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Abstract  
 

The energy transition for a net-zero future will require deep 

decarbonisation that hydrogen is uniquely positioned to 

facilitate. This technoeconomic study considers renewable 

hydrogen production, transmission and storage for energy 

networks using the National Electricity Market (NEM) region of 

Eastern Australia as a case study. Plausible growth projections 

are developed to meet domestic demands for gas out to 2040 

based on industry commitments and scalable technology 

deployment. Analysis using the discounted cash flow technique 

is performed to determine possible levelised cost figures for 

key processes out to 2050. Variables include geographic 

limitations, growth rates and capacity factors to minimise 

abatement costs compared to business-as-usual natural gas 



Advances in Energy Research: 3
rd

 Edition 

3                                                                                www.videleaf.com 

forecasts. The study provides an optimistic outlook considering 

renewable power-to-X opportunities for blending, replacement 

and gas-to-power to show viable pathways for the gas transition 

to green hydrogen. Blending is achievable with modest (3%) 

green premiums this decade, and substitution for natural gas 

combustion in the long-term is likely to represent an abatement 

cost of AUD 18/tCO2-e including transmission and storage. 
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Introduction  
 

The world is embarking on an unprecedented energy transition to 

meet mid-century net-zero goals. Hydrogen is expected to play 

an important role due to its flexibility as both an energy vector 

and versatile molecular building block [1]. Australia is the 

global leader in the deployment of wind and solar photovoltaics 

(PV) on a per capita basis 

 

[2] and Australia’s energy networks are planning for energy 

futures including hydrogen [3,4]. Australian governments and 

their agencies are supporting this through the National Hydrogen 

Strategy [5] and associated initiatives to enable domestic and 

international supply chains [6]. 

 

Hydrogen is currently produced almost exclusively from coal 

and natural gas, referred to as grey hydrogen, predominately for 

use in oil refining and ammonia production [7]. For an 

expanded role in the clean energy systems of net zero futures the 

emissions from fossil fuel sources must be captured and stored, 

or the hydrogen must be produced from renewables. Future 

development is thus focusing on clean hydrogen; blue hydrogen 

utilising steam methane reforming (SMR) or coal gasification 

with carbon capture and storage (CCS), or green hydrogen from 

the electrolysis of water using renewable energy. 

 

The largest blue hydrogen production initiative in Australia is 

the Hydrogen Energy Supply Chain (HESC) coal gasification 

project in the Latrobe Valley aimed at exporting liquified 

hydrogen to Japan [8]. CCS is only viable at scale where there 

are opportunities to sequester large quantities of carbon dioxide 

(CO2) and this installation is proposed to link to the Gippsland 

Basin CarbonNet CCS project [9] in a commercial operation 

phase in the 2030s. CCS features heavily in other gas 

decarbonisation analysis [10] though it has a poor track record 

for meeting targets [11]. Blue hydrogen also relies on finite fossil 

fuel resources. 

 

The history and outlook for blue hydrogen contrasts starkly to 

green hydrogen, which relies on abundant renewable resources 



Advances in Energy Research: 3
rd

 Edition 

5                                                                                www.videleaf.com 

and scalable technology that is rapidly improving as it is 

deployed. Green hydrogen is thus likely to be cheaper and more 

widely accessible than blue hydrogen by 2030, and this 

situation will only improve out to 2050 [12]. Australia’s trading 

partners, such as the European Union (EU), are prioritising green 

hydrogen over the long term [13], which is an opportunity to 

utilise Australia’s world-class renewable energy resources. A 

joint study with Germany is building on other international 

collaborations to assess export opportunities [14]. 

 

There are two competing electrolyser technologies for renewable 

hydrogen production. Alkaline electrolysers are currently cheaper 

than polymer exchange membrane (PEM) electrolysers; 

however, the cost of the more flexible PEM systems is expected 

to drop below alkaline by 2030 [15]. PEM electrolysis powered 

by wind and solar, therefore, is likely to account for most of the 

Australian hydrogen production in the long-term and forms the 

basis for this work. At the utility-scale it will be integrated into 

the gas network, as shown in Figure 1, which will be more 

strongly coupled to the electricity network than it is at present 

[16]. 

 

The gas network has the potential to facilitate the transmission, 

distribution and storage of hydrogen in large quantities. Like 

natural gas, hydrogen can also be stored and transported as a 

compressed gas. It can also be converted into methane for use 

with existing natural gas systems. Pure hydrogen can be blended 

up to 5–15% by volume without major infrastructure 

modifications and safety concerns [17]. Alternatively, full 

substitution to a hydrogen gas network is also possible, and there 

is precedent for such a large-scale transformation [18]. Gas 

networks in Australia and overseas have undergone a transition 

from town gas to natural gas in the past, and Singapore is 

presently undergoing the same change [19]. Manufacturers are 

preparing for future 100% hydrogen conversions [20] which 

would proceed via the staged conversion of local networks, 

industrial clusters and residential communities [21,22]. 
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Figure 1: Renewable hydrogen displacing methane for storage and 

consumption through the gas network. 

 

Gas and electricity have historically played different roles, with 

gas focussed on the thermal energy requirements in residential, 

commercial and industrial sectors. Some of this is relatively easy 

to electrify; however, there are significant challenges in certain 

use cases. Space is one important consideration. For example, 

gas hot water boilers used extensively in apartment buildings and 

electric alternatives have a larger footprint. The gas and 

electricity networks are already coupled though, via Gas 

Powered Generation (GPG) which draws from the gas network 

to fuel turbines and engines that supply power to the electricity 

network, as shown in Figure 2. 

 



Advances in Energy Research: 3
rd

 Edition 

7                                                                                www.videleaf.com 

 
 

Figure 2: Conventional electricity and gas networks with one-way coupling via 

Gas Powered Generation (GPG). 

 

GPG is expected to continue to remain a significant part of the 

NEM [23]. High penetrations of Variable Renewable Energy 

(VRE), predominately wind and solar, create large supply 

variations. This is an opportunity and a challenge. Firming using 

storage or other forms of dispatchable power is required to 

follow loads. On the flip side, low or negative power prices 

during periods of excess supply can be used to power processes 

such as electrolysis. The generated hydrogen can then replace 

natural gas in reciprocating engines and turbines with 

modifications. This makes Power-to-Gas (PtG) a reversible 

process when combined with GPG or fuel cells. Low round trip 

energy efficiency is the primary weakness of this approach to 

energy storage, shown below in Figure 3. 

 

Salt caverns and depleted gas fields are typically proposed for 

the large-scale storage needs for hydrogen, though this is a 

longer-term solution and location-specific. Using existing natural 

gas storage infrastructure beyond small, blended volumes is still 

possible; however, this may require the methanation of 

hydrogen. Synthetic methane can be produced using carbon 

dioxide (CO2), captured from the air or the waste stream of 

another industrial process, in a Power-to-Gas plant with 

catalysis. The CO2 is combined with renewable hydrogen 

through the Sabatier methanation process at temperatures 

between 150–500 °C and pressures of 1–3 bar. This is shown 

below in Figure 4 as a simplified process diagram. 
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Figure 3: Renewable hydrogen-powered fuel cells providing electricity 

network storage to complement batteries and pumpedhydro. 

 

Several synthetic methane facilities are already in operation 

globally and the first such project was developed by Audi in 

Germany, operating since 2013, generating 1000 tonnes of 

renewable methane that is then utilized by Audi’s gas-powered 

vehicles [24]. Recently, a 3.5 million cubic meter per year 

facility was proposed in China, which would emerge as the 

world’s largest synthetic methane facility once operational [25]. 

In Australia, Southern Green Gas and the APA group, one of 

Australia’s largest natural gas providers, are developing a state 

of art demonstration facility in Queensland that will generate 

methane using CO2 sourced from using direct air capture 

technology and renewable electricity [26]. 
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Figure 4: Power-to-gas system for synthetic methane production from 

renewable hydrogen including carbon recycling via carbon dioxide (CO2) 

capture. 

 

Methods  
 

The aim of this study is to investigate renewable hydrogen’s 

future role in Eastern Australia’s gas and electricity networks 

through a technoeconomic analysis of transition pathways 

integrating opportunities from 2025 to a net-zero future in 2050. 

Plausible domestic renewable hydrogen scenarios were 

developed based on public literature, discussion and industry 

plans [4,21]. This paper discusses the implications of supply, 

demand, and levelised costs assessed using technoeconomic 

models in Microsoft Excel®. Unlike previous studies [27], this 

work examines the cost of delivering hydrogen domestically in 

Australia past 2030, including long-distance transmission and 

large-scale storage. The costs of other processes that may be 

required for integration, including synthetic natural gas (SNG) 

production, are also considered in the Australian context. 
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Scope  
 

The study is restricted to the role of hydrogen in the gas and 

electricity networks of the National Electricity Market (NEM) 

region of South-Eastern Australia, shown in Figure 5. This 

includes New South Wales (NSW), Queensland (QLD), Victoria 

(VIC), South Australia (SA) and Tasmania (TAS). Western 

Australia (WA) and the Northern Territory (NT) are excluded. 

Gas demand for Liquified Natural Gas (LNG) is also excluded 

from this analysis as it dwarfs domestic requirements. In the 

future this export demand may be filled by large off-grid 

renewable hydrogen projects such as the 26 GW Asian 

Renewable Energy Hub (AREH) [28]. 

 

 
 

Figure 5: Simplified map of the National Electricity Market (NEM) region of 

Eastern Australia considered in this study. Australia’s gas network faces 

significant geographic challenges due to long distances between demand 

centres and potential large-scale renewable gas storage sites such as the 

Adavale Basin in central Queensland (QLD). 

 

A window out to 2050 was considered; however, growth 

modelling is limited to 2040 due to the availability of reputable 

forecast data. This study uses the ―Central‖ scenario from 

Australian Energy Market Operator’s (AEMO) 2020 Integrated 

System Plan (ISP) [23] and Gas Statement Of Opportunities 
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(GSOO) [29] for demand values. The labelled datasets are 

publicly available as comma separated values (CSV) files, which 

were manipulated using pivot tables in Excel®. Optimising the 

NEM is beyond the scope of this study, which does not seek to 

replicate AEMO’s ISP, instead aiming to provide exploratory 

assessments of possible futures. 

 

Model  

 
This study uses a levelised cost approach to evaluate the 

economics of gas production and storage. A discounted cash 

flow (DCF) model in was used to calculate the Levelised Cost of 

X (LCOX) [30,31]. This can be expressed as shown below in 

Equation (1) 

 

  

   0 0

               
/

1   1  

n n

i i
i i

cost in year i unitsof X in year i
LCOX

discount rate discount rate 

  
 

                   (1) 

 

where X represents energy production or storage. The cost in 

a given year is the sum of capital expenditure (CAPEX) and 

operating expenditure (OPEX). 

 

CAPEX includes key equipment and balance of plant (BOP). In 

a PEM electrolyser system, 55% of the cost relates to balance of 

plant, with power supplies the single largest component of cost 

[32]. The remaining cost relates to the core of the technology, 

the stack. This includes the catalyst coated membrane (CCM), 

which uses rare earth metals, and bipolar plates. BOP and stack 

costs account for similar shares of fuel cell system costs, with 

membrane electrode assemblies (MEA) and bipolar plates 

comprising 62% and 28% of stack costs, respectively [33]. 

 

OPEX consists of fixed operations and maintenance (O&M) 

costs and the variable expense of energy input (i.e., electricity). 

The cost of water and stack replacement is included in the fixed 

OPEX costs for electrolysis [34], while stack replacement is 

accounted for separately as additional CAPEX at 10 year 

intervals for methanation plant. 
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For ready comparison cost values are shown in both AUD/kgH2, 

which is the reference for the hydrogen enterprise, and AUD/GJ 

which is the reference for domestic gas costs. This study uses 

the Australian dollar (AUD). Where a cited cost in another 

currency has been used it was converted to AUD based on the 

exchange rate at the time the reference document was published, 

with inflation to determine the present value. 

 

Assumptions  
 

Discount rates in the literature vary between 6% [30] and 7% 

[31]. The Commonwealth Scientific and Industrial Research 

Organisation (CSIRO) has previously used 6.42% for low 

emission technologies [35]: though for this work the discount 

rate was set at 6% to align with the latest GenCost assumptions 

[36]. This and other assumptions are listed in Table 1. 

 

Lifetime was assumed to be 20 years [31,37], consistent with 

Australian Renewable Energy Agency (ARENA) assumptions 

[34]. A three year construction and commissioning period is used 

where CAPEX is paid 20% in year 0, 50% in year 1 and 30% in 

year 2 [31]. Decommissioning costs were not included, as it is 

assumed much of the installation would be reused in a renewable 

net-zero future. 

 
Table 1: Modelling assumptions. 

 
Parameter Value Unit Reference 

Discount rate 6 % [36] 

Electrolyser Operating Life 20 years [34] 

Methanation Plant Life 30 years [30] 

Direct Air Capture Plant Life 30 years [38] 

Commissioning Time 3 years [30] 

 

Electricity and electrolyser costs are sourced from the GenCost 

2020–21 consultation draft [36]. Electrolysis will rely on the 

cheapest electricity available [39], hence the ―Low‖ values for 

electricity generation costs from wind and solar over the 2020 to 

2050 period are used. Electrolyser capital costs are sourced from 

the ―High VRE‖ scenario. 
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Manufacturing engineering and economies of scale are expected 

to deliver the greatest cost reductions for large MW scale 

electrolysis systems [40]. This work applies an optimistic view 

of costs for scalable renewable technologies, though it is possible 

that these are still conservative figures; forecasts have a history 

of underestimating renewable developments [41,42]. Base case 

costs are used for other chemical engineering plants required for 

Power-to-X, namely Catalytic Methanation (CM) and Direct Air 

Capture (DAC) for carbon dioxide. 

 

Efficiency values were sourced from the CSIRO’s National 

Hydrogen Roadmap [43] and Higher Heating Values (HHV) 

from McAllister et al. [44] were used for the gross energy 

density of fuels. These are summarised below in Table 2. Carbon 

dioxide, methane and nitrous oxide emission factors are sourced 

from Australia’s National Greenhouse Accounts Factors [45]. 
 

Table 2: Energy values. 

 
Parameter Value Unit Reference 

Hydrogen Higher Heating Value 

(HHV) 

141.72 MJ/kg [44] 

Methane Higher Heating Value 

(HHV) 

55.536 MJ/kg [44] 

Electrolyser Efficiency 45 kWh/kgH2 [43] 

Fuel Cell Efficiency 0.05427 kgH2/kWh [43] 

 

Results and Discussion  
 

The study results are presented below starting with growth 

scenarios, followed by economic analysis and discussion of the 

renewable gas transition. 

 

Growth Scenarios  
 

One hundred percent renewable generation in Australia has been 

discussed since at least 2010, with the presentation of a 10 year 

transition roadmap [46]. Subsequent research demonstrated the 

feasibility to meet actual hourly demand [47], later with 

predominately wind and solar photovoltaic (PV) power [48]. 

Here, it is considered what these technologies could deliver with 



Advances in Energy Research: 3
rd

 Edition 

14                                                                                www.videleaf.com 

scalable electrolyser technology to meet forecasted energy 

demand. 

 

Gas Blending  

 

It is considered technically feasible to blend up to 10% v/v 

hydrogen into existing Australian natural gas distribution 

networks [19]. This is the target most frequently discussed out to 

2030, though here a more ambitious target of 10% of demand by 

energy fraction (e/e) is also considered, which could be achieved 

by the selective conversion of local regional networks as 

proposed by industry. Figure 6 shows the annual hydrogen 

production from PEM electrolysers operating at 95% capacity 

installed from 100 MW in 2025. Two growth rates are shown, 

modelled off Australian PV growth. Installed capacity in 

Australia grew at an average 58% compound annual growth rate 

over the 10 years from January 2010 to January 2020, with 

extremely rapid growth averaging 149% for the 3 years to 2013 

[49]. 

 

 
 

Figure 6: Annual hydrogen production from PEM electrolysers at 95% 

capacity installed at 58% and 149% compounding annual growth rates from 

100 MW in 2025. Ten percent of Eastern Australia’s (EA) total gas demand 

excluding LNG from the Australian Energy Market Operator’s (AEMO) Gas 

Statement Of Opportunities (GSOO) *29+ as energy (E/E) and volume (V/V) 

fractions. 
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Eastern Australia’s natural gas consumption (excluding LNG) is 

in the order of 500 PJ per annum. Ten percent of this by energy 

fraction, 50 PJ, is approximately 14 TWh, which is in the order 

of the contribution of hydro to the NEM. Distributed PV, or 

rooftop solar, is forecast to generate approximately 18 TWh of 

energy in the financial year ending 2022. That is 9 % of forecast 

electricity generation in that period, and close to the energy 

required to produce 50 PJ of hydrogen (HHV) via electrolysis. 

The rapid deployment of PEM electrolysers over three years 

would deliver this hydrogen production capacity. A more modest 

50% growth over 5 years would deliver 10% by volume fraction 

by the 2030 target. By way of comparison, the global average 

growth in solar PV capacity over the 5 years from 2013 to 2018 

was 30% [50]. 

 

Gas Replacement  

 

The continued deployment of renewable hydrogen after 2030 

would start to replace significant quantities of natural gas. This is 

encouraging, as Eastern Australia is projected to require 

significant new gas developments in the period to 2040. There 

are significant supply gaps upwards of 120 PJ per year in the gas 

network forecast for the financial year ending 2025 and onwards. 

Supplying this 120 to 285 PJ of additional gas each year is a 

potential opportunity for hydrogen, which could achievably fill 

the fuel demand for GPG as coal plants continue to retire from 

the NEM. If electrolysers are installed at a 50% compounding 

annual growth rate from a 2 GW base in 2030 renewable 

hydrogen could replace natural gas entirely by 2040, as shown in 

Figure 7. 
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Figure 7: Annual hydrogen production from PEM electrolysers installed at a 

50% annual growth rate from a 2 GW base in 2030 to replace methane in the 

gas network. A 32% capacity factor is assumed for operation with low-cost 

power from high quality solar resources. EA gas demand from AEMO GSOO 

[29]. 

 

This will compete for renewable electricity as the NEM, which 

has 51 GW of installed capacity [51], also transitions to net-zero. 

Australia has over 31 TW of installable renewable generation 

capacity [52], however, and a low capacity factor has been 

assumed to utilise abundant solar resources. For a sense of scale, 

the Sun Cable AustraliaASEAN Power Link (AAPL) project in 

the Northern Territory proposes to build 10 GW of solar PV 

with up to 30 GWh of battery storage [53]. The project has been 

given Major Project Status and commercial operation is slated 

for the end of 2027 with a view to provide 20% of Singapore’s 

electricity. Transmission and distribution will be challenging, 

which is why utilising existing gas distribution infrastructure is 

key [54]. 

 

Hydrogen is approximately one third the volumetric energy 

density of methane, so replacing methane will require more 

storage infrastructure, and not only for seasonal storage. Pressure 

cycling, or line packing, is commonly used in the natural gas 

transmission network for short-term supply security (intraday 
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storage). This is promoted as a method of storing hydrogen in 

gas pipelines [43]. Due to different volumetric gas properties, 

however, the linepackenergy of hydrogen can be four times 

smaller than natural gas [55]. This poses a significant issue for 

gas supply security, which suggests that relying on this for 

additional energy storage capacity is problematic. Additional 

intraday storage was included in the H21 Leeds City Gate project 

design for this reason [18] and will need to be considered for 

Australian networks. 

 

Electricity Storage  

 

AEMO’s 2020 ISP includes significant deployment of electricity 

storage capacity over the forecast period. This is distinct from 

gas powered generation, and ranges from hours to days of 

discharge time. Where hydrogen can be integrated effectively, 

such as facilities which also require back-up power capacity, fuel 

cells may be a viable solution for short-duration storage. 

Efficiency and scalability means batteries will likely meet most 

behind the meter and shallow to medium depth storage 

requirements (less than 12 h). Lithium–ion is capturing the 

majority of the short-duration market; however, the inability to 

decouple power (kW) from energy (kWh) is a fundamental 

weakness of conventional batteries such as these. Flow batteries 

are more suited to longer duration energy storage with 

vanadium projected to achieve capacity costs as low as USD 

40/kWh, though hydrogen may reach USD 1–5/kWh [56]. This 

scenario models hydrogen fuel cells capturing 10% of the 

demand for medium and deep dispatchable storage. Figure 8 

shows that the scale of hydrogen storage required to provide 24 h 

at nominal power is modest. The plot is labelled with storage 

sizes for reference based on system level analysis from 

Ahluwalia et al. [57]. 
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Figure 8: Hydrogen fuel cells installed at 50% growth rate over 10 years 

starting with 10 MW in 2025 to meet 10% of forecast medium and deep 

dispatchable storage for the NEM. Demand from AEMO Integrated System 

Plan (ISP) [23]. The quantity of hydrogen storage required for 24 h at nominal 

power is also shown, labelled for scale. Note: salt cavern storage is in the order 

of 3000 t H2. 

 

Cost Assessment  
 

The analysis above shows what could be achieved with the 

ambitious deployment of green hydrogen production. The scale 

of development required is challenging; however, the energy 

industry in Australia has demonstrated the ability to deliver gas 

infrastructure and renewables at this pace. The question of cost 

remains—at what price? This section considers the cost of 

renewable hydrogen production out to 2050. 

 

Production to 2050  

 

As the industry scales the cost of renewable hydrogen will 

unarguably reduce, the concern is meeting a target where it can 

be competitive. There are two primary factors, the capital cost of 

electrolysers and the price of the electricity used to power them. 

Currently a higher capacity factor is optimal to reduce the capital 

cost component, which for 100% renewables means a hybrid of 

wind, solar and storage. Over time though, the primary cost will 
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move from plant to power and minimising the electricity price 

input becomes the key requirement after 2030. The impact of 

these variables can be seen in Figure 9, which shows the price of 

hydrogen produced by wind and solar. Wind has a higher 

capacity factor, reducing the relative contribution of capital 

expenditure; however, this advantage is quickly lost to solar 

power, which offers a lower cost of energy. 

 

 
 
Figure 9: Levelised cost of hydrogen (LCOH) produced from wind and solar 

operating at highest respective capacities at lowest forecast levelised costs of 

energy (LCOE) with forecast PEM electrolyser costs out to 2050. LCOE with 

associated capacity factors for wind and solar obtained from Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) GenCost [36]. Data 

labels are cost expressed as AUDAUD/GJ (HHV). 

 

This work uses lower estimates by government agencies; 

however, there are still more optimistic projections and it is 

possible the AUD 2/kg target may be reached earlier [39]. 

Industry believes this is possible by 2030 with favourable 

commercial circumstances including government support and co-

investments, declining costs of electrolysers and cheap 

renewable electricity [21]. Lower costs are certainly achievable 

in exceptional locations such as Pilbara region of Western 

Australia, though this will be exported or used by large industrial 

consumers which is not the focus of this study. 

 



Advances in Energy Research: 3
rd

 Edition 

20                                                                                www.videleaf.com 

Valorisation in 2025  

 

Developers are expecting to adopt phased project 

implementation to take advantage of falling costs over time as 

the industry develops with economies of scale [34]. Blending is 

another option for affordable early integration of renewable 

hydrogen. Some businesses have expressed a willingness to pay 

a ―green premium‖ [34]. If hydrogen at AUD 18.28/GJ was 

blended at 10% by volume into natural gas at AUD 10.20/GJ the 

cost premium would be a modest 2.7% (AUD 0.28/GJ). Sector 

coupling opportunities also exist for industrial clusters. 

 

Power-to-X exists in emerging sustainable resource ecosystems 

where byproducts and ancillary services can be valued. Oxygen 

is the most obvious example of potential coproduction value, 

being the other component of water that is released during 

electrolysis. Figure 10 below shows the price impact of valuing 

oxygen coproduction at AUD 0.10/kgO2 (AUD 0.15/m3O2). 

Combined with a high capacity factor and a low electricity price 

this brings the breakeven price of hydrogen below AUD 2/kgH2 

in 2025. 

 
 

Figure 10: Levelised cost of hydrogen (LCOH) in 2025 with valorisation of 

oxygen (AUD 0.10/kg-O2) coproduced via electrolysis at 1 MW scale with a 

PEM electrolyser supplied via power purchase agreement (PPA). Electrolyser 

cost from CSIRO GenCost [36] and PPA prices from the National Hydrogen 

Roadmap [43]. Data labels show LCOH expressed as AUD/GJ (HHV). 
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A 1 MW electrolysis plant would produce approximately 2 

tonnes per day (tpd) of oxygen. This is useful in a range of 

applications, from chemicals and metals, to health and water 

treatment. High-grade oxygen (99.5% purity) can be used in 

hospitals for ventilators, or as an input for integrated local 

hydrogen peroxide manufacturing [58]. Other chemicals that 

require oxygen include ethylene oxide, acrylic acid and benzylic 

acid. The value of oxygen for wastewater treatment has also long 

been recognised [59], and aquaculture is another opportunity for 

microgrids [60]. In industrial settings oxygen is used at various 

scales for metals processing. 

 

Grid ancillary services are often discussed as another 

supplementary revenue stream for power-to-gas plants [61]; 

however, the market is small and will be quickly saturated by 

batteries [62,63]. Hydrogen needs to be produced at under AUD 

1.75/kg (AUD 12.34/GJ) for fuel cells to be competitive against 

batteries for energy storage [62]. The oxygen market is also 

smaller than the potential market for hydrogen. The value of 

cobenefits for hydrogen price reduction is therefore limited to the 

medium term. 

 

Another approach to reducing the cost is coupling waste biomass 

oxidation with hydrogen generation during electrolysis [64,65]. 

Biomass oxidation requires a much lower energy input compared 

to oxygen evolution reaction, thereby reducing the energy 

consumption and at the same time creating niche value-added 

chemicals whilst at the same time enabling a circular economy. 

This is an emerging strategy and, while promising, is also limited 

in scope. 

 

Methanation in 2030  

 

Another medium-term consideration is the integration of 

hydrogen into the gas network. As discussed earlier in this paper, 

hydrogen can be blended in small quantities in the existing 

network, or full conversion can be undertaken. The challenge is 

the transition between partial and full displacement of natural 

gas. Synthetic methane may play a role in this, enabling the 

continuing use of natural gas infrastructure including critical, 
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large-scale underground storage capacity. Figure 11 shows the 

cost of methane production via a Power-to-Gas plant using 2030 

base case costs for high temperature electrified DAC [38] and 

CM [30] operating at 8000 Full Load Hours (FLH, 

approximately 91% CF). 

 

 
 
Figure 11: Levelised cost (LCOE) of synthetic methane production (PtG) via 

electrolysis (PEM) and catalytic methanation (CM) [30] with carbon dioxide 

from electrified aqueous direct air capture (DAC) [38]: 10 MW scale operating 

at 8000 FLH with electricity at AUD 40/MWh. Data labels show the cost of 

each component in AUD/kgH2. 

 

It is worthwhile considering here the potential impact of exports. 

Australia’s domestic energy prices have been heavily impacted 

by overseas demand for LNG [66,67]. Industry may face similar 

challenges with renewable hydrogen exports which, as discussed 

in the introduction, may be enabled by ammonia produced from 

very low cost green hydrogen resources. Recent, ongoing 

developments in electrocatalysis for the direct production of 

renewable ammonia could have a dramatic impact on future 

outcomes [68]. 
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Storage in 2050  

 

The costs of long-term hydrogen storage are not well understood 

in the Australian context [69]. Here, potential solutions for 

securing gas supply are assessed, incorporating the associated 

transport costs. Storage costs are drawn from the ―possible 

future‖ Levelised Cost of Storage (LCOS) values of the 2020 

Bloomberg New Energy Finance (BNEF) Hydrogen Economy 

Outlook [12]. 

 

To account for the location of large-scale storage sites, 

transmission costs were drawn from pipeline tariffs in AEMO’s 

GSOO Reserves Costs assumptions. The value for both 

directions between Moomba and Sydney (MSP) and between 

Moomba and Wallumbilla (SWQP) was used for salt cavern 

storage, and both directions between Wallumbilla and Brisbane 

(RBP) was used for depleted field storage. Although hydrogen is 

lower density than methane it flows almost three times faster 

through pipes over distance and the chosen values are consistent 

with intercity transmission pipeline costs derived by BNEF [12]. 

 

An alternative to storage would be to ramp up electrolyser output 

during periods of high gas demand. Assuming there is additional 

physical capacity in electricity supply, this would draw on 

firmed renewables rather than low cost solar. The on-demand 

cost is calculated herein from electrolysis powered by battery 

firmed wind at AUD 55/MWh [70] running a PEM electrolyser 

at 50% capacity. The LCOH for the same electrolyser running at 

32% capacity powered by solar at AUD 22/MWh is subtracted to 

give the premium or marginal cost of production. 

 

Figure 12 compares the costs of storage and associated 

transmission in 2050. The base cost of input hydrogen is 

excluded or subtracted for the premium for hydrogen produced 

on demand via electrolysis. Whether this is practical depends 

heavily on network conditions, for example if the hydrogen is 

providing a back-stop for low renewable output via GPG then 

on-demand grid-powered electrolysis is not an option. 

Optimising distribution and curtailment also requires further 

research for efficiently coupled electricity and gas networks [71]. 
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Figure 12: Levelised cost of storage (LCOS) for hydrogen in 2050 with 

associated transmission required due to geographic limitations. The base cost of 

the hydrogen input is excluded or subtracted for the premium for hydrogen 

produced on demand via electrolysis powered by battery firmed wind. Data 

labels are cost expressed as AUD/GJ (HHV). 

 

Wholesale in 2050  

 

Meeting industry and consumer gas demand using green 

hydrogen in the gas network requires the consideration of 

production, storage and transmission together. Figure 13 shows 

the abatement cost of renewable hydrogen when compared to the 

natural gas wholesale, transmission and storage cost forecast 

used in the GSOO. 

 

Methane leaks from the natural gas industry are a significant 

concern [72] and may change abatement values. The cost of 

renewable hydrogen is also sensitive to a range of other 

variables, as shown in Figure 14. CAPEX forecasts for 2050 vary 

between AUD 159/kW [12] and AUD 441/kW [36], and OPEX 

may be as high as 4% [30]. As shown earlier, the electricity 

price, potentially as low as AUD 19/MWh [12] or as high as 

AUD 19/MWh [36], has a dramatic impact on the cost of 

renewable hydrogen. Improving the utilisation to 50% [3] while 

maintaining a low average electricity price could bring the price 

down to AUD 1.27/kgH2. Higher energy consumption of 50 
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kWh/kgH2 [3] could lead to higher prices. Nevertheless, these 

results are consistent with the BNEF conclusion that it is likely 

still necessary to place a value on emission reductions even if 

renewable hydrogen experiences the predicted dramatic cost 

reductions. 

 

 
 
Figure 13: Levelised cost of energy (LCOE) for hydrogen (H2) produced in 

2050 compared to forecast average wholesale gas (NG) price including 

transmission and storage. 50% of the hydrogen is assumed to pass through 

transmission and storage (salt cavern). Data label shows cost of abatement in 

AUD/tonne CO2-equivalent. 
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Figure 14: Sensitivity analysis for the levelised cost of hydrogen (LCOH) in 

2050 showing variation from the AUD 1.43/kgH2 baseline. 

 

Gas Transition  
 

The largest uncertainty in energy scenario modelling is demand 

[73], and this study is no exception. Blakers et al. posit Australia 

may already be aligned with the ISP ―Step Change‖ scenario in 

terms of renewable generating capacity [2]. The GSOO forecasts 

increased gas consumption in that future and policies such as a 

green hydrogen target [74] may help drive gas decarbonisation at 

the early stage to 2030. The environment is much less certain 

post-2030 as the economy transitions to net zero by 2050. 

Independent researchers expect that gas is likely to play a 

diminished role in Australia’s energy mix [75] though hydrogen 

with gas infrastructure is uniquely positioned to provide strategic 

energy storage [76] and supply security. 

 

The debate largely hinges on a comparison with deep, 

widespread, direct electrification. Research commissioned by the 

gas industry claims decarbonising gas with hydrogen will be less 

expensive [77]. Hydrogen pipelines have a longer lifespan and 

can transport more energy at a lower cost than electricity 

transmission lines [78], and using renewable hydrogen for 

heating avoids the severe energy penalty from round-trip 

reconversions to electricity [79]. Hydrogen has the highest 
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probability of providing the lowest levelized cost of seasonal 

storage in the long term when compared to eight other electricity 

storage technologies [80]. Scenarios with low gas prices and 

CCS cost reductions are, however, contentious [81]. 

 

A future fall in demand for gas for energy may be partially offset 

by growing demands for clean hydrogen in other sectors which 

are difficult to transition to a sustainable paradigm in any other 

way. Via Power-to-X [82], renewable hydrogen has the 

capability to be more than an energy carrier and storage medium; 

it also serves as a key feedstock for chemical manufacturing and 

heavy industries. Using direct reduction of iron ore (DRI), 

hydrogen can replace metallurgical coal in steel making, where 

every tonne of steel requires 0.051 tonnes of hydrogen [83]. This 

is considered a significant opportunity for Australia [84]. 

Similarly, clean hydrogen can feed ammonia production and 

other chemical synthesis. Hydrogen is projected to fuel up to 

100% of Australian and international steel manufacturing, and 

up to 50% of the market for chemical feedstock [85]. 

 

Conclusions  
 

Hydrogen is expected to play a critical role in Eastern Australia’s 

energy networks, enabling the transition from fossil fuels to 

sustainable, decarbonised grids for a net zero future. This study 

investigated a transition pathway for the gas network with 

renewable hydrogen, including plausible growth projections and 

technoeconomic assessment of key technologies. Based on 

Australia’s experience with scalable renewable technology it is 

possible to achieve the medium-term target of blending 10% v/v 

hydrogen into the existing natural gas infrastructure by 2030. 

 

It is possible to achieve 10% v/v renewable hydrogen 

substitution with a 50% growth rate, as demonstrated by the 

solar industry, with costs as low as AUD 12/GJ including 

coproduction valorisation or modest (3%) green premiums. 

Power-to-gas plants including methanation can deliver flexibility 

during a phased conversion to 100% hydrogen while economies 

of scale drive down costs and new infrastructure (such as salt 

caverns) is developed. The costs associated with large-scale 
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transmission and storage may be almost AUD 1/kgH2; however, 

the long-term abatement cost when compared to natural gas 

combustion is likely to be modest (AUD 18/tCO2-e). 

 

Gas will face strong competition from direct electrification over 

the longer term, though seasonal storage capacity remains a key 

strength of the gas network. Industry will also continue to use 

gas for a range of applications, relying on the ability to transport 

molecules rather than only electrons. In any case, government 

support and industry collaboration will be key for the long-term 

viability of Eastern Australia’s increasingly coupled energy 

networks. Future research will focus on scaling and integrating 

the renewable gas technologies that will enable the gas 

transition, and foresight studies to better inform strategic 

investment and policy development. 
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