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ABSTRACT 

As a clean, efficient energy source, hydrogen is regarded 

as a promising alternative energy for accomplishing the 

zero-CO2 targets. In the longer term, large-scale 

hydrogen geologic storage (HGS) could reduce the 

instability of intermittent energy sources, through peak 

cutting and valley filling. However, the low density and 

viscosity of hydrogen and its interaction with the 

surrounding rocks and microbes constrain the effective 

advancement of large-scale HGS. This paper summarizes 

the current research status, feasibility analysis, 

advantages and disadvantages of HGS in the main 

potential reservoirs (depleted oil/gas fields, salt caverns, 

and brine aquifers). In addition, the uncertainties and 

challenges are also addressed for HGS application in the 

future: 1) Operating parameters, which are difficult to 

determine and evaluate, have a significant impact on 

HGS efficiency. For example, the cyclical injection-

reproduction and injection rates have large impact on H2 

fingering phenomenon and the geological integrity of the 

caprocks; 2) Currently, the hydrogen-water-rock 

geochemical reactions at various temperatures and 

pressures are not well understood well. There is a lack of 

a geochemical reaction database to meet the HGS 

numerical simulation requirements. The associated 

reactions could cause uncertain changes in porosity and 

permeability, which may cause large-scale hydrogen 

leakage in severe cases; 3) Metabolic mechanisms of 

subsurface environmental microorganisms have not 

been thoroughly explored at high temperature and 

pressure, which poses a related risk of H2 leakage and 

contamination for shallow groundwater. Some 

microorganisms have the ability to consume hydrogen to 

produce gas mixing (e.g., CH4), harmful gas pollution (e.g., 

H2S), and steel corrosion. This review will provide 

substantial information for further analyzing the 

scientific challenges of HGS and promoting the 

development of HGS simulations and practical 

engineering applications. 
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1. Introduction 

With the rapid development of the global human 

population and economy, the world is overly dependent 

on fossil energy. Nevertheless, the key challenges are the 

rapid decline of fossil energy and environmental 

pollution [1-4]. The Paris Agreement set a goal of keeping 

global average temperature rise below 2 oC [5]. In order 

to accomplish the zero-CO2 targets and mitigate climate 

change, the internationally recognized approach is to 

reduce the the proportion of fossil energy and accelerate 

the large-scale development of renewable energy [6, 7]. 

In particular, renewable energy is the most economical 

and effective way with little carbon emissions to move 

away from fossil fuels and improve environmental 

pollution [8, 9]. As is known, renewable energy sources 

(such as wind and solar power), which are characterized 

by instability and intermittentness [10, 11], exhibit 

intermittency plagued by uncertainty on a seasonal and 

daily scale, leading to energy deficits or surpluses. In 

deficit periods, this problem can be solved by using other 

resources to secure supply; nevertheless, during periods 

of generating excess energy, it will cause unnecessary 

energy waste without suitable energy storage methods 

[10, 12-14]. Therefore, it is crucial to find appropriate 

methods to improve the renewable energy system 

through peak cutting and valley filling. 

Hydrogen has been very popular in recent years. As 

a clean and efficient energy source, it could be applied as 

an intermediate transition carrier for efficient energy 

conversion, and the hydrogen production process and 

raw materials are uncomplicated and acceptable [15-17]. 

Hydrogen energy is one of the major energy sources of 

the future, which will bring opportunities as well as many 

difficulties, such as hydrogen storage and transportation 

[18-20]. In order to use hydrogen energy in a sensible 

way, it is important to store hydrogen in a safe and 

effective way. There are three methods for storing 

hydrogen: compressed gas, cryogenic liquid hydrogen, 

and solid storage, respectively [18]. Solid-state storage is 

the most efficient compared to other storage methods 

and could store the maximum amount of hydrogen in a 

limited volume [21]. It stores hydrogen in the form of 

nanotechnology or hydride [22]. However, solid-state 

storage is difficult to apply on a large scale due to its high 

economic consumption and technical implementation 

difficulties [23, 24]. At present, the storage methods of 

compressed hydrogen and liquid hydrogen are widely 

used. Due to the low density and high chemical activity 

of hydrogen, it is difficult to realize the application of 

large-scale hydrogen storage system on the ground [14, 

17]. 

In recent decades, large-scale hydrogen geologic 

storage (HGS) in the underground has been considered a 

feasible method to reduce the instability of intermittent 

energy sources in the longer term [20, 25-27]. It allows 

for large-scale hydrogen storage and multiple cyclical 

injection-reproduction cycles to meet seasonal energy 

fluctuations[25]. Many scholars propose to store 

hydrogen in depleted oil/gas fields, salt caverns and 

brine aquifers [28-31]. Heinemann, et al. (2021) 

summarized the scientific challenges and possible risks 

of hydrogen storage in porous media. Ozarslan (2012) 

analyzed the design for hydrogen storage in a salt cavern 

and conducted a pre-evaluation for the salt cavern. And 

HGS could also learn from previous geological storage of 

carbon dioxide and natural gas. 

To reduce carbon dioxide emissions, China invested 

heavily in wind power generation systems and had a 

large wind power generation capacity [33-35]. However, 

because the huge amount of wind energy could not be 

collected and applied completely, a mean energy value 

of 17% is lost and wasted due to energy fluctuation and 

improper storage[36, 37]. At the same time, countries 

around the world have established or plan to establish a 

large number of hydrogen stations, including 250 in 

China (Table 1). Therefore, the building of large-scale 

HGS sites in China is an unavoidable part of the country's 

growth.  

Table 1 Active hydrogen stations. 

Country Active stations 

China 250 

Japan 161 

South Korea 141 

Germany 93 

France 21 

Switzerland 13 

Netherlands 9 

This study provides a concise summary of the 
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accomplishments made in research pertaining to large-

scale HGS and identifies important scientific problems 

for the foreseeable future. The detailed description will 

give crucial implications for helping scientists to better 

conduct a numerical simulation for characterizing the 

HGS process and promoting real engineering 

applications. These will be useful in the long run. In the 

beginning, we went over an analysis of the feasibility, as 

well as the benefits and drawbacks of using HGS in 

depleted oil and gas fields, salt caverns, and brine 

aquifers. After that, we went into great detail to 

demonstrate the development of hydrogen geochemical 

processes and the mechanism of microbial metabolism 

as well as the consequences for HGS. This included the 

reaction process, experimental investigation, and 

numerical simulation. At the very conclusion of the 

presentation, the most significant scientific difficulties 

and potential outcomes of the large-scale HGS 

development were discussed. 

2. Feasibility analysis of HGS 

2.1 Overview of hydrogen properties and storage 

technologies 

Scientists are interested in hydrogen's high energy 

density, clean combustion products, and production 

process (120 MJ kg-1), which is approximately three times 

that of traditional energy (Eq 1)[22]. The density of 

hydrogen is 0.0899 g/L (0 oC and 0.1 MPa), which is much 

smaller than other gases. This results in the need for a 

larger volumetric capacity and higher pressure of 

hydrogen to store the same mass of gas [38]. The critical 

pressure and temperature of hydrogen are 1.297 MPa 

and -239.97 oC. Because of the critical temperatures in 

subsurface conditions is relatively harsh, hydrogen is 

almost stored in a gaseous state. The low density of 

hydrogen facilitates the formation of hydrogen caps 

under the caprock. And the density of hydrogen 

increases with depth, while the storage efficiency also 

increases[39, 40]. The low hydrogen viscosity is 0.89*10-

5 Pa s (25 oC and 0.1 MPa), leading to less residual 

hydrogen and high recovery. Another advantage of 

hydrogen is its extremely low solubility, which reduces 

hydrogen losses in the system [41]. 

H2O
 

→ H2 + 1
2⁄ O2 (1) 

More and more scientists focus on HGS, and have 

conducted a lot of research, discussion and analysis over 

the past decades [15]. Many countries and regions have 

carried out the HGS potential analysis and future 

development, such as UK [14, 42], Poland [15], Romania 

[31], China [43] and Europe [44]. And some projects were 

conducted for laboratory experiments and numerical 

simulations [45].At present, only salt caverns have been 

successfully used for hydrogen storage commercially in 

the US and UK, respectively [22, 46]. Because of this, 

there needs to be a lot of research done to improve the 

theoretical approach for HGS.  

2.2 Salt caverns 

The salt cave is a cavity volume formed by injecting 

water into the formation to dissolve NaCl in salt rock [47]. 

The spatial structure of the salt cavities is controlled by 

different water injection processes, which are usually 

cylindrical (Figure1). They can be built at a depth of more 

than 2000 meters, with about 1,000,000 m3 volume, 

enabling certain space for large-scale HGS [26, 48]. The 

best location for a salt cavern is a salt dome or bedded 

salt deposit, which facilitates the stability and integrity of 

the salt cavern [49]. The rock around the salt cavern is 

very solid and sealed, so hydrogen can be stored safely 

and there is less chance of it leaking [50]. 

The internal pressure of the salt cavern will be 

unbalanced due to the extraction of salt water. It is 

necessary to inject an appropriate amount of gas to 

maintain the minimum pressure required internally to 

ensure the stability of the salt cavern, and the gas is 

defined as cushion gas [47]. This means the cushion gas 

is not recoverable, generating economic losses and 

taking up approximately 22-33% of the storage capacity 

[14, 51]. Salt caverns could more easily realize cyclical 

injection-reproduction on a long-time scale without 

consideration of multiphase phenomena. And the rich 

brine produced can also bring certain economic benefits 

after proper treatment. Fortunately, microbial growth 

and metabolism are inhibited to prevent harmful gases 

under high salt conditions [52]. However, the storage 

capacity of salt caverns is small compared to other 
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geological storage methods, and high-pressure hydrogen 

is required to balance the cave pressure with the 

increase in depth. When salt water is around, it speeds 

up the rusting of steel engineering tools [53, 54]. 

 

Fig. 1 The manufacturing process of salt caverns [14] 

2.3 Brine aquifers 

Saturated aquifers are usually composed of porous 

permeable media and brine and are common in 

sedimentary rocks throughout the world. As a choice for 

hydrogen storage, the reservoir formation must meet the 

requirements of high permeability and porosity, and the 

isolation boundary must be complete and impermeable. 

Hydrogen is injected into the formation to replace brine 

in the porous media and diffuse beneath the low-

permeability cap (Figure2). The enclosed structure 

provides a huge space for hydrogen to reproduce and 

ensures that hydrogen will not escape and leak [14, 25, 

42, 51, 55]. Aquifers require approximately 80% of the 

total reservoir capacity for cushion gas [50, 54]. 

There have been many successful gas storage sites 

providing experience for HGS, and the reservoir volume 

of aquifers is several times larger than salt caverns [47]. 

So far, except for mixed hydrogen storage, there is no 

successful case of pure hydrogen storage in aquifers [56, 

57]. There is absolutely no risk of explosion due to lack 

of oxygen. Chemical reactions and microbial metabolism 

will change the porosity and permeability of the aquifer, 

thus affecting the efficiency and safety of HGS, which are 

discussed in detail in Chapter 3 [25]. The fingering 

phenomenon generated by the lateral diffusion of 

hydrogen during the injection process also makes 

hydrogen recovery difficult and leads to hydrogen loss. 

During the hydrogen recovery process, the movement of 

the water-gas interface will allow the liquid of the same 

period to flow back and form a confined space, resulting 

in a portion of the hydrogen being permanently 

unrecoverable [58]. Moreover, large-scale drilling 

boreholes are required for geological investigations to 

obtain comprehensive geological data [50]. 

 

Fig. 2 Hydrogen injection process in aquifers [14] 

2.4 Depleted oil/gas fields 

Depleted oil/gas fields use geological trap 

structures to seal gas storage with low permeability cap 

and edges, which are similar to aquifers. The sealing and 

stability of the depleted oil/gas fields are excellent and 

have been tested over a long period of time. This 

structure is very common in oil-rich countries. The pore 

space is filled with a lot of water and residual oil/gas in 

the depleted oil/gas fields (Figure 3). The presence of 
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residual gas could replace part of the cushion gas and 

reduce approximately 50-60% of economic expenses 

compared with the brine aquifer. Thus, previous 

extractions should be allowed to finish at the optimal 

time in order to retain the right amount of cushion gas 

[59]. And the infrastructure of the depleted oil/gas fields' 

extraction oil and gas systems could be reused. Detailed 

geological information can also be easily obtained [60]. 

Over time, the maximum reservoir pressure will be 

greater than the initial formation pressure, which means 

more gas can be stored [26]. 

The mixing of hydrogen with oil or gas, as well as 

the presence of an oil-gas-water interface, can 

complicate the interior of the reservoir, resulting in 

uncertainty reactions that result in hydrogen loss. There 

may be contamination in the early work, and site 

contamination remediation and equipment upgrades are 

required. Because of the flexible cyclical loop, depleted 

oil/gas fields and aquifers are good choices for seasonal 

hydrogen storage [47, 51]. 

 

Fig. 3 Hydrogen storage process in depleted oil/gas 

fields [14] 

3. Geochemical reactions and microbial metabolism 

mechanism 

Hydrogen undergoes a series of biotic and abiotic 

reactions in the subsurface environment (Figure4). Some 

reactions facilitate hydrogen cycle extraction and storage, 

while others pose a leakage risk. The quality, safety, and 

efficiency of the HGS system cannot be guaranteed 

without fully understanding the reactions involved. In 

this section we provided a comprehensive review of 

hydrogen-related geo-chemical reactions and microbial 

metabolism from reaction processes, experiments and 

simulations. 

 

Fig. 4 Reaction processes of HGS 

3.1 Hydrogen-water-rock geochemical reactions 

3.1.1 Geo-chemical reaction process 

As hydrogen is injected into the underground 

reservoir, the chemical balance between solid, liquid, 

and gas phases in the system is broken. Causing the 

following negative effects: (1) A lot of hydrogen loss; (2) 

Generating other gases to contaminate the hydrogen 

system; (3) Changes in porosity and permeability due to 

mineral dissolution/precipitation, affecting recovery 

efficiency; (4) Influencing the mechanical properties of 

the reservoir [61].  

Hydrogen may react with the initial air-water 

component to indirectly affect pH and promote mineral 

dissolution/precipitation. The associated undesirable gas 

(H2S) will have a negative effect on hydrogen quality [62]. 

These harmful gases promote the redox reaction and 

dissolution of hematite (Eq2) [63]. The reaction product 

of hydrogen gas and pyrite may also be iron sulfide. And 

sulfate cements and carbonate cements dissolve under 

certain temperatures and pressures (10-20 MPa, <40 oC). 

However, feldspar and quartz hardly react with hydrogen. 

Mineral dissolution increases the reservoir porosity and 
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decreases the caprock integrity, which may lead to the 

risk of leakage channels. In addition, hydrogen can also 

corrode metal equipment. Although some scholars 

believed that the hydrogen geo-chemical reaction did 

not affect the reservoir integrity, it is necessary to 

understand the mechanism to determine the relevant 

reaction parameters for safe storage of HGS [25, 64].  

4Fe2O3 + H2S + 14CO2

+6H2O
 

→ 8Fe2+ + SO4
2− + 14HCO3

− (2)
 

3.1.2 Experimental research 

The correct experiment is helpful to explore the 

chemical reaction mechanism of hydrogen, and the 

identified parameters also provide necessary 

information for subsequent numerical simulation. At 

present, the hydrogen experiment focuses more on the 

safe disposal of nuclear waste than HGS. 

Variations in stored gas were observed in both gas 

storage reservoirs in Ketzin and Beynes as a rough 

indication of the existence of some geochemical 

reactions. Especially in Ketzin, microbial metabolism 

alone could not reasonably explain the large gas loss in 

the last decades [53]. There is a suggestion that the 

pyrite reduction is due to the production of hydrogen 

sulfide in Beynes [65].  

Bourgeois, et al. (1979) proposed that redox of 

pyrite could explain the increased hydrogen sulfide 

concentration. At specific pressures and temperatures, 

some researchers proposed the same argument [67]. 

Under different storage conditions, the comparison of 

sandstone experiments exposed to hydrogen before and 

after has also proved the possibility of HGS [29]. 

Hassanpouryouzband, et al. (2022) performed 

approximately 250 different types of contrast reaction 

experiments in sandstone in the presence and absence 

of hydrogen. The results demonstrated the geo-chemical 

reaction does not diminish reservoir integrity, and 

hydrogen storage in sandstone reservoirs is safe from 

hydrogen loss. However, it is important to note that due 

to the scale effect, the reaction parameters measured in 

the laboratory may be significantly different from those 

in the actual large-scale field. 

3.1.3 Numerical simulation 

Before HGS applications are actually put into place, 

numerical simulations are a good way to predict what 

will happen at sites so that implementation options can 

be evaluated and improved.. 

Hemme and Van Berk (2018) used PHREEQC to 

develop a one-dimensional reactive model with 

consideration of the equilibrium of gas-water-rock 

interactions and evaluated key parameters affecting 

hydrogen loss. Multi-step geo-chemical modeling was 

applied to analyze the interaction of hydrogen with 

minerals over a long time scale. Uncertainty in the kinetic 

rate parameters of minerals reduced the accuracy of 

simulation results [69]. Bo, et al. (2021) relied on 

software for geochemical modeling, the kinetic 

simulations showed that the presence of calcite causes 

hydrogen loss in the reservoir. Ershadnia, et al. (2022) 

investigated the influence of geological parameters and 

operational process parameters on hydrogen storage in 

a three-dimensional heterogeneous aquifer.  

Some software (e.g., ECLIPSE, TOUGH, COMSOL, 

OpenGeosys, and PUNQ-S3) was applied to perform HGS 

simulations. They mainly simulated the effects of 

temperature, pressure, cushion gas type, injection rate, 

and geological property parameters on hydrogen 

simulation. However, they barely consider go-chemical 

reactions process. It is essential to establish a chemical 

reaction database to provide data support for simulation 

software.  

3.2 Microbial metabolism mechanism 

3.2.1 Hydrogen-biological reaction process 

Microbial metabolism is known to be critical in 

underground gas storage, and it is also considered to be 

significant for the HGS. As mentioned in Section 2, salt 

caverns, deep aquifers, and depleted oil/gas reservoirs 

are available for HGS, which is also the basis of microbial 

community phylogeny and metabolic diversity [30, 72]. 

Microorganisms can obtain energy by oxidizing electron 

donors and simultaneously reducing electron receptors. 

Hydrogen has a low reduction potential and can offer 

high energy, thus it is considered one of the most 

important electron donors for subsurface microbial 

cycling [73]. Some classes of microorganisms, which 

frequently survive in subsurface formations, including 

methanogens, sulfate reducers, acetogenic bacteria, and 



 

7 

iron (III) reducers, are thought to be major consumers of 

hydrogen [26]. Subsurface microbes can consume H2 

during their metabolism, leading to the production of a 

variety of metabolites, such as gases, acids, solvents, 

biopolymers, and surfactant biosurfactants. This will 

cause various adverse side effects such as H2 loss, H2S 

formation, methane formation, acid formation, clogging, 

and corrosion (Listed in Table 2). 

Table2 Overview of the major Hydrogen-consuming processes 

Hydrogen-

consuming 

process 

Reaction 

Specific environmental conditions 

 Temperature 

(oC) 
pH 

Salinity 

(g/L) 

Methanogenesis 
1

4
HCO3

-+H2+
1

4
H+→

1

4
CH4+

3

4
H2O 

Optimal 30-40 6.0-7.5 <60 

Critical 122 4.5-9 200 

Acetogenesis 
1

2
HCO3

-+H2+
1

4
H+→

1

4
CH3COO-+2H2O 

Optimal 20-30 6.0-7.5 <40 

Critical 72 3.6-10.7 240 

Sulfate 

reduction 

1

4
SO4

2-+H2+
1

4
H+→

1

4
HS-+H2O 

Optimal 20-30 6.0-7.5 <100 

Critical 113 0.8-11.5 240 

Iron (III) 

reduction 
2FeOOH+H2+4H+→2Fe2++4H2O 

Optimal 0-30 6.0-7.5 <40 

Critical 90 1.6-9 200 

3.2.2 Experimental research 

The topic of HGS increasingly attracts worldwide 

interest, many research projects are launched for large-

scale hydrogen storage, which can provide experience for 

the follow-up research on HGS. This section mainly 

reviews some experience from HGS field tests, as well as 

related experimental research. 

(1) Microbial effects in deep aquifers 

As mentioned before, a typical investigation is the 

stored town gas (approximately 45-60% hydrogen 

content) in Lobodice, Czech Republic [74]. Here, 

hydrogen is converted to methane or hydrogen sulfide by 

microorganisms at relatively low temperatures (35 oC). It 

is observed that the reservoir pressure decreased, the 

number of Methanogenic bacteria (MB) increased, the 

emission of CO2 decreased and the emission of methane 

increased. There are conflicting reports of town gas 

storage in the saline aquifer near Beynes, France. On one 

hand, there are no operational problems and hydrogen 

loss [75]; on the other hand, other researchers have 

observed intense microbial activity as a change in gas 

composition [76]. Panfilov (2010) has presented the 

population dynamics model of bacteria, which feed on 

hydrogen and carbon dioxide and produce methane. It 

demonstrates a possible mechanism for the separation 

of hydrogen-rich and methane-rich zones observed in 

aquifer town gas reservoirs in Lobodice and Beynes. 

The Underground Sun. storage project in Lehen, 

Austria, where hydrogen (12%) is stored with natural gas, 

saw a drop in hydrogen (18% not recovered) and an 

increase in methane over a four-month test period [78]. 

The decrease in carbon dioxide (0.2% to 0.05%) is 

analyzed as being due to methanogenesis, indicating that 

very low levels of carbon dioxide were sufficient to 

activate MB. The reduced sulfate and appearance of 

acetate indicate methanogenesis and acetogenesis, but 

there is no H2S was reported (probably precipitated after 

reacting with dissolved ferric ions). DNA community 

analysis for bacteria shows changes from the original 

bacteria to archaea, the proportion of methanogenic 

archaea reached nearly 80%, which verified the 

occurrence of microbial effects. Similar results were 

obtained from IFA-Tulln laboratory studies using the 

same field water. Significant sulfate reduction, hydrogen 

sulfide formation, and subsequent Iron(II) sulfide 

precipitation are observed when additional barite forms 

of sulfate are provided. 

The HyChico project in Argentina, where hydrogen 

from a nearby wind farm is stored in a depleted gas 

reservoir with 10% hydrogen, observed hydrogen loss 

due to microbial activity. The total gas volume loss, 

corrosion, and gas composition changes were observed 
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at the former town gas storage in Ketzin, Germany, 

varying with the loss of carbon monoxide and the 

increase of hydrogen, methane, and CO2. But it is not 

clear whether or what microbial processes have been 

active [77]. 

(2) Microbial effects in salt caverns 

Artificial salt caverns are expected to be a practical 

option for HGS. Because of specific geological structures, 

the salt cavern has a low risk of microbial activity during 

hydrogen storage. The surface area of salt caverns is 

much smaller than that of porous media, which reduces 

the formation of biofilms and possible clogging. The 

high-level salinity of brine in salt cavern lead to a large 

osmotic pressure difference in cells, which reduces the 

diversity and abundance of microorganisms, especially 

when the salinity is above 100 g/L. Considering there are 

still salt-tolerant or halophilic microorganisms active 

(Halobacteria, for example, can survive in salt at 

concentrations of 100-150 g/L), microbial effects in salt 

caverns are still a scientific concern. 

The activity of the Sulfate-reducing bacteria can 

also be observed in salt caverns filled with hydrogen gas. 

There, the Sulfate-Reducing Bacteria (SRB) live in sumps 

and salt water, producing biofilms on the walls of the 

cave [79]. The theoretical evaluation shows that when 

sulfates are present, there is a high risk of microbial H2S 

formation in salt caverns at the brine-gas interface [80]. 

3.2.3 Numerical simulation 

Depleted gas reservoirs or deep aquifers are usually 

porous and high-permeable, and are considered to have 

great HGS potential. The technical feasibility of this 

storage method is still being explored in China [81]. 

Numerical simulation is a reliable and cost-effective way 

to understand microbial interactions in reservoirs and 

how it affects underground hydrogen storage at different 

scales. The simulation results can be used to measure the 

effective parameters of H2 transformation and the kinetic 

parameters for certain microorganisms[53, 61].  

It has been shown that biofilm and mineral 

deposition can significantly increase the fluid flow 

resistance in porous media [82]. On the other hand, with 

the increase of microbial density, microbial biofilm or 

mineral precipitation may lead to pore blockage, thus 

reducing the hydrogen injection capacity [83-85]. 

However, the bio-clogging may also be beneficial. Many 

models have simulated unidirectional or two-phase flow 

through porous media containing microbial membranes 

or suspended bacteria, and applied the multiphase 

transport model to reduce leakage from geologic carbon 

dioxide reservoirs [86]. Eddaoui, et al. (2021) established 

a numerical model of pore plugging, studied the 

biological plugging process of underground hydrogen 

storage and its influence on gas migration in the reservoir, 

and believed that microorganisms accumulated in places 

with high hydrogen saturation, forcing hydrogen 

migration, resulting in the uniform distribution of 

hydrogen stored in aquifers in all directions. 

In order to explore the mechanism controlling the 

conversion of hydrogen to methane, Ebigbo, et al. (2013) 

proposed a coupled numerical model combining the 

microbial biofilm scale with the gas flow process at the 

pore scale, which solved the stokes flow equation 

respectively for the migration of three gas components 

H2-CH4-CO2 and concluded that the conversion rate of H2 

and CO2 to CH4 was determined by the amount and 

activity of the existing biomass. Panfilov (2010) 

established a dynamic coupling numerical model of 

reaction migration of underground hydrogen storage and 

methanogenic bacteria communities at the macro scale, 

which is practical and describes the analytical values of 

migration parameters at the reservoir scale. The above 

simulations are mainly based on one-dimensional or 

two-dimensional problems. Ershadnia, et al. (2022) 

conducted three-dimensional numerical simulation of 

aquifer and quantified the sensitivity of a series of 

different forms of hydrogen injection to various 

parameters of hydrogen underground.  

3.3 Key scientific challenges 

In spite of the fact that HGS is realizable, a number 

of significant scientific obstacles still need to be 

overcome. There was only a small experiment conducted 

for HGS under the conditions of the reservoir's 

temperature and pressure, and the mechanisms of 

chemical reactions and microbial metabolism have not 

been thoroughly investigated. It was extremely difficult 

to differentiate between biotic and abiotic processes in 

an exact manner. Due to the lack of detailed kinetic and 
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equilibrium parameters, we discovered that the reaction 

process was scarcely taken into consideration while the 

simulations were being run. It is absolutely necessary to 

create an exhaustive and specific reaction database in 

order to run simulations. One example of such a 

database is the CO2 geological storage database. 

According to the current state of study, the production of 

dangerous gases like H2S is unavoidable, and the 

question of how to ensure the purity of hydrogen is a 

serious one. Upscaling research may provide solutions 

for problems like this one, in which the parameters 

measured on a smaller scale, such as in a laboratory, yield 

very different results when applied to a larger, more 

realistic setting. 

4. Summary 

This article provides a concise summary of the 

current status of HGS as well as a study of the practicality, 

as well as the benefits and drawbacks of three distinct 

geological situations (depleted oil/gas fields, salt caverns, 

and brine aquifers) as potential locations for hydrogen 

reservoirs. In order to expedite the development of HGS, 

a number of pressing scientific problems have been 

proposed. These tasks include the investigation of 

hydrogen's geo-chemical reaction and the process 

underlying microbial metabolism. It is intended that the 

further theoretical research and practical 

implementation of HGS will be able to use this paper as 

a reference. 
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