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Australia has ambitions to become a major global hydrogen producer by 2030. The
establishment of Australia’s and the world’s hydrogen economy, however, will depend
upon the availability of affordable and reliable hydrogen storage. Geological hydrogen
storage is a practical solution for large scale storage requirements ensuring hydrogen
supply can always meet demand, and excess renewable electricity can be stored for
later use, improving electricity network reliability. Hosting thick, underground halite
(salt) deposits and an abundance of onshore depleted gas fields, Australia is well
placed to take advantage of geological hydrogen storage options to support its
ambition of building a global hydrogen hub export industry. Using the Bluecap
modelling software, we identify regions in Australia that are potentially profitable
for large scale hydrogen production and storage. We use the results of this work to
suggest high-potential regions for hydrogen development, supporting policymaker and
investor decisions on the locations of new infrastructure and hydrogen projects in
Australia.
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INTRODUCTION

Hydrogen is a clean-burning fuel and an essential reducing agent with the potential to
decarbonise hard-to-abate industrial sectors such as steel and aluminium production, long-
haul transport, and industrial heat (IEA, 2019). Governments around the world are increasingly
relying upon the establishment of a global hydrogen industry tomeet their greenhouse gas (GHG)
emissions reduction targets, including many of the countries and jurisdictions that have pledged
net-zero emissions by the middle of the century (Bouckaert et al., 2021). A detailed review of
many of these policies can be found in the 2022 State of Hydrogen Report, released by the
Australian government (DCCEEW, 2022). Australia has ambitions to become a major global
hydrogen producer by 2030 (DISER, 2021) and, if successful, would be in strong position to meet
its currently pledged climate commitments while significantly contributing to the international
race to net-zero emissions by 2050 (COAG Energy Council, 2019).

Endowed with world-class renewable energy resources, a steady supply of natural gas,
suitable sites for carbon capture and storage (CCS) and a track record of building large-
scale energy industries, Australia is well placed to establish a sustainable domestic and
export hydrogen industry (Bruce et al., 2018a; COAG Energy Council, 2019). A key component
of Australia’s National Hydrogen Strategy is the development of ‘hydrogen hubs’—regions where
large-scale hydrogen demand is aggregated through the co-location of hydrogen users,
producers and exporters (COAG Energy Council, 2019; DISER, 2021). Hubs can facilitate the
scaling up of hydrogen deployment as the co-location of hydrogen supply and demand reduces
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upfront investment in transmission and distribution
infrastructure, reducing overall hydrogen pathway costs (IEA,
2019). However, the establishment of a hydrogen industry in
Australia and globally will depend upon the availability of
affordable and reliable large-scale, hydrogen storage
solutions (BNEF, 2020).

Geoscience Australia and Monash University have
developed the Hydrogen Economic Fairways Tool (HEFT) to
assess regions of high potential for the development of new
large-scale hydrogen projects (Walsh et al., 2021).1 The model
forms part of the Bluecap software suite—a set of tools for
evaluating the regional economic potential for new resource
project developments (Walsh et al., 2020).2 HEFT accounts for
the costs associated with hydrogen production, the quality of
the input energy resources, as well as the availability of local
infrastructure to support the project and the distance to the
final point of sale.

This paper describes how the Bluecap modelling software
has been extended to identify regions in Australia that are
potentially profitable for large-scale hydrogen production and
storage. The new model considers the potential for storage of
hydrogen from renewable and non-renewable sources in salt
caverns and depleted gas fields. It accounts for the proximity
to the storage locations, the relative costs of storage and the
availability of local infrastructure. We use the results of this
work to suggest high-priority regions for hydrogen
development, supporting policymaker and investor decisions
on the locations of new infrastructure and hydrogen projects in
Australia.

GEOLOGICAL HYDROGEN STORAGE

One of the major challenges in the global race to net-zero
emissions is the need for large-scale energy storage to
stabilise and improve reliability of intermittent renewable
energy supply (Bouckaert et al., 2021; CSIRO, 2021; IRENA,
2021). Hydrogen can contribute significantly to overcoming
this challenge as it can be stored in large quantities and over
long time periods (BNEF, 2020). For example, excess
renewable electricity can be converted into hydrogen via
electrolysis—which is then stored, and converted back into
electricity as required (COAG Energy Council, 2019; CSIRO,
2021). Stored hydrogen can also be used to balance
seasonal fluctuations in the natural gas network (CSIRO,
2021; IRENA, 2021) and could, in the future, help hydrogen
exporters meet their shipping schedules (CSIRO, 2021).

The most common hydrogen storage method used today is
compression via pressurisation in steel or carbon composite
cylinders for small scale applications (Makridis, 2016; IEA,
2019). Pipeline storage, solid state hydrogen storage, and

above ground tanks are also suitable for small scale and
short term storage requirements (Andersson and Grönkvist,
2019; IEA, 2019). The capacities of these storage methods
range from a few kilograms to several tonnes per kilometer in
the case of pipeline storage (Kruck et al., 2013). Small capacity
storage methods, however, are costly when used on large
scales (i.e., 100s of tonnes) due to the relatively low
volumetric energy-density of hydrogen compared to other
fuels (Bruce et al., 2018a). Underground geological storage
options, therefore, offer a practical and cost effective
alternative (Andersson and Grönkvist, 2019) and are
considered the best option for large-scale and long-term
storage of hydrogen (Kruck et al., 2013; Simon et al., 2015;
IEA, 2019).

Geological hydrogen storage options include salt caverns,
depleted gas fields, rock caverns and aquifers (Tarkowski,
2019). Salt cavern storage and depleted gas fields are
generally considered to be the most advanced of these four
options: Salt cavern storage is currently in use for long-term
hydrogen storage (Hevin, 2019), and while only a few depleted
gas fields have been trialed for hydrogen storage, they are
widely used for natural gas storage (Craig et al., 2022). Rock
caverns and saline aquifers have also been suggested as
options for hydrogen storage. However, these options face
additional challenges. Rock caverns must be lined (e.g., with
steel and cement) to prevent leakage. This increases the initial
cost of investment relative to salt caverns, andmeans that rock
caverns will not self-seal after tectonic activity (Khaledi et al.,
2016; Ennis-King et al., 2021). Aquifer storage has many
similarities with storage in gas reservoirs, with the additional
complication that there is not guarantee of a trapping
mechanism (Craig et al., 2022). In addition, the reservoir
properties of many saline aquifers will be less well known
than those in depleted gas reservoirs, requiring additional
development time. As such, although underground rock
cavern and aquifer hydrogen storage may have future
potential, these technologies are less well established
(Muhammed et al., 2022) and are not considered in the
assessment below.

As suitable sites for underground storage are dependent on
the geographical distribution of the aforementioned storage
options (IEA, 2019), geological storage will not be possible for
all countries wanting to establish their own export-sized
hydrogen supply chains (BNEF, 2020). Australia is well
placed to take advantage of geological storage to support
its ambition of becoming a major global hydrogen player by
2030, as the country hosts thick, underground halite (salt)
deposits and an abundance of onshore depleted gas fields
(Bruce et al., 2018a). The advantages and disadvantages of
these two geological storage options are outlined in the
following sections.

Salt Cavern Storage
Salt caverns are considered by many to be the best large scale
storage option for hydrogen (Simon et al., 2015; Caglayan et al.,
2020), if available, as they offer the lowest levelised cost per
unit of hydrogen (Chen et al., 2023). Salt caverns are man-

1The online version of the HEFT tool is available at https://portal.ga.gov.au/
persona/heft
2The Bluecap repository is located at https://github.com/GeoscienceAustralia/
bluecap
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made structures, formed by drilling into a thick salt deposit,
and circulating water to dissolve a section of the formation
(Craig et al., 2022). Typical salt caverns sit deep underground
(between 0.5–2 km), have a working capacity of
3,000–10,000 tonnes of hydrogen per cavern (BNEF, 2020),
and are generally operated in a series of adjacent caverns (IEA,
2019). Caverns are a relatively mature storage technology, with
thousands used to store oil, gas, hydrogen and other
substances globally (BNEF, 2020). Long-running salt caverns
used to store hydrogen include the Teesside caverns in the
United Kingdom and the Clemens Dome, Spindletop and Moss
Bluff caverns in the United States (Williams et al., 2022). The
majority of internationally planned hydrogen storage facilities
are also targeting salt caverns (Zivar et al., 2021).

The advantage of using caverns for hydrogen storage is
they provide: significant economies of scale; high cycling rates
and efficiencies (~98%); low parasitic energy requirements; a
low risk of hydrogen contamination and leakage due to the
inert and impermeable nature of salt; low operational and land
costs due to the small surface footprint of cavern
infrastructure; and a low safety risk compared to other
forms of hydrogen storage (Lord et al., 2014; Bunger et al.,
2016; BNEF, 2020). Additionally, the pressures employed in
cavern storage (45–275 bar; BNEF, 2020) enable high
discharge rates making them attractive for industrial and
power sector applications (IEA, 2019).

The main disadvantage is that the locations suitable for
cavern storage are geographically limited due to their
dependence on specific geology (Bruce et al., 2018a).
Moreover, in places like Australia—where caverns are not yet
used for commercial storage purposes—potentially expensive
exploration campaigns are required (Bruce et al., 2018a).
Caverns also require pipeline networks, which increase start-
up costs, while the shrinking of a cavern may increase the cost
of storage throughout a cavern’s lifetime (BNEF, 2020). From
an environmental perspective, the cost of safely disposing of
brines produced when creating a cavern must also be
considered (Craig et al., 2022).

Depleted Gas Fields
Utilising depleted gas fields for natural gas storage is an
economically viable technology with more than 500 facilities
in operation globally (Judd and Pinchbeck, 2016). Use of
depleted gas fields for hydrogen storage, however, is still at
a low technological maturity and is not yet commercially
viable. Only a few trial projects have been conducted
globally (Ennis-King et al., 2021; Craig et al., 2022). The
feasibility and cost of large-scale hydrogen storage in
depleted gas fields, therefore, is yet to be proven (IEA,
2019). If this technology can be proven economically viable,
it could serve as a suitable option for seasonal hydrogen
storage, especially in locations with no access to salt
caverns (IEA, 2019). With larger storage capacities
(300–100,000 tonnes of hydrogen per field) (BNEF, 2020)
and a wider distribution than caverns, depleted gas fields
offer a suitable alternative to cavern storage (Bruce et al.,
2018a).

A large benefit of storing hydrogen in depleted gas fields is
that the geological properties of the storage reservoir are well
understood as the locations have served as sites for gas
production for several years (Craig et al., 2022). This
reduces or eliminates the need for exploration and
characterization (Bruce et al., 2018a). The maturity of the
petroleum industry also means that much of the required
infrastructure for operating a hydrogen storage facility
(wells, pipelines etc.) is already in place, reducing capital
costs compared to cavern storage (Ennis-King et al., 2021)
(although it should be noted that some components may need
to be lined or upgraded). Similar to caverns, depleted gas fields
have low parasitic energy requirements and are considered a
relatively safe technology (BNEF, 2020).

One of the main drawback of using depleted gas fields for
storage is that they are geographically limited due to their
dependence on geology (Ennis-King et al., 2021). Beyond
location, the main challenge of using depleted gas fields for
hydrogen storage is the risk of contamination. Hydrogen gas
can mix with residual gases in the reservoir, reducing its purity
(Amid et al., 2016; Ennis-King et al., 2021). Any such
contaminants need to be removed before hydrogen can be
used within a fuel cell, adding costs to the storage process
(IEA, 2019). Other disadvantages of using depleted gas fields
for hydrogen storage include (but are not limited to): hydrogen
losses (approximately 2% per year; BNEF, 2020) through
diffusion (Amid et al., 2016); the requirement of a high
percentage (50%) of cushion gas (Kobos et al., 2011); and
the slow cycling rate when compared with open caverns (Craig
et al., 2022).

LOCATING REGIONS FAVOURABLE FOR
HYDROGEN STORAGE DEVELOPMENT

Establishing a hydrogen industry in Australia and globally will
depend upon the availability of affordable and reliable
geological storage solutions (Geoscience Australia, 2021b).
Careful planning is, therefore, required to ensure hydrogen
supply networks (inclusive of geological storage) are
developed in the most economically viable regions of the
country.

To support decision making by policymakers and investors
on the location of new infrastructure and hydrogen hubs in
Australia, Geoscience Australia, in collaboration with Monash
University, has developed an open source software platform,
known as Bluecap, to estimate the regional economic potential
for resource development in Australia (Walsh et al., 2020;
2021). Originally created to determine regional potential for
mineral projects, the software platform has been extended to
evaluate the economic potential for renewable hydrogen and
hydrogen produced from natural gas and coal with carbon
capture and storage.

Bluecap conducts detailed geospatial-financial analyses of
future large-scale hydrogen projects and assesses the quality
of energy resources (such as wind, photovoltaic, concentrated
solar power, or hybrid wind and solar) required to produce

Earth Science, Systems and Society | The Geological Society of London July 2023 | Volume 3 | Article 100743

Walsh et al. Geological Hydrogen Storage in Australia



hydrogen. It also includes the costs associated with rail and
road transportation infrastructures and total transportation
distances, pipelines to export ports, distances and costs of
water access, and geological hydrogen storage options in the
software’s analysis. For blue hydrogen production
(i.e., hydrogen produced from natural gas or coal with
carbon capture and storage), the model also accounts for
the cost of storage and transmission to the closest
sequestration site.

Using the Bluecap software, we have modelled the Net
Present Value (NPV) of producing, transporting, and
geologically storing renewable and CCS hydrogen across
Australia in 2030. Our work integrates the economics of
geological hydrogen storage with the hydrogen supply chain
for the first time in the Australian context, providing novel
insight into the economic possibility of Australia succeeding
in its ambition of leading the global hydrogen market by 2030.

Integration of Geological Hydrogen Storage
Into Bluecap
The original hydrogen model in Bluecap allowed for the
assessment of hydrogen sold either at the “plant-gate” or
for export (cf. Walsh et al., 2021). The first option considers
the sale of produced hydrogen at the site of production,
assessing the NPV of a potential project where hydrogen
transport costs are not considered. The second option
assumes produced hydrogen is transported to the nearest
suitable export location, assessing the impact hydrogen
transport costs have on the NPV of a potential project.

The key steps involved in the Bluecap calculation are
illustrated in Figure 1. First a local plant model is used to
calculate the year on year cash flow for the project for a given
hydrogen production target and fixed capacity factor. The plant
model accounts for the startup and ongoing costs of both the
renewable energy source and the cost of electrolysis, as well as
any state or federal taxes or rebates on the project. Next the
plant cost estimates are repeated for different capacity factors

to build up a lookup function describing the plant costs. These
lookup functions are then applied to Australia-wide capacity
factor maps, to obtain regional estimates of the plant costs.
These costs are combined with estimates of the associated
infrastructure and transportation costs derived from maps of
the local infrastructure distances: distance to roads, rail, and
export ports, transportation distances, and distances to water
and power transmission (if required).

In the present extension to the Bluecap code, we have added
geological hydrogen storage as a supplementary option under
the “hydrogen-end point” selection. Produced hydrogen my be
sold to a salt storage facility (i.e., salt cavern) or depleted gas
field facility, at a discount equivalent to the levelised cost of
storage (LCoS) as indicated in Table 1. This allows the user to
assess the impact of hydrogen transport costs and levelised
cost of geological storage on the NPV of a potential hydrogen
project—an assessment that has not yet been conducted in the
Australian context.

Geological Storage Cost Estimates
BNEF (2020) provides the default cost estimates used in our
model to map the economic potential of hydrogen production
paired with geological storage up to 2030. The complexity of

FIGURE 1 | Key steps involved in the Bluecap hydrogen storage calculation: A model of the plant specific cost is first used to determine the
year on year cash flow for a given production target; the model is used to create interpolation functions relating the plant costs to the underlying
renewable resource; the interpolation functions is combinedwithmaps of the associated renewable energy resource and available infrastructure
to generate maps of regional economic potential.

TABLE 1 | BNEF (2020) future estimates on levelised cost of hydrogen storage
(LCoS) ($/kg of working capacity of hydrogen) in salt caverns and depleted
gas fields.

Geological storage type LCoS future best case (2030–2050) (US$/kg)

Monthly cycle Biannual cycle Annual cycle

Salt Cavern 0.11 0.38 —

Depleted Gas Field — — 1.07–1.71

Future best case (2030–2050) is based on the assumption that these technologies have
become widely adopted and, thus, have reached scale, improving efficiency. This is
estimated to occur somewhere between 2030 and 2050, and depends on the
development of a hydrogen economy over the next decade driving scale and speed of
deployment of these storage technologies.
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determining costs for geological hydrogen storage arises from
the extensive variations in factors such as storage capacities,
operating conditions, and the frequency of injection and
withdrawal cycles, which is beyond the scope of this study.
For consistency, the default estimates used in our model draw
primarily from a single, comprehensive source (BNEF, 2020),
which takes into account a wide range of assumptions related
to the unique characteristics of both salt caverns and depleted
gas fields. These projected cost estimates align with those
suggested by the CSIRO National Hydrogen Roadmap (Bruce
et al., 2018b) for salt caverns (in the best-case scenario with
monthly cycling, a storage capacity of 1.8 million cubic meters
has a levelized cost of US$0.11–0.14 per kg) and Yousefi et al.
(2023) for depleted gas fields. These default values, however,
can be overridden by the user’s own cost models as desired.

Table 1 outlines the BNEF (2020) levelised cost of storage
(LCoS) estimates for both salt cavern and depleted gas field
hydrogen storage. Capex, opex and cycling rates are included
in the estimates. For annual salt cavern storage, we use an
estimated cost of 0.70 US$/kg, which is calculated from the
monthly and biannual cycle costs assuming a linear
relationship between cost and storage duration.

The cost of cycling hydrogen gas in and out of caverns
and depleted fields is also included in the LCoS. Cycling
rates impact capex and opex, and are a key determinant of
overall storage costs. For salt caverns, monthly and bi-
annual cycling rates are based on an assumed cycling
time of 20 days fill time and 10 days withdrawal time of
working gas. Depleted gas fields are assumed to cycle once
per year. Maximum gas injection and withdrawal rates in
porous reservoirs are significantly less than those in open
salt caverns, impacting the rate of cycling (maximum 0.5%–

1% daily withdrawal, or roughly 1–2 cycles per year; BNEF,
2020).

Hydrogen transport costs from a production facility to the
closest potential export location, or geological storage site,
were also considered in the model. Hydrogen transportation
costs by pipeline are based on estimates for Australia (Kan and
Shibata, 2018) that include both capital and operational cost-
estimates. Road and rail transportation costs are based on
estimates provided by the CSIRO for fleet capex and opex
(Bruce et al., 2018a) and AusIMM estimates for new road or rail
construction (Burt et al., 2012). A detailed description on how
the Bluecap software conducts hydrogen transport

FIGURE 2 | Map showing locations of halite (salt) bearing basins across Australia and known, thick (>100 m) halite accumulations within
those basins. Halite deposits could provide large scale, underground storage for hydrogen. Note, only onshore halite formations known to be
greater than 100 m thick have been included in the Bluecap economic fairways modelling.
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assessments on a regional scale and how suitable locations
for hydrogen export have been determined can be found in
Walsh et al. (2021).

Geological Storage Locations
Here, we describe the model to calculate the cost of
transporting hydrogen from a potential production

location to a geological storage site. The ability to utilise
a specific location for large-scale hydrogen storage—as an
underground salt cavern or depleted gas field—is highly
dependent on favourable geology (Sadler et al., 2016;
Bruce et al., 2018a). As such, only a select number of
potential geological storage sites across Australia are
considered in this study.

Salt Cavern Site Selection
Estimates vary as to how thick salt formations should be for
large scale storage. For example, Caglayan et al. (2020)
estimates that salt formations of 200 m or more are needed
for hydrogen storage, while Williams et al. (2022) state that
halite formations 50 m or greater may be sufficient. The
thickness requirements will also vary depending on whether
the cavern is located within a salt dome or bedded salt layer
(Caglayan et al., 2020; Bradshaw et al., 2023). For the purpose
of this study we assume a minimum thickness of 100 m is
required for long-term storage. Figure 2 shows the locations of
halite (salt) bearing basins in Australia, and the known, thick
(> 100 m) halite accumulations within those basins. Halite
accumulations that are greater than 100 m thick (marked by
lime green polygons in Figure 2) are found in the Adavale Basin
(Etonvale Formation; Boree Salt, Amadeus Basin (Chandler
Formation) and Canning Basin (Carribuddy Group; Mallowa
Salt and Minjoo Salt members) (Wells and Hodgson, 1980;
Haines, 2010; Hashimoto et al., 2018; Bradshaw et al., 2023).
The Mallowa Salt member in the Canning Basin is the most
extensive halite unit in Australia with thicknesses of
700–800 m in some regions (Haines, 2010; Bradshaw et al.,
2023).

FIGURE 3 |Map showing locations of conventional onshore depleted gas fields and underground gas storage facilities in Australia. Current
petroleum production title areas are also included to highlight currently operating petroleum fields that could potentially, in the future, be
repurposed for hydrogen storage once depleted.

TABLE 2 | Key assumptions adopted in Bluecap for the 2030 renewable
hydrogen scenario.

Assumptions Value

Renewable energy
resource

Solar PV

Year of operations 2030
Electrolyser system
capex

US$440/kW (PEM electrolysis)

Desalinated water price AU$0.01/kgH2O
Hydrogen production
rate

1,000 tH2/day

Discount rate 5%
Target hydrogen price AU$3.10/kgH2

Hydrogen end-point
Closest suitable export
location

Hydrogen transport cost to closest suitable export
location included in NPV.

Salt cavern storage Transport cost to closest suitable salt formation + salt
cavern storage costs (LCoS US$0.11/kg H2 –monthly
hydrogen cycling; LCoS US$0.70/kg H2 – yearly
hydrogen cycling) included in NPV

Depleted gas field
storage

Transport cost to closest depleted gas field + gas field
storage costs (LCoS US$1.07/kg H2– 1 cycle per year)
included in NPV

PEM refers to a proton exchange membrane electrolyser.
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A spatial dataset of the locations of thick halite formations
(lime green polygons in Figure 2) were included in Bluecap to
model the economic potential of coupling a potential hydrogen
project with a potential salt cavern storage site. This dataset
was created by Geoscience Australia and can be freely
accessed at AusH2 (Geoscience Australia, 2021c).

Depleted Gas Field Site Selection
Figure 3 shows the locations of conventional onshore depleted
gas fields and underground gas storage facilities (depleted gas
fields that have been repurposed to store seasonally store
natural gas) in Australia. Offshore depleted gas fields have not
been considered as potential hydrogen storage options in our

Bluecap modelling due to the increased costs and technical
complexity associated with offshore gas storage. Current
petroleum titles included in Figure 3 (shown in red) highlight
operating petroleum fields that could potentially be repurposed
for hydrogen storage once depleted.

The data points for onshore depleted gas fields were
collated from a range of sources including data provided
directly to Geoscience Australia from State Geological
Surveys (South Australian, Victorian and Western
Australian data points), Australian Stock Exchange (ASX)
reports (New South Wales data points), and open access
data from the Queensland Government’s Open Data Portal
(Queensland data points). Using the Queensland data portal,
we determined if a gas field located in Queensland was
depleted by cross referencing six-monthly gas production
data with gas reserves statistics over a four and half year
period (30 June 2015 to 31 December 2019). If a field
reported zero million cubic metres for both “total gas
produced” and “remaining reserves” as at 31 December
2019, the field was classified as depleted and included in
the Bluecap modelling.

The location data for underground gas storage facilities
were collated from a range of open source websites and
reports—including works by Core Energy Group (2015)) for
the Australian Energy Market Operator (AEMO) on gas

FIGURE 4 | Modelled regional NPV for a 1,000 tonne per day renewable (i.e., green) hydrogen plant using solar electricity in 2030: (A)
hydrogen transported to either a potential export or a storage location; (B) salt cavern storage only; and (C) salt cavern storage with a 12 months
cycle. The final map (D) highlights positive NPV regions in the 95% percentile for storage. Hydrogen is produced through PEM electrolysis
(estimated capex US$440/kW in 2030) with hydrogen transport via pipeline to the nearest suitable export location or geological storage site.
The target hydrogen price is $3.10/kgH2. Areas of greater NPV indicate more favourable conditions for hydrogen production under these
assumptions.

TABLE 3 | Key assumptions adopted in Bluecap for the 2030 CCS hydrogen
scenario.

Assumptions Value

Fossil fuel energy resource SMR + CCS
Natural gas price (AEMO, 2022) AU$10/GJ
Year of operations 2030
Desalinated water price AU$0.01/kgH2O
Hydrogen production rate 1000tH2/day
Discount rate 5%
Target hydrogen price AU$4.20/kgH2
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storage facilities in eastern and south-eastern Australia—ASX
reports, and storage company reports. Similar to the halite
formations, a spatial dataset of the locations of onshore
depleted gas fields and underground gas storage facilities

was included in Bluecap to model the economic potential of
coupling a potential hydrogen project with a depleted gas field
storage site. This dataset was created by Geoscience Australia
and can be freely accessed at AusH2 (Geoscience Australia,
2021a).

RESULTS AND DISCUSSION

In this section, we consider two main scenarios for hydrogen
storage in 2030 using the Bluecap modelling tools. The first
examines the potential for using hydrogen produced from
renewable energy sources, while the second evaluates
potential hydrogen production from natural gas with carbon
capture and storage. Using the Bluecap modelling tools, we
consider the impact that salt cavern and depleted gas field
hydrogen storage has on the NPV of potential hydrogen
operations across Australia.

2030 Renewable Hydrogen Scenario
In this section, we consider the impact of potential hydrogen
storage facilities on the production of green hydrogen
(i.e., hydrogen produced from 100% renewable energy) using
solar power. Table 2 shows the main assumptions used to

FIGURE 5 | Modelled regional NPV for a 1,000 tonne per day CCS (i.e., blue) hydrogen plant using natural gas in 2030: (A) hydrogen
transported to either a potential export or a storage location; (B) salt cavern storage only. The lower map (C) highlights positive NPV regions in
the 95% percentile for storage. Hydrogen is produced via steam methane reformation and CCS with hydrogen transport via pipeline to the
nearest suitable export location or geological storage site. The forecasted gas price for 2030 is AU$10.00/GJ (AEMO, 2022) and the target
hydrogen price is $4.20/kgH2. Areas of greater NPV indicate more favourable conditions for hydrogen production under these assumptions.

FIGURE 6 | Locations best suited (95th percentile) for
hydrogen production with subsequent storage in depleted gas
reservoirs under the renewable energy scenario (green) and the
CCS scenario (blue).
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model the 2030 renewable hydrogen scenario. The LCoS
estimates for salt cavern and depleted gas field storage are
optimistic, assuming the cheapest end of the future best case
estimates by BNEF (2020) are achieved by 2030.

The simulation results are presented in Figure 4.
Figure 4A maps the estimated NPV of hydrogen projects
considering both sales to export ports and hydrogen storage
facilities, while Figure 4B considers the sale of hydrogen to
storage locations only. Both maps show regions of positive
NPV around the key storage sites, with gradations away
from those locations caused by the effect of the cost of
hydrogen-transportation and access to road and rail
infrastructure.

While sales to salt cavern storage remain competitive
with export port sales under the assumptions listed in
Table 2, the higher cost of depleted gas storage meant
that these locations did not report a positive NPV.
Nevertheless there may be other reasons to consider
development of depleted gas reservoirs, as discussed
further in Storage in Depleted Gas Reservoirs section. We
also consider the effect of storage duration on the potential
for salt storage, using an annual cycle in Figure 4C. While the
economic potential is considerably reduced under these
assumptions, areas of positive NPV can still be found in
the Pilbara and central Australia. Both regions are further
highlighted when we outline the high potential regions for
storage in Figure 4D.

2030 CCS Hydrogen Scenario
Table 3 shows the main assumptions used to model the
2030 CCS hydrogen scenario. The natural gas price has been
forecast at AU$10.00/GJ in line with estimates by AEMO
(2022). It should be noted that due to the elevated price of
natural gas, the model does not predict any regions of
positive NPV at $3.10/kgH2 with or without hydrogen
storage. Nevertheless, the gas price is extremely volatile
due to the ongoing war in Ukraine and uncertainties around
future gas supply and demand. As such, the target hydrogen
price has also been increased in these models to
$4.20/kgH2. As in the renewable energy scenario, the
LCoS estimates for salt cavern and depleted gas field
storage are optimistic, assuming the least-expensive
future best case estimates by BNEF (2020) are achieved
by 2030.

The blue hydrogen model favours hydrogen salt cavern
storage in the Adavale Basin, due to its proximity to the
natural gas network and likely CCS reservoirs (Figure 5).
Again, despite their close proximity to the natural gas
network, hydrogen storage in natural gas reservoirs was not
found to be competitive with sales to either salt cavern storage
or directly to export ports.

Storage in Depleted Gas Reservoirs
Hydrogen storage in depleted gas reservoirs is anticipated to
be significantly more expensive than salt cavern storage on a

per kilogram basis, due primarily to the low cycling rates, need
for cushion gas and greater losses experienced in gas
reservoirs (Bruce et al., 2018a). Under the assumptions
adopted in this paper, the increased cost of storage in
depleted gas reservoirs meant that no sites could be found
on par with production of hydrogen for direct export.
Nevertheless, there may be other reasons to consider
storage of hydrogen in depleted gas reservoirs; for example,
for long-term energy security or in anticipation of decreased
storage costs in the future.

Accordingly, Figure 6 highlights the regions best suited
for hydrogen production and depleted gas reservoir storage
under both the renewable and CCS scenarios. For the
purpose of this figure, we have set the storage cost to 0,
to highlight the best-performing locations. As was the case
for salt cavern storage, the northwestern fields tend to
favour hydrogen storage from renewable energy sources.
Fields in central Queensland and at the Queensland/South
Australian border are highly ranked under both scenarios.
Locations on the South coast of Victoria are favoured for
storage of hydrogen from natural gas with CCS, due to the
proximity of the gas network and the Otway CO2 storage
basin.

CONCLUSION

Australia hosts significant capacity for geological hydrogen
storage either in the form of salt cavern storage or depleted
gas fields. Known halite accumulations greater than 100 m in
thickness are present in the Canning Basin in Western
Australia, the Amadeus Basin in the Northern Territory and
the Adavale Basin in Queensland respectively, while natural
gas storage sites, depleted and current reservoirs exist in all
Australian states and territories except Tasmania.

The suitability of sites for hydrogen storage will depend
on their proximity to potential sites for hydrogen production
and the type and cost of storage. To assess the potential
impact of these sites, we have developed a model to
estimate the regional economic potential for hydrogen
production and storage. The module assesses the cost of
producing and transporting hydrogen either to an export
location or a potential storage site, and can be used to
evaluate the potential benefit for selling hydrogen to each
destination.

The results from the analysis illustrate that salt cavern
formations could provide potential benefit for hydrogen
production, particularly around the Pilbara region in north
Western Australia. This is due to the high potential for solar
production in this region and the relatively low cost of salt
cavern storage. While depleted gas fields are naturally closer to
sites of gas production and transmission infrastructure, the
current high prices for natural gas, the high cost of storage and
low cycling rates in depleted gas reservoirs makes them less
economically favourable.
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