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A B S T R A C T 

In the present study, hydrogen production and storage systems have been 
investigated. Underground hydrogen storage is suitable for providing high voltage 
network energy storage for intermittent and periodic energy sources such as wind 
power, in addition to providing fuel for transportation, especially for use in ships and 
airplanes. Most of the research conducted in the field of hydrogen storage 
emphasizes the storage and maintenance of hydrogen as a dense, light and compact 
energy carrier for mobile applications. Liquid hydrogen requires cryogenic storage 
and boils at -252,882°C or -423,188°F. Therefore, its water content is subject to a large 
reduction and loss of energy. Tanks should also be installed well in order to prevent 
excessive boiling, but adding insulation or non-conductor will result in higher costs. 
Liquid hydrogen has a lower energy density in terms of volume and capacity 
compared to hydrocarbon fuel. Compressed and condensed hydrogen is stored in a 
completely different way. Hydrogen gas has a good energy density in terms of 
weight, but its energy density is low in terms of volume and capacity compared to 
hydrocarbons. Therefore, it requires a larger tank for storage. A large hydrogen tank 
will be heavier than a small hydrocarbon tank used to store the same amount of 
energy, all other factors remaining equal. Increasing gas pressure improves energy 
density in terms of volume and capacity, which favors smaller, though not lighter, 
tanks. 

 

  

Introduction 

he goals were set by Freedom 

Automotive in January 2002 

between the United States 

Consul for Automotive Research 

(USCAR) and the US.DOE. The 

goals set in 2005 were not 

achieved. The 2009 targets were revised and 

re-examined to reflect new data on system 

efficiency obtained from the test vehicle fleet. 

The ultimate goal for volume storage is still 

superior to the theoretical density of liquid 

hydrogen [1]. It is important to note that the 

targets set and predicted are for the hydrogen 

storage system, not the hydrogen storage 

material. The capacities of the system are often 

about half of the material used. Hence, while a 

material may store about 6% by weight of H2, 

an active system using the same material may 

store only 3% by weight when the reservoir 

weights, heat and temperature and the 

pressure control tool should be considered [2]. 
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In 2010, only two storage technologies were 

identified as likely to meet DOE's goals. MOF-

177 exceeds the 2010 volume capacity goals, 

while cryogenically compressed H2 exceeds the 

more restrictive 2015 goals for both volume 

capacity and weight capacity [3]. 

 

Metal hydride hydrogen storage 

Metal hydrides such as TiFeH2, LaNi5H6, LiH, 

LiAlH4, NaAlH4, MgH2, and palladium hydride (a 

rare, silver-colored and malleable element 

from the platinum group) with different 

degrees of efficiency can be used as hydrogen 

storage tools, often Used and applied 

reversibly. Some of them are liquid and can be 

easily refueled at ambient pressure and 

temperature, and others are solid that can be 

converted into smaller molds [4]. These 

materials have favorable energy density by 

volume and capacity, although their energy net 

by weight is usually worse than that of major 

hydrocarbon fuels. Most metal hydrides bond 

strongly with hydrogen [5].  

As a result, high temperatures of around 120°C 

(248°F) and -200°C (392°F) are needed to release 

their hydrogen content [6]. This energy cost 

can be reduced by using alloys that consist of 

the previous strong hydride and a weak 

hydride such as NaBH4, LiBH4, LiNH2 [7]. They 

are able to form even weaker bundles. In this 

way, they need a lower amount of input or 

input to release the stored hydrogen, but if the 

interaction is too weak, the amount of pressure 

required to add water will be higher and will 

result in the loss of energy storage [8]. 

The prescribed targets for mobile hydrogen 

fuel systems are approximately 100°C for 

release and 700 bar for refilling. An alternative 

method to reduce the heat and temperature 

brittleness is the initiator strengthening 

method [9], which has been successfully used 

for aluminum hydride, but the composite 

preparation is undesirable for most 

applications. Because it is easily refillable with 

hydrogen. Recently, the only hydrides capable 

of achieving the 2015 target of 9% by weight 

are limited to the main compounds of lithium, 

boron, and aluminum, and at least one of the 

first rows or AL must be added [10]. Research 

in the field of determining new compounds that 

can be used to achieve these needs is ongoing. 

The hydrides proposed for use in the hydrogen 

production structure include simple and non-

complex hydrides of magnesium, or 

translucent metals, and complex and 

compound metal hydrides, typically including 

sodium, lithium, or calcium, and aluminum or 

boron [11]. Selected hydrides provide low 

reactivity and high hydrogen storage volume 

for storage applications. The main candidates 

are lithium hydride, sodium borohydride, 

lithium aluminum hydride and borane, 

ammonia [12].  

A French company called MCPHY ENERGY is 

developing and producing the first industrial 

production based on magnesium hydride, 

which has been sold to some big customers 

such as ENEL and Iwatani. Arizona state 

university is researching hydrogen storage 

using a borohydride solution that is released 

when the solution flows through a catalyst 

made of ruthenium, a new scientist has 

admitted [13]. 

  

Non-metallic hydrides 

Italian catalyst manufacturer Acta proposes the 

use of hydrazine as a substitute for hydrogen in 

fuel cells. Because hydrazine fuel is liquid at 

room temperature, it is much easier to store 

and use than hydrogen [14]. By storing it in a 

tank full of double bonds based on CO 

(carbonyl) carbon oxygen, it reacts and forms a 

hydrazone solid. Until the tank is filled with hot 

water, liquid hydrazine hydrate is released. 

Hydrazine inside the cell can be decomposed to 

form nitrogen and hydrogen, which bind with 

oxygen and thus release water [15]. 
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Carbohydrates 

Carbohydrates (polymeric C6H10O5) release H2 

in a bio-organizer through the synthesis of 

enzymes of the metabolic synthetic pathway, 

free of cells and cells. It provides high hydrogen 

storage volume as a liquid for air pressure 

regulation (mild pressure) and cryogenic 

limitation (cryogenic), it is also able to be 

stored as a solid powder [16]. Carbon-rich 

carbohydrates are the world's most renewable 

bioresource. In May 2007, biochemical 

engineers from Virginia state university and 

Polytechnic Institute and biologists and 

chemists from Oakridge national Laboratory 

announced a method for producing pure 

hydrogen with high efficiency from water and 

starch. In 2009, they showed and proved the 

production of about 12 moles of hydrogen per 

unit of glucose from cellulose materials [17]. 

Due to the complete conversion and balanced 

action conditions, they propose the use of 

carbohydrates as hydrogen carriers with high 

energy volume with a weight density of 14.8%. 

 

Synthesized hydrocarbons 

There is an alternative to hydrides that uses 

hydrocarbon fuels as hydrogen carriers. A 

small hydrogen organizer then pulls the 

hydrogen out. Because it needs a fuel cell. 

However, this regulator is slow to react to the 

required changes and will cause an 

exponentially high cost in the vehicle's 

drivetrain. Methanol fuel cells do not need a 

regulator [18], but they contain less energy 

compared to traditional fuel cells [19]. 

However, this can be equated to a much better 

energy volume than ethanol and methanol in 

hydrogen. Alcohol fuel is a renewable resource. 

Oxide-solid fuel cells can be used in light 

hydrocarbons such as propane (heavy and 

colorless alkane with the formula C3H8) and 

methane (CH4) without modifiers or added to 

the main and larger hydrocarbons with only 

minor modifications [20], but high 

temperature and the slow start-up time of 

these fuel cells is problematic for applications 

and uses related to motor vehicles [21]. 

 

Liquid Organic Hydrogen Carriers (LOHC) 

Unsaturated organic compounds are able to 

store a large amount of hydrogen. These liquid 

organic hydrogen carriers (LOHC) are 

hydrogenated and then dehydrogenated for 

storage when hydrogen/energy is needed [22]. 

Cyclic compounds such as aromatic gasoline, 

whose molecules contain carbon, are 

considered the most appropriate option for 

this. The compound that is the focus of LOHC is 

N-ethyl carbazole, but there are others as well. 

For example, dibenzyl, toluene, which are now 

industrially used as water type or heat transfer 

fluid. By using LOHC2, relatively high volume of 

propellant storage reaches about 6% of weight 

and overall energy efficiency is higher for other 

chemical storage options such as methane 

production from hydrogen. Amine and borane 

compounds Before 1980 [23], several 

compounds for hydrogen storage including 

complex borohydrides, or aluminohydrides 

and ammonium salts were under investigation.            

These hydrides have a high yield of limited 

theoretical hydrogen of about 8.5% by weight. 

Among the compounds that only contain H, N, 

B (positive and negative ions), typical cases 

include amine boranes, boron hydride with 

ammonia, borane hydrazine citrate, and 

ammonium octahydrate or tetrahydrates. 

Among these, amine boranes have been 

comprehensively and in detail researched as 

hydrogen carriers [14]. During the 1970s and 

1980s, the US Navy and Army conducted efforts 

to develop deuterium/hydrogen gas 

production compounds for use in HCI, HF/DF 

chemical lasers, and gas dynamic lasers. 

Former hydrogen gas production formulations 

used amine boranes and their derivatives [19]. 

Combustion of borane amine forms boron 

nitride (BN) and hydrogen gas. In addition to 
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ammonia borane (H3BNH3), other gas 

producers include diammonia diborane, 

H2B(NH3)2BH4. 

 

Underground hydrogen storage 

Underground hydrogen storage is a way of 

storing hydrogen in underground caves, salt 

anticlines and empty oil and gas fields [24]. 

Large amounts of gaseous hydrogen have been 

stored in underground caves and fissures by 

ICE over the years without any difficulties or 

problems. The storage of large amounts of 

underground liquid hydrogen can act as an 

energy storage network. The efficiency and 

efficiency of two-way travel (round trip) is 

about 40%. 

 

Hydrogen storage solutions 

The following solutions are proposed to solve 

the problem of hydrogen storage: 

❖ The use of compressed tanks has been 

a suitable option that stores hydrogen 

at high pressure and low temperature. 

❖ The up-to-date technology of biological 

cooling systems has also been effective 

in replacing electrolyzes and 

developing hydrogen transmission 

network models. 

 

Challenges of hydrogen transfer 

Hydrogen faces challenges for transportation 

due to its specific properties, such as being a 

gas and its tendency to leak. Designing 

hydrogen transfer systems that can prevent 

possible risks such as leakage and explosion is 

one of the basic challenges, and two solutions 

are proposed to solve these challenges: 

1- The use of explosion-proof pipes and tanks 

with the ability to protect due to the lack of 

hydrogen leakage [24]. 

2- Using hydrazine technology as a new 

hydrogen carrier. 

 

 

Different ways of hydrogen storage 

High pressure hydrogen storage 

1- High pressure tanks: In this method, 

hydrogen is stored in high pressure tanks. This 

method increases the energy density of 

hydrogen and its storage rate. In addition, in 

this method, there is also the possibility of 

energy transfer. 

2- Hydrogen solidification: in this method, 

hydrogen is stored in a solid such as metal, 

fabric, alloys, nanotube structures. This 

method has high energy density and 

environmental systems [8]. 

 

B) Hydrogen storage in liquid form 

1- Hydrogen soil vacuum: In this method, 

hydrogen is stored in a soil preparation with a 

special supplier in the form of a coordinate 

vacuum. This method is realized with the help 

of high technology in hydrogen storage. 

2-Hydrogenable tapping: In this method, 

hydrogen is stored inside the metal and by 

using heat or pressure again, hydrogen is 

released [11]. 

 

Hydrogen storage using conductors 

1- Nanoparticles: In this method, 

nanoparticles are used as conductors to 

transport hydrogen. This method has high 

energy density and high efficiency. 

2- Hydrogen transportation systems: in this 

method, hydrogen is used as a conductor in gas 

distribution network systems, pipelines, etc. 

Today, the issue of hydrogen storage and the 

use of renewable resources in its production is 

one of the important issues in the field of using 

clean fuel in energy production systems. 

Carbon nanotubes (CNT) are used in hydrogen 

storage due to their high specific surface area 

and unique structure, and are divided into 

single-walled (SWNT) and multi-walled 

(MWNT) categories. Hydrogen can be stored 

inside nanotubes by physical and chemical 

adsorption. Often, hydrogen is stored 
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molecularly in pure carbon nanotubes [24]. In 

order to increase the absorption capacity, 

hydrogen can be examined atomically due to its 

stronger bond with carbon. Another important 

factor in the usefulness of nanotubes in 

hydrogen storage is the average ratio of stored 

hydrogen to carbon, which can be increased by 

improving purification methods. There are 

many evidences that prove that carbon 

nanotubes are a potential hydrogen storage 

[25]. However, it is still difficult to use carbon 

nanotubes due to the limitation of its mass 

production, and there are still obstacles that 

need to be solved by scientists. Hydrogen 

production from renewable sources by 

methods such as steam reforming, coal 

gasification and electrolysis were also used in 

the past years, but other methods such as 

photorefraction process still have a long way to 

commercialize. These methods have a high 

potential for sustainable hydrogen production 

without causing any environmental damage 

[25]. 

 

Hydrogen storage in vehicles 

Hydrogen atom storage is difficult to store. 

Because it has a very low volumetric energy 

density. It is the simplest and lightest element, 

lighter than helium. Hydrogen energy has 2.3 

times more energy than natural gas and 2,700 

times less energy than gasoline. Hydrogen has 

3.4 times more energy by weight than gasoline. 

Hydrogen must have a higher energy mass to 

be useful for transportation. There are three 

ways to do this. Hydrogen can be compressed, 

liquefied, or chemically combined [1]. 

 

Hydrogen can be stored in three ways 

1- As compressed gas in high pressure tanks. 

2- As a liquid in dewars or tanks [19]. 

3- As a solid or through absorption or reaction 

with metals or chemical compounds or stored 

in an alternative chemical form. 

To meet the storage challenge, fundamental 

research is needed to identify new materials 

and address a series of related functions and 

systems. Problems include: 

✓ Working pressure and temperature. 

✓ Longevity of storage materials. 

✓ Hydrogen purity requirements are 

enforced by the fuel cell. 

✓ Reversibility of hydrogen absorption 

and release [17]. 

✓ The conditions of the amount and time 

of refueling. 

✓ Hydrogen delivery pressure. 

✓ Safety, toxicity and efficacy and overall 

cost of the system. 

These requirements are often contradictory 

and the need to address these issues 

simultaneously adds to the challenge. In fact, 

some of the needs of hydrogen storage with 

vehicles seem unattainable, especially with 

liquid and gaseous methods. Hydrogen storage 

in chemical compounds offers a wide range of 

possibilities to meet transportation needs, but 

no single material investigated to date exhibits 

all the necessary properties. The storage 

solution requires advances in material 

performance that can only come from 

innovative and fundamental research that goes 

beyond the materials considered to date [26]. 

Detailed demands on storage capacity, charge 

and discharge conditions, stability, and cost 

span the traditional domains of chemistry, 

physics, materials science, and engineering. 

The basic factors that control the bond 

strength, kinetics of desorption, degradation 

due to cycling and the role of nano size and 

nano structure in bonding and kinetics need to 

be researched and new materials should be 

found. Currently, only three systems for storing 

hydrogen for transportation are close to 

commercialization [7]. They compress gas at 

high pressures (5,000 to 10,000 psi in 

composite cylinders). Hydrogen is a liquid that 

requires a cryogenic temperature of -253 
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degrees Celsius, and the storage of materials is 

based on solid materials, which includes the 

use of metal hydrides, carbon-based materials, 

high-level absorbers, or chemical hydrogen 

storage [25]. 

 

Compressed hydrogen 

Compressed hydrogen up to 800 atmospheres 

occupies 3 times more volume than gasoline for 

the same energy. It is necessary, if a vehicle is 

to carry enough hydrogen, it must reach this 

density. 800 bar pressure works up to 6 tons or 

12,000 pounds per square inch. It is very 

difficult to contain such pressures in a light 

tank. A catastrophic tank failure releases 

energy equal to its weight in dynamite [11]. A 

tank made of high-strength steel weighs 100 

times more than the hydrogen contained in it. 

A truck or car using a steel tank would be 

unusual. Because the tank weighs almost as 

much as the car. High-pressure hydrogen tanks 

made of carbon fiber may be one solution. 

Carbon fiber is a material used in airplanes and 

sports equipment. Currently, carbon fiber 

tanks are very expensive. A typical 18-wheel 

trailer carries two 90-gallon tanks and 

provides a range of 1,207 km. A typical 4-

cylinder sedan has an 18-gallon fuel tank that 

has a range of 925 km. The diesel engine 

achieves 35% efficiency at cruise speeds [19]. 

Gasoline engine achieves 25% efficiency at 

cruising speed. Both vehicles can run on 

hydrogen fuel. Internal combustion engines 

(ICE) can be used resulting in 35% efficiency, 

or fuel cells can be used resulting in 45% 

efficiency. The space, weight and cost of steel 

tanks make them impractical. Any gains in 

energy efficiency are offset by losses in 

transporting very heavy tanks. Carbon fiber 

tanks of this size and performance do not exist. 

In contrast, gasoline only requires a small, low-

tech tank [11]. 

 

 

Discussion 

Hydrogen storage for future and subsequent 

uses and applications includes many 

approaches. Such as chemical, cryogenic and 

high-density compounds that reversibly emit 

H2 as a result of heating. Hydrogen storage is 

an important and fundamental challenge in the 

way of developing the use of hydrogen as an 

energy source [26]. One of the common 

methods is storing hydrogen in metal hydrides. 

Hydrogen in combination with metals 

produces metal hydrides and becomes solid, 

which can be stored much more easily and 

safely. Various metals have the ability to 

combine with hydrogen and produce hydride, 

each of which has advantages and 

disadvantages [13]. 

 

Various methods are used to store this gas, 

which include 

1- Physical storage (compression or 

liquefaction). 

2- Surface absorption. 

3- Storage in hydrates [3]. 

4- Storage with the help of reversible metal 

hydrides by forming a chemical bond between 

hydrogen and metal. 

Each of the mentioned methods has 

disadvantages. Apart from that, the safe and 

reliable transfer of hydrogen is not possible 

with conventional methods. As a cheap and 

lightweight metal alloy, FeTi has a good ability 

to hydride and store hydrogen. Although its 

surface activation before hydrogen storage has 

limited its application. This alloy has a mixture 

of nano and amorphous structures, which is 

produced using a mechanical alloying system, 

using Fe and Ti elements and using a ball mill 

method with a purity of 99.9%. In the ball mill, 

the balls are milled in a steel tank with a volume 

of 250 ml in an argon atmosphere from 5 to 100 

hours and at a speed of 200 rpm. Single-layer 

carbon nanotubes (SWNT) are also produced 

by different Sol gel (gel formation) and 
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chemical vapor deposition (CVD) methods [27]. 

Although there have been many laboratory 

investigations on the storage and absorption of 

hydrogen, the theory of its absorption on FeTi 

nanoparticles or carbon nanotubes is still 

unknown. Underground hydrogen storage is 

suitable for supplying and providing high 

pressure grid energy storage for intermittent 

and periodic energy sources such as wind 

energy, in addition to providing fuel for 

transportation, especially for use in ships and 

airplanes. Most of the researches conducted in 

the field of hydrogen storage emphasize the 

storage and maintenance of hydrogen as a 

dense, light and compact energy carrier for 

mobile applications [28]. Compressed and 

condensed hydrogen is stored in a completely 

different way. Hydrogen gas has a good energy 

density in terms of weight, but its energy 

density is low in terms of volume and capacity 

compared to hydrocarbons. Therefore, it needs 

a bigger tank for storage. A large hydrogen tank 

will be heavier than a small hydrocarbon tank 

used to store the same amount of energy, all 

other factors remaining equal. 

  

The main effects and benefits of hydrogen 

energy storage 

1- Renewable energy integration: One of the 

main advantages of hydrogen energy storage is 

the ability to store excess energy produced by 

renewable sources such as wind and solar 

during times of low demand. This stored 

energy can be used when power generation is 

low, helping to offset renewable energy 

outages and increase grid reliability [16]. 

2- Grid stability and reliability: Hydrogen 

storage can contribute to grid stability by 

providing a dispatchable energy source. It can 

be used to meet peak power demand, stabilize 

frequency and provide backup power during 

grid outages, reducing the risk of outages and 

improving grid reliability [18]. 

3- Decentralized energy systems: hydrogen 

energy storage can be used in different scales. 

From small distributed systems to large 

centralized installations. This flexibility 

supports the development of decentralized 

energy systems by reducing the need for 

extensive transmission and distribution 

infrastructure [29]. 

4- Diversification in the energy sector: 

Hydrogen storage adds versatility to the energy 

range and complements other energy storage 

technologies such as batteries. Such diversity 

can improve the sustainability of the energy 

system and provide different options for 

solving energy problems. 

 

Conclusion 

With the increase in the level of prosperity and 

economic development of societies, sustainable 

energy supply as a driving engine for growth 

has become one of the basic challenges of 

mankind. In recent decades, excessive 

consumption of fossil fuels has raised concerns 

about energy security and climate change. 

Therefore, the use of renewable and 

sustainable energy sources has been 

prioritized. One of the renewable energy 

sources that has high conversion efficiency is 

hydrogen and fuel cell technology. Electric 

energy production from other renewable 

sources such as wind, sun, hydroelectricity and 

geothermal energy have many limitations due 

to dependence on environmental and climatic 

conditions. Among the introduced green 

options, hydrogen has become an option in 

accordance with the components of sustainable 

development for energy production and 

storage due to the abundance and variety of 

production sources. Hydrogen is an attractive 

energy carrier for electric power generation 

and transportation applications due to its high 

potential energy efficiency and low pollutant 

production. Currently, most of the required 

hydrogen is produced from hydrocarbon 



 

 

494 

2024, Volume 3, Issue 1 

 

 

 

sources. The global demand for hydrogen 

consumption is about 70 million tons, of which 

more than 93% is spent on refining fossil fuels 

and producing chemicals. Hydrogen is a 

potentially carbon-free alternative fuel with a 

very high specific energy content of about 

140.4 MJ/kg. The energy obtained from one 

kilogram of hydrogen is equal to the energy 

obtained from one gallon of gasoline. Hydrogen 

can be produced using renewable and non-

renewable sources. Existing technologies for 

hydrogen production include: natural gas 

reforming, coal and biomass conversion to gas, 

water splitting by electrolysis, photo 

electrolysis, photobiological production, 

thermochemical water splitting ring at high 

temperature. 

Steam reforming of methane is the most 

common and least expensive way to produce 

hydrogen, but about 2.5 tons of carbon dioxide 

is released into the atmosphere for every ton of 

hydrogen produced from reforming 

hydrocarbons. Electrolysis has the potential to 

be a successful and sustainable large-scale 

process for hydrogen production in the 

medium term. The efficiency of water 

electrolysis is favorable, but its production cost 

is several times higher than that of fossil fuels. 

The process of water decomposition, when 

done by burning fossil fuels, leads to huge 

emissions of carbon dioxide. The US 

Department of Energy has announced that 

electrolysis of water through sunlight could be 

a long-term carbon dioxide-free way to mass 

produce hydrogen. The process of 

thermochemical decomposition of water is also 

among the interesting methods of hydrogen 

production, which requires high temperatures. 

The inclusion of sulfuric acid in 

thermochemical cycles can reduce the 

operating temperature to 900 and 400 degrees 

Celsius, respectively. Electricity from 

renewable sources such as wind and solar may 

produce hydrogen locally, but it certainly will 

not meet the global demand for hydrogen. 

Therefore, we still have to rely on fossil fuels to 

produce hydrogen for various purposes. 

Large-scale and long-term storage of hydrogen 

is one of the main challenges in the 

development of hydrogen as a fuel for 

widespread applications. 

One of the methods of storing hydrogen in the 

form of gas is underground storage, and natural 

geological structures such as salt domes and 

underground aquifers or engineered rock 

caves can be used for this purpose. Mass 

underground storage is a normal operation in 

the natural gas industry, and having such a 

technological capability can be very useful in 

hydrogen storage as well. Compressed 

hydrogen tank and liquid hydrogen are two 

popular hydrogen storage methods for current 

industrial use. For their use as a hydrogen 

vehicle, there are similar challenges such as 

tank design and material requirements, 

reducing the energy cost in the compression 

and liquefaction process, and thus reducing the 

total cost. Hydrogen demand reached 90 

million tons in 2020, most of which is for 

refining and industrial purposes and is 

exclusively produced from fossil fuels. The 

production of these 90 million tons of hydrogen 

was combined with the production of 900 

million tons of carbon dioxide. 

Every year, refineries consume nearly 40 

million tons of hydrogen as a raw material or as 

an energy source. The demand in the industrial 

sector is somewhat higher, where chemical 

production accounts for about 45 million tons 

of hydrogen demand, and almost three 

quarters of it is dedicated to ammonia 

production and one quarter to methanol. Over 

the past 5 years, the global capacity of 

electrolysis to produce hydrogen has doubled 

and reached more than 300 megawatts by mid-

2021. By 2030, according to the defined 

projects, the electricity capacity allocated for 

350 electrolysis projects will reach 54 GW, and 
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40 projects with a capacity of 35 GW are also in 

the early stages of development.  All this, if 

realized, will produce about 8 million tons of 

hydrogen, which is far from the 80 million tons 

of capacity required according to the Net Zero 

Roadmap by 2050. 

16 projects to produce hydrogen from fossil 

fuel with CCUS have been operated with an 

annual production of less than 700,000 tons. 50 

projects are under development, which are 

generally located in the United States and 

Canada, and will reach a production capacity of 

9 million tons by 2030. The cost of car fuel cells 

has decreased by about 70% since 2008 due to 

the advancement of technology and the 

growing sales of fuel cell electric vehicles. 

Achieving zero carbon goals by 2050 requires 

an investment of one trillion and 200 billion 

dollars in the hydrogen sector. 
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