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Hydrogen energy has the advantages of low carbon and cleanliness, high energy density, and high
conversion efficiency; it is expected to play a pivotal role in Eastern Asia and the MENA region’s
energy transition. The research status and development prospects of various technologies in
hydrogen production, hydrogen storage, and hydrogen use are analyzed. On this basis, specific
technical paths for developing renewable energy and integrated energy service parks coupled
with hydrogen energy are proposed. Solid polymer electrolyte (SPE) electrolysis hydrogen
production and solid material hydrogen storage are the most potential development in directions
of hydrogen production and hydrogen storage. Technologies such as hydrogen fuel cell and
natural gas hydrogen mixture in the hydrogen use link should be simultaneously promoted. The
organic combination of wind/light-abandoned hydrogen production by electrolysis of water,
wind power/photovoltaic off-grid hydrogen production with fuel cell power generation,
hydrogen refueling station supply, methanol production, and natural gas hydrogen mixing
technology would effectively solve the uneconomical and transportation difficulties of renewable
energy hydrogen production. At the same time, hydrogen energy can realize the interconnection
of multiple energy networks, and its application prospects in the future integrated energy service
parks are very broad.
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INTRODUCTION1
The massive use of fossil energy has brought about
various environmental, ecological, and global climat e
changes [1]. It became the conscious action of all
countries to solve the dilemma actively and accelerated
the development of energy transition, and the
development of clean and low-carbon energy; which has
a general trend [2]. Hydrogen energy is a recognized
clean energy carrier with zero emissions and pollution can
be achieved in the whole process from development to
utilization [3]. At the same time, hydrogen energy has the
characteristics of high energy density and high
conversion efficiency and is regarded as one of the most
promising energy sources [4]. The International
Hydrogen Energy Commission predicts that in 2050,
hydrogen energy demand will reach ten times the current
level, accounting for more than 15% of world whole
energy consumption [5].

Some developed countries have incorporated the
development of the hydrogen energy industry into their
national development strategies [6]. The United States is
an advocate of the hydrogen energy economy and one of
the most important countries to promote the development
of hydrogen energy [7]. In November 2002, the US
Department of Energy promulgated the “National
Hydrogen Energy Roadmap,” which comprehensively
and systematically explained
hydrogen energy
technologies such as hydrogen preparation, storage,
transportation, conversion, and application [8]. So far, the
US government has promulgated a series of policies and
launched large-scale scientific research programs to
actively guide and strive to realize the gradual transition
from the fossil energy economy to hydrogen energy
economy [9]. Germany is at the forefront of Europe in the
promotion and application of hydrogen energy [5]. In
2011, German energy companies such as Greenpeace
Energy
established
a
6MW
wind-hydrogen
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demonstration project in Germany [4]. In addition, Audi
built a 6 MW photovoltaic-hydrogen-methane project (EGas project) in Germany in 2013 [5]. Hydrogen is
produced through photovoltaic power generation and then
reformed with carbon dioxide to produce methane. The
annual methane production capacity reaches 1,000 tons.
Japan is also at the forefront of hydrogen energy
development and utilization [5, 6]. In 2014, the “Strategic
Roadmap for Hydrogen Energy and Fuel Cells” was
released, clarifying the three-phase development goals for
2025, 2030, and 2040 [8]. In 2017, Japan issued the
“Hydrogen Energy Basic Strategy,” which put forward
specific development goals in hydrogen energy supply
and utilization and planned to fully popularize fuel cell
vehicles by 2050 [9, 10].
The Middle East, one of the world’s largest oil
exporters, is determined to become the world’s largest
exporter of green hydrogen, one of the world’s largest
carriers of green energy [3]. As governments and
international oil companies move toward hydrogen fuel
production; especially the green type, which comes fro m
the electrolysis of water using solar or wind energy, majo r
oil producers in their own Persian Gulf region have joined
the global movement. Hydrogen is expected to play a key
role in reducing global greenhouse gas emissions in the
future, and the Middle East is reluctant to miss this
emerging opportunity. On the other hand, given the
accelerating transition to clean energy, Middle East wants
to show the world that it is not just an exporter of crude
oil but can also export clean energy. In addition, some
Middle Eastern countries, whose economies are heavily
dependent on oil, intend to diversify their economies and
distance themselves from oil by moving towards clean
energy production [11].
Recently, the world’s media reported on two majo r
green hydrogen production projects in Middle East;
Dubai launched the first industrial-scale green hydrogen
production project in the Middle East, and Oman unveiled
plans to build one of the world’s largest hydrogen
production complexes. Dubai, one of the emirates of the
United Arab Emirates, OPEC’s third-largest oil producer,
has partnered with the German company Siemens to
launch the first industrial-scale green hydrogen
production complex in the Middle East and North Africa
region. Dubai Electricity and Water Company and Dubai
Expo 2020 also contributed to this huge project [12].
According to experts at Siemens Energy, the large
industrial complex uses electricity generated by the
Mohammed bin Rashid Al Maktoum Solar Park during
the day to generate green hydrogen through electrolysis.
At night, the green hydrogen produced in this complex is
converted into electricity and provides the electricit y
sustainably needed by Dubai [9]. The production capacity
of this solar park is expected to reach 5 GW by 2030,
which will be the highest production capacity of a solar
park in the world. Companies in the region, their
international partners and analysts, believe that Dubai and

the entire Middle East region have a bright future in the
field of solar energy, due to the region’s climate [3].
“Despite the low cost of solar and wind energy production
in the Middle East, the possibility of exporting this type
of energy is limited,” said Siemens Energy experts. “But
hydrogen has the potential to play a key role in the
world’s energy portfolio in the future, opening up new
export opportunities for regions that have favorable
conditions for renewable energy production” [13].
In an interview with CNBC, Christine Bruce, CEO of
Siemens Energy, said that the UAE could become a majo r
exporter of hydrogen in the world. He mentioned, “I
firmly believe that this business model can and should be
one of the key business models in the UAE and the
Middle East as a whole in the future and that the region
will become an exporter of clean energy” [11].
Oman, another oil producer in the Middle East that is
not a member of OPEC but is part of the OPEC Plus
coalition, also issued an important statement last week on
clean energy production [1]. The Oman National Oil
Company (OQ) has entered green hydrogen production in
partnership with Hong Kong Intercontinental Energy
Company and a Kuwaiti government-affiliated company
that invests in and develops clean energy [3].
“Given the strategic location of the project, which is
located between Asia and Europe, and the excellen t
conditions of the Arabian Sea in terms of abundant wind
energy and solar radiation, this is a reliable project for
production and supply,” said the executives of
Intercontinental Energy. “Permanent green fuels are very
competitively priced worldwide” [4].
“Alternative energy is a key driver for Oman National Oil
Company’s long-term growth and a key component of the
company’s strategy,” said Dr. Salim al-Hudhaili, director
of alternative energy at Oman National Oil Company. “In
addition, alternative energy is in line with Oman’s 2040
vision, which aims to diversify the country’s resources
and maximize added value” [9].
The Middle East, the world’s largest oil producer, and
the world’s largest oil exporter, also has a glimpse of
green hydrogen production projects and gaining market
share of this clean fuel [5]. Saudi Arabia’s Crown Prince
Mohammed bin Salman, widely publicized for a
sustainable future, signed a $ 5 billion deal last year with
Saudi energy and freshwater Aqua power company Aqua
Power. Under the agreement, a massive green hydrogenbased ammonia production complex will be built in the
city of Neom, and its products will be exported to global
markets [10].
As an important part of the country’s strategic
emerging industries, Eastern Asia and the MENA region
will accelerate hydrogen energy development and
industrial application [1]. Hydrogen energy has been
included in the “Energy Technology Revolution, and
Innovation Action Plan” and other major plan has been
included in the State Council’s “Government Work
Report” [13]. At present, Eastern Asia and the MENA
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region’s hydrogen energy research and development are
still in the preliminary stage. There are still many
problems to be resolved in various links in the hydrogen
energy industry chain [9]. For example, the electrolyzer
in the hydrogen production link, the vehicle-mounted
hydrogen tank in the hydrogen storage link, the hydrogen
compressor and the hydrogen refueling machine in the
hydrogen refueling station link, the surface treatment of
the bipolar plate in the fuel cell link, and the membran e
electrode spraying equipment are all different in different
countries [7]. In addition, the development path of
hydrogen energy suitable for Eastern Asia and the MENA
region’s energy situation remains to be explored. Fro m
the perspective of Eastern Asia and the MENA region’s
energy structure and transformation trends, the
development of wind power, photovoltaics, and other
renewable energy sources is very rapid and will play an
increasingly important role [9]. The coupled development
of renewable energy and hydrogen energy will become an
important direction [11]. In addition, integrated energy
services have become a hot spot in the energy and power
industry. Compared with traditional energy services,
integrated energy services pay more attention to clean and
low-carbon energy use and improve users’ energy
efficiency [12]. Hydrogen energy has the natural
properties of being clean and low-carbon, and at the same
time, it can realize the interconnection of multiple types
of energy networks such as power grids and heating
networks, gas networks, and transportation networks
[14]. The application prospects of integrated energy
service parks in the future are very broad [15].
This article first analyzes the research status and
development prospects of various technologies in the
fields of hydrogen production, hydrogen storage, and
hydrogen use, and on this basis, proposes a hydrogen
energy development technology path suitable for
different regional conditions to provide a reference for the
development of the hydrogen energy industry. This paper
aims to overview the current situation of the hydrogen
industry and its potential growth opportunities to know
the advantages and disadvantages of the hydrogen
industry. Then, to suggest diverse strategies to help this
industry grow in different regions aligned to the MENA
and Eastern Asian regions.
RESEARCH ON KEY TECHNOLOGIES
HYDROGEN ENERGY INDUSTRY CHAIN

a low-cost hydrogen production method. The cost of
hydrogen production can be controlled at 0.6-1.5 yuan/m3
[9, 10]. At present, more than 95% of hydrogen in Eastern
Asia and the MENA region is produced from fossil fuels
such as coal, natural gas, and petroleum [13]. Fossil fuels
produce a large number of carbon emissions in the
process of hydrogen production. Therefore, carbon
capture and storage (CCS) technology must be combined
to be more widely recognized and applied in the future.
Hydrogen production from industrial by-products
It mainly includes the recovery of hydrogen-rich system
hydrogen in refineries, the recovery of by-product
hydrogen in Chlor-alkali plants to produce hydrogen, and
the recovery and utilization of hydrogen in coke oven gas
[11] These technologies make full use of industrial byproducts, the process is mature, and the cost of hydrogen
production is low, with 1.3 to 1.5 yuan/m3 [9].
Hydrogen production by electrolysis of water
Hydrogen production by electrolysis of water is also one
of the traditional hydrogen production methods, and the
process is simple and pollution-free [12]. Since electricit y
costs account for about 70% of operating costs , the purely
electrolyzed hydrogen production process is not
economical. However, Eastern Asia and the MENA
region are currently vigorously promoting the
development of renewable energy. The surplus electricity
generated during the process of abandoning wind and
light has created favorable conditions for the
development of hydrogen production by electrolysis of
water. Hydrogen production by water electrolysis has
become an important technical choice for peak-shaving,
valley-filling, and abandonment of electricity in Eastern
Asia and the MENA region’s power industry [12].
Common water electrolysis hydrogen production
technology is divided into alkaline water, a solid polymer
electrolyte (solid polymer electrolyte, SPE), and solid
oxide electrolyte (solid oxide electrolyzer cell, SOEC)
electrolysis of water; three comparative techniques are
summarozed in Table 1 [14–16]. Alkaline water
electrolysis technology has been relatively mature; SPE
water electrolysis technology has begun to be used
commercially in different countries but is basically in
Eastern Asia and MENA region’s experimental research
and development stage; SOEC electrolysis technology is
currently in the research and development stage at home
and abroad [14]. Compared with alkaline water
electrolysis, SPE water electrolysis hydrogen production
equipment has a wider operating power range and shorter
start-up time; one can realize high current density
electrolysis, low power consumption, small size, high
purity of generated gas, and easy to achieve high pressure,
More suitable for the volatile input of renewable energy
power generation. Therefore, SPE water electrolysis
technology will be an important development direction
for hydrogen production technology in the future [9].

OF THE

There are many hydrogen preparation methods, and the
common industrial hydrogen production methods mainly
include the following categories.
Hydrogen production from fossil fuels
It mainly includes hydrogen production by steam
reforming petroleum and natural gas and using the water
gas method [8]. Hydrogen production from fossil fuels is
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Table 1. Comparison of water electrolysis technologies
Compare items

Alkaline water electrolysis

SPE pure water electrolysis

Solid oxide electrolysis

20%～30% KOH

SPE film

Y2 O3 /ZrO2

70～90

70～80

700～1 000

Current density/(A·cm )

0.2～0.4

1～2

1～10

Electrolysis efficiency/%

60～75

70～90

85～100

Energy consumption/[(kW·h)·
m－ 3]

4.5～5.5

3.8～5.0

2.6～3.6

Start and stop faster

Start and stop fast

Inconvenient start and stop

Dynamic response capability

Stronger

Strong

—

Power quality requirements

Stable power supply

Stable or fluctuating

Stable power supply

Corrosive liquid, complicated
operation and maintenance in later
stage, high cost

Simple operation and
maintenance, low cost

Currently focusing on technical research,
no operation, and maintenance
requirements yet

120 000

100 000

—

Commercialize

Commercialization abroad

Development phase

Lye pollution, asbestos carcinogenic

No pollution

No pollution

Electrolyte
Working temperature/℃
－2

Operating characteristics

System operation and
maintenance
Stack life/h
T echnology maturity
Whether there is pollution

In addition, some new hydrogen production
technologies have emerged in recent years, including
photocatalytic
hydrogen
production,
hydrogen
production from nuclear heat, and hydrogen production
from biomass [12]. However, these technologies are
currently in the laboratory research stage, far away fro m
industrial applications. Hydrogen storage technologies
include pressure gas storage, cryogenic liquid hydrogen
storage, hydrogen storage, and an organic solid material
liquid hydrogen storage, see the comparative technical
Table 2 [9] High-pressure gaseous hydrogen storage has
the advantages of lower cost and mature technology and
is more suitable for application in fuel cell vehicles. It will
still be the main stream hydrogen storage technology in
the next few years [13] Toyota Motor Corporation of
Japan is at the forefront of hydrogen storage containers
for high-pressure vehicles [1]. The fully-wound plastic
liner gas cylinders (Type IV) developed by Japan can
achieve 70 MPa high-pressure sealed hydrogen storage,
and the mass density of hydrogen storage reaches 5.7 %
(Mass score) [9]. Commercial hydrogen storage
containers for high-pressure vehicles in Eastern Asia and
the MENA region use forged aluminum alloy as the inner
liner, and carbon fiber gas cylinders (Type Ⅲ) are coated
outside [15]. Hydrogen storage cylinders pressurized at
35 MPa have been widely used in-vehicle systems, but 70
MPa high-pressure gas cylinders are not commercially
available yet [16, 17]. Low-temperature liquid hydrogen
storage technology has the advantages of high hydrogen
storage density and high hydrogen transmission

efficiency, but the storage and transportation costs are
relatively high [18]. Mainly reflected in: First, the
liquefaction and compression of gaseous hydrogen
require a large amount of energy, which is about 30% of
the hydrogen itself, and the energy consumption is very
high [9]; second, the liquid hydrogen storage container
needs to be insulated and resistant to high pressure, and
the production cost is high [15]. Liquid hydrogen storage
has been commercially applied in developed countries
like the United States and Japan [1, 2]. However, Eastern
Asia and the MENA region’s regulations on liquid
hydrogen storage are relatively strict, mainly used in the
aerospace field, and civilian use is not allowed. The future
development trend is difficult to predict [9].
Although the hydrogen storage technology of solid
materials is still in the transitional stage fro m
experimental research to commercial application. The
cost of hydrogen storage is relatively high, its advantages,
such as high volumetric hydrogen storage density and
safe and convenient operation, will promote the
development and promotion of the technology [15]. This
technology will be used in hydrogen storage in the future.
The fields with higher safety requirements have broad
application space, an important future development
direction of hydrogen storage technology [13]. The
advantages and disadvantages of organic liquid hydrogen
storage technology are obvious [9]. At present,
commercial applications have been realized in Eastern
Asia and the MENA region and will become an important
supplement to hydrogen storage technology [13].
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Table 2. Comparison of hydrogen storage technologies
High-pressure gaseous Low-temperature liquid Hydrogen storage in solid
Compare items
O rganic liquid hydrogen storage
hydrogen storage
hydrogen storage
materials
Hydrogen
storage density
per unit mass/%

1.0～5.7

5.7～10

1.0～4.5

5.0～7.2

T he hydrogen is stored in the
T he unsaturated organic liquid
T he hydrogen is liquefied
Use high pressure to
solid material by the solid’s undergoes a hydrogenation reaction
under high pressure and low
T echnology compress hydrogen into a temperature, and the volume physical adsorption or chemical under a catalyst to generate a stable
high-pressure container for
reaction on the hydrogen
compound and then undergoes a
density is 845 times that of
storage
without pressure and in a low- dehydrogenation reaction when
gaseous state
temperature environment.
hydrogen is required.

Advantage

Low cost, mature
T he volumetric hydrogen
T he volumetric hydrogen
technology, fast hydrogen storage density is high, the storage density is high, the T he hydrogen storage density is high,
charging and discharging
liquid hydrogen purity is
operation is safe and
the cost is relatively low, and the
rate, low energy
high, and the hydrogen convenient, no high-pressure
safety is high
consumption, and wide
transmission efficiency is container is needed, and the
working conditions
high
hydrogen purity is high

T he volumetric hydrogen
storage density is low, the
volume-specific capacity is
Disadvantage
small, and there is a potential
safety hazard of leakage or
explosion.

T he purity of hydrogen is not high,
side reactions may occur, and
T he quality of hydrogen storage
impurity gases are generated; the cost
has
low
density,
high
cost,
T he liquefaction process
is high, hydrogenation and
temperature requirements for
consumes a lot of energy, is
dehydrogenation devices must be
hydrogen
absorption
and
volatile, and has a high cost
equipped; the dehydrogenation
release, and poor resistance to
reaction is often carried out at high
impurity gases
temperatures catalyst is prone to
coking and deactivation.

Currently, the most mature
Mainly used in the aerospace
and commonly used
Application technology, which is also the field, suitable for ultra-highmain technology used for power commercial vehicles
hydrogen storage in vehicles

Hydrogen has multiple properties such as energy
storage, fuel, and industrial raw materials, making it a
broad application space in various industries [9]. The
hydrogen energy utilization model can be abstracted into
the following aspects [15].

Important development
direction in the future

Can use traditional petroleum
facilities for transportation and
bunkering

policies to promote the promotion and application of this
technology [22].
Power to gas conversion
After hydrogen is produced by electrolysis, the hydrogen
is directly mixed into the natural gas pipeline or after
synthesizing methane; the mixed natural gas is used as a
fuel at the terminal to provide heat energy [23]. This
model breaks the barriers between the traditional power
system and the natural gas system and can expand the
utilization and popularization of renewable energy [24].
Use wind power, photovoltaic power generation, and
other surplus electricity to electrolyze water to generate
hydrogen, and then provide it to the existing gas pipeline
network, or use electricity, water, and carbon dioxide in
the atmosphere to produce methane to provide fuel gas
through the methanation reaction, thus promoting the
“gas network” -The deep integration of the power grid
[25–27].

Power to power conversion
Hydrogen production by electrolysis realizes the
conversion of electric energy into hydrogen energy. If
necessary, hydrogen energy can be converted into electric
energy again through fuel cells [18]. This model can fully
use renewable energy such as wind power and
photovoltaics to generate hydrogen [13]. It is a form of
energy storage and power generation with broad
application prospects [19]. It can solve grid peak and
valley filling, stable grid connection of new energy,
improve power system security, reliability, flexibilit y ,
significantly reduce carbon emissions, promote smart
grids, energy-saving emission reduction, and resource
sustainable development strategies [20]. However, under
this model, the price of hydrogen production is still high,
and the safety of large-scale hydrogen storage and
investment income are factors that restrict the promotion
of this technology [21]. In the early stage, the state needs
to formulate relevant power market regulations and

The conversion of electric energy to fuel (power to
fuel)
After hydrogen is produced by electrolysis, the hydrogen
is stored in the form of a fuel cell [28]. Implementing fuel
cell vehicle hydrogenation and a hydrogen fuel cell-based
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HYDROGEN
ENERGY
TECHNOLOGY PATH

integrated thermoelectric system on the user side can
promote grid peak reduction [29], Valley filling, realize
the interconnection of multiple types of energy networks
such as the grid and the heating network, gas network, and
transportation network, and promote comprehensive
energy efficiency utilization and “clean replacement” to
increase the proportion of electricity in the final energy
consumption, play a key role in the construction of a new
generation of power systems and the construction of the
global energy Internet [30]. Among them, hydrogen fuel
cell vehicles are the pioneering direction of hydrogen
energy development [31]. Compared with lithium-io n
battery electric vehicles, hydrogen fuel cell vehicles have
the advantages of high power density, long cruising
range, and fast fuel refueling. The market for the future is
ultra-high-power heavy-duty vehicles with a driving
range of more than 800 km [32]. Long-distance vehicles,
as well as commercial vehicles that can operate 24 hours
to improve efficiency, etc [33].

DEVELOPMENT

Because of the characteristics of Eastern Asia and the
MENA region’s energy structure and the trend of the
energy transition, combined with the maturity of
hydrogen energy industry technology development, this
paper proposes two technical paths for the production and
utilization of hydrogen energy [43].
Renewable energy such as wind power/photovoltaic
power generation to produce hydrogen by electrolysis of
water can reduce fossil energy consumption, reduce
pollutant emissions, improve grid absorption capacity,
and realize the polygeneration of wind power
photovoltaics, coal chemical industry, and petrochemica l
industry (see Figure 1) [43–46]. Popular research
directions in the development of the hydrogen energy
industry [47]. Wind power/photovoltaic hydrogen
production currently faces two major challenges: cost and
transportation [48]. For cost problems, the following two
techniques described herein recommended route.

The conversion of electric energy to raw material s
(power to feed)
Hydrogen and its derivatives have become a key raw
material in many industries, especially chemical
production and refining [34]. In Eastern Asia and the
MENA region, hydrogen is used as raw material gas for
synthetic ammonia, methanol, and other chemical
industries, and about 90% or more of hydrogen with a
purity of about 99% is used for hydrogenation in the
production of refining and chemical products [35]. In
addition, 2 to 4% of hydrogen is used as an industrial gas
for reducing gas, protective gas, and reaction gas in
metallurgy, steel, electronics, building materials, fine
chemicals, and other industries [36]. At present, the
amount of hydrogen consumed in the industrial sector
worldwide each year exceeds 50 billion cubic meters
[37]. Approximately 70% of the world’s hydrogen is
used to synthesize ammonia, and the hydrogen
consumption of Eastern Asia and the MENA region’s
synthetic ammonia is more than 80% [38]. Replacing
carbon-based hydrogen with hydrogen from renewable
energy will contribute to global carbon emissions
reduction [39].
Hydrogen fuel cell vehicles are currently the most
concerned hydrogen energy utilization in Eastern Asia
and the MENA region. It is also the starting point for
building a hydrogen energy society and increasing the
public’s acceptance of hydrogen energy [40]. However,
the use of hydrogen energy in other fields should also be
simultaneously carried out research and development,
such as natural gas hydrogenation, clean replacement of
hydrogen in the industrial field, etc, which has a
significant impact on the development of the hydrogen
energy industry and the acceleration of Eastern Asia
and MENA region’s low-carbon and clean process [41,
42].

Abandoning wind/light to produce hydrogen by
electrolyzing water
The cost of hydrogen production by water electrolysis is
much higher than that of coal gasification and natural gas
cracking for hydrogen production [48]. The cost of
electricity accounts for about 70% of the operating cost
of hydrogen production by electrolysis [49]. If wind/light
electricity is used to produce hydrogen, the cost of
hydrogen production can be controlled at Around 1.5
yuan/m3 (the negotiated price of abandoned
wind/abandoned solar power is controlled within 0.2
yuan/(kW·h)) [50], which initially has the conditions to
compete with fossil fuel hydrogen production. Although
the average curtailment rate of wind power/photovoltaic
power in Eastern Asia and the MENA region has shown
a clear downward trend in recent years, the curtailment of

Figure 1. Development roadmap of renewable energy
coupling hydrogen energy
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wind/light in Northwest Eastern Asia and the MENA
region is still serious. In 2018, the curtailment rate in
Xinjiang was as high as 23%, and the curtailment rate in
Gansu was 19% [50]. In addition, the wind
power/photovoltaic parity policy after 2020 has also
stimulated the construction of a large number of wind
power/photovoltaic projects [51]. The grid construction
cannot keep up with wind power/photovoltaic power [52].
The difficulty of absorbing wind power/photovoltaic
power generation in the future cannot be ignored.
Therefore, abandoning wind/light to produce hydrogen
from electrolyzed water is important to solve new energy
consumption and efficient utilization [53].

concentration of carbon dioxide in the atmosphere and
obtain methanol, an important energy carrier, a technical
route that “kills two birds with one stone and turns waste
into treasure” [60]. Currently, this technology has
achieved commercial application in Iceland, and it is still
in the exploratory period of commercial application in
Eastern Asia and the MENA region. It will have good
application prospects in remote areas of the northwest in
the future [61].
4. Natural gas is mixed with hydrogen
For areas where hydrogen produced by wind
power/photovoltaic power is not conducive to overseas
transportation but is close to natural gas pipelines, the use
of hydrogen-mixed natural gas transportation is a more
promising direction [62]. The hydrogenation of natural
gas can improve natural gas combustion efficiency ,
reduce pollutants and carbon emissions, and reduce
Eastern Asia and the MENA region’s natural gas imports
and foreign dependence, which is of great significance to
Eastern Asia and the MENA region’s energy security
strategy. Studies have shown that the proportion of
natural gas mixed with hydrogen is controlled within
23%, not affecting natural gas pipelines’ structure and
combustion performance [63, 64]. Natural gas
hydrogenation technology has been widely used abroad,
but it is still in the experimental research stage in Eastern
Asia and the MENA region [65].
With the emergence of a new round of energy
technology revolution and the accelerated penetration of
the Internet concept into the energy sector, the reform of
the energy system has continued to deepen [66].
Customer needs have become more diversified, building
an integrated energy system and providing users with
multiple energy production, storage, transmission,
consumption, and energy [67]. Comprehensive energy
services with deep integration of market transactions have
become a hot spot in the energy and power industry [68].
Various industrial parks have natural resources, space
resources, grid foundations, and use resources to
construct an integrated energy system and become the
main battlefield for integrated energy services, business
innovation, and benefit growth [69]. Integrated energy
services pay more attention to clean and low-carbon
energy use compared with traditional energy services and
improve users’ energy efficiency. Hydrogen energy has
the natural properties of being clean and low-carbon. It
can also realize the interconnection of energy networks
such as power grids and heating networks, gas networks,
and transportation networks. The application prospects in
integrated energy service parks in the future are very
broad [70].
Integrated energy services development of hydrogen
technology park coupling path as Figure 1 shows. The
energy supply in the park is mainly completed by
distributed wind power or photovoltaic power. Wind
power or photovoltaic power generation that the grid
cannot absorb is used for electrolysis hydrogen

Wind
power/photovoltaic
off-grid
hydrog en
production
In areas where wind/light resources are abundant but
difficult to connect to the grid and cannot be developed
on a large scale, such as the “Three North” areas that have
long been in the red warning for new energy
consumption, wind power/photovoltaic power generation
can be used to produce hydrogen from the off-grid
operation [54]. In this way, the cost of wind
power/photovoltaic grid connection can be saved, and the
large-scale
hydrogen
production
of
wind
power/photovoltaic off-grid can reduce the equipment
cost of hydrogen production plants [55]. Under this
circumstance, the cost of hydrogen production can be
controlled within two yuan/m3 , which has a broad
application space in the future development of low carbon and clean development in Eastern Asia and the
MENA region [56].
Another problem is applying water electrolysis
technology to produce hydrogen from renewable energy
sources such as wind power/photovoltaic is transportation
and application issues. This article proposes four possible
paths [57]:
1. Fuel cell power generation
Using gaseous hydrogen storage to temporarily buffer
hydrogen and then use fuel cells for power generation can
greatly improve the accuracy of wind/photoelectric
tracking plans, realize the comprehensive optimal
utilization of grid-hydrogen energy storage, and improv e
the quality of the power supply [57].
2. Supply hydrogen refueling station
When there is a hydrogen refueling station near the wind
farm, the hydrogen can also be sold to the hydrogen
refueling station to replenish nearby fuel cell vehicles
[58].
3. Carbon dioxide hydrogenation to produce methanol
When wind farms/photovoltaic power plants are located
in remote areas that are not conducive to hydrogen
transportation, consider building a carbon dioxid e
hydrogenation device near the wind farm to convert the
dangerous hydrogen transportation problem into safe and
easy transportation of carbon dioxide and methanol [59].
At the same time, it can reduce or maintain the
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production [71]. The stored hydrogen can be directly
supplied to the park or nearby hydrogen refueling stations
to meet hydrogen fuel cell vehicles [72]. At the same
time, a fuel cell system can be configured for combined
heat and power. Especially high-temperature fuel cells,
such as solid oxide fuel cells and molten carbonate fuel
cells, have higher co-generation efficiency and better fuel
adaptability (processed natural gas or syngas can be used)
[73]. At present, molten carbonate fuel cells have been in
demonstration operation in the United States, Japan,
Germany, Italy, South Korea, and other countries, and the
power capacity has reached the megawatt level or more
[74]. Japan has implemented the ENE-FARM plan, and
the development and market application of household
fuel cell combined heat and power systems have matured.
In 2018, the shipment of stationary fuel cells exceeded
300 MW [75].
Another technical path for the park’s combined heat
and power is the micro gas turbine combined heat and
power technology that uses natural gas mixed with
hydrogen as fuel [76]. Compared with conventional gas
turbines fueled by natural gas, gas turbines fueled by
natural gas mixed with hydrogen can significantly reduce
nitrogen oxides and carbon dioxide emissions, which is
the key direction of future green and low-carbon
development [77]. The research results show that when
the hydrogen blending amount is below 20%, there is no
need to make major modifications to the gas turbine. In
March 2018, Mitsubishi Hitachi Power Systems Co., Ltd.
conducted a gas turbine test using a 30% hydrogen fuel
mixture [78]. The test results confirmed that stable
combustion could be achieved using a newly developed
proprietary burner to burn the hydrogen-natural gas
mixture [79]. Compared with conventional natural gasfueled gas turbines, a 30% hydrogen mixture can reduce
carbon dioxide emissions by about 10% [80].
The world’s largest oil exporter, the Middle East, is
looking to become an exporter of clean green hydrogen
energy [81]. Due to the growing interest of governments
and international oil companies in clean energy, oil
producers in Persian Gulf region have become interested
in hydrogen, especially the green type, which is produced
by electrolysis of water using electricity generated fro m
solar or solar, or wind energy [82]. Hydrogen is expected
to play a key role in reducing carbon emissions by the
energy industry, and the Middle East does not want to
miss this opportunity [83]. On the one hand, as the energy
transition accelerates, it wants to show the world that it
can export crude oil and clean energy [84]. On the other
hand, oil-based economies some of OPEC’s largest
producers are determined to diversify their activities,
reduce their dependence on oil, and turn to clean energy
exports. In 2019, the announcement of two green
hydrogen projects in the Middle East made headlines, one
was the launch of Dubai’s first industrial green hydrogen
project in the region, and the other was the unveiling of
Oman plans to build one of the largest green hydrogen

plants in the world [85]. In collaboration with Siemens
Energy, the Dubai Electricity and Water Authority
(DEWA), and Expo 2020 Dubai, Dubai has launched the
first green hydrogen facility in the Middle East and North
Africa region on an industrial scale powered by solar
energy [86]. To generate green hydrogen through
electrolysis, the plant uses solar power to generate solar
energy during the Mohammed bin Rashid Al Maktoum
solar park during the day. Green hydrogen is converted
into electricity at night to power the city with sustainable
energy [87]. The solar park is expected to generate a
maximu m of five gigawatts of clean energy by 2030,
making it the largest solar base in the world [88].
Companies in the region, international technology
partners, and analysts believe that Dubai and the entire
Middle East have a bright future in solar power generation
due to its abundant sunlight. Given the low electricit y
costs for solar photovoltaics and wind power in the
region, Siemens has the potential to become a key fuel in
the future energy basket and could provide energy export
opportunities for areas with abundant renewable energy
[89]. “I believe that hydrogen should be and will be one
of the key future business models in the UAE and the
region as a whole and that the region will be the world’s
largest energy exporter in the future,” Christine Bruch,
Siemens Energy CEO, told CNBC [90]. Oman, a nonOPEC member, is another oil producer in the Middle East
that announced an important green hydrogen program last
week [91]. Oman State Energy Company OQ, Hong
Kong Intercontinental Energy Company, and Kuwait
Entertech have announced plans for one of the largest
green hydrogen facilities in the world. The plant will
operate on 25 gigawatts of renewable energy and cost up
to $30 billion [92]. Saudi Arabia, the Middle East’s
largest oil producer and the world’s largest oil exporter is
also looking at green hydrogen projects and its share of
the emerging clean hydrogen market [93]. Last year, the
carbon-free city of Neom signed a $5 billion contract for
a green hydrogen-based ammonia production project that
will export the product. According to oil price, these
programs show that Middle East oil giants are not
immune to the energy transition and growing global
demand for clean energy products [94].
CONCLUSION
This article introduces various technologies in the process
of hydrogen production, hydrogen storage, and hydrogen
use, summarizes the development status and scope of
application of these technologies, and on this basis,
proposes a hydrogen energy development path suitable
for Eastern Asia and the MENA region’s conditions. In
the process of hydrogen production, hydrogen production
by electrolysis of water has become an important
technology choice for Eastern Asia and the MENA
region’s power industry to cut peaks, fill valleys, and
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205. https://doi.org/10.1016/j.rser.2019.01.046

abandon power consumption. Among them, SPE
electrolysis of hydrogen production technology is more
suitable for the fluctuating input of renewable energy
power generation. SPE is an important development
direction of electrolyzed water technology in the future.
In the hydrogen storage link, high-pressure gaseous
hydrogen storage will still be the mainstream hydrogen
storage technology in the next few years. Still, solid-state
hydrogen storage technology will become an important
development direction for future hydrogen storage
technology due to its high volumetric hydrogen storage
density and safe and convenient operation. In the use of
hydrogen, hydrogen fuel cells are an important starting
point for building a hydrogen energy society and
increasing the public’s acceptance of hydrogen energy.
However, for the development of the hydrogen energy
industry and the acceleration of Eastern Asia and the
MENA region’s low-carbon and clean process, hydrogen
energy is in other areas. The use of fields should also be
paid attention.
Among the technological paths for developing
renewable energy coupled with hydrogen energy,
abandonment of wind/light for hydrogen production from
electrolyzed water and wind power/photovoltaic off-grid
hydrogen production are the most economical and
promising hydrogen production technologies. Hydrogen
produced by renewable energy can generate electricit y
from fuel cells to promote renewable energy consumption
and grid connection and be supplied to nearby hydrogen
refueling stations. When hydrogen is inconvenient to
transport, it can be converted into methanol nearby or
transported with natural gas mixed with hydrogen. For
comprehensive energy service parks, electrolysis
hydrogen production technology can not only increase the
consumption of wind power and photovoltaics in the park
but also realize the interconnection of multiple types of
energy networks such as power grids and heating
networks, gas networks, and transportation networks
through fuel cells or gas turbines . In the future, integrated
energy services The application prospects in the park are
very broad.
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Persian Abstract

چ کیده
. چگالی انرژی باال و بازده تبدیل باال است و انتظار میرود نقشی محوری در انتقال انرژی چین داشته باشد،انرژی هیدروژن دارای مزایای کربن کم و تمیزی
، بر این اساس. ذخیره هیدروژن و استفاده از هیدروژن تجزیه و تحلیل می شود، وضعیت تحقیق و چشمانداز توسعه فناوریهای مختلف در تولید هیدروژن
 الکترولیت پلیمر.مسیرهای فنی خاصی برای توسعه انرژیهای تجدیدپذیر و پارکهای خدمات انرژی یکپارچه همراه با انرژی هیدروژن پیشنهاد شده است
 فناوریها یی.( الکترولیز تولید هیدروژن و ذخیره مواد هیدروژن مواد جامد بالقوهترین جهات توسعه برای تولید هیدروژن و ذخیره هیدروژن هستندSPE) جامد
 ترکیبی آلی از تولید هیدروژن.مانند سلول سوختی هیدروژن و مخلوط کردن هیدروژن گاز طبیعی در پیوند استفاده از هیدروژن باید به طور همزمان ارتقا یابد
،  تأمین ایستگاه سوختگیری هیدروژن، تولید هیدروژن خارج از شبکه فتوولتائیک با تولید برق سلول سوختی/  انرژی باد، نور رها شده توسط الکترولیز آب/ باد
تولید متانول و فناوری اختالط هیدروژن گاز طبیعی به طور موثری اقتصاد غیر اقتصادی را حل میکند و حمل و نقل مشکالت تولید انرژی تجدیدپذیر هیدروژن
 و چشمانداز کاربرد آن در پارکهای خدمات انرژی یکپارچه آینده بسیار، انرژی هیدروژن می تواند اتصال شبکههای انرژی متعدد را درک کند،در همان زمان
.گسترده است
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