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Hydrogen is a promising energy concept for commercial use. The abundance of this element
and the ability to produce it from water through electrolysis makes it an atiractive and
cleaner choice to replace fossil fuels and solves the decarbonization challenges of the
following areas:

0 Transport: By combining hydrogen with oxygen in a fuel cell, electricity can be
produced and the byproducts of this process are water and heat. The electricity
produced can run an electric motor and substitute internal combustion engines
working on fossil fuels as a low-carbon mobility alternative. It has certain advantages
compared to the existing electric vehicles, as it provides longer ranges and only a few
minutes for refueling.

Industries: Hydrogen will be necessary as raw material to decarbonize high carbon
industries such as the steel, cement and chemicals sector. In the steel sector for
example, CO2 is produced along the reduction of iron ore to pure iron. If the iron ore is
reduced to pure iron through hydrogen, no direct carbon emissions will occur.

Storage: Hydrogen can be used as a long term electricity storage solution, for
example it can be used to utilize peak electricity production from renewable energy
to power the electrolysis process to produce hydrogen from water, and then it can be
transported in vessels or pipes over long distances and used elsewhere.

Production and Transport of Hydrogen:

Hydrogen can be produced in various ways and has different origins, the main distinction is
whether CO2 is emitted while producing it, which leads to four types of hydrogen:

The production of hydrogen using electricity generated from renewable
energy, it is carbon emission-free and the most environmentally friendly option. The
electricity powers the electrolysis process to produce hydrogen from water. Green hydrogen
also benefits the electrical grid by reducing variable renewable energy curtailment and
providing grid-balancing services.

The production of hydrogen using energy input from fossil fuels, which is
high in carbon emissions. Hydrogen that is produced from natural gas for example, is widely
used in many different industrial processes. Currently hydrogen from fossil fuels accounts for
94% of the hydrogen production worldwide.

Blue hydrogen:  Itis grey hydrogen in which the emissions emitted during the process are
captured, stored or reused (CCS). This type of hydrogen end results are environmentally
clean depending on the technology used and the efficiency of the process. More research is
needed on the carbon capture and reuse.

The production of hydrogen through a process called pyrolysis, in
which natural gas (methane) is heated up leading it to break up into hydrogen gas and carbon
solids. The main distinction from blue hydrogen is that there is no carbon emitted in the
process, the carbon resulted is in solid form.

Regional Climate and Energy Project | Middle East and North Africa

Friedrich-Ebert-Stiftung Jorda aq | Ema -Jordan.org: at




Consequently, for hydrogen to be a potential part of the energy transition into more
sustainable energy economies, only the green hydrogen energy is an option. Hydrogen will
only be as sustainable as the power we use to produce it is.

The use and demand for Green hydrogen energy produced with renewable electricity, is
projected to increase rapidly in the coming years worldwide. It is said to be one essential part
of the full decarbonization processes of the industrial and transport sectors. Without green
hydrogen carbon neutrality in 2050 in the EU for example, will not be achievable.

Transportation of hydrogen follows the same principles of the transportation of natural gas. It
can be transported by vehicles in gas or liquid forms in special containers, it also can be
transported through pipelines that are very similar to the pipelines used for natural gas.
According to experts, the established gas infrastructure can be utilized to transport hydrogen.

Obstacles of Hydrogen Production:

Production of hydrogen from renewables is still more expensive than other sources, the most
commonly used production source at the moment is natural gas.

Hydrogen Production Costs by Source (USD/kg)

Renewables (Green)
0.9 3.2

Natural Gas (Grey)
Coal (Grey)
Natural Gas with CCUS (Blue)

Source: International Energy Agency, 2018

In addition to this, there are more obstacles that need to be tackled to accelerate the
development of hydrogen:

Power to hydrogen efficiency is 50-70%, improving this factor will help reduce
production costs.

Renewable energy shared in the electricity mix must be above 70% for hydrogen to
be more climate friendly than current production processes.

High infrastructure costs of facilities and logistics, current estimates including
production are at 8-10$/kg.

Resources: Sun, wind, land, water needed which is not abundantly available in many
countries.
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Exporting Hydrogen From the MENA Region to Europe:

Opportunities of exporting hydrogen in the MENA region:

Its geographical location as a neighbor of the European Union makes the MENA region the
perfect place to supply the fast growing demand for green hydrogen in the EU.
The region has an abundance of renewable energy potential with the highest irradiance of
solar as well as good wind power potential. Introducing green hydrogen can solve current
challenges, such as generation peaks from renewable energy projects and energy storage.

Hydrogen can be injected into natural gas grids in the MENA countries. The already existing
infrastructure can be used for more green energy solutions to reduce natural gas
consumption and carbon emissions.

Hydrogen is a great opportunity for diversification of the economy especially for oil and gas
exporting countries. Hydrogen based energy in the MENA region can be used for
transitioning from oil and gas to renewable and green energy.

For the Maghreb region, the already existing gas pipelines connecting North Africa to the
EU at multiple points can be used for hydrogen export. From Libya, Tunisia and Algeria to
Italy, and from Morocco and Algeria to Spain.

Risks of exporting hydrogen in the MENA region
The MENA region is one of the most water scarce areas, sourcing water for green hydrogen
production while also covering the region’'s need of water can be challenging. Desalinating
sea water in order to protect the ground water supply will be very energy intensive.
Hydrogen is a new topic to the region. The high ambitions of countries such as Germany
aiming at 5 Gigawatt of hydrogen capacitiesby 2030 could be stopped by a lack of

expertise, knowledge, private sector engagement and investors.

Many parts of the MENA region suffer from political instability, conflicts, and various
disputes that can jeopardize infrastructures and development plans of green hydrogen.

Focusing on exporting green hydrogen to Europe could take the attention away of the
energy transition processes in the MENA countries themselves.

Spotlight on Hydrogen projects in the MENA:

UAE: A solar-powered green hydrogen project is to be operational in 2020. and an operational
hydrogen fueling station for cars since 2017. And a project to research the establishment of a
Hydrogen-Based Society,

Saudi Arabia: Hydrogen fueling station for cars, operational since 2019,

Oman: A new hydrogen center that aims to build an economy around ‘green hydrogen' started
at the beginning of 2020 and plans are under way for a 500 M\W Hydrogen production facility,

Morocco: Partnership to research the synthesis of green hydrogen started in 2019,

Jordan: Investment plans for a green hydrogen production facility.
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https://gulfnews.com/uae/first-green-hydrogen-project-breaks-ground-in-dubai-1.1549175502065
https://www.pmvmiddleeast.com/article-46736-video-toyota-mirai-refuels-at-first-uae-hydrogen-station
https://energycentral.com/news/mou-establish-hydrogen-based-society-concluded-between-marubeni-abu-dhabi-energy-department-uae
https://saudigazette.com.sa/article/569192
https://www.y-oman.com/2020/01/oman-gets-its-own-green-hydrogen-centre/
https://www.pv-magazine.com/2020/03/05/renewable-powered-hydrogen-for-oman/
https://www.igb.fraunhofer.de/en/press-media/press-releases/2019/morocco-green-ammonia-synthesis.html
http://h2vproduct.net/wp-content/uploads/2019/09/Khabrni-News-%25E2%2580%2593-Press-Release-Translated-in-English-.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf
https://www.worldenergy.org/assets/downloads/WEInsights-Brief-New-Hydrogen-economy-Hype-or-Hope-ExecSum.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Power-to-Hydrogen_Innovation_2019.pdf%3Fla%3Den%26hash%3DC166B06F4B4D95AA05C67DAB4DE8E2934C79858D
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA_Hydrogen_from_renewable_power_2018.pdf
https://www.iea.org/data-and-statistics/charts/hydrogen-production-costs-by-production-source-2018
http://www.fchea.org/in-transition/2019/11/25/hydrogen-in-the-iron-and-steel-industry

