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1. Executive summary 
The Government of Western Australia has developed a renewable hydrogen strategy with the vision that 

Western Australia will become a significant producer, exporter and user of renewable hydrogen. Western 

Australia has outstanding potential for renewable energy, with an abundance of sun, wind and space. The 

Western Australian Renewable Hydrogen Roadmap (November 2020) includes the evaluation of utilising 

depleted oil and gas fields for hydrogen storage. A key aspect is the ability to store the hydrogen on a 

transitory basis and to be able to recover the hydrogen in high concentrations. 

The Western Australian Department of Mines, Industry Regulation and Safety (‘DMIRS’) commissioned RISC 

to conduct a literature review of hydrogen storage and scoping study of storage potential of depleted oil 

and gas fields in Western Australia (‘WA’), along with a high-level literature review of other examples of 

underground hydrogen storage such as aquifers, salt caverns, underground mine sites and tunnels. RISC 

notes that there are alternative options for storing hydrogen on a transitory basis, such as surface and 

chemical methods, which are not included in the scope of this review.  

The global subsurface hydrogen storage industry is at an embryonic stage. The subsurface storage of 

hydrogen is currently limited to a handful of caverns manufactured by dissolving the salt by pumping water. 

There are currently no depleted oil or gas fields used to store pure hydrogen, although there are examples 

of storage of ‘town gas’ or ‘synthetic gas’ with hydrogen concentration in the range of 20% to 60%. 

Similarly, there are no examples of aquifers, underground mine sites or tunnels currently used for hydrogen 

storage. 

In spite of the infancy of the industry, there are many published articles related to hydrogen as it is seen 

that it will become a major enabler for companies and countries to reach their net zero greenhouse gas 

(‘GHG’) emission aspirations and targets. The literature covers how the hydrogen industry is developing, 

progress and aspirations of various countries, what subsurface sites are being considered, technical 

challenges and risks of the various options and alternates to subsurface storage (surface and chemical). 

There is very limited information directly related to the potential of depleted oil and gas fields in WA. 

Salt caverns are the most robust means of storing hydrogen and have been proven to work. Salt acts as an 

excellent seal, the caverns size can be customised to operational requirements, they have a relatively high 

gas recovery and injection/production cycle time in the order of days/weeks. The draw-back is the limited 

locations of suitable salt, the need to access to large amounts of water in their manufacture and the need to 

dispose of the generated brine.  

Storing hydrogen in porous media (depleted gas and oil fields or aquifers) presents several challenges and 

remains largely unproven. The physical behaviors and properties of hydrogen are different to natural gas. 

Hydrogen is more chemically reactive which may affect the reservoir lithology, flow behaviour and seal 

capacity. Hydrogen is also an energy source for subsurface microbial processes which can turn the hydrogen 

into hydrogen sulphide or react with CO2 to form methane. In addition, the size of the site is fixed and 

cannot be customised to operational requirements and injection/production cycle times are typically the 

order of months rather than days. 

Figure 1-1 shows some of many renewable energy sites being considered in WA, many of which have the 

intent to produce hydrogen. The largest ones are the Western Green Energy Hub (‘WGEH’) and the Asian 

Renewable Hub (‘AREH’) which are world scale. The WGEH is located in the south-east of Western Australia 

with the aspiration to generate up to 50 GW of solar and wind power over 15,000 km2.  
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Figure 1-1: Location of WA renewable energy projects and potential hydrogen storage sites  

 

The AREH project is proposed to be located in the East Pilbara region of WA and aspires to generate 26 GW 

of wind and solar generation, with up to 23 GW of generation for the production of hydrogen and ammonia. 

The proposed project will cover an area of 6,500 km2 and cost an estimated $36 billion.  

There are also several sites being considered along the West Coast of WA, which are closer to infrastructure 

and with the potential of proceeding in the shorter term. It is likely that only modest volumes of renewable 
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sourced hydrogen will be required to be stored on a transitory basis in WA for the foreseeable future, and 

this has some bearing on the ideal storage method.  

Non-renewable energy sourced hydrogen may add to the shorter-term storage requirements but are 

considered unlikely to alter the long-term requirements. This literature review and underground storage 

analysis is applicable to all hydrogen irrespective of its generation and source. 

RISC has screened twenty-three onshore depleted gas and oil fields in WA for suitability to meet the storage 

need of renewable hydrogen and have identified seven fields as good candidates for hydrogen storage 

projects along the West Coast. RISC’s mapping of renewable hubs relative to the subsurface sites shows that 

there is ample depleted oil/gas field storage capacity in the Perth Basin. However, the WGEH and the Asian 

Renewable Energy Hub are located over 1,000 km away from suitable depleted fields. 

A more encouraging method of underground storage for the AREH project is subsurface salt. However, the 

Canning Basin which contains the thickest known salt deposits in Australia is distant (approximately 200 

km). Unfortunately, no salt deposits have been mapped that are adjacent to the WGEH, although the Officer 

Basin 300 km north is reported to contain salt deposits. 

RISC recommends that surface options are also considered as these may provide more effective solutions 

for renewable hydrogen storage in WA given the location of the renewable hubs relative to the subsurface 

sites and technical and environmental challenges.   
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2. Terms of reference 
The Government of Western Australia, Department of Mines, Industry Regulation and Safety (‘DMIRS’) 

commissioned RISC Advisory Pty Ltd (‘RISC’) to conduct a literature review and scoping study of hydrogen 

storage in depleted oil and gas fields in Western Australia (‘WA’) in the context of: 

�ƒ The Government of WA has developed a renewable hydrogen strategy with the vision that WA will 

become a significant producer, exporter and user of renewable hydrogen. 

�ƒ To achieve this vision, industry and markets need to be developed to enable the production, storage, 

export and use of renewable hydrogen.  

�ƒ The Western Australian Renewable Hydrogen Roadmap (published in November 2020) includes the 

evaluation of utilising depleted oil and gas fields for hydrogen storage, with the first step being this 

review. 

The agreed scope for the literature review was: 

a. Comprehensive review of existing literature and status of research and technology of storing 

hydrogen in depleted hydrocarbon fields including identification of potential risks to storage of 

hydrogen. 

b. High level review of literature of other examples of underground geological storage of hydrogen such 

as aquifer traps, salt caverns, underground mine sites and tunnels. 

c. Commentary on the issues relating to creation of salt caverns across WA for hydrogen storage. 

d. Discuss advantages and disadvantages and recommendations of various geological storage options. 

e. The above to be carried out in consultation with key researchers on previous and ongoing work in the 

area of underground hydrogen storage, e.g. Geoscience Australia, CSIRO, Future Fuels CRC, as well as 

relevant companies involved in development of hydrogen energy. 

Further discussion with DMIRS confirmed that: 

�ƒ The review should also cover the potential to store hydrogen in salt caverns.  

�ƒ The review will only cover storage requirement for renewable (green) hydrogen and not hydrogen 

produced from hydrocarbons where resultant CO2 is released to the atmosphere (grey) or stored 

underground (blue). However, it is recognised that there may be a requirement for storage of grey and 

blue hydrogen. 

�ƒ The aim would be to store the hydrogen on transitory basis and to be able to recover the hydrogen in 

high concentrations, rather than inject in low concentrations into hydrocarbon gas streams. 

RISC also notes that there are alternative options for storing hydrogen on a transitory basis, such as surface 

and chemical methods. These would provide a useful comparison but are not included in the scope of this 

review.  

A detailed bibliography as a result of the literature search is included as Appendix B – Bibliography. 

As part of the study, RISC convened a virtual online workshop on 21 July 2021 with participants from CSIRO, 

Geoscience Australia, DMIRS, University of Edinburgh, Adelaide University, RAG and UEST in Austria. Details 

of attendees, agenda and presentations is included in Appendix C – Workshop presentation materials. The 

latest understanding of hydrogen storage from the workshop are integrated into our reported findings.  
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The agreed scope for the modelling scoping study was: 

a. Review of the adequacy of available geoscience and engineering data (including geomechanical data) 

for model(s) development in a subsequent Stage 2. 

b. Preliminary estimation of the storage capacity within all depleted fields based on hydrocarbons 

produced. 

c. Review of depleted fields in the onshore northern Perth Basin and onshore Southern Carnarvon Basin 

within Western Australia to provide a seriatim of the fields to be modelled with respect to storage 

capacity and risks to storage.  

d. Review of high-level risks and uncertainties and impacts on safe storage of hydrogen in onshore Perth 

Basin and Southern Carnarvon Basin depleted fields for consideration as part of the Stage 2 

modelling. 

e. Develop project specifications including high level work requirements, tasks and timelines for a Stage 

2 modelling project. 

The data and information used in the preparation of this report were primarily sourced from public domain 

information supplemented by data provided by DMIRS. RISC understands that the report will be made 

available to the public.  
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3. Literature database 
There is no shortage of literature related to hydrogen storage. RISC’s comprehensive literature search has 

identified over 300 relevant articles and papers (Figure 3-1). It is also relevant to point out that research 

into, and as a result the published literature, hydrogen generation and storage requirements is accelerating 

and becoming more significant. 

 

 

Figure 3-1: Hydrogen storage related articles 

 

RISC has reviewed a subset of the available literature bearing some relevance to this study (Figure 3-2), 

although there is little literature directly related to hydrogen storage potential of depleted oil and gas fields 

worldwide, let alone in WA.  

The global hydrogen industry (generation and use) in addition to its storage requirements is at an 

embryonic stage. However, this review provided useful context on how the hydrogen industry is developing. 

Aspirations and achievements of various countries (Germany, France, Denmark, Spain, UK, Canada and US) 

of what subsurface storage sites are being considered globally in addition to alternatives to subsurface 

storage (surface and chemical) have been reviewed.  

A detailed bibliography of reference material is included as Appendix B – Bibliography. 
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Figure 3-2: Hydrogen articles reviewed by RISC 
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4. Hydrogen subsurface storage overview 

4.1. Characteristics 

The focus of this review is on transitory storage of hydrogen generated primarily from renewable energy 

sources, which ideally satisfies the following criteria: 

�ƒ Safety: Hydrogen is a highly flamable product and needs to be stored safely. Figure 4-1 shows that a wide 

range of hydrogen - air mixtures are explosive compared to other fuels.  

�ƒ Environment: A key driver for renewable energy is to protect the environment by reducing greenhouse 

gas emmisions, primarily CO2 emmisions. Any storage solution however needs to meet all envronmental 

requirements, including land-use and pollutants. 

�ƒ High recovery: A major barrier to hydrogen production is cost. Any storage solution needs to be able to 

contain the hydrogen effectively and efficiently recover the stored hydrogen. 

�ƒ Technical challenges: Ideally, the storage concept will be a proven solution and technical issues are 

addressed and/or minimised. 

�ƒ Minimal contamination: The (stored and) recovered hydrogen should have minimal contamination (or 

dilution) due to the storage and recovery process. 

�ƒ Cycle time: The cycle time of storing and recovering the hydrogen needs to be matched to business needs 

of the renewable energy sourced hydrogent plant. RISC expect this to be measured in weeks or months. 

 

 

Figure 4-1: Ignition ranges of fuels with air 1 

 

 

                                                           
1  Shell hydrogen study; Energy of the future?, 2017. 
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The Australia National Hydrogen Roadmap2 sets underground storage in context with alternate mature 

hydrogen storage technologies (Table 4-1). 

 

Table 4-1: Mature hydrogen storage technologies 2 

 

4.2. Predicted hydrogen production and demand for storage 

Underground hydrogen storage is in its infancy, but the characteristics will be similar to the storage of 

natural gas, which is routinely used in the US, Europe and Australia to modulate seasonal heating demand, 

back-up power generation and reduce dependency on imports. The temporal nature of generation of 

renewable energy adds to the need for transitory storage of hydrogen.  

                                                           
2 National Hydrogen Roadmap, CSIRO, 2018. 
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The predicted global hydrogen production provided in the literature generally does not distinguish between 

renewable (green) hydrogen, hydrogen produced from hydrocarbons where resultant CO2 is released to the 

atmosphere (grey) or stored underground (blue). RISC expect the ‘green’ hydrogen to be a moderate 

proportion, so we need to bear this in mind when placing the WA renewable hydrogen storage demand in 

context.  

The expected demand for large scale storage of hydrogen in Europe was presented at the United Nations 

Framework Classification (‘UNFC’) resource management week in April 2021 and is summarised in Table 4-2. 

These forecasts assume that the storage requirement is 10-20% of annual production, consistent with 2019 

natural gas storage utilisation. The estimated storage figures are significant, with the study predicting up to 

5 Tcf of hydrogen storage is required in Europe by 2050.  

The UNFC presentation does not however provide the basis or background to the estimates and RISC expect 

that there will be included a significant proportion of ‘blue’ or ‘grey’ hydrogen. In any event, we can expect 

significant development of hydrogen subsurface storage knowledge and capabilities in the coming years.  

 

Table 4-2: Expected European demand for large scale hydrogen storage 3 

Resource 

Natural Gas Hydrogen 

Demand 

(Bcm) 

Storage 

(Bcm) 
Percentage 

Demand 

(TWh) 

Assumed 

Storage 

Storage 

requirement 

(Bcm) 

Global 2019 3,986 483 12%    

Europe 2019 470 105 22%    

Europe 2030    481 - 665 10 - 20% 16 - 44 

Europe 2050    780 - 2,251 10 - 20% 26 - 150 

Notes to the table:  
1 Bcm = 35.31 Bcf 

 

                                                           
3 Resource Management Week - Application of UNFC injection projects, April 2021. 
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5. Subsurface systems 

5.1. Introduction 

There are two basic underground storage systems suitable for hydrogen; salt caverns or in porous media 

(subsurface reservoir). Salt caverns are manufactured by pumping water into the salt body to create a 

cavern, while porous media may be either depleted gas and oil fields or aquifer traps (Figure 5 1). Each 

system has its own characteristics when compared to transitory storage criteria.  

 

Figure 5-1: Schematic underground storage systems 4 

 

RISC’s high-level assessment of the different storage systems against the storage criteria is given in Table 

5-1.  

Salt caverns are considered the best technical solution. They are a proven concept in underground storage, 

with a demonstrated safety record and fast cyclic storage. Salt acts an excellent seal making them effective 

and safe and the caverns themselves can be designed to fit the storage requirements. There are also no 

other residual native gases or hydrocarbons to mix with and potentially contaminate the stored hydrogen. 

The main issue is the distance of suitable salt from renewable energy sites. Water supply and resultant brine 

disposal are issues, particularly in WA where there is typically a shortage of water and limited means of 

brine disposal other than subsurface injection.  

All porous media systems carry uncertainties and risks due to the inherent technical complexity. The 

technical viability is still to be proven and long lead times (10 - 15 years) are expected for demonstration 

and development.   

                                                           
4 Underground hydrogen storage: characteristics and prospects, Radoslaw Tarkowski, 2019. 
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Table 5-1: Subsurface storage systems characteristics 

Criteria Salt caverns Aquifer Traps Depleted gas field Depleted oil field 

Safety Good Fair Fair Fair 

Environment Moderate/poor Fair Fair Fair 

Recovery  Good Site dependent Site dependent Site dependent 

Technical challenges Low High High High 

Contamination Excellent Good Moderate Poor 

Cycle time Excellent Site dependent Site dependent Site dependent 

Location Site dependent Site dependent Site dependent Site dependent 

Experience/risk Moderate Poor Poor Poor 

 

There are only a handful of hydrogen subsurface sites currently in operation worldwide (Table 5-2). Of 

these, only four are used to store hydrogen in high concentrations, all of which are in salt caverns. The 

storage volumes are quite modest relative to the capacity of oil and gas fields, except for the Benyes field in 

France which is used to store synthetic ‘town’ gas which consists of a mixture of hydrogen, methane and 

carbon monoxide. 

 

Table 5-2: Current hydrogen subsurface storage sites 

Country Field Storage type 
Depth 

(m) 

Pressure 

(Bar) 
H2 % 

Volume 

(MMscf) 

USA Spindletop Salt cavern 1340 Confidential 95 31.8 

USA Clemens Dome Salt cavern 800 70-135 95 20.4 

USA Moss Bluff Salt cavern 800 55-152 
 

19.9 

UK Teeside Salt cavern 350-400 45-50 95 7.4 

France Beynes Aquifer trap 
 

 50 11,583 

Germany Keil Salt cavern 
 

80-100 60 1.1 

Germany Ketzin Aquifer trap 
 

 62 
 

Czech Republic Lobodice Aquifer trap 
 

90 50 
 

Argentina 
Diadema 

(HyChico?) 

Depleted gas 

reservoir  
10 10 

 

Austria 
Underground Sun 

Storage (RAG) 

Depleted gas 

reservoir  
78 10 

 
Notes to the table:  

1 MMscf = 0.001 Bcf 
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Jobs, Tourism, Science and Innovation. This 
Report was prepared by RISC and includes 
a high-level review of other examples of 
underground hydrogen storage such as 
aquifers, salt caverns, underground mine sites and tunnels.

RISC has screened 23 onshore depleted gas and oil fields in Western Australia 
for suitability to meet the storage need of renewable hydrogen. The company has 
identified seven fields as good candidates for hydrogen storage projects along the 
west coast of Western Australia. RISC’s mapping of renewable hubs relative to the 
subsurface sites shows that there is ample depleted oil/gas field storage capacity in 
the Perth Basin.
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