between 13 and 25 per cent 
energy losses.75 Over time, with technology 
improvements, these losses could be reduced. 
However, they remain a constraint to the growth of 
green hydrogen production and the scaling up of 
production capacity for viable commercialization.

3. CCS or CCUS constraints

The Special Report of the Intergovernmental Panel 
on Climate Change (IPCC)76 and the International 

Energy Agency’s recent Net Zero report77 indicate 
the relevance of CCS or CCUS in the short to 
medium-term reduction of CO2 emissions.

In the transition to green hydrogen and/or along 
with the production of green hydrogen, CCS or 
CCUS enable the production of relatively less 
expensive blue hydrogen. This process is based 
on the integration of CCS or CCUS facilities to 
capture, utilize and/or store CO2. However, this 
technology remains expensive and has still not 
evolved at the scale required to meet Net Zero 
Emission (NZE) targets, with only a limited 
number of projects using CCS or CCUS and 
located mainly in OECD countries. Presently, there 
are 27 commercial facilities in operation globally,78 
with only three in the Arab region.

Although recognized as a key alternative to 
quickly reduce emissions and help develop the 
market for low-carbon hydrogen, companies 
have been very reluctant to invest in CCS or 
CCUS facilities, requesting strong support 
from governments. The high cost of the scaled-
up facilities required to meet NZE targets, the 
availability of suitable CO2 storage options and 
public acceptance of CCS or CCUS projects are 
key challenges for these projects and therefore for 
the potential production of blue hydrogen.

4. Limited transport 
infrastructure

Presently, the transportation of the hydrogen 
produced is not an issue, as the bulk of the 
hydrogen is consumed on site or close to 
where it is manufactured. For example, oil 
refinery site configurations integrate hydrogen 
production units. There are also some relatively 
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small hydrogen pipeline networks in operation 
in the United States and in several European 
countries. However, in the Arab region, with the 
planned significant expansion of low-carbon 
hydrogen capacity for domestic uses and 
potentially for exports, the existing hydrogen 
pipeline infrastructure would be hard-pressed to 
cope with growing domestic and cross-border 
transport requirements.

5. Water usage constraints

The quantity of water required by green 
hydrogen plants could limit their use in certain 
regions of the world. The potential total 
consumption of freshwater worldwide, if the 
present production of pure hydrogen were based 
on the water electrolysis technology, would be 
617 million cubic meters, equivalent to only 
1.3 per cent of the global energy sector’s water 
consumption (IEA, 2019). However, desalinated 
water only adds about 1 per cent to the cost of 
green hydrogen, so with proper mechanisms 
water scarcity issues can be avoided and green 
hydrogen production can even be seen as an 
opportunity (to provide local communities with 
excess fresh water) as opposed to a risk.

However, the above-mentioned globally 
aggregated low water consumption figure does 
not reflect the adverse economic and social impact 

this freshwater usage could have on regions 
with severe freshwater scarcity issues. This is an 
extremely important consideration in the Arab 
region,79 especially in inland areas with no access 
to potential sources of desalinated seawater. 
Furthermore, even if accessible, the desalination of 
seawater is an energy-intensive and costly process 
that would need to be assessed within a local or 
regional context. However, a commercially and 
environmentally sustainable way of developing 
additional seawater desalination capacity for 
green hydrogen production could also provide 
opportunities to supply freshwater to  
local communities.

6. Regional technical 
constraints

In the Arab region, developers and operators of 
low-carbon hydrogen production, transformation 
and transportation capacities would face some 
additional technical constraints in terms of skill 
availability and relevant manufacturing capacity 
for technology components. Nonetheless, 
these barriers should be easier to overcome 
through effective international partnerships and 
procurement if planned adequately. It should 
however be acknowledged that these partnerships 
and international procurement affordability would 
be limited to a small group of Arab countries.

B. Evolving economics
The economics of low-carbon hydrogen production 

remain very challenging and are directly linked 

to the technological constraints described above, 

among others. The main issue is the much higher 

cost of producing green hydrogen compared to 

blue hydrogen. It should be noted also that blue 

hydrogen production is not widely developed yet, 

but the transitional low-carbon blue hydrogen 

option could progress more quickly than the green 

hydrogen option. In the long-term, the cost gap 

between blue and green hydrogen production is 

predicted to narrow significantly, as shown in the 

figures below, if the scaling up of green hydrogen 

capacity takes place as expected.
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Figure 5. Indicative hydrogen production costs: 2019 ($/kg)
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Figure 6. Indicative hydrogen production costs: 2025–2030 ($/kg)
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The indicative hydrogen production cost ranges 
presented in figures 5 and 6 show that it may take 
around ten years for green hydrogen to achieve 
near cost parity with blue hydrogen. This assumes 
that all the necessary funding is made available 
and markets for low-carbon hydrogen evolve 
favourably over this assumed time horizon. In 
the meantime, the production of blue hydrogen 
using natural gas as a primary source through 
the SMR technology and with CCS/CCUS could 
provide a low-carbon hydrogen transition to a 

more cost-effective green hydrogen solution. 
This is again assuming that the above-mentioned 
CCS challenges are rapidly addressed. However, 
the transformation (to other green forms) and 
transportation of the low-carbon hydrogen or 
green products (e.g. green ammonia) could 
significantly increase the cost to end-users, 
especially for supplies over long distances.

1. A blue hydrogen transition

With the addition of CCS or CCUS facilities, the 
cost of blue hydrogen production will increase 
compared to grey hydrogen. According to the 
International Energy Agency (IEA), the capital 
expenditure (CAPEX) of producing low-carbon 
hydrogen will increase, on average, by about 50 
per cent while the operating expenditure (OPEX) 
will double. These estimated cost increases would 
depend on the SMR plant design and location 
(IEA, 2019). The cost increase of natural gas due 
to the addition of CCUS is much lower in relative 
terms but is an important factor when comparing 
the costs of blue hydrogen production across 
different regions of the world (figure 7). This is 
pertinent to Arab natural gas-producing countries, 
especially gas surplus countries.
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Figure 7. Estimated blue hydrogen production costs – 2018 ($/kg)
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If it is assumed that CAPEX and OPEX estimates 
do not vary on average across regions, which is 
not always the case, the above chart shows that 
blue hydrogen produced in the Middle East and the 
United States is relatively cost competitive compared 
to other regions of the world, at $0.94/kg for the 
Middle East and $1.00/kg for the United States.

In the case of North African gas-producing 
countries, blue hydrogen production using 
natural gas as a primary source could be more 
challenging. The increasingly constrained natural 
gas balances of producers such as Algeria and 
Egypt could limit blue hydrogen production growth 
prospects in this area. In the long term and post 
conflict, Libya could be a potential candidate with 
a better natural gas balance situation. This will 
however take time and may go beyond the above-
mentioned transition phase. Nevertheless, North 
Africa offers much better opportunities in the 
production of green hydrogen using existing and 
potential renewable energy resources. Therefore, 
the near-term cost advantages of blue hydrogen 
production are likely to be leveraged mainly in the 
few Arab gas surplus countries of the GCC area.

2. Renewable energy  
and green hydrogen

Several parties, especially in Europe, favour a 
faster transition to the green hydrogen option. 
Meeting this ambition would require the rapid 
development of electrolysis capacity over the 
next ten years and beyond. In 2020, there was 
a total global electrolysis capacity of 0.2 GW. 
According to IRENA, if all strategies already 
announced were implemented, it would result in 
85 GW of electrolysis capacity installed by 2030. 
This corresponds to about 85 per cent of IRENA’s 
Planned Energy Scenario (PES), as shown in the 
figure below.80

Figure 8 clearly depicts the substantial 
electrolyser capacity expansion planned for 
2030. Several new electrolyser projects are 
planned in different regions of the world with 
announcements indicating over 8 GW by 2030 in 
Europe, 22 GW in Australia and an impressive 70 
to 80 GW by 2030 in China.81
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Figure 8. Planned electrolyser capacity by 2030 (GW)
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Several significant challenges need to be addressed 
to implement a realistic and cost-effective 
introduction of green hydrogen either for domestic 
uses or for exports or both. At present, the cost of 
producing green hydrogen is a major barrier to the 
development of scaled up green hydrogen capacity, 
with IRENA estimating that it is presently two to 
three times the cost of blue hydrogen (figure 5).

The production cost of green hydrogen is driven 
by three main interacting elements: electrolyser 
investment cost; capacity factor (percentage use 
or operating hours) and the cost of electricity 
from renewable energy sources.

Over the last ten years, the levelized cost of 
electricity generated using solar photovoltaics (PV); 

concentrated solar power (CSP) and onshore wind 
sources has declined by 82 per cent, 47 per cent 
and 39 per cent, respectively.82 These generation 
costs are expected to continue to decline further 
for solar and wind power technologies. Some of 
these substantial drops in renewable electricity 
generation costs are reflected in renewable energy 
projects in the Arab region. The Al Dhafra 2 GW 
solar photovoltaic project in the United Arab 
Emirates is the world’s largest solar PV project and 
has one of the world’s most competitive electricity 
price at $0.0135 per kWh.83 Al Shuaiba 600 MW 
PV project of Saudi Arabia reached an even lower 
price level of $0.0104 per kWh.84

Arab countries, such as Jordan, Morocco, 
Saudi Arabia and the United Arab Emirates, 
with existing and potentially low and declining 
costs of electricity generated from renewable 
sources of energy (solar and wind), offer a key 
comparative advantage in the production of green 
hydrogen. However, as emphasized above, this 
advantage can be captured when the utilization 
level of electrolysers increases, depending on the 
availability of renewable electricity.

Egypt, Morocco, Saudi Arabia and the United 
Arab Emirates are planning to develop large 
capacities of electricity generation based on 
renewable energy sources. If the ambitious 
targets presented in table 3 are achieved, 
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by 2030/2035, each of these Arab countries’ 
renewable energy share would reach between 
30 and slightly over 50 per cent of each country’s 
energy mix. Some countries could have surplus 

electricity generation capacity and could allocate 
renewable energy capacity to electrolysers, 
especially during low electricity usage periods 
(e.g. in winter).85

C. Financing constraints
Outside the GCC area, North Africa, especially 
Egypt and Morocco, offers opportunities to 
leverage its increasing renewable energy capacity 
to produce green hydrogen. However, North 
African countries are not endowed with the same 
levels of financial resources and face additional 
challenges in securing external financing for 
hydrogen development projects compared to 
Persian Gulf countries. Therefore, they will have 
to rely on effective partnerships with international 
companies or institutions not only to develop and 
install the relevant technologies, but also to invest 
in the whole low-carbon hydrogen production 
chain. This includes CCS or CCUS facilities for 
blue hydrogen and new renewable electricity 

generation units and electrolysers for green 
hydrogen, plus the transport, transmission and 
transformation infrastructure.

Investments in low-carbon hydrogen 
developments for both the domestic market and 
for export require substantial levels of funding 
to cover the different segments of the hydrogen 
chain. In line with the objectives of the EU 
hydrogen strategy and as described earlier, a 
total domestic electrolyser capacity of 6 GW by 
2024, increasing to 40 GW by 2030, is going to 
be developed. Europe’s plans also include the 
potential development of 40 GW of electrolyser 
capacity in North Africa and the Ukraine by 2030.86

Figure 9. Planned North Africa electrolyser capacity as per Europe’s roadmap (MW)
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Three quarters or 30 GW of this non-European 
electrolyser capacity will be located in North 
Africa by 2030, as shown in figure 9.87 It is 
however unclear how the development of this 
short-term ambitious electrolyser programme 
in Europe’s “southern neighbourhood” would 
be financed, given the programme could cost 
between $20 and $30 billion or more (depending 
on technologies, capacity size, timing and rate of 
capital cost reduction).

In the GCC area, a recent study commissioned 
by the MENA Hydrogen Alliance estimates 
that annual investments of $16 to $25 billion 
(conservative scenario) would be required 
over a period of 25 years to install 150 to 210 
GW of electrolysis capacity to achieve a green 
hydrogen production capacity of 50 to 70 million 
tons by 2050. These investments include capital 
expenditures for storage and conversion, 
renewable energy and electrolysers.88

The above-mentioned capital-intensive investment 
plans/scenarios for the Arab region would be 
quite challenging to implement. According to the 
IEA’s report on Financing Clean Energy Transition 

in Emerging and Developing Economies (EMDE), 
“There is no shortage of global capital, but 
there is a shortfall of clean energy investment 
opportunities around the world that offer adequate 
returns to balance the risks.”89 The main funding 
constraint is clearly the availability of commercially 
viable clean energy projects.

The commercial viability of low-carbon hydrogen 
projects requires a significant scaling up of the 
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hydrogen production capacity underpinned 
by secure long-term market demand with 
contractual purchase commitments like those 
that enabled the launch of the international trade 
of LNG, at least initially. Other mechanisms, like 
Contracts for Difference,90 could also ensure 
stability of revenue.

Commercial banks, among others, are likely 
to wait for low-carbon hydrogen projects 
to be de-risked before offering financing at 
the needed scale. Therefore, both public and 
private sector funding and financial incentives 
will be necessary.

Organizations such as the Dii Desert Energy 
initiative recommend that MENA countries leverage 
their “existing know how and success stories in 
financing projects via international development 

institutions in developing MENA countries and large 
commercial banks in GCC countries.”91

While funding in North Africa may be challenging 
to secure, especially to expand electrolyser 
capacity, it could be relatively less constrained 
in other parts of the Arab region, specifically 
in the GCC area, such as in Saudi Arabia and 
the United Arab Emirates. However, it remains 
an important financial challenge that needs 
to be addressed by both public and private 
sector stakeholders. Although there would be 
some initial government and/or international 
institutional support to launch the first projects, a 
large-scale low-carbon hydrogen programme is 
unlikely to be fully or even significantly subsidized 
by Arab hydrocarbon-producing countries 
already suffering from a significant drop in their 
hydrocarbon export revenues.

D. Legal and regulatory framework
Addressing financing challenges will require 
an adequate legal and regulatory framework to 
support the scaling up of low-carbon hydrogen 
production capacities. This framework will need 
to reflect realistic strategies formulated at the 
country or regional level that will serve as the 
basis for the formulation of a legal and regulatory 
framework to support the development of low-
carbon hydrogen in each country or region. In 
some countries, there are already regulations 
or standards that cover certain aspects of such 
hydrogen developments. At present, most 
hydrogen support initiatives launched in different 
countries are focused on the use of hydrogen 
in the mobility or transport sectors, while 
electrolysers, an essential segment for green 
hydrogen production, have so far received a 
relatively lower level of support.

In most Arab hydrocarbon-producing countries, 
governments provide some form of subsidy, 
especially energy price subsidies, to their industries, 

and there is now significant pressure to reduce and 
eventually phase out these subsidies. A potential 
increase in the costs of their manufactured products 
resulting from the introduction and use of low-
carbon hydrogen in Arab industries would be a 
challenge for Arab policymakers. Meanwhile, for 
export-oriented industries, especially those already 
exporting or planning to export to European 
markets, the carbon footprint of their export 
products could become an issue if access to these 
markets is restricted and alternative markets cannot 
be secured.

As a matter of fact, in July 2021, the European 
Union adopted a new carbon border adjustment 
mechanism (CBAM) “which will put a carbon price 
on imports of a targeted selection of products so 
that ambitious climate action in Europe does not 
lead to ‘carbon leakage’.”92 The sectors covered 
by the CBAM include cement, iron and steel, 
aluminium and fertilisers. These are key industries 
in most of the Arab States planning to develop 
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low-carbon hydrogen projects. Therefore, the 
gradual decarbonization of these export industries 
would be unavoidable over time if they want 
access to European markets.

One recurrent theme that emerges from the 
discussions at all levels (national, regional and 
international) on the formulation of a supportive 
legal and regulatory framework is the issue of 
government subsidies to support the low-carbon 
hydrogen industry for both blue and green 
hydrogen production.

The pathway for some regions or countries could be 
a gradual transition from a blue to a green hydrogen 
economy to allow for a scaling up of capacity and 
future cost reductions, while others could opt to 
leapfrog the transition phase and move directly 
into green hydrogen. There would also be countries 
that would continue to develop both blue and 
green hydrogen capacities concurrently. Therefore, 
the legal and regulatory frameworks would vary, 
reflecting the different pathways chosen by specific 
countries or groups of countries.

Arab hydrocarbon-producing countries have been 
producing and using grey hydrogen for the past 
several decades. However, there is no dedicated 
legal and regulatory framework focused on the 
development of low-carbon hydrogen production 
and use (domestically or for exports) in any Arab 
country. Apart from the preparation of technical 

regulations related to hydrogen use in the 
mobility sector.93

Existing and potential users of hydrogen in the 
Arab region are predominantly large industries 
like oil refining, petrochemicals and steel. 
These industries face thin margins (e.g. oil 
refining) or fluctuating growth prospects (e.g. 
steel manufacturing) and would not be able to 
easily absorb the increased costs of low-carbon 
hydrogen supplies and could oppose the payment 
of any price premium for supplies of low-carbon 
hydrogen. Nonetheless, as indicated above, 
the decarbonization or reduction of the carbon 
footprint of Arab export industries, especially 
those that are hard to abate, is unavoidable over 
the long term and these additional costs will at 
some stage have to be internalized.

Depending on the cost of long-distance hydrogen 
transport and the development of a commercially 
viable international hydrogen market, potential 
low-carbon hydrogen developments in the Arab 
region could initially be limited to small or pilot 
export projects. Over time these low-carbon 
hydrogen developments could potentially be 
focused on the gradual replacement of the 
large quantities of grey hydrogen produced and 
consumed mainly in the GCC and North African 
countries. This would be driven by the imminent 
threat of the imposition of carbon taxes on 
imports of unabated industrial products.

E. Opportunities for Arab countries
The series of challenges reviewed in this section 
show that these barriers’ levels of difficulty vary from 
one region to another and even among different 
countries within a region. In fact, opportunities could 
emerge in countries that are better positioned and 
prepared to address these challenges.

In the case of Arab countries, the following factors 
could provide some comparative advantages and 

opportunities in the development of low-carbon 
hydrogen capacities.

In gas-rich Arab countries, the production of blue 
hydrogen using natural gas as a primary source 
in the SMR process coupled with CCS or CCUS 
facilities could smooth out the transition to a 
lower-cost green hydrogen production phase by 
supporting a scaling up of low-carbon hydrogen 
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capacity. However, these Arab hydrocarbon-
producing countries would need to take a more 
active role in mobilizing investments in scaled-up 
CCUS and geological storage facilities.94

In relation to CCS or CCUS, captured CO2 could 
be used in enhanced oil recovery (EOR) projects 
and in some industries in hydrocarbon-producing 
countries and/or be stored safely away from 
populated areas in depleted hydrocarbon fields 
(where geologic conditions allow).

Green hydrogen production could benefit from 
low-cost renewable electricity supplies and the 
availability of large land areas in some parts of 
the Arab region to develop or expand renewable 
energy capacity.

Water usage in green hydrogen production 
could be an issue in countries with very scarce 
freshwater resources. However, GCC countries 
with long-established seawater desalination 
industries and large production capacities 
could leverage this experience to mitigate any 
adverse water usage impacts when expanding 
these capacities to produce green hydrogen. 
Furthermore, the development of scaled-up 
desalination capacity could also provide local 
communities with additional water supplies. This 
is assuming that the added desalination capacity 
for green hydrogen production is commercially 
viable and that the desalination facilities have a 
low carbon footprint.

North African gas producing countries (Algeria 
and Libya) have large cross-border natural gas 
pipeline infrastructure linking them to southern 
Europe. These links could potentially be used to 
export hydrogen and have been mentioned in 
European plans to import green hydrogen from 
North Africa. However, these plans will take a long 
time to materialize for the reasons outlined above 
in the Challenges section.

Some key Arab hydrocarbon-producing countries 
have large industrial parks or clusters where 

low-carbon hydrogen projects could be located 
at lower costs than green field sites. Substantial 
shares of the hydrogen production could be 
consumed locally by industries in these parks.

Finally, the development of a low-carbon 
hydrogen industry could help achieve economic 
diversification away from hydrocarbons, 
one of the most elusive objectives of the 
hydrocarbon-producing countries of the Arab 
region. However, to do so, the new low-carbon 
hydrogen industry will have to disconnect from 
the existing hydrocarbon industry. For example, 
this new industry cannot rely on existing 
hydrocarbon or hydrocarbon-related inputs and 
infrastructure to be truly diversified. If this new 
low-carbon hydrogen industry is completely 
independent of producing countries’ oil and 
gas sectors, which constitute the core of their 
comparative advantage, they run the risk of not 
being competitive.95 Therefore, the pros and 
cons of a genuine diversification strategy need 
to be considered, in addition to the economic 
and human capital adjustments that would 
be required over time to reach internationally 
competitive cost levels. This situation would 
be different among different groups of Arab 
hydrocarbon-producing countries, depending on 
the importance of the hydrocarbon sector in their 
respective economies.
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7
Conclusions and 
recommendations
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Key messages

Low-carbon hydrogen is set to play a 
crucial role in achieving carbon neutrality 
targets by 2050, alongside renewable energy 
electrification and energy efficiency.

All relevant public and private sector 
stakeholders, especially hydrocarbon-
producing countries, need to take urgent 
action to mobilize investments to scale 
up CCS and CCUS capacity to produce 
economically viable blue hydrogen.

To scale up capacities and make blue and green 
hydrogen commercially viable, markets for 
low-carbon hydrogen need to be created. 
This equation would be difficult to solve without 
government support and incentives.

Over the next ten to fifteen years, the prospects 
for blue and green hydrogen development in the 
Arab region are likely to be limited to a handful 
of countries in the GCC area and North 
Africa, with projects located mainly in industrial 
parks or clusters and ports that could become 
the Arab region’s low-carbon hydrogen hubs.

Dedicating a large part of existing or expanding 
renewable energy capacity to green hydrogen 
production could mean that more fossil 
fuel-based electricity would need to be 
generated to compensate.

The large-scale use of electrolysis to 
produce green hydrogen is not yet 
mature and production costs remain 
prohibitively high.

H H

H

H
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A. Conclusions
Low-carbon hydrogen is set to play a crucial role 
in achieving carbon neutrality targets by 2050, 
alongside renewable energy electrification and 
energy efficiency. Of particular interest is its 
potential use in hard-to-abate or hard-to-electrify 
sectors where clean electrification is not feasible. 
With electricity input accounting for much of 
the production cost of green hydrogen, falling 
renewable power costs will narrow the gap. 
Attention, meanwhile, must shift to electrolysers, 
the second-largest cost component. With larger 
production facilities, design standardization and 
insights from early adopters, these costs could fall 
by 40 per cent in the short term and up to 80 per 
cent in the long term. In price terms, the resulting 
green hydrogen could fall below $2/kilogram 
within a decade, making it cost competitive.96

The focus on hydrogen is not new, and there 
have been several attempts before to develop 
its production and utilization, but to no avail. 
The recent global enthusiasm for low-carbon 
hydrogen is driven mainly by rapidly increasing 
international attention on addressing climate 
change through carbon neutrality. It is also 
reinforced by the continuously falling costs 
of renewable electricity generation, the main 
operating cost of green hydrogen production 
through electrolysis, and the falling costs of 
electrolysers. However, this technology is not 
yet mature enough to produce green hydrogen 
at a large scale, and production costs remain 
prohibitively high.

Today, SMR technology is used to produce 
most of the hydrogen consumed globally. 
When coupled with CCS or CCUS facilities, blue 
hydrogen is produced. Using blue hydrogen as 
a transition fuel would help to scale up capacity 
and enable significant cost reductions for green 
hydrogen production.97 However, all relevant 
public and private sector stakeholders, especially 
hydrocarbon-producing countries, need to take 

urgent action to mobilize investments to scale up 
CCS and CCUS capacity.

To scale capacities and make blue and green 
hydrogen commercially viable, markets for 
low-carbon hydrogen need to be created. This 
equation would be difficult to solve without 
Government support and incentives. Therefore, a 
supportive legal and regulatory framework plus 
some form of Government funding would be 
required, until the market develops and allows for 
private sector entities to take an effective role.

In the case of most Arab countries, Government 
financial support would be extremely constrained, 
if available at all. Existing and potential users of 
hydrogen in the Arab region, especially industries 
with small margins and fluctuating growth 
prospects, would not be able to easily absorb the 
increased costs of low-carbon hydrogen supplies. 
However, the impending imposition of carbon 
adjustment mechanisms by major blocs, such as 
the EU and some Asian countries, on the import 
of industrial products could severely affect the 
access of Arab industrial products to these key 
markets. Therefore, decarbonization through the 
gradual replacement of grey hydrogen production 
and consumption in the Arab region’s industrial 
centres is unavoidable, especially in hard-to-abate 
industries. In the transition phase, the few Arab 
countries with large natural gas reserves could 
focus on blue hydrogen production. However, 
for those who are not endowed with natural gas 
resources or who have decided to undertake 
both blue and green hydrogen projects, some 
prioritization issues may arise.

In the Arab region, the targeted share of 
renewable energy capacity in the power mix is 
not planned to exceed 30 per cent, besides a 
few select countries aiming for 50 per cent, and 
even these relatively conservative targets will 
be difficult to achieve. Dedicating a large part of 
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existing or expanding renewable energy capacity 
to green hydrogen production could mean 
that more fossil fuel-based electricity would be 
needed to compensate. This would clearly affect 
the goal of carbon neutrality and SDG 7, which 
emphasizes the expanding use of clean energy. 
The same observation applies to Arab States 
that have overcommitted themselves to large 
fossil fuel-based electricity generation expansion 
programmes.

The journey to a commercially viable, scaled-
up low-carbon hydrogen industry would be a 
long and challenging one. By 2030, we need 
electrolyser costs to fall by 75 to 80 per cent in 
order to achieve green hydrogen costs in the 
range of $2/kg. Once this happens, production can 
scale in order to reach our 2050 decarbonization 
targets, which rely on green hydrogen as a key 
piece of the puzzle. Even in Arab countries well 
endowed with large natural gas resources, large 

renewable energy capacity and a favourable 
financial position, the timeline for scaling green 
hydrogen capacity would take time, likely beyond 
2030/2035. It is crucial that this long time horizon 
be properly understood to formulate a realistically 
achievable pathway (or pathways) with an open 
choice of technologies while avoiding investment 
(and lock-in) in old technologies and stranded 
assets.

Over the next 10 to 15 years, the prospects for 
blue and green hydrogen development in the 
Arab region are likely to be limited to a handful 
of countries in the GCC area and North Africa, 
with projects located mainly in industrial parks 
or clusters and ports that could become the Arab 
region’s low-carbon hydrogen hubs.

We have the technology to develop low-carbon 
hydrogen; what we need now is action, and the 
effective policy to enable it.

B. Recommendations
The following are select recommendations for 
Arab countries to accelerate the development of 
low-carbon hydrogen locally and globally.

• Accelerate domestic renewable energy projects 
to increase the share of renewable electricity in 
power systems to ensure adequate capacity for 
green hydrogen production.

• Explore flexibility measures including regional 
grid interconnection in order to effectively 
manage the inherent variability of solar and 
wind generation.

• Establish certification and standardization 
schemes for green and blue hydrogen that are 
aligned with international standards.

• Reduce risk by formulating low-carbon 
hydrogen strategies that reflect each country’s 
carbon neutrality objectives and commitments, 

renewable and non-renewable energy 
endowments and financial strengths and/or 
access to funding sources. Governments can 
also reduce off-take risk by establishing local 
low-carbon hydrogen demand initiatives.

• Increase public funding in research, education 
and innovation as well as the infrastructure 
required to produce and transport low-carbon 
hydrogen, hydrogen derivatives and low-
carbon industrial products. Provide strong 
innovation support to ensure projects reach 
the commercialization stage and to incentivize 
market creation while collaborating with 
local universities and research centres and 
international research and development 
partnerships.

• Encourage involvement of all relevant public 
and private sector stakeholders in the initial 
strategy design process and obtain their buy-in. 



63

Strategies should be based on thorough multi-
disciplinary assessments, including social and 
environmental impact studies and cost/price-
sensitive market evaluations.

• Leverage experience in the oil and gas 
sectors as well as international partnerships 
with oil and gas companies. Also leverage 
existing refining and shipping infrastructure 
to accelerate the transition to the production 
and export of sustainable fuel and industrial 
materials, thereby mitigating disruptions to 
local economies and jobs in the face of global 
decarbonization strategies and incoming carbon 
border adjustment mechanisms.

• Develop adequate legal and regulatory 
frameworks to incentivize low-carbon hydrogen 
investments by local and international investors. 
Focus on decarbonization of hard-to-electrify 
sectors but avoid the financially demanding and 
high-risk cycle of subsidies.

• Study and thoroughly understand all the 
barriers that could arise in this potential new 
low-carbon fuel and materials trade with other 
countries and regions (e.g. carbon pricing, 
certificates or guarantees of origin) since 
most of the low-carbon hydrogen that would 
potentially be produced in the Arab region could 
initially be exported.

• The international trade of low-carbon hydrogen 
and derivatives is at its embryonic stage and 
needs time to develop. However, contractual 
arrangements need to be prepared now to 
govern future transactions.
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 Diversifying the energy mix is a key aspect of the energy transition. Beyond
 accelerating the uptake of renewable energy and electrifying relevant sectors,
 alternative energy carriers including hydrogen and hydrogen derivatives
should be explored to ensure the transition is just and sustainable.
 This publication focuses on existing and planned hydrogen developments
 in the Arab region and explores the major challenges and opportunities of
 hydrogen production and use to support the region’s energy transition within
the context of the 2030 Agenda for Sustainable Development.
 The report also considers recent decisions by several States to introduce
 net-zero GHG emission targets by 2050 and discusses the implications for
sustainable hydrogen production.
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