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A B S T R A C T   

Hydrogen gas can provide baseload energy as society decarbonizes through the energy transition. Underground 
Hydrogen Storage (UHS) will be secure, convenient and scalable to accommodate excess hydrogen production or 
compensate temporary shortfalls in energy supply. Hydrogen is a gas under all viable subsurface conditions, so is 
invasive, mobile and low-density. Methane and CO2 are also stored underground but storage parameters differ 
for each, affecting the balance of geological storage risks. UHS in Australia is most likely to utilise conventional 
sedimentary reservoir rocks bound by conventional trapping closures. Hydrogen energy density will affect the 
competitiveness of UHS against purpose-built surface storage or solution-mined salt cavities. This study presents 
an overview of key considerations when screening for UHS opportunities and evaluates them for five Australian 
sedimentary basins. A threshold storage depth mapped across them reveals that the most prospective UHS basins 
will have to function as integrated energy fluid resource systems.   

1. Introduction 

For the world to meet the maximum global warming target of 1.5 ◦C 
set as part of the 2015 Paris Agreement [1], global fossil fuel con
sumption – and related carbon dioxide (CO2) emissions – must signifi
cantly decrease. A recent study by Ref. [2] suggests that as much as 58% 
of all currently known oil, 59% of natural gas and up to 89% of coal 
resources would need to remain unextracted to meet this target. The 
need for the energy sector to transition into a low to zero carbon sector, 
therefore, is apparent more than ever, and one of the most discussed 
options to enable this transition is for hydrogen (H2) gas to become one 
of the major energy sources/carriers/storage resources of the future (e.g. 
Refs. [3,4]). 

In the search for carbon neutral energy resources, hydrogen accu
mulations have been reported to occur naturally across the globe in 
various locations [5–10]. These natural accumulations, however, are not 
widespread enough to contribute to a large-scale natural hydrogen 
production industry at present as the formal description of natural 
hydrogen generation, migration and accumulation systems remains 
highly uncertain [6,10]. The processes of generating hydrogen from 
feedstock resources more readily available, on the other hand, are well 
understood [11]. Globally, the majority of industrial hydrogen is 

generated by steam reforming of methane gas [12]. The National 
Hydrogen Roadmap suggests that most hydrogen generated in Australia 
will be produced by the electrolysis of water [13,14], a process that 
when powered by renewable energy (solar, wind and hydro-power) is 
said to generate green hydrogen [15]. 

Within this context, Australia is also aiming to position itself in the 
global hydrogen market by establishing a large-scale hydrogen export 
industry (e.g. Ref. [16]). As of January 2022, more than 40 hydrogen 
generation projects were in development in Australia [14]. Some of 
these projects are anticipated to have the potential to generate between 
300 kt to 3 Mt (million tonnes) of hydrogen gas annually (project IDs 28 
and 75 as per AusH2 [14]). The Hydrogen Energy Supply Chain 
demonstration project began early in 2022 to export supercooled 
hydrogen to the Japanese market from the Mornington Peninsula in 
Victoria by boat [17]. Even more recently, Fortescue and E.ON agreed 
for Australian green hydrogen to replace a third of the German methane 
gas shortfall imposed by international sanctions arising from the 
Ukraine crisis [18]. However, these current commitments do not ac
count for the surplus in hydrogen gas generation that will exist in 
Australia. Thus, national study efforts have also highlighted the need to 
accelerate the identification of Underground Hydrogen Storage (UHS) 
opportunities and solutions [19]. 

* Corresponding author. 
E-mail addresses: mark.bunch@adelaide.edu.au (M.A. Bunch), kathryn.amos@adelaide.edu.au (K. Amos), rachelle.kernen@adelaide.edu.au (R. Kernen).   

1 Present address: UniSA STEM, University of South Australia, Mawson Lakes, South Australia, 5095, Australia. 

Contents lists available at ScienceDirect 

International Journal of Hydrogen Energy 

journal homepage: www.elsevier.com/locate/he 

https://doi.org/10.1016/j.ijhydene.2024.03.340 
Received 7 July 2023; Received in revised form 5 March 2024; Accepted 27 March 2024   

mailto:mark.bunch@adelaide.edu.au
mailto:kathryn.amos@adelaide.edu.au
mailto:rachelle.kernen@adelaide.edu.au
www.sciencedirect.com/science/journal/03603199
https://www.elsevier.com/locate/he
https://doi.org/10.1016/j.ijhydene.2024.03.340
https://doi.org/10.1016/j.ijhydene.2024.03.340
https://doi.org/10.1016/j.ijhydene.2024.03.340
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijhydene.2024.03.340&domain=pdf
http://creativecommons.org/licenses/by/4.0/


International Journal of Hydrogen Energy 67 (2024) 406–420

407

1.1. Framing considerations for UHS 

Manufactured hydrogen is typically stored: as compressed gas under 
elevated pressure near or at the Earth’s surface (typically 100–200 bars 
in stationary vessels [20]; up to 700 bars in fuel tanks feeding hydrogen 
fuel cells [21]); as liquid at low temperature (below its liquefying tem
perature of − 252.9 ◦C [20,22]); adsorbed under elevated pressure to 
liquid or solid adsorbents requiring a less demanding temperature 
constraint (e.g. − 196 ◦C in the case of liquid nitrogen, porous active 
carbons and metal-organic frameworks [20]); or as a molecular 
component of solid metal hydrides or fluid chemical hydrides like 
methanol or ammonia [20,21]. These modes of storage are challenging 
and therefore costly to maintain at scale owing to their high energy cost 
and particular engineering requirements, including constrained storage 
efficiency and thermodynamic control [20,21]. Another option is to 
store hydrogen gas deep within the subsurface either at ambient con
ditions or at the required elevated pressure above ambient pressure. The 
most proven method to date is storage in solution-mined cavities created 
within thick intervals of undisturbed natural halite buried over 
geological time [23,24]. 

Underground storage of hydrogen gas for general industrial purposes 
was introduced in 1957 (to 1974) at Beynes in France [25]. However, 
until recently there has been minimal investment and interest beyond 
this and a few other similar projects due to the cost and lack of necessity. 
Ensuring reliable baseload energy supply as our society decarbonises 
through the energy transition means that the purpose for large-scale 
hydrogen storage has now arrived. However, there are many factors to 
consider when defining the best conditions for UHS. 

Storing hydrogen in its gaseous phase is the only storage option 
within the viable subsurface depth range (refer to Ref. [26]). Thus, the 
temperature and formation fluid pressure of the subsurface storage 
location are key factors in determining economic viability. The same is 
true regarding the potential of the geological containment system to 
induce hydrogen losses or contamination. For example, as hydrogen 
diffuses somewhat readily into fresh, oxygenated (meteoric) water 
(H2O), it is an advantage that the host rock be absent of fresh water and 
rather be saturated with a saline (connate) brine [27]. Similarly, a 
warmer host rock is likely inoculated against the presence of 
hydrogen-consuming microbes, though chemical reaction rates may be 
enhanced [28–31]. 

These factors depend on the depth of the storage location, which will 
also affect the capacity of a geological containment system to withhold 
hydrogen gas [32]. Pressure of the stored hydrogen itself – which will be 
above the equivalent hydrostatic pressure at a particular depth owing to 
compression due to buoyancy pressure – also has implications for 
containment integrity. A large hydrogen column may pose a risk to the 
mechanical integrity of geological formations through the potential to 
induce microseismic strain events. These might occur within the storage 
reservoir rock by reducing effective stress towards failure or within the 
overlying sealing rock by increasing the vertical stress which, if parallel 
to the maximum principal stress (defining an extensional regime), could 
also induce failure [33,34]. The likely need for frequent, rapid injection 
and production of hydrogen may also induce microseismic events via the 
same geomechanical pathways [34]. 

For economic viability it is vital that the subsurface storage location 
is near to end-users (e.g. Ref. [35]) or existing energy delivery infra
structure [36] that can be adapted to transport and/or export hydrogen 
gas. The energy transition, in part, will therefore further depend on a 
widespread, robust, agile, distributed subsurface hydrogen storage and 
delivery network that can smooth out the peaks and troughs of supply 
and demand. These fluctuations are inherent at local temporal and 
spatial scales for the preferred modes for green hydrogen generation 
(PV-solar and wind turbine powered water hydrolysis) and for typical 
seasonal use patterns [28,37]. Constructed surface facilities would 
provide small and relatively fixed-scale, short-period 
injection-production storage options for hydrogen energy supply 

buffering. Geological storage systems could be more flexible and secure 
at a range of scales for short-, medium- and long-term stor
age-production cycles of hydrogen energy supply. 

In this study we define a play-based set of considerations for iden
tifying, assessing and evaluating UHS opportunities in conventional 
reservoir systems within sedimentary basins. We define a threshold 
depth for UHS on the basis of temperature, hydrogen density and 
nominal caprock sealing capacity criteria implied by the works [20,29, 
32]. We demonstrate a comparative ranking approach with a set of cases 
focusing on five Australian sedimentary basins that represent a range of 
suitability and settings, aspects of which will relate directly to basin 
cases outside Australia. In particular, we map our threshold depth cri
terion across these basins for use as a screening tool of prospective 
reservoir closure sites in future. 

1.2. Basin analysis for hydrogen storage plays 

Hydrogen will remain a gas under all viable conditions that might be 
considered for its storage within geological formations underground. As 
such, there are two comparable engineered subsurface fluid resource 
systems that can be considered when determining the scope and po
tential of UHS. Petroleum systems have been formed naturally by 
geological processes in sedimentary basins and provide a proof of 
concept for the accumulation of an immiscible buoyant fluid within a 
trapping structure enclosing the reservoir rock. The inherent concepts 
have informed and been broadened to define an array of viable 
geological systems for the permanent disposal of anthropogenic CO2. 
Allied to traditional petroleum trapping systems, seasonal methane 
storage is undertaken in similar or sometimes the same geological 
structures in order to ameliorate imbalances between thermal gas supply 
and demand. UHS will function in the same way often utilising similar 
storage systems but with differing constraints related to the properties of 
hydrogen gas within the subsurface. Eventually, sedimentary basins will 
host all four types of energy resource fluid activities, in some cases as 
part of the same integrated energy supply operation (illustrated in 
Fig. 1). 

As mentioned previously, the most familiar subsurface hydrogen gas 
storage play concept is the development and use of macro-cavities hol
lowed out by an artificial dissolution process within thick halite layers of 
sedimentary basin stratigraphy (a minimum thickness of 150 m – at least 
65 m thicker than the proposed cavern height [24]). Such storage sys
tems have been used successfully within the petrochemicals industry 
since the 1960’s [28,38]. They take a variety of forms and have been 
developed for gas storage at a variety of depths [23]. A key aspect of the 
concept is use of a cushioning system whereby a denser gas [39] of 
significantly larger molecular size and higher wettability sits within the 
cavity (notionally below the hydrogen gas column) and becomes pres
surised as hydrogen gas is injected [31]. This gas acts to maintain 
pressure and prevent water invasion whilst helping push hydrogen back 
out of the cavity during production cycles [31,38]. The contrast in 
wettability, gas molecular density and viscosity ensures that separation 
of the mixed gas product into pure hydrogen and cushion gas streams is 
straightforward at the surface prior to reinjection of the cushion gas and 
export of the hydrogen for use elsewhere [28,31,39]. 

Key advantages with using salt caverns as a subsurface storage 
container for hydrogen gas include the self-annealing nature of the 
plastic solid salt rheology (i.e. the cavity wall can self-repair), the ability 
to hollow specific container dimensions, the 100% storage volume ef
ficiency of the cavity space (i.e. it is not a porous medium), the non- 
reactivity of the salt cavity walls with dehydrated gas streams and the 
absence of hydrogen-consuming bacteria [20,24,28]. However, because 
the distribution of thick, pure halite is sparse and stratigraphically 
sporadic (e.g. Ref. [40]), hydrogen gas storage in subsurface salt caverns 
– though argued to be the best economic option [41] – may not solely be 
relied upon to provide a distributed subsurface hydrogen gas storage 
network that bridges hydrogen generation precincts and major 

M.A. Bunch et al.                                                                                                                                                                                                                               



International Journal of Hydrogen Energy 67 (2024) 406–420

408

hydrogen use centres. This is especially so in Australia where viable 
stratigraphic intervals of salt are located away from major industrial and 
population centres but would otherwise dictate the distribution of 
onshore green hydrogen production precincts [41] without consider
ation of other land use sensitivities. 

Other geological play concepts for short-term hydrogen gas storage 
and production are related to those of petroleum production, are similar 
to those of natural gas storage, and share some features with those of 
Geological CO2 Sequestration (GCS). The concept for petroleum pro
duction concerns identification of a petroleum fluid accumulation hos
ted within a geological trapping closure. This trapping system comprises 
a porous and/or fractured, permeable reservoir rock compartment 
bound above by an impermeable sealing rock with possible lateral 
containment provide by impermeable rocks or structural features (by 
folds and faults; see Fig. 1). Accumulations form over millions of years 
but are produced economically through production wells to surface 
under natural or pumped pressure differential over years to decades. Key 
risks are permanent pore volume collapse and/or activation of geolog
ical faults due to depressurisation of the reservoir volume. The concept 
for methane gas storage is to charge such a trapping closure with 
methane via pumping wells from surface during periods of production 
surplus nearby, and to produce methane back from the closure during 
periods of demand surplus. Typically these systems run on an annual 
(seasonal) storage-production cycle (e.g. Refs. [40,41]). A key risk is 
seen to be geomechanical hysteresis in the strain response of the system 
to repeated depressurisation-pressurisation cycles. 

GCS comprises a broader range of possible scenarios. Known 
geological trapping closures akin to those that have produced petroleum 
and/or those used for methane storage, can be used for permanent 
disposal of CO2. However, much greater storage potential is thought to 
exist for disposal into so-called Deep Saline Formations/Aquifers [47] – 
reservoir rock units assessed to be without economic or environmental 
risk constraints, and without such clearly defined disposal volume. In 
this scenario, the reservoir rock unit is injected with CO2 down-dip from 
a trapping closure (or even into a flat-lying layer of rock without defined 
closure) in order that it migrates under buoyancy towards the top of the 
reservoir, and towards the closure if applicable, whilst losing mass to 
residual saturation trapping in pore space along the way. Two key fea
tures distinguish GCS from other energy fluid storage systems. The 
obvious one is that CO2 is intended for permanent disposal so its pres
ence occludes useable pore volume and obscures surface-based moni
toring of other storage operations located within or beneath the GCS 
volume. The second is that CO2 is disposed of as a supercritical fluid in 
order to maximise volumetric sequestration efficiency. This means it 
must be sustained at a reservoir pressure of at least 7.38 MPa [48], 
equivalent to a hydrostatic column depth of ~752 m. This is often 
rounded with a margin of error to a minimum disposal depth of 800 m in 

most literature. A key risk concerns the (bio-)chemical reactivity be
tween acidified formation water adjacent to the CO2 plume and minerals 
that form the sealing rock to CO2. Containment leakage from any of 
these systems could contaminate subsurface resources, operations or 
environmentally sensitive receptors lying above. 

It is anticipated that storage-production cycles will be on the time
scale of weeks to months [49,50], generally shorter than for natural gas 
storage. The most efficient and predictable system will be one that relies 
on a conventional reservoir unit with structural closure to retain 
buoyant hydrogen within a well-defined reservoir volume under a pre
dictable fluid pressure regime [51]. An alternative scenario for shallow 
dip closures or truly open-ended porous reservoir systems would rely on 
use of a cushion gas such as those adopted for salt cavern storage that sits 
below the hydrogen in a compound gas column [28,31]. Priming pores 
of the deeper reservoir space with partial saturation of cushion gas limits 
the relative permeability to imbibition of formation water on production 
of hydrogen from the reservoir. Subsequent recharge acts to depress and 
compress the cushion gas column, storing potential energy for the next 
hydrogen production phase. Presence of the cushion gas thereby con
fines the highest hydrogen concentration to the vicinity of the 
injection-production well bore(s), optimising use of the storage volume 
and injectivity-productivity efficiency. Gas separation at the surface and 
reinjection of cushion gas would still be required following the hydrogen 
production phase [37]. 

Though non salt-based hydrogen storage systems will resemble 
methane gas storage systems, there will be the added complication of 
reactivity with water by reversible dissolution/decomposition reactions. 
This distinction is shared with GCS. The solubility of CO2 is orders of 
magnitude greater than that of hydrogen gas meaning CO2 is considered 
a far more reactive reagent when introduced into the subsurface [52]. It 
will also be in contact with formation water over a period of time that is 
4–5 orders of magnitude longer than will be the case for free hydrogen 
gas as part of UHS (assuming substantial free supercritical CO2 disso
lution at ~1000 years [47]). However, for UHS there is also the 
consideration of catalysed reactions by hydrogenotrophic microbial 
biota (bacteria or archaea) that ‘consume’ hydrogen [28,31]. A small 
proportion of free gas contacting pore water dissociates according to a 
sequence of reversible reactions to form mild acids in the vicinity of the 
reaction front. Reaction rates are slow, but could be significant in pro
ducing reagents that interact with and modify some of the minerals 
comprising reservoir or sealing rock matrices (e.g. Refs. [29,53]). Con
sequences could be that storage reservoir and sealing/containment rock 
elements become geochemically and geomechanically dynamic so may 
vary in their performance over the course of operations. Stored gases 
may also become modified, for example by mixing with a pressure 
support cushion gas or by contamination due to microbial action [54], 
which would affect the purity of hydrogen when produced [39]. In 

Fig. 1. Play types for subsurface energy fluid operations in sedimentary basins of the energy transition.  
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addition, some reactions produce free water thereby increasing reservoir 
pressure [29]. GCS systems are intended to function indefinitely 
following injection operations, meaning modification of the storage 
system may become significant but possibly only beyond the operations 
lifespan. Hydrogen storage-production cycles will be short – weeks to 
months – so the risks posed to operational efficiencies, including those 
concerning modification of the hydrogen gas, are considered insignifi
cant per cycle, though they may be significant when compounded over 
the operational lifetime of a storage field [29]. However, storage sys
tems chosen as sites for both hydrogen storage and CO2 disposal – for 
example, sites for storing blue hydrogen and its waste product – will 
have to be selected to minimise these effects. 

The diffusivity of aqueous hydrogen is two to three times that of 
solutions formed from likely cushion gases, CO2 or methane (CH4), and 
is generally limiting for abiotic chemical reactions with reservoir or 
sealing rock unit minerals [29,31]. However, catalysed reactions 
mediated by hydrogenotrophic microbial biota make by far the major 
contribution to hydrogen consumption in reservoirs, especially by 
methanogenesis – anaerobic generation of methane as a microbial 
metabolite – in the presence of CO2 [29,54]. Recent literature (e.g. 
Ref. [55]) provides examples of UHS projects in at least two depleted 
petroleum reservoirs and three saline aquifers within which microbial 
activity has led to loss of hydrogen, increase of methane and perme
ability changes in some cases. Previously, a temperature exceeding 80 ◦C 
was thus thought to be required in order for a reservoir to be biologically 
inactive [29] but in certain cases it is now thought a temperature 
exceeding 120 ◦C is required [30]. This would be particularly important 
in suppressing hydrogen contamination with H2S gas by 
sulphate-reducing bacteria or archaea in reservoirs containing sulphu
rous minerals [54]. Thus, a screening depth criterion may be developed 
that is analogous to the threshold depth required to sustain supercritical 
CO2 when screening for viable CO2 storage reservoirs. A microbe inoc
ulation depth criterion for hydrogen storage – the depth of the 120 ◦C 
temperature contour – can be determined from the geothermal gradient 
data acquired at existing petroleum exploration and production wells. 

The reactivity of aqueous hydrogen with shales that seal the porous 
reservoir rock will be a key storage site screening and operational 
consideration. The clay minerals of shale seals are chemically reactive 
[29,53] and prone to dehydration in the presence of acidic formation 
water. This can reduce their volume to promote the formation of cracks 
that may cause mechanical degradation [56], thereby posing a 
containment risk over an extended period of time (as would apply for 
GCS) or under a repeated cushion gas partitioning if CO2 is used. An 
offsetting effect under the same chemical regime might be subsequent 
salt precipitation that acts to fill and seal the cracks following dehy
dration and super-saturation of formation water brine [56]. Usually, the 
buoyant fluid column withholding capacity of the sealing rock is defined 
by the magnitude of the representative pore throat entry pressure of the 
sealing rock at its point of contact with the reservoir rock. Volume 
changes by dehydration at this interface would open cracks that move 
the point of withholding entry pressure further into the rock unit. In this 
way, an impermeable sealing rock may eventually become a ‘rate seal’ – 
a low permeability semi-seal that retards upward migration of the 
buoyant fluid rather than completely withholding it. Theoretical cal
culations based on latest available laboratory-determined parameters 
suggest that sealing rock withholding capacities with respect to 
hydrogen are similar to those determined for CH4 [57,58]. A crucial 
distinction at viable storage sites might be a dynamic 
chemical-mechanical regime induced by fluid-rock interactions over 
time. 

There are other niche geological storage reservoir systems that have 
been considered for methane production and/or storage, or CO2 
disposal, that may therefore have an application in UHS. They do not 
depend on the conventional arrangement of an impermeable cap rock 
sealing the porous reservoir rock vertically below and/or to its side. 
They include gas injection into the cleat system of subsurface coal seams 

and; reacting gas with the labile mafic minerals of basic igneous rocks, 
particularly basalt [59–61]. These possible options are not considered 
further in this study. 

2. Materials and methods 

2.1. Considerations when determining potential of UHS systems 

An approach for identifying the most viable UHS options in a 
country, region, state, sedimentary basin or field area is presented by 
running through a series of high-level geological and non-geological 
considerations that can be brought together for semi-quantitative 
ranking of their suitability. The application of this approach will vary, 
depending on the purpose for which is it being undertaken. For example, 
the approach could be modified to guide a national-scale audit and 
ranking of sedimentary basins for UHS (as is done in this study) or used 
in a more targeted and higher-resolution evaluation of specific sub- 
basins, or applied to compare UHS stratigraphic and/or closure plays 
at the field scale. Not all data relevant at the basin scale will be relevant 
at the field scale, and vice versa. 

The proposed approach is to be used in the initial stages of screening 
for the most prospective UHS opportunities. Economic considerations 
are evaluated separately from geological considerations but both aspects 
are brought together in the final semi-quantitative ranking table. 
Geological data are collated to cover the critical play elements of the 
notional or prospective storage system – reservoir units, sealing lithol
ogies and capacities, trapping systems, geothermal gradient, and reser
voir formation fluid pressure. The geological aspects applied in the 
current study are shown in Table 1. 

An aspect missing from Table 1 that would be relevant when 
zooming in from basin scale is the consideration of viable trapping 
systems. For UHS within conventional reservoir rocks – nominally 
sedimentary rock with porosity ≥10% [62] and permeability ≥10 mD 
[63] – folded or faulted structural closures such as those hosting the 
majority of petroleum accumulations are most viable [51]. Once a 
trapping structure is identified, the hydrogen gas column withholding 
capacity of the sealing rock overlying the reservoir can be compared 
with the column height of the structural closure to understand how 
efficiently the structure can be utilised. 

Stratigraphic closures are more likely to form shallow dip closures 

Table 1 
Summary of proposed Stage 1 screening steps for basin scale assessment.  

PART 1 - Systems Approach (parameters of site) 

SEAL FM Basin 

Description 
Thickness min - max (m) 
Depth MD (m) 
Porosity (%) 
Permeability (mD) 
RESERVOIR FM 
Description 
Thickness min - max (m) 
Depth MD (m) 
Porosity (%) 
Permeability (mD) 
SUPPL. BASIN PARAMETERS 
Water Depth (m) 
Pressure (psi) 

mean gradient (psi/km) 
Temperature (◦C), 

mean gradient (◦C/km) 
80 ◦C mean TVD (m) 

mean H2 density (kg/m3) 
120 ◦C mean TVD (m) 

mean H2 density (kg/m3) 
Gas Production (Conventional) Produced (PJ) 

Remaining (PJ)  
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with extensive containment footprints than more steeply sided struc
tural closures, and may not be easily resolved by exploration data. They 
are therefore unlikely to be attractive targets for UHS. Storage in vol
canic reservoir rocks may depend on conventional trapping systems (e.g. 
the rhyolitic domes of [64]) though storage in solution-mined salt cav
ities [24] will not. Neither are considered further in this study. Another 
aspect of storage systems not covered any further is consideration of the 
geomechanical performance of the hydrogen containment system over 
frequent injection-production cycles. This will involve detailed analysis 
and modelling only once a site for UHS has been selected for charac
terisation. The analysis in this study remains at the basin scale so in 
addition to summarising prospective reservoir and sealing rock potential 
for each of the basins analysed, a threshold UHS depth criterion was 
developed. The idea is that this criterion can be used to screen viable 
candidate stratigraphy or trapping structures identified in more detailed 
future studies. The depth criterion is defined first as an isotherm and 
modified, if necessary, in order to attain a threshold hydrogen gas 
density. The 120 ◦C isotherm was chosen initially in order to completely 
inhibit microbial consumption of hydrogen, as suggested by Ref. [30] 
but this was relaxed to the 80 ◦C isotherm [29] to admit more candidate 
reservoir-seal pairs identified in the basin summary analysis. In reality, a 
threshold isotherm should be identified that will eliminate hydro
genotrophic microbes present within stratigraphy at the nominated 
storage location. A lower or higher threshold may therefore be appro
priate should formation sampling reveal the presence of particular mi
crobial species. For a generalised basin-scale study such as this, 80 ◦C 
and 120 ◦C are convenient thresholds given their support in existing 
literature and their correspondence to formation fluid pressures within 
the candidate basins that would impose hydrogen storage densities of 
around or above 10 kg/m3 and 15 kg/m3 respectively, as determined 
using [26]. For further simplification we adopt 10 kg/m3 to be a 
threshold storage density corresponding to a threshold depth that 
would: (a) guarantee the storage system operator a minimum or stand
ardised storage density (e.g. Ref. [20]); (b) store H2(g) at an energy 
density and deliverability that can match shallow methane gas reserves 
[54,50]; and (c) minimise H2(g) losses to hydrogenotrophic microbes. 
Thus, in our analysis we adopt the 80 ◦C thermal depth criterion – which 
we assume to be sufficient to satisfy condition (c) above – and deepen 
from this, where required, in order to also satisfy conditions (a) & (b). 

The final stage of our approach is a semi-quantitative, comparative 
ranking of all the data collated for various geological and non-geological 
aspects of each basin. This is done for the current study in a ‘traffic light’ 
style (though with four classes rather than three). Classes are defined 
either by boundary values recommended in published literature or by 
splitting the range of data values across the five Australian basins we 
analyse in a manner that differentiates them. In the case of data values 
we calculate – primarily the threshold depth for hydrogen storage and 
the hydrogen storage mass potential – the four classes are defined by the 
four quartile ranges of the distribution of data generated. We do not 
suggest that class boundary values we propose here will be suitable to 
use as global threshold values to decide the viability of various UHS 
system elements or other aspects of sedimentary basins relevant to UHS. 
Such values (or ‘show-stoppers’) will depend ultimately on the non- 
geological context of UHS in the region or basin, or at the field site 
concerned (e.g. local demand for UHS, economic conditions, regulatory 
constraints, socio-political appetite, competing resource operations). 
Our study is comparative – the best basin scores 1.0 and the worst scores 
zero – so our data value ranges are divided to maximise the spread of 
scores. 

For any particular aspect of UHS under consideration, the best value 
for the purpose of UHS in the range of data will score four points and the 
worst scores one point, with the two classes between scoring three and 
two, from best to worst respectively. The best case would: have high 
population density nearby; be onshore; have large depleted capacity 
within existing petroleum field areas; have high nominal hydrogen gas 
sealing capacity and high cumulative reservoir thickness; have high 

reservoir porosity and permeability; have a relatively shallow threshold 
depth for hydrogen storage (that satisfies mass density, energy density 
and temperature criteria) though with high storage mass potential. A 
weighting system is used to modify point scores to emphasise particular 
geological aspects of storage performance. Nominal sealing capacity and 
cumulative reservoir thickness scores are tripled as these are integrated 
performance features at storage system scale that are generally well 
known. Reservoir porosity and permeability scores are doubled as these 
aspects are important to storage system performance but are often less 
well known (more uncertain) and/or have been acquired with spatial 
sampling bias. All other aspect are left as originally scored. Finally, the 
set of modified scores is summed and normalised using the range defined 
by maximum and minimum total scores calculated for all basins. 

For further information, clarification and justification concerning 
our basin data ranking system, please refer to Appendices A and B. 

3. Results 

3.1. Application to five sedimentary basins in Australia 

UHS potential for five Australian basins of varying age and setting is 
demonstrated by applying the above approach. From north-west to 
south-east across the continent, these basins are: Northern Carnarvon; 
Cooper, Otway, Surat, Sydney. A descriptive overview of these basins is 
summarised in Table 2. They were selected for analysis on the basis that 
they represent a range of contexts in terms of historical hydrocarbon 
production, physiographic setting (onshore, offshore, coastal, conti
nental) proximity to prospective hydrogen generating areas and prox
imity to hydrogen energy end-users (population centres), as 
demonstrated economically by Ref. [41] and presented in Fig. 2. 

Reservoir and seal pairs have been identified through the online 
Australian Stratigraphic Units database [65] and relevant strata within 
each basin are detailed in Table 3. The reservoir-seal pairs were selected 
owing to the availability of data, which itself is a reflection of their 
relevance to petroleum exploration and development. Other potentially 
viable reservoir and sealing formations may occur, for example, those 
pertaining to Deep Saline Formations as considered in screening for GCS. 
However, they do not form part of this analysis. The main economic 
consideration at this scale of analysis is to ensure UHS is not proposed 
any deeper than necessary. The shallowest examples of proven reservoir 
and seal pairs that are historically associated with natural gas produc
tion are included. The proven ability of sealing units to withhold a gas 
column, existing petroleum production infrastructure and the quantity 
of data already available ensure that these units are the most likely to 
become initial UHS targets. 

The above approach applies for the traditional petroleum producing 
basins. However, the Sydney Basin is a different case as it does not have 
a history of producing conventional gas resources. It would be an un
likely prospect for UHS operations as community sensitivity to this type 
of operation is often high where there is no prior history of hosting them. 
As would be required for any area that does not have recent history of 
subsurface resource exploration and production, substantial investment 
in research, data collection and modelling would be necessary alongside 
extensive and ongoing community engagement (e.g. Ref. [85]). How
ever, the Hawkesbury Sandstone is often discussed as an analogue for 
petroleum system reservoirs so the analysis was applied on the 
assumption that it could hypothetically perform as a storage reservoir 
rock. An overlying sealing unit known as the Wianamatta Group or the 
Wianamatta Shale, was identified through the online Australian Strati
graphic Units database and using published information on the strati
graphic column for the basin in this case [66,67]. 

3.2. Determining a UHS depth threshold across the five Australian basins 

Formation fluid pressure and temperature data as presented in 
Table 3 were mined from the most recent edition of the CSIRO 
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PressurePlot national database of formation fluid pressure and fluid 
sample data acquired when drilling petroleum wells (updated in 2019 
[68]). Only test data rated ‘A’ to ’C’ in quality [68] were admitted for 
analysis meaning very few outlier data required removal later. Repre
sentative basin surface temperatures were projected from the dominant 
basin geotherm trend as were True Vertical Depths (TVD) to the piezo
metric surface. This analysis revealed that the Cooper-Eromanga Basin 
succession – which is hydraulically coupled to the Great Artesian Basin 
recharge system in highland areas of Queensland to the east – has 
artesian formation fluid pressure projected at ground level along the 
dominant basin pressure trend, which itself has a gradient that is shal
lower than hydrostatic. Other basins project to atmospheric pressure 
below ground level (i.e. to the water table onshore) or to mean sea level 
(offshore). 

For wells contributing data that lack either geothermal gradient or 
formation fluid pressure information, the modal basin gradient was 
adopted in either case. TVD was chosen as the depth reference scale 
rather than elevation, in order that formation fluid pressure could be 
related easily to depth, and to ensure that onshore and offshore areas 
could be compared equally and in a more intuitive way. In the case of 
offshore wells, TVD can be considered to begin just above mean sea level 
at whatever the elevation of the well depth reference datum happens to 
be (Kelly Bushing, KB, or Rotary Table, RT). 

The geothermal gradient at wells was used to predict the 80 ◦C depth 
criterion. A polynomial function of temperature and pressure fitted to 
the hydrogen gas density results of [26] was used to predict the corre
sponding hydrogen gas density. This is to be considered a minimum 
density given that hydrogen gas pressure at the top of a hydrogen gas 
column would exceed that of incompressible formation fluid pressure at 
the same depth, the formation fluid pressure being that used to predict 
hydrogen gas density. If the predicted hydrogen gas density happened to 
be below the minimum threshold of 10 kg/m3 imposed for this study, the 
same fitted polynomial function was used with the well temperature and 
pressure gradients to predict the minimum depth at which the required 
density would be attained. Thus for each modelled well, the two-step 
depth criterion – 80 ◦C or deeper to attain 10 kg/m3 – is calculated 
and interpolated to produce the map presented in Fig. 3. 

The depths shown in Fig. 3 correspond to a hydrogen gas density 
predicted by the local temperature and pressure conditions. However, a 
depth limit for viable storage is implied by Ref. [32] on the basis that the 
sealing capacity of conventional caprocks is reduced by the increasing 
water-rock-gas contact angle with depth to the point of neutral wetta
bility (a contact angle of 90◦ [89]) at ~3663 m assuming typical tem
perature and (hydrostatic) pressure gradients. Our two-step depth 
criterion stays within this bound for all five Australian basins shown in 
Fig. 3. The study of [32] also suggests an optimum depth for storage on 
the basis of the countervailing effects of increasing hydrogen density and 
decreasing sealing capacity with depth. This is expressed in terms of a 
maximum capacity for the mass of hydrogen gas that can be stored 
within reservoir rock with 20% effective porosity over a notional 100 m 
× 100 m geographic storage footprint [32]. The study applies a 
multi-segmented empirical function of sealing capacity to hydrogen that 
predicts this depth to occur at 1100 m. Our calculation of typical 
hydrogen sealing capacity using their primary equation and made 
directly from their depth relations for fluid densities, fluid interfacial 
tension and water-rock-gas contact angle, predicts this optimum depth 
to occur at 1559 m, which falls within the range of our predicted 
two-step depth criterion across all five Australian basins shown in Fig. 3. 
This suggests an 80 ◦C depth or greater to attain a minimum hydrogen 
density of 10 kg/m3 is a realistic two-step criterion to apply for viable 
UHS within conventional reservoir systems of these Australian basins. 
Fig. 4 shows the maximum capacity for the mass of hydrogen that can be 
stored on the basis of the predicted depths shown in Fig. 3, calculated 
according to the method of [32]. 

Figs. 3 and 4 were interpolated using the Natural Neighbour algo
rithm [90] to ensure that the mapped extent was constrained to the Ta
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convex hull enveloping the outlying well data locations and to ensure 
that no data values were mapped that exceed the data value range 
calculated at wells. Geostatistical data trends were not investigated at 
this stage so the spatial autocorrelation of data values was assumed to be 
isotropic – this is unlikely to be an accurate assumption given the 
ubiquity of geological fabrics in nature. Nevertheless, these maps 
represent the results of a first-pass hydrogen storage criterion at any 
mapped location within these sedimentary basins that can be used to 
screen viable trapping structures of viable reservoir and sealing units on 
the basis of their depth of occurrence. 

4. Discussion 

4.1. Basin ranking discussion 

Each of the three historically active petroleum producing basins 
investigated in this study – Northern Carnarvon, Cooper and Otway – 
appear to be prospective basins for UHS. The landward portions of the 
Northern Carnarvon and Otway basins host their most prospective tracts 
while the Cooper Basin hosts storage conditions prescribed by our two- 
step criterion at the shallowest depth overall (Fig. 3). Storage depths 
within the majority of the Sydney Basin are higher than needed across 
much or most of the other basins. Hydrogen storage mass potential as 
defined by Ref. [32] is similar across most of each basin, the majority 

Fig. 2. Location of Australia’s a) states, territories, and capital cities (ACT - Australian Capital Territory) b) oil and gas basins studied in this paper (after [42,43]), 
alongside thick onshore and offshore salt deposits potentially suitable for UHS [19,40]. Figure c) displays gas reserves (according to EnergyQuest in Refs. [44–46]), d) 
the gas pipeline infrastructure across Australia (after [19]), as well as the main locations for e) solar, f) bio and g) hydro energy production (after [19]). 
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within each lying within the range 1.5–1.6 kilotonnes. The exception 
occurs across the Sydney Basin where the higher storage depth threshold 
ensures a higher water-rock-gas hydrogen wettability contact angle that 
reduces typical hydrogen gas column withholding capacity of the 
notional sealing caprock (Fig. 4). The same effect is seen locally where 

this applies within the other basins. The Cooper Basin is the only one 
showing a relatively consistent hydrogen storage depth, though its dis
tribution of hydrogen storage mass is more variable owing to unusually 
low pressure gradients (underpressured reservoir intervals) at most 
wells and unusually high temperature gradients at some wells. This 

Table 3a 
Application of approach to the five Australian case studies/basins selected for this demonstration – Sealing Parameters.  

PART 1 - Systems Approach (parameters of site)  

BASIN Cooper Northern 
Carnarvon 

Otway Surat Sydney References 

SEAL FORMATION Nappamerri 
Group 

Murteree Shale Muderong 
Shale 

Laira Belfast 
Mudstone 

Birkhead Wianamatta 
Group 

Description red beds, 
mudstone, 
siltstone, 
sandstone, 
lithic sandstone 

argillaceous 
siltstone, fine- 
grained sandstone, 
disseminated 
carbonaceous 
matter, fine-grained 
pyrite, and 
muscovite 

siltstone, 
pyritic 
mudstone 

shale, 
siltstone 
minor fine- 
grained 
sandstone 

glauconitic 
mudstone 

bioturbated siltstone 
and mudstone 
interbedded with fine- 
to medium-grained 
sandstone containing 
thin basal pebble lags, 
and thin laterally 
discontinuous coal 
seams 

shale with 
minor thin- 
bedded lithic 
sandstone 

[65] 

Thickness min - 
max 
(m) 

na - 200 80–92 na - 266 na - 890 na - 1362 110–570 na - 300 [65] 

Depth MD 
(m) 

1966–2859 2025–2909 606–2676 1995–2359 1402–2632 211–2239 0–198 [66–72] 

Porosity (%) 11.2 (171) 9.5 (59) 22.5 (169) 11.4 (38) 0.3 (35) 14.1 (882) na 
Permeability (mD) 4.0 (170) 0.4 (59) 6.8 (155) 1.5 (35) 2.8 (33) KH 2.7 (809)/KV 1.0 

(195) 
na  

Table 3b 
Application of approach to the five Australian case studies/basins selected for this demonstration – Reservoir Parameters.  

BASIN Cooper Northern 
Carnarvon 

Otway Surat Sydney References 

RESERVOIR 
FORMATION 

Toolachee Patchawarra Mungaroo Pretty Hill Waarre Hutton Sandstone Hawkesbury 
Sandstone 

Description basal 
conglomerate, 
sandstone, 
siltstone, 
mudstone, shale 

sandstone, 
siltstone, 
mudestone, 
coal 

sandstone, 
claystone, 
minor coal, 
limestone (at 
top) 

mudstone, 
sandstone 

bioturbated 
carbonacous 
sandstone 

basal coarse to 
medium-grained 
feldspathic 
sandstone and fine- 
grained, well-sorted 
quartzose sandstone 
(at top) 

quartz sandstone 
with minor shale 
and laminite 
lenses 

[65] 

Thickness min - 
max 
(m) 

25–190 50–680 380–6000 na - 5000 na - 636 40–290 na - 290 [65] 

Depth MD 
(m) 

1867–3234 1764–3475 810–4909 1087–3117 1519–4130 21–2284 21–301 [67–72] 

Porosity (%) 12.2 (1928) 10.4 (5748) 16.8 (902) 12.0 (607) 10.4 (57) 16.2 (2258) 16.6 (4) 
Permeability (mD) 3.2 (1904) 0.7 (5722) 40.3 (1186) 0.4 (606) 1.0 (7) KH 21.4 (1993)/KV 

11.3 (676) 
25.0 (13)  

Table 3c 
Application of approach to the five Australian case studies/basins selected for this demonstration – Supplementary Basin Parameters.  

SUPPL. BASIN PARAMETERS References 

Water Depth (m) not applicable 50–4500 50–3000 not applicable 0–4000 [73–75] 
Pressure (psi) 1.06–1.14 1.44–1.99 1.12–1.61 1.22–1.64 1.26–1.66 [68,76] 

mean gradient (psi/km) 1.33 1.49 1.42 1.40 1.47 
Temperature (◦C), 23.2–50.9 15.1–40.7 18.1–52.7 17.6–56.9 23.8–54.0 

mean gradient (◦C/km) 33.8 28.4 34.0 32.4 25.1 
Salinity NaCl equiv. min-mean-max 

(ppm) 
1134–4240 – 
16929 

2100–36544 – 
181500 

1400–14512 – 
36300 

2850–2906 – 
2925 

1–37 – 132 

80 ◦C mean TVD (m) 1703 2078 2054 2171 2363 
mean H2 density (kg/m3) 10.1 11.6 11.9 12.6 14.3 

120 ◦C mean TVD (m) 3074 3651 3460 3568 3865 
mean H2 density (kg/m3) 15.2 19.3 18.0 18.5 21.1 

Gas Production 
(Conventional) 

Produced (PJ) 5650 34459 850 290 0 [44–46] 
Remaining (PJ) 1040 106726 1292 14 0  
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results in deepening beyond the 80 ◦C isotherm in order to attain a 10 
kg/m3 hydrogen gas density for almost all wells (meaning a higher 
hydrogen wettability angle according to Ref. [32], which lowers the 
withholding capacity of the notional seal). It must also be borne in mind 
that the distribution of data sampling within this basin is the least evenly 
spread, with the vast majority of wells concentrated in and around the 
Gidgealpa Field in the west of the basin. Any outliers in the east there
fore have a disproportionately strong influence on the appearance of 
anomalies across the mapped area and therefore an overweighted 
contribution to summary distributions of the variables mapped. Results 
in the Surat Basin are distorted by local outlier data values sitting in the 
transition between high and low spatial sampling densities. In the 
context of the depth ranges stated for identified reservoir-seal pairs 
(Table 3), the Sydney Basin can be considered inviable according to our 
mapped depth criterion (Fig. 3), while the other basins should present 
opportunities where the reservoirs occur in trapping compartments 
below the storage depth thresholds. 

Table 4 presents the traffic light-style ranking of these and other 
aspects of UHS suitability using the scoring system shown in Table 5, 
with a normalised summary score provided for each basin. For two of the 
basins – the Cooper and Otway basins – the ranking system was applied 
for two particular reservoir-seal pairs. In the case of the Cooper Basin, 
these pairs are associated with the dominant petroleum systems of the 
basin. In the case of the Otway Basin, there is strong partitioning in the 
structural and stratigraphic evolution of the basin in western and eastern 
parts that roughly corresponds to the portions of the basin associated 
with the states of South Australia to the west and Victoria to the east. 
Thus the dominant petroleum system reservoir-seal pair is considered 
for each case separately (Pair 1 and Pair 2, respectively). 

The ranking system shows that the Northern Carnarvon Basin and 
the Cooper Basin, specifically the deeper, older, more prolific petroleum 
reservoir-seal pair (Pair 2) of the latter, are the most prospective basin 

plays for UHS at this ‘helicopter view’ scale of analysis. These two basins 
also happen to be close to or at economic sweet spots for production and 
delivery of ‘green’ hydrogen to storage or export receptors [41]. The 
Northern Carnarvon Basin hosts hydrogen storage conditions satisfying 
our two-step depth criterion (80 ◦C isotherm, then hydrogen density of 
10 kg/m3) at some of the shallowest depths along its coastward tract, 
despite having only a moderate geothermal gradient. This should mean 
the 80 ◦C isotherm is deeper than within the Cooper Basin (as per [26]). 
However, the Cooper Basin 80 ◦C isotherm is calculated as being too 
shallow to attain hydrogen at the required density of 10 kg/m3 so the 
criterion was deepened there but under a low formation fluid pressure 
gradient. The generally high formation fluid pressure gradient in the 
Northern Carnarvon Basin – reservoir intervals tested during exploration 
were generally above hydrostatic pressure, which is not likely to be the 
case today – ensures the 80 ◦C isotherm is not only at sufficient depth but 
at a depth where hydrogen gas density would exceed the minimum 
density requirement of 10 kg/m3. This results in a relatively high 
hydrogen storage mass potential (Fig. 4) and therefore the highest dollar 
storage value for produced green hydrogen (Table 4) despite the lower 
average hydrogen column withholding capacity at the storage depth 
criterion (~72 m vs. ~78 m). The need to deepen from the 80 ◦C 
isotherm to satisfy the depth criterion within the Cooper Basin, some
times significantly so owing to underpressured conditions, is another 
good reason to target the Pair 2 reservoir-seal system there. 

A more detailed analysis might reverse the relative relationship of 
column heights between these two basins as hydrogen gas at the depth 
criterion is an average of ~1.6 kgm− 3 denser in the Northern Carnarvon 
Basin. Assuming equal threshold pressures for respective sealing rocks, 
which is in fact not the case (Northern Carnarvon Basin sealing rocks 
generally having higher threshold pressures [89]), this variable alone 
would increase the column capacity in the Northern Carnarvon Basin 
relative to that of the Cooper Basin. However, the much higher salinity 

Fig. 3. True Vertical Depth to the 80 ◦C isothermal depth criterion of [29] or deeper in order to reach a formation fluid pressure resulting in a minimum stored 
hydrogen gas density of 10 kg/m3. Well data locations provided the datasets for TVD mapping. All known oil & gas fields are shown on the expanded views of all 
basins bar that of the Sydney Basin (as determined from Refs. [81,86–88]). 
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formation water in the Northern Carnarvon Basin (Table 3c) should 
more than counter this effect so our simplified calculation of the dif
ference may be representative of reality. The influence formation water 
salinity has on the interfacial tension of the H2–H2O binary fluid system 
(or the ternary system involving the cushion gas of choice) in contact 
with the sealing rock substrate [92] would also require consideration. 

The Otway Basin, for comparison, shows poor hydrogen storage mass 
potential at shallow to moderate depths under hydrostatic formation 
fluid pressures and a relatively warm geothermal gradient. This basin 
scores poorly for reservoir permeability and depleted capacity onshore 
where production of many petroleum fields in the past lasted only a few 
years before becoming uneconomic. However, this area was economi
cally high-graded by Ref. [41] for ‘blue’ hydrogen production and de
livery to receptor. Both reservoir-seal plays of the Otway Basin score in 
the middle of the range. Finally, the Surat and Sydney basins both have 
very low overall ranking score, with very little between them in terms of 
scores gained across individual basin ranking aspects. 

4.2. Australian sedimentary basins as mixed-use energy resources 

A logistical challenge for UHS operations within the Cooper Basin is 
the large distance either to end users or to port facilities for hydrogen 
importation or onward international exportation. However, it is located 
in ideal territory for consistent solar energy supply capable of producing 
green hydrogen all year round. Hydrogen generation by electrolysis 
requires water as the feedstock, which would be the major resource 
constraint on hydrogen generation operations there. Blue hydrogen 
generation produced from a methane gas feedstock would produce CO2 
as a by-product. The Cooper Basin currently hosts a large field-scale 

demonstration of GCS at the Moomba field operated by Santos Ltd. 
This demonstration is the forerunner of widespread operations across 
the basin as Santos Ltd and other licence holders diversify their sub
surface activities as the energy transition begins across Australia. The 
same readiness to accommodate blue hydrogen generation and associ
ated GCS applies in the Northern Carnarvon Basin, which hosts the 
largest commercial-scale demonstration of GCS in the world. The 
Gorgon Joint Venture project operated by Chevron Australia Pty Ltd 
began with the aim to store 3.4–4.0 Mt of CO2 per year beneath Barrow 
Island [93]. Though this is presently the highest methane gas producing 
basin in Australia [44,94], the GCS storage system of the Gorgon Project 
features large-scale water production in order to accommodate CO2 
within the disposal reservoir [93]. So the two main hydrogen feedstocks 
could be readily available in the Northern Carnarvon Basin to accom
modate blended hydrogen generation there. 

For a truly integrated process system, energy suppliers working in 
these basins could generate both green and blue hydrogen, disposing of 
by-product CO2 in the case of the latter into other subsurface reservoir 
systems (e.g. Fig. 1), nominally at shallower depth [48]. Hydrogen 
reproduced from storage could be used to generate electricity by com
bustion in situ for onward transmission or for energy storage in some 
other form, thereby producing water as the by-product that could be 
recycled back into the process as a feedstock for green hydrogen gen
eration. This would help minimise the impact on local water resources 
and limit local reliance on methane as a hydrogen feedstock, a closed 
cycle that would be particularly advantageous within the Cooper Basin. 

The distribution of threshold depth for hydrogen storage calculated 
across all five of the sedimentary basins analysed in this study (Fig. 3) 
suggests that UHS in conventional reservoir systems will be undertaken 

Fig. 4. Maximum potential ‘mass’ capacity for hydrogen storage according to a balance between of the typical hydrogen gas column withholding capacity of a 
conventional sealing rock [32] and hydrogen gas density within an underlying conventional reservoir rock at the 80 ◦C isothermal depth criterion of [29] or deeper in 
order to reach a formation fluid pressure resulting in a minimum hydrogen gas density of 10 kg/m3. Mass is calculated on the assumption that hydrogen gas 
completely sweeps conventional reservoir rock with 20% effective porosity over a 100 m × 100 m geographic storage area, in accordance with [32]. Actual storage 
potential will be governed by local lithostratigraphic architecture and the local distribution of reservoir properties. Well data locations provided the datasets for Mass 
mapping. All known oil & gas fields are shown on the expanded views of all basins bar that of the Sydney Basin (as determined from Refs. [81,86–88]). 
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slightly deeper on average than GCS when considering the multiple 
energy fluid operations of sedimentary basins outlined by Refs. [95,96]. 
Fig. 5 is adapted from this work with the viable hydrogen storage depth 
range ‘balloon’ in yellow defined by the full set of our results shown in 

Fig. 3 in proportion with the scale of mapped areas. This range is 
contingent on the two-step temperature and hydrogen density depth 
criterion we apply so should not be considered definitive in terms of 
physical or technical feasibility. A large majority of our calculated depth 

Table 4 
Summary of basin ranking results. *H2 Mass Values in millions of US dollars assume a generic discount factor of 50% (accounting for unknown 
trapping system geometries, Net Pay Ratios, etc) and adopt average levelised costs per kg for H2 produced from methane gas (by steam reforming; 
denoted “Fossil H2”) and water (by electrolysis; denoted “Green H2”) of $2.00 and $5.50 respectively, according to Ref. [91]. Mass Potential is 
used in the overall ranking calculation but H2 Mass Values are not. 

Table 5 
Key to Table 4 – rows in this table correspond to those of Table 4 above for Economics and Storage Performance 
categories of consideration. 
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range lies below the 1800 m depth limit suggested by Ref. [19] for 
storage of hydrogen in solution-mined salt caverns, though a broader 
range than theirs for cavern storage is implied by Ref. [23]. The modal 
depth calculated and shown in Fig. 5 (~1974 m, though a second 
shallower peak occurs at ~1795 m) deviates from the suggested opti
mum storage depth and feasible range suggested by Ref. [32] that was 
determined assuming a segmented hydrogen gas withholding capacity 
profile and parameters assumed for a typical caprock that seals the 
reservoir rock below within a typical sedimentary basin with typical 
geotherm and formation fluid pressure profiles. Our study, by contrast, 
applies real-world geotherm and formation fluid pressure gradients 
calculated from test measurements made at petroleum exploration wells 
and applies a two-step depth criterion. In any case as mentioned pre
viously, recalculation of the optimum depth of [32] assumed a standard 
hydrogen capacity profile predicted by their primary equation to pro
duce an optimum storage depth within the range we calculate (though 
close to its shallow end). This is shown by the dark green arrow in Fig. 5. 
Ultimately, economic conditions and environmental regulations will 
dictate where UHS is affordable or allowable, the former being that 
which will control the feasible depth range at any location and at a 
particular time. Technical storage potential will be governed by local 
lithostratigraphic architecture, geomechanical constraints and the local 
distribution of reservoir properties. 

5. Conclusions 

In this paper, we present an approach for identifying, assessing and 
evaluating Underground Hydrogen Storage (UHS) opportunities in 
sedimentary basins, and apply this to five Australian basins. At this 
basin-scale of analysis, we suggest that the key parameters to determine 
a technically viable hydrogen storage opportunity are: (1) the presence 
of adequate conventional reservoir rock units; (2) the presence and style 

of structural and/or stratigraphic trapping systems typically predomi
nant in hosting petroleum resources; (3) the presence of conventional 
sealing rock units with sealing capacity to hydrogen gas that exceeds the 
trapping closure column of prospective reservoirs units; (4) the rela
tionship all these aspects have to an UHS threshold depth criterion, 
defined in this study first by the 80 ◦C isotherm depth, then if required 
by depth of the formation fluid pressure isobar ensuring a minimum 
hydrogen density of 10 kg/m3. 

After evaluating case study data for five Australian sedimentary 
basins at the basin scale, we determine that the Northern Carnarvon 
Basin and a deep and well-known reservoir-seal play within the Cooper 
Basin of central Australia, are the most readily viable opportunities for 
hosting UHS within conventional petroleum rock systems. These are 
both mature hydrocarbon production provinces with ample information 
available to characterise hydrogen storage system elements. They satisfy 
the temperature and hydrogen density depth criterion adopted here at 
relatively shallow depths producing high hydrogen storage mass po
tential. Other mature hydrocarbon producing opportunities remain 
viable, in particular the shallower reservoir-seal play of the Cooper 
Basin and plays in both the west and east of the Otway Basin. However 
the Surat Basin, another mature petroleum province, is shown to be far 
less promising and does not score much higher than the Sydney Basin, 
which we rate as inviable. However, at this ‘helicopter’ scale of analysis, 
storage system conditions may vary a great deal so all basins analysed 
probably have some high quality opportunities locally. 

Though geological hydrogen storage conditions have now been 
defined for these basins at a high level, their ultimate viability as 
hydrogen storage hubs will be governed by economic conditions, regu
latory requirements and socio-political considerations. A framework to 
formalise these important components of the overall decision-making 
process around hydrogen storage viability should be developed in par
allel with field site screening studies. This should be followed by more 

Fig. 5. Schematic diagram varied from Refs. [95,96] of the typical depth ranges of occurrence and activity for energy resources and other fluid resources within 
sedimentary basins. Polygon widths are varied conceptually to represent typical distributions for each resource or grouping, wider zones being those depth intervals 
that are more prevalent. No meaning is implied or intended by absolute widths in this figure so these polygons should not be taken as a means by which to compare 
the volumetric potential of different resources. The most prospective depth ranges for many of the resources are shown to overlap though several resource activities 
may co-occur within different depth ranges at the same geographic location provided their effects are isolated by geological compartmentalization (sealing rocks, 
faulting zones). The distribution of depth for Underground Hydrogen Storage has been added as a yellow polygon using the quantified results of threshold depth 
mapped for the five Australian sedimentary basins as shown in Fig. 3 of this study. The depth range for these data are shown by the line-shaded interval 1.5–3.5 km. 
The dark green curve illustrates the nominal decline profile for hydrogen storage mass potential (after [32]) from a maximum at the horizontal dark green arrow to 
zero just deeper than end of the range for threshold depth. EOR: Enhanced oil recovery; EGR: Enhanced gas recovery; CBM: Coal bed methane; ECBM: Enhanced coal 
bed methane; EGS: Enhanced geothermal systems. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 

M.A. Bunch et al.                                                                                                                                                                                                                               



International Journal of Hydrogen Energy 67 (2024) 406–420

418

detailed high-resolution investigations to characterise or predict com
ponents of geological storage system performance that have been 
touched upon in this study, before more detailed site selection, perfor
mance testing and planning can progress. 

As when evaluating hydrocarbon exploration or GCS targets, there is 
no universal set of thresholds for criteria that will be used to identify the 
best locations for UHS. In some locations, a lower reservoir quality 
(porosity, permeability) may be selected if the reservoir volume is 
greater (Total Pore Volume; TPV). In addition, the current petrophysical 
definition for a ‘good’ conventional petroleum reservoir is probably 
unjustified for identifying adequate UHS reservoirs given the mobility of 
hydrogen in the subsurface. Ultimately, economic viability may relate 
more to existing infrastructure or physical location of supply/demand. 
Locations showing potential for hydrogen storage arising from initial 
screening studies should be demonstrated theoretically by geological 
and reservoir modelling to produce a suite of cost-benefit analyses based 
on simulations of future storage system performance. The overall 
approach will be like those undertaken for hydrocarbon exploration or 
GCS assessment, with a few new considerations driven by the fact that 
UHS systems will be under perhaps a continual and possibly variable 
injection-production cycle. These distinctions will include management 
of hydrogen supply/feedstock and cushion gas resources, control and 
monitoring of multiple gas streams at the surface and below ground, 
management of a dynamic, multi-scale, bidirectional hydrogen trans
portation infrastructure, and continual development of the dynamic 
model of geological storage properties and performance as the system 
operates. 
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[61] Snæbjörnsdóttir SÓ, Gislason SR. CO2 storage potential of basaltic rocks offshore 
Iceland. Energy Proc 2016;86:371–80. https://doi.org/10.1016/j. 
egypro.2016.01.038. 

[62] Monicard RP. Properties of reservoir rocks: core analysis. Dordrecht: Springer 
Science+Business Media; 1980. 

[63] Ehrenberg SN, Nadeau PH. Sandstone vs. carbonate petroleum reservoirs: a global 
perspective on porosity-depth and porosity-permeability relationships. AAPG (Am 
Assoc Pet Geol) Bull 2005;89(4):435–45. 

[64] Yates E, Bischoff A, Beggs M, Jackson N. Hydrogen geo-storage in aotearoa. New 
Zealand: Elemental Group Ltd and University of Canterbury, Technical Report; 
2021. p. 55. 

[65] GA (Geoscience Australia) - Commonwealth of Australia. Australian stratigraphic 
units database. https://asud.ga.gov.au; 2021. 

[66] Herbert C. The geology and resource potential of the Wianamatta Group. 
Geological survey of New South Wales bulletin, vol. 25. Sydney, Australia: 
Department of Mineral Resources and Development, Government of New South 
Wales; 1979. 

[67] Douglass J, Kelly B. 3D Geological modelling and carbon storage potential of the 
Sydney Basin. In: Hutton A, Ward C, Bowman H, editors. Thirty seventh Symposium 
on the Geology of the Sydney Basin. Abstracts; 2010. Pokolbin, NSW, Australia. 

[68] CSIRO – Commonwealth Scientific and Industrial Research Organisation. 
PressurePlot v2.0 - software to visualise Australian oil & gas well test data. 
http://www.pressureplot.com/; 2007. 

[69] DEM-SA – Department for Energy & Mining - South Australia. 2018 (database 
edition). Petroleum Exploration and production system - south Australia (PEPS-SA) - 
software to interrogate historical production and other associated data acquired at 
south Australian oil & gas wells. https://www.petroleum.sa.gov.au/data-centre/ 
online-databases/PEPS-South-Australia. 

[70] GSV – Geoscience Victoria. Victorian petroleum well database release 
accompanying the publication of the Otway Basin 3D Geological Model. 
Department of Primary Industries, Melbourne, Victoria, Australia; 2011. Jorand, 
C., Krassay, A. & Hall. L. 2010. Otway Basin Hot Sedimentary Aquifers & 
SEEBASETM Study. Geoscience Victoria 3D Victoria Report 7. 

[71] GSQ – Geological Survey of Queensland. Queensland Petroleum Exploration Data - 
QPED - data collated from petroleum and coal seam gas well completion reports 
and stratigraphic drilling reports. https://www.business.qld.gov.au/industries/ 
mining-energy-water/resources/geoscience-information/maps-datasets/digita 
l-data/petroleum-wireline-log; 2013. 

[72] Golab A, Menacherry S, Michael K, Werner M, Faiz M. Basin-Scale Assessment of the 
geological CO2 sequestration Potential of the Sydney Basin, Australia: Part One. In: 
Cooperative research centre for greenhouse gas technologies (CO2CRC) canberra, 
Australia, march 2010. CO2CRC Report Number: RPT08-1259; 2009. 

[73] GA (Geoscience Australia. Sydney Basin. Commonwealth of Australia; 2021. https: 
//www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology 
/petroleum/offshore-eastern-australia/sydney. 

[74] Energy-Pedia News. Australia: JDR selected for beach energy’s Otway project. 
2022. https://www.energy-pedia.com/news/australia/jdr-selected-for-beach-ener 
gy%E2%80%99s-otway-project-185709. 

[75] GA (Geoscience Australia) - Commonwealth of Australia. Regional geology of the 
northern Carnarvon Basin. https://www.ga.gov.au/scientific-topics/energy/pro 
vince-sedimentary-basin-geology/petroleum/acreagerelease/northerncarnarvon; 
2021. 

[76] Hostetler S, Gouramanis C, Orr M, Bradshaw B, Ferdinando D, Furnass M, 
O’Leary R, Wainman C, Rees S, Mezzomo S, Evenden C, Woods M, McAlpine S. 
GROUNDWATER: Cooper Basin region – Cooper Basin. Trusted environmental and 
geological information program. Australia: Geoscience Australia and CSIRO; 2023. 

[77] Beach Energy. Cooper/Eromanga Basin. https://www.beachenergy.com.au/coop 
er-eromanga-basins/; 2022. 

[78] World Population Review. Population of cities in Australia. https://worldpopulati 
onreview.com/countries/cities/australia; 2022. 

[79] DEM-SA – Department for Energy & Mining - South Australia. Cooper Basin. https 
://www.petroleum.sa.gov.au/geology-and-prospectivity/late-paleozoic-basins 
/cooper-basin; 2021. 

[80] GA (Geoscience Australia) - Commonwealth of Australia. Carnarvon Basin. htt 
p://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geolog 
y/petroleum/offshore-northwest-australia/canarvon; 2021. 

[81] GA (Geoscience Australia) - Commonwealth of Australia. Regional geology of the 
Otway Basin. https://www.ga.gov.au/scientific-topics/energy/province-sedimenta 
ry-basin-geology/petroleum/acreagerelease/otway; 2021. 

[82] GA (Geoscience Australia) - Commonwealth of Australia. Otway Basin. https: 
//www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology 
/petroleum/offshore-southern-australia/otway; 2021. 

[83] GA (Geoscience Australia) - Commonwealth of Australia. Surat Basin. https:// 
www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/pet 
roleum/onshore-australia/surat-basin; 2021. 

[84] Business Queensland. Location and geology of the Surat CMA. 2021. https://www. 
business.qld.gov.au/industries/mining-energy-water/resources/landholders/csg 
/surat-cma/location-geology. 

[85] Steeper T. CO2CRC Otway Project social research: assessing CCS community 
consultation. Energy Proc 2013;37:7454–61. https://doi.org/10.1016/j. 
egypro.2013.06.688. 

[86] Cadman SJ, Pain L. Bowen and Surat basins, clarence-moreton basin, gunnedah 
basin, and other minor onshore basins, Queensland, NSW and NT. Canberra: 
Bureau of Resource Sciences; 1998. Australian Petroleum Accumulations Report 
11. 

[87] Hall LS, Palu TJ, Murray AP, Boreham CJ, Edwards DS, Hill AJ, Troup A. 
Hydrocarbon prospectivity of the Cooper Basin, Australia. AAPG (Am Assoc Pet 
Geol) Bull 2019;103(1):31–63. https://doi.org/10.1306/05111817249. 

[88] Purcell P, Longley I. The North West Shelf, Western Australia’s super basin, in the 
twenty-first century. AAPG (Am Assoc Pet Geol) Bull 2023;107(8):1299–367. 
https://doi.org/10.1306/02072322035. 

[89] Daniel R, Kaldi J. Atlas of Australian and New Zealand Hydrocarbon Seals: 
worldwide analogues for caprocks and intraformational barriers in clastic 

M.A. Bunch et al.                                                                                                                                                                                                                               

https://doi.org/10.1039/d0ee03536j
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref38
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref38
https://doi.org/10.1007/s12665-016-5948-z
https://doi.org/10.11636/Record.2019.015
https://doi.org/10.11636/Record.2019.015
https://doi.org/10.3389/esss.2023.10074
https://doi.org/10.3389/esss.2023.10074
https://doi.org/10.1080/11035890902924877
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref61
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref61
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref61
https://www.energycouncil.com.au/analysis/gas-in-australia-where-is-it-now-and-where-is-it-going/#_ftnref7
https://www.energycouncil.com.au/analysis/gas-in-australia-where-is-it-now-and-where-is-it-going/#_ftnref7
https://www.ga.gov.au/digital-publication/aecr2021/appendices
https://www.petroleum.sa.gov.au/data-centre/production-and-statistics
https://www.petroleum.sa.gov.au/data-centre/production-and-statistics
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref43
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref43
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref43
https://doi.org/10.1007/s00254-003-0762-9
https://doi.org/10.1016/j.ijhydene.2012.07.111
https://doi.org/10.1007/s12665-016-6319-5
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref47
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref47
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref47
https://www.engineeringtoolbox.com/gases-solubility-water-d_1148.html
https://www.engineeringtoolbox.com/gases-solubility-water-d_1148.html
https://doi.org/10.1016/j.ijggc.2021.103264
https://doi.org/10.1016/j.ijhydene.2016.02.036
https://doi.org/10.1016/j.ijhydene.2016.02.036
https://doi.org/10.1016/j.ijhydene.2020.12.058
https://doi.org/10.1016/j.ijhydene.2020.12.058
https://doi.org/10.3390/en13051167
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref52
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref52
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref53
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref53
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref53
https://doi.org/10.1073/pnas.0804397105
https://doi.org/10.1073/pnas.0804397105
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref55
https://doi.org/10.1016/j.egypro.2016.01.038
https://doi.org/10.1016/j.egypro.2016.01.038
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref57
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref57
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref58
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref58
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref58
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref59
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref59
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref59
https://asud.ga.gov.au
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref67
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref67
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref67
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref67
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref68
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref68
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref68
http://www.pressureplot.com/
https://www.petroleum.sa.gov.au/data-centre/online-databases/PEPS-South-Australia
https://www.petroleum.sa.gov.au/data-centre/online-databases/PEPS-South-Australia
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref94
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref94
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref94
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref94
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref94
https://www.business.qld.gov.au/industries/mining-energy-water/resources/geoscience-information/maps-datasets/digital-data/petroleum-wireline-log
https://www.business.qld.gov.au/industries/mining-energy-water/resources/geoscience-information/maps-datasets/digital-data/petroleum-wireline-log
https://www.business.qld.gov.au/industries/mining-energy-water/resources/geoscience-information/maps-datasets/digital-data/petroleum-wireline-log
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref96
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref96
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref96
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref96
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-eastern-australia/sydney
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-eastern-australia/sydney
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-eastern-australia/sydney
https://www.energy-pedia.com/news/australia/jdr-selected-for-beach-energy%E2%80%99s-otway-project-185709
https://www.energy-pedia.com/news/australia/jdr-selected-for-beach-energy%E2%80%99s-otway-project-185709
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/acreagerelease/northerncarnarvon
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/acreagerelease/northerncarnarvon
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref99
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref99
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref99
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref99
https://www.beachenergy.com.au/cooper-eromanga-basins/
https://www.beachenergy.com.au/cooper-eromanga-basins/
https://worldpopulationreview.com/countries/cities/australia
https://worldpopulationreview.com/countries/cities/australia
https://www.petroleum.sa.gov.au/geology-and-prospectivity/late-paleozoic-basins/cooper-basin
https://www.petroleum.sa.gov.au/geology-and-prospectivity/late-paleozoic-basins/cooper-basin
https://www.petroleum.sa.gov.au/geology-and-prospectivity/late-paleozoic-basins/cooper-basin
http://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-northwest-australia/canarvon
http://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-northwest-australia/canarvon
http://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-northwest-australia/canarvon
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/acreagerelease/otway
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/acreagerelease/otway
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-southern-australia/otway
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-southern-australia/otway
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/offshore-southern-australia/otway
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/onshore-australia/surat-basin
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/onshore-australia/surat-basin
https://www.ga.gov.au/scientific-topics/energy/province-sedimentary-basin-geology/petroleum/onshore-australia/surat-basin
https://www.business.qld.gov.au/industries/mining-energy-water/resources/landholders/csg/surat-cma/location-geology
https://www.business.qld.gov.au/industries/mining-energy-water/resources/landholders/csg/surat-cma/location-geology
https://www.business.qld.gov.au/industries/mining-energy-water/resources/landholders/csg/surat-cma/location-geology
https://doi.org/10.1016/j.egypro.2013.06.688
https://doi.org/10.1016/j.egypro.2013.06.688
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref70
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref70
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref70
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref70
https://doi.org/10.1306/05111817249
https://doi.org/10.1306/02072322035
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref74
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref74


International Journal of Hydrogen Energy 67 (2024) 406–420

420

depositional settings. AAPG studies in geology 60. Tulsa, Oklahoma, USA: AAPG; 
2012. p. 215. 

[90] Sibson R. A brief description of natural neighbor interpolation. In: Barnett V, 
editor. Interpreting multivariate data. New York, USA: John Wiley and Sons; 1981. 
p. 21–36. 

[91] IEA, Global average levelised cost of hydrogen production by energy source and 
technology, 2019 and 2050, IEA, Paris https://www.iea.org/data-and-statistics 
/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source 
-and-technology-2019-and-2050, IEA. Licence: CC BY 4.0. 

[92] Chow YTF, Maitland GC, Trusler JPM. Interfacialtensions of (H2O + H2) and (H2O 
+ CO2 + H2) systems attemperatures of (298− 448) K and pressures up to 45 MPa. 
Fluid Phase Equil 2018;475:37–44. 

[93] Trupp M, Frontczak J, Torkington J. The gorgon CO2 injection project - 2012 
update. Energy Proc 2013;37:6237–47. https://doi.org/10.1016/j. 
egypro.2013.06.552. 

[94] GA (Geoscience Australia). Australia’s energy commodity resources. 2021 Edition. 
Canberra: Geoscience Australia; 2021.. http://pid.geoscience.gov.au/dataset/ga/ 
130098. 

[95] Field B, Bachu S, Bunch M, Funnell R, Holloway S, Richardson R. Interaction of 
CO2 storage with subsurface resources. IEAGHG R&D Ref IEA/CON/11/198, 
Report 2013/08; 2013. 

[96] Field BD, Bachu S, Basava-Reddi M, Bunch MA, Funnell R, Holloway S, 
Richardson R. Interaction of CO2 with subsurface resources. Energy Proc 2013;37: 
7741–6. https://doi.org/10.1016/j.egypro.2013.06.720. 

M.A. Bunch et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0360-3199(24)01202-3/sref74
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref74
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref75
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref75
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref75
https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref77
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref77
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref77
https://doi.org/10.1016/j.egypro.2013.06.552
https://doi.org/10.1016/j.egypro.2013.06.552
http://pid.geoscience.gov.au/dataset/ga/130098
http://pid.geoscience.gov.au/dataset/ga/130098
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref80
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref80
http://refhub.elsevier.com/S0360-3199(24)01202-3/sref80
https://doi.org/10.1016/j.egypro.2013.06.720

	Key considerations for evaluating Underground Hydrogen Storage (UHS) potential in five contrasting Australian basins
	1 Introduction
	1.1 Framing considerations for UHS
	1.2 Basin analysis for hydrogen storage plays

	2 Materials and methods
	2.1 Considerations when determining potential of UHS systems

	3 Results
	3.1 Application to five sedimentary basins in Australia
	3.2 Determining a UHS depth threshold across the five Australian basins

	4 Discussion
	4.1 Basin ranking discussion
	4.2 Australian sedimentary basins as mixed-use energy resources

	5 Conclusions
	Funding
	Declaration of interests
	Acknowledgements
	Appendix A Supplementary data
	References


