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Hydrogen energy supply to remote communities in Australia’s Northern 
Territory: a feasibility study
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ABSTRACT
Current practice around, and challenges facing, energy provision in Australia’s Northern 
Territory (NT) remote communities are discussed: hydrogen energy is introduced as 
a solution to alleviate the challenges therein. Options for hydrogen supply in NT remote 
areas are economically evaluated and their feasibility is discussed. While current capital 
expenditure limits pose the main barrier to hydrogen supply in remote areas of the NT, it 
was found promising in terms of environmental effects, long-term economic return, reliability 
of energy supply, and community empowerment.
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1. Introduction

Current methods of energy supply used in remote 
communities across Australia’s Northern Territory 
(NT) are costly due to the tyranny of distance, limited 
local knowledge of maintenance protocols for such 
systems, and dependence on external supply. Current 
methods for, and challenges facing Remote Area 
Power Supply (RAPS) in the NT are introduced. 
Unless otherwise stated, Australian dollars (AUD) 
are used throughout the present study.

1.1. Existing energy supply systems in the 
Northern Territory

Presently, there are numerous existing urban and 
remote energy supply systems that are utilised in the 
NT, which according to Territory Generation – 
a government-owned utility – involve several types of 
power stations. These include gas-fired (open and com-
bined-cycle gas turbines that use natural gas), com-
pressed natural gas (CNG), solar photovoltaic (PV), 
and combinations thereof with diesel-powered genera-
tors used as back-up systems (Generations 2016). Most 
of these remote systems are interconnected with central 
grids, such as those supplying Darwin–Katherine, Alice 
Springs or other Territory townships, but the remote 
systems essentially operate in islanded mode

Furthermore, Power & Water Corporation 
(PWC) – an NT Government owned provider of elec-
tricity, water, and sewerage services – operates several 
other electricity generation sites and retails power to 
72 remote communities and 66 outstations through 
a not-for profit subsidiary, ‘Indigenous Essential 
Services’ (IES). They have access to a variety of 
power sources to meet increasing demand in remote 

regions, with the intention of moving towards renew-
ables such as solar PV. If remote towns and commu-
nities are near existing services, PWC will buy power 
from third-party suppliers (Power and Water 
Corporation (PWC) 2020).

One of the challenges facing PWC is the need to 
maintain reliable power in remote areas. The commu-
nities they serve vary across tropical and arid environ-
ments; hence, remote communities require resilient 
services. The primary source of fuel for remote 
power stations is currently diesel, with PWC operating 
51 diesel-fired power stations with an installed capa-
city of approximately 80 MW. With these systems 
come complicated logistics that guide diesel delivery, 
which presents a challenge to procure the precise 
amount of fuel delivered, at the right time, and in the 
most cost-effective way (Power and Water 
Corporation (PWC) 2020).

Although the main advantages of diesel power sys-
tems are their simple, compact design, they can be 
inefficient due to load fluctuation (Nayar 1995). Diesel 
systems also incur high operating costs in remote areas 
due to uncertainties in fuel price (Tan, Meegahapola, 
and Muttaqi 2014; Carpentiero, Langella, and Testa 
2012), which depends on crude oil input costs, refining 
costs, margins, wholesale distribution and storage, and 
transportation and taxes (Collar 2019). The generation 
and operating expenses are further increased by the cost 
of diesel delivery to remote areas and the tracking of 
diesel usage via telemetry, which coincides with the 
difficulties faced by PWC. Studies show that levelised 
cost of electricity (LCOE) for diesel is much higher 
compared to gas-fired systems, ranging from 250 
USD – 300 USD/MWh, assuming that diesel fuel costs 
20 USD – 22 USD/GJ (Bongers 2015). Diesel 
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infrastructure in the NT is a PWC asset and is managed 
by Local Councils. For example, Kaltukatjara (a remote 
NT community home to almost 400 people) alone 
requires 60,000 l of diesel to be transported, every 
eight weeks, over a distance of 2000 km from Darwin 
(Ekistica 2018). This results in consumption of c. 
390,000 l of diesel per annum: using Darwin’s average 
retail diesel price of 1.301 USD per litre, the estimated 
cost of diesel alone reaches 507,390 USD per annum.

The Northern Territory Government has com-
mitted to a target of 50% renewable energy by 2030 
(c.f. 4% renewable energy use in 2017 (Langworthy 
et al. 2017)). Solar energy is seen as key to reaching 
this goal and the NT Government’s Smart Energy 
subsidy is thus aligned (Northern Territory 
Government 2018); however, there are problems relat-
ing to the reliability of solar energy in such remote 
areas, for instance, minor cloud cover over the Uterne 
solar farm in Alice Springs caused a major output loss 
and outages of numerous essential urban and remote 
communities in 2019 (Felicity 2019). Although the 
initial costs are high, solar PV technology has very 
low running costs and development of new solar tech-
nologies, suggesting that prices will decrease (Ideas 
2009; Powell, Welsh, and Farquharson 2019).

From the baseline study, for remote areas, natural 
gas poses significant environmental challenges as 
evinced by resistance to onshore hydraulic fracturing 
in the NT; diesel faces economic challenges caused by 
transportation costs, and solar PV is dogged by issues 
relating to initial capital expenditure and reliability. 
Incentives from the Solar Energy Transformation 
Program (SETuP) (Power and Water Corporation 
(PWC) 2018) also ensure that solar energy will become 
more common in remote communities, resulting in 
a more feasible foundation for blended solar-hydrogen 
energy applications (McLeod et al. 2020). An example 
of this includes Nauiyu (Daly River), a remote indigen-
ous community that benefits from a solar site incorpor-
ating lithium-ion batteries that were charged by more 
than 3000 solar panels. The project enabled 100% of the 
stored solar power to provide community daytime 
demand, allowing diesel generators to be switched off 
saving 400,000 l of fuel per annum (Lawford 2017). This 
suggests that electrical energy restoration through use 
of hydrogen coupled with solar PV resources would be 
an optimal approach compared to integration with 
diesel or natural gas. This is especially feasible since 
most of the remote communities distributed across 
the NT are within regions benefitting from an abun-
dance of solar resource.

1.2. Challenges of hydrogen supply in remote 
areas

The relatively high cost of fuel cells, reduced potential 
for inspection in remote areas, safety, and social 

challenges should be plausibly addressed before imple-
menting hydrogen for remote area power supply 
(RAPS) in the NT.

Despite hydrogen production from steam methane 
reformation (SMR) being the most cost-effective 
method in Australia overall (COAG Energy Council 
2019), it is unsuitable for remote application since it 
requires additional infrastructure including carbon- 
capture devices to reduce greenhouse emissions from 
methane, and investment in new large, remote-scale 
demand is a challenge given current high gas prices in 
Australia (Tibi, Lanagan, and Merchant 2020) (Bruce 
et al. 2018).

Initial investment in solar energy systems remains 
high when compared with gas and wind systems 
(Tiwari and Sahota 2017; Henckes et al. 2020) and 
commercial electrolysers remain under development 
(Saba et al. 2018; Schmidt et al. 2017). Photovoltaic 
technology provides reliable energy for producing 
hydrogen via electrolysis; however, only with the 
expected reduction in the cost of hydrogen and fuel 
cells, hydrogen-based RAPS using dedicated renew-
able energy inputs, such as solar, could be commer-
cially competitive with diesel equivalents before 2025 
(Bruce et al. 2018).

A regime for safe storage and use of hydrogen in 
RAPS must be introduced through a new set of stan-
dards and regulations, as well as a program of user- 
education covering the benefits of solar-hydrogen 
systems, and safe operating practices (Ali 2007; 
Aprea 2009). Existing gas pipelines are widely deemed 
to be capable of transferring hydrogen (Rajabipour 
and Melchers 2015, 2018; Dickinson et al. 2010; 
Dadfarnia et al. 2019): however, due to the inevitable 
difficulties in managing inspection and maintenance 
regimes in remote areas transportation of pure hydro-
gen in new or existing pipelines in remote areas can 
potentially raise issues regarding embrittlement or 
cracking, depending on operating pressure as well as 
material used. Otherwise, acceptable materials include 
austenitic stainless steels (e.g., Type 316), aluminium 
alloys, copper, and copper alloys (Leunis and Duprez 
2010). Safety concerns relating to leakage of hydrogen 
could be reduced by employing high-voltage direct 
current (HVDC) cables to transfer energy from point 
of generation to hydrogen use; however, the modelling 
undertaken by CSIRO (Bruce et al. 2018) suggests that 
construction of hydrogen pipelines is more cost- 
effective (within relatively short distances) than 
employing cables.

Considering the sporadic nature (low reliability) 
and high mineral content of surface water in remote 
areas of the NT, purification of groundwater is inevi-
table in the production of hydrogen. Distillation is 
seen as more feasible in this regard but would require 
careful management around plant security given the 
potential for abuse through alcohol production, which 
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is socially unacceptable in dry Indigenous commu-
nities (d’Abbs 2017; Carey and MacGregor 2019). 
There are also the issues regarding licencing of dis-
tillation systems in dry communities, and the energy 
required to operate them. This is especially important 
when considering that solar PVs would need to pro-
duce enough excess energy to power both the electro-
lyser and distillation system.

In the present feasibility study, two options for 
hydrogen energy provision in the NT’s remote areas 
are discussed: economic evaluation of the options and 
their feasibility are assessed. The options are devel-
oped within known problem boundaries: minimum 
maintenance, unreliable access during wet seasons 
and limited technical knowledge in communities.

2. Hydrogen system options for RAPS in 
Australia’s NT

By examining the literature relating to modular energy 
systems, there are three possible approaches that can 
be explored for hydrogen generation, including sys-
tems installed as modules on existing remote homes, 
standalone systems, or as small-scale installations. 
Based thereon, three configurations are evaluated 
here.

2.1. Approaches to hydrogen generation in NT 
remote areas

Overcrowding is a common issue affecting housing in 
remote areas (Bailie and Wayte 2006) and patterns of 
home-occupancy render installation of an in-house 
hydrogen generator unfeasible. Thus, the ideal solu-
tion might be to connect the system outside the house, 
either bolted to the wall or as a free-standing unit. 
Household hydrogen production kits could involve 
a modular electrolyser and fuel cell encased in 
a metal frame or enclosure that only needs to be 
connected to the on-site solar system and storage 
tank. There are concerns associated with the external 
mounting of hydrogen generators, such as the dangers 
of having stored hydrogen tanks near residents, and 
increased susceptibility to damage due to exposure to 
the weather, risk of vandalism, vehicle impact, etc.

Standalone hydrogen production units are another 
option for hydrogen provision in remote areas. These 
are designed for operating outside a house or groups 
of houses and to be self-contained with all necessary 
components and utilities in place for efficient installa-
tion and hydrogen production on-site. Nevertheless, 
these standalone systems are heavy (c. 15 t), especially 
considering the weight of both the container and its 
contents, therefore, cranes and other lifting equipment 
must be hired to position and instal these units. 
Additionally, the size of the container depends on 
the amount of hydrogen produced, potentially 

necessitating a sizeable footprint for its concrete foun-
dation. Furthermore, hydrogen storage would need to 
be installed on-site rather than prefabricated since this 
would be limited by available container volume and 
desire to prevent damage to the storage vessels within 
the unit.

Another option would be to design and manufac-
ture modular plantrooms for hydrogen production 
thus constructing a remote mini-hydrogen generation 
facility. A modular approach using prefabrication 
would enable production, assembly, testing, and pre- 
commissioning off-site then shipment as a package 
(Figure 1).

Such small hydrogen-production facilities would 
not be transportable as standalone systems, making 
choice of location of the system important. A possible 
way to minimise the use of pipelines is to design these 
facilities as hydrogen supply generators, whereby 
hydrogen cylinders can be filled, like LPG tanks, and 
delivered to each remote household which are 
equipped by fuel cells. This would not only mitigate 
the risk of pipeline embrittlement but generate poten-
tial employment opportunities for people in remote 
communities and minimise the potential risk asso-
ciated with people filling their own gas cylinders. The 
greatest dependence of this method is that on the large 
amount of energy and water required to operate these 
modular facilities. Advantageously, these systems can 
be designed to connect to existing remote solar sites 
that have been recently established under the NT 
Government’s energy strategy (Langworthy et al. 
2017).

2.2. System configuration for hydrogen supply in 
NT remote areas

Based on the systems discussed in Section 2.1, two 
configurations were evaluated, and their feasibility 
discussed herein.

2.2.1. Configuration 1 – Household-scale hydrogen 
systems
The first configuration involves supplying electrical 
power from the PV panel(s) directly to the household 
load, while only surplus solar energy in excess of 
instantaneous demand is used by the proton exchange 
membrane (PEM) electrolyser for hydrogen produc-
tion via a load splitter. Other essential components 
include a low-pressure storage tank for hydrogen gas, 
a PEM fuel cell, and a water supply (Figure 2).

There are several advantages and disadvantages to 
this configuration (Table 1).

2.2.2. Configuration 2 – Community-scale 
hydrogen systems
The premise of the second configuration is like that 
above but increased to a community-scale. A more 
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centralised system will be proposed whereby an indus-
trial-grade hydrogen generator unit, either newly con-
structed or purchased commercially, would be 
connected to an existing solar site to serve several 
households. This design is comparable to a hybrid 
micro-grid system (Figure 3).

The benefits and drawbacks of this configuration 
are listed in Table 2.

3. Cost estimation analysis

An econometric analysis was adopted from a cost assess-
ment report performed elsewhere (Hinkley et al. 2016) 

and a spreadsheet model used to determine the levelised 
cost of hydrogen (LCOH2) under several different hydro-
gen configurations (Section 2). The LCOH2 is calculated 
in AUD, and the cost assessment features gate prices, but 
will not consider additional compression or shipping 
costs. The analysis is based on a straightforward estima-
tion, in which the various system costs are evaluated and 
the sum is divided by the amount of hydrogen produced.

The initial capital cost is amortised over an 
assumed economic life of 25 years to approximate an 
annual repayment using the real weighted average cost 
of capital (WACC), assumed to be 6.4%. This value is 
the real WACC before tax and is suggested by an 

Figure 1. Layout of a micro-grid hydrogen production system for remote areas (Enapter 2019)- figure by courtesy of Enapter.

Figure 2. A schematic representation of a home-scale solar-hydrogen system.
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Australian power generation technology report 
(Constable and Bongers 2017). The cost parameters 
used in the levelised cost analysis are listed in Table 3.

The water required for hydrogen production can be 
considered to be a fixed cost; thus, the cost of water 
can be added to the per kg price of hydrogen; however, 
water supplied to remote Indigenous communities in 
the NT is subsidised by IES, where the projects were 
realised using local Indigenous staff, thus, the cost of 
water for hydrogen production was considered negli-
gible in this case.

Table 1. Advantages and disadvantages of a household-scale 
hydrogen system.

Advantages Disadvantages
● Simple, standalone configura-

tion. Water output as by- 
product can be reutilised for 
further fuel cell input via puri-
fication or other needs besides 
drinking.

● Would require an adequately 
purified supply of water for 
reliable hydrogen production.

● More energy efficient to have 
only surplus electrical power 
from the PV panel(s) to be fed 
into the electrolyser than hav-
ing all the available electrical 
power. This is because only 
a fraction of the total load is 
supplied by the electrolyser- 
storage-fuel cell system, which 
results in lower energy losses.

● High capital costs since most 
remote housing has an 
installed solar heater and not 
solar panels. Furthermore, the 
electrolyser would need to be 
sized for each household 
usage; however, electrolysers 
for these individual applica-
tions are highly uneconomical, 
even with subsidies.

● Minimises working hours of 
both electrolyser and fuel cell, 
thus extending their service 
life.

● This configuration involves 
storage of hydrogen close to 
the house, which can pose 
several dangers.

● The configuration can be 
designed as part of a design 
for manufacturing and assem-
bly (DfMA) household module.

● Households would only be 
able to make small quantities 
of hydrogen for use.

● Can be connected directly into 
intermittent power supply 
(renewables).

● Only a short-term solution.

● Quick on-site installation.

Figure 3. A schematic representation of a community-scale solar-hydrogen system.

Table 2. Advantages and disadvantages of a community-scale 
hydrogen system.

Advantages Disadvantages
● Exploits existing solar 

resources for remote areas in 
the NT, saving the need to 
build new solar resource 
infrastructure.

● Locations in which these sys-
tems can be installed are lim-
ited by existing solar 
infrastructure and ground-
water resources.

● Multiple commercial hydrogen 
generators can be intercon-
nected for greater production.

● Although inland electrolysis is 
possible, water availability is 
not equally distributed across 
the NT.

● It can power multiple house-
holds in a remote community.

● A project of this scale must be 
government-funded to be 
economically feasible.

● Can potentially displace the 
need for diesel generated 
power completely during solar 
downtime, where hydrogen 
can be used throughout the 
night. This also removes the 
need for bulk haulage of diesel 
fuel.

● New infrastructure must be 
constructed to support the 
integration of a hydrogen sys-
tem as well as a new regime 
and education for workers to 
ensure safe operation and 
maintenance of the system.

● Lithium-ion batteries used in 
solar farms can be replaced 
by hydrogen storage and fuel 
cells. These can mitigate some 
of the environmental impacts 
associated with recycling and 
lifespan.

● Highly purified feedwater must 
be used for reliable hydrogen 
generation otherwise, regular 
replacement and maintenance 
of the units would be needed.

● Can be connected directly into 
intermittent power supply 
(renewables).

● Larger OPEX costs due to sys-
tem-monitoring costs in 
remote areas.

● DfMA approaches can be used 
to manufacture self-contained 
hydrogen generating units and 
storage tanks.

● Length of pipelines to trans-
port and store hydrogen will 
be limited to short distances to 
prevent embrittlement.

● Less dangerous than 
Configuration 1 since gas is 
not stored in proximity to 
homes.

● Longer project completion 
time.

● Similar to Configuration 1, 
water (by-product) can be 
reutilised for water input effi-
ciency after necessary 
purification.
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The most important aspects affecting the cost 
assessment of each hydrogen-generating configuration 
are CAPEX and OPEX, especially in remote areas 
whereby feasibility is dependent on justifying the 
investment and organisation of these systems. These 
configurations are financially evaluated in Section 3.1.

3.1. Configuration 1 – Household-scale hydrogen 
systems

The scenario used in this configuration involves 
a remote four-person household with a 16-kW solar 
system within the Alice Springs region. The annual 
hydrogen production and annual electricity consump-
tion are the sums of hydrogen made (kg) and electri-
city generated (kWh), respectively, for both the dry 
and wet seasons (Table 4).

Furthermore, the hydrogen storage system is 
assumed to be under compression with a capacity of 
5 kg since the hydrogen produced will be used almost 
immediately during the night or for power on cloudy 
days. Both the electrolyser and fuel cell have also been 
roughly sized for the PV system, allowing a 5% decrease 
in power due to conversion losses (COAG Energy 
Council 2019). This configuration also requires that 
the PEM electrolyser can readily adapt to power fluc-
tuations in the PV system and that water is supplied 
from a tank that is filled regularly by the householder.

Since the electrolyser will only be in operation 
when there is surplus power being fed into it, its 
utilisation is moderate. Thus, the lifetime of the elec-
trolyser can be increased, and a stack replacement 
would not be needed, resulting in zero cost ascribed 
thereto (this also applies to the fuel cells). 
Additionally, if more hydrogen is produced than 
necessary, it can be directly consumed (e.g., for cook-
ing) or fed into the fuel cell (stored electricity). Also, 

unlike other components, the fuel cell only has 
a service life of 20 years; thus, within the 25-year 
assessment, the base capital was estimated to be 
120% of its original assigned capital. The future 
LCOH2 for the first configuration was estimated 
using the 2025–2030 values from Table 3. As shown 
in Table 5, the assessed cost for hydrogen per kg 
supplied to a single household was expected to signifi-
cantly decrease from the current 53.60 USD to 22.76 
USD (a decrease of 58%) within the next 5 to 10 years. 
The results for Configuration 1 are listed in Table 5.

In this configuration, the capacity of the hydrogen 
storage system was assumed to be 500 kg since it was 
designed to power a remote community of 100 house-
holds; hence, the capacity of the components are 
approximately 100 times those found in the first con-
figuration. The estimated 500-kg capacity was conser-
vative and assumed storage of excess hydrogen where 
more was produced than required due to the solar PV 
system having a higher capacity than required. It was 
assumed that only 60% of the total electricity gener-
ated annually from the 1000-kW PV system was used 
for hydrogen production (1.314 GWh). This was to 
ensure enough energy to power homes during the day 
using solar alone, whilst having enough excess energy 
to produce hydrogen for restorage. The 60% figure was 
also selected to prevent potential energy losses in the 
system.

It was also expected that 6 MWh of electricity was 
produced daily, totalling 2190 MWh annually: how-
ever, to account for possible losses due to seasonal 
effects, a further 5% conservative reduction was 
taken from 1314 MWh, resulting in only 1248 MWh 
of electricity generated from solar PV per annum, 
therefore, the total annual hydrogen production from 
a generator that demands 58 kWh/kgH2 is 
21,522.41 kgH2.

Table 3. Summary of cost data for the current (2015–2020) and future (2025–2030) years.

Item Units
Current $ 

(2015–2020)
Future $ 

(2025–2030) Reference(s)

PV module cost $/kW 800 390 (Hinkley et al. 2016, Horowitz et al. 2015, Walker 2017)
PV O&M % of installed capital 1.22 1.22 (Hinkley et al. 2016)
PV installation & indirect costs $/kW 1000–1400 380 (Hinkley et al. 2016) (Choice 2020)
PV lifetime Years 25 25 (Richardson 2019)
PEM electrolyser cost $/kW 2285 400–600 (Hinkley et al. 2016, Bonadio 2020)
PEM electrolyser instal cost % of capital 12 10 (Hinkley et al. 2016)
PEM electrolyser O&M cost % of installed capital 5 5 (Hinkley et al. 2016)
PEM fuel cell cost $/kW 902 738 (Bruce et al. 2018)
PEM fuel cell installation cost % of capital 10 10 (Bruce et al. 2018, Hinkley et al. 2016)
PEM fuel cell O&M costs % of installed capital 2 2 (Ali 2007, Körner et al. 2015)
H2 storage tank $/kg H2 1400 500 (Ali 2007)
H2 storage tank O&M costs % of installed capital 2 2 (Ali 2007)

Table 4. Four-person household (daily energy consumption, c. 22 kWh).

Solar system power (kW)

Dry season Wet season

Generated (kWh) H2 produced (kg) Days powered Generated (kWh) H2 produced (kg) Days powered

13 4157.4 83.1 126.0 2832.4 56.6 85.8
14 4669.9 93.4 141.5 3181.6 63.6 96.4
16 5695.0 113.9 172.6 3880.0 77.6 117.6
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Despite the electrolyser being sized appropriately 
for a large community PV system, it was assumed to be 
in operation throughout most of its lifetime (nearing 
100% utilisation), resulting in its stack lifetime 
decreasing much faster. Thus, periodic stack replace-
ment might be needed throughout its service as 
reflected in Table 5.

Like the future costs of the first configuration, the 
forecast LCOH2 for the community-scale hydrogen 
system decreased when considering the prices of com-
ponents in 2025–2030. The estimated cost for hydro-
gen per kg supplied to multiple households was found 
to be 14.41 USD down from 36.00 USD (a 60% 
decrease).

As shown, Configuration 2 provides the more eco-
nomical approach for solar-hydrogen hybrid systems 
in remote areas, with the added benefit of serving 
multiple households in a community rather than an 
individual home. In comparison, the LCOH2 of 

Configuration 2 is 32% to 37% cheaper than that of 
Configuration 1 in both current and future cases. 
Moreover, the figures for each of the configuration 
options represent the average costs. Although the 
initial maintenance costs used in the analysis are 
high for remote areas, by offering O&M training pro-
grams to local employees, it can empower them to 
learn and become involved with the transition to 
renewable energies. Using this approach allows 
remote NT communities to embrace the change 
from diesel to hydrogen, as well as further reducing 
future O&M costs. The cost of water was not consid-
ered in this case since purified groundwater would 
most likely be used in remote areas, allowing oppor-
tunities for communities to have better quality water 
as well as using it for hydrogen production. 
Distillation systems were not considered in the analy-
sis since the cost can vary depending on application, 
but these should be examined in future research.

Table 5. LCOH2 calculation: current and future (2025–2030) costs for Configuration 1.

Parameter Units

Solar PV Electrolyser Storage Fuel cell Final cost

Now Future Now Future Now Future Now Future Now Future

Capacity kW 16 16 15.2 15.2 - - 15.2 15.2
H2 capacity kg - - - - 5.0 5.0 - -
Specific cost $/kW 800 390 2,285 600 - - 902 738
Specific cost $/kg H2 - - - - 1,400 500 - -
Capital $ 12,800 6,240 34,732 9,120 7,000 2,500 13,710 11,218
Power demand kWh/kg H2 - - 50 50 - - - -
Economic life Years 25 25 25 25 25 25 20 20
Annual electricity kWh 6,894 6,894 - - - - - -
Annual H2 production kg H2 - - 191.5 191.5 - - - -
Base capital 

(25 years)
$ 12,800 6,240 34,732 9,120 7,000 2,500 16,452 13,461

Installation rate % of capital 113% 113% 12% 12% 10% 10% 10% 10%
Installation cost $ 14,464 7,051 4,167 1,094 700 250 1,645 /1346
Annual capital repayment $/year 2,214 1,079 3,159 829 625 223 1,469 1,202
O&M % of capex 1.22% 1.22% 5.00% 5.00% 2.00% 2.00% 2.00% 2.00%
O&M, annual cost $/year 332 162 1,944 510 154 55 361 296.14
Stack replacement Annual, $ - 0 0 - - - -
LCOH2 $/kg 13.30 6.48 26.66 7.00 4.07 1.45 9.57 7.83 53.60 22.76

Table 6. LCOH2 calculation: current and future (2025–2030) costs for Configuration 2.

Parameter Units

Solar PV Electrolyser Storage Fuel cell Final cost

Now Future Now Future Now Future Now Future Now Future

Capacity kW 1,000 1,000 950 950 - - 950 950
H2 capacity kg - - - - 500 500 - -
Specific cost $/kW 800 390 2,285 600 902 738
Specific cost $/kg H2 - - - - 1,400 500 - -
Capital $ 800,000 390,000 2,170,750 570,000 700,000 250,000 856,900 701,100
Power demand kWh/kg  

H2

- - 58 58 - - - -

Economic life Years 25 25 25 25 25 25 20 20
Annual electricity kWh 1,248,300 1,248,300 - - - - - -
Annual H2 production kg H2 - - 21,522 21,522 - - - -
Base capital 

(25 years)
$ 800,000 390,000 2,170,750 250,000 700,000 570,000 1,028,280 841,320

Installation rate % of 
capital

113% 113% 12% 12% 10% 10% 10% 10%

Installation cost $ 904,000 440,700 260,490 68,400 70,000 25,000 102,828 /84,132
Annual capital 

repayment
$/year 138,406 67,473 197,476 51,853 62,542 22,336 91,873 75,169

O&M % of 
capex

1.22% 1.22% 5.00% 5.00% 2.00% 2.00% 2.00% 2.00%

O&M, 
annual cost

$/year 20,788 10,134 121,562 31,920 15,400 5,500 22,626 18,509

Stack replacement Annual, $ - - 104,196 27,360 - - - -
LCOH2 $/kg 7.40 3.61 19.66 5.16 3.62 1.29 5.32 4.35 36.00 14.41
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Table 7. Summary of the feasibility study for hydrogen energy use in remote communities in the NT.
Factor Feasibility Reasoning

Economics Currently, moderate ● Hydrogen is currently not economically feasible due to the lack of a strong hydrogen 
industry in Australia (i.e., no economy of scale), thus, the CAPEX of common compo-
nents that were required in this study including electrolysers, hydrogen storage and 
fuel cells remain relatively high, especially in remote communities. Moreover, pricing 
remains uncertain for operation and maintenance of such systems.

● Other considerations such as water purification systems and the general OPEX to 
monitor community-driven solar-hydrogen setups also challenges the economic 
feasibility.

● Despite the present LCOH2 estimated for the two hydrogen configurations being 
relatively high, the forecast costs are comparable to the cost of electricity. It is 
expected that sometime after 2025, remote solar-hydrogen energy would be become 
more cost-effective than traditional solar-diesel applications.

● By utilising local staff and training programmes for staff to perform O&M on these 
hydrogen systems, overall costs can be reduced.

● Furthermore, new hydrogen consumers like transport (FCV bikes, pickups, etc.) and 
heating (for hygiene and cooking purposes), can be technologically and economically 
beneficial for future considerations of remote hydrogen energy.

Technological Moderate, and can be 
worked on

● Although a relatively new fuel, hydrogen already has several of its aspects including 
production, storage, distribution, and utilisation technologically ready.

● In terms of production, AE and PEM electrolysis are among the most established 
technologies suited to remote applications. SMR is also well developed but is non- 
renewable without the use of carbon capture and storage and would not suit use in 
remote areas. The NT already has high solar PV resources, combined with land 
availability.

● Regarding storage and distribution, compressed hydrogen is already used in electric 
vehicles and can be easily adjusted for static systems. Liquefication is also well 
established as another option but would not be suitable for remote communities. 
Tanks and pipelines would primarily be used for hydrogen, with pipelines having the 
dual benefit of transportation and storage.

● Concerning utilisation, hydrogen fuels cells are common technology that is already 
developed and highly efficient, where stationary FCs can generate electricity for remote 
homes. The waste heat generated from FCs can also be used (e.g., in home heating/ 
cooking systems).

Environmental High, using solar PVs ● Compared to existing energy supply generation in remote NT areas such as diesel and 
natural gas, the environmental impact is significantly lower.

● As an added benefit, the deployment of solar PV for remote communities can be 
incorporated with hydrogen to offset the reliance on diesel; however, to utilise 
hydrogen energy, a fuel cell is required to generate electricity. Despite having very low 
emissions during operation, a full lifecycle assessment is still necessary for the recycling 
and reclaiming of materials for hydrogen fuel cells.

● Additionally, if catalysts are employed to improve efficiency of electrolysis, they can be 
reclaimed at end-of-life; however, there are environmental impacts associated with the 
mining and manufacturing of the catalysts.

Hazards & safety Moderate, but requires 
several considerations

● Hydrogen embrittlement and diffusion are major concerns when dealing with the 
transportation and storage of hydrogen in pipelines or tanks. If pipelines are used, the 
length would be limited to prevent this behaviour. Thus, the location of the centralised 
hydrogen system would play a crucial role to mitigating these risks.

● The diffusion and embrittlement of metals can also lead into other potential hazards 
such as leakage, fire, and high pressures that are difficult to detect without continuous 
monitoring.

● If hydrogen generation is done within remote communities, proper training, operation 
and maintenance regimes would need to be organised for staff, as well as security for 
community-scale systems to ensure safety.

Hydrogen production based 
on energy consumption

Moderate, depends on the 
solar PV wattage

● Energy consumption in remote households are expected to be lower than in urban 
households. Excess solar energy generated from PVs that is not demanded instantly 
can be feasibly used for hydrogen production and restorage power.

● The minimum wattages of the solar system required to generate 1 kg of hydrogen per 
diem are 13 kW, 14 kW, and 16 kW for 1, 2, and 4-person households, respectively 
(these increase linearly as the number of people per household increases).

● It was also found that, as number of people per household increases, the amount of 
stored hydrogen decreases; hence, the ideal case would be to utilise hydrogen in four- 
person households (or smaller) to maintain sufficient energy for use and restorage.

Hydrogen production based 
on seasonal weather

Moderate, in specific 
regions of the NT

● The most feasible remote NT regions for hydrogen production based on seasonal 
climate were determined to be the central to southern zones, from Tennant Creek to 
Alice Springs. These areas were found to have favourable numbers of clear days for 
consistent hydrogen generation and storage during both wet and dry seasons, with no 
major cloud interruptions.

● Other areas within the region from Katherine to Darwin, were discovered to be more 
influenced by seasonal transitions and can reduce the reliability of hydrogen restorage 
capability, necessitating an external energy back-up.

(Continued)
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There remains potential for engineering optimisa-
tion to determine the demand for hydrogen and its 
storage: for example, costs can be reduced by sacrifi-
cing water quality at the expense of the electrolyser. 
Additionally, selecting communities that are not too 
distant from Darwin, such as Nauiyu (Daly River) and 
Gunbalanya (Oenpelli), may reduce expenses invol-
ving travel and cut-offs during the wet season for 
maintenance and supply.

Alternatively, the best-case scenario may be to 
replace electrodes: this is much cheaper and simpler 
compared to PEM. In terms of feasibility, the OPEX 
in most cases, is more important than the CAPEX. If 
a contractor is responsible for hydrogen systems in 
remote communities, a SCADA system would be 
necessary, with all the operating cost considering 
bandwidth allocation, telemetry, inputs, and data- 
storage requirements so entailed. The fact that 
remote communities already have limited bandwidth 
presents a difficult issue that would need to be con-
sidered with remote hydrogen energy systems. 

Furthermore, a community-driven solar-hydrogen 
system would require the community itself to man-
age their power. That power would also need to be 
monitored to ensure that it does not cause instability 
in the existing grid.

4. Conclusion

From the present study, it can be realised that the 
biggest concern hindering the feasibility of hydrogen 
generation in remote areas of the NT is economic 
(both in terms of CAPEX and OPEX). Given the 
current industry circumstances around hydrogen, 
and its novelty to remote community-application 
this raises numerous uncertainties which challenge 
the present viability of pilot solar-hydrogen energy 
systems in remote NT communities; however, consid-
ering the aspects discussed here, the concept of locally 
producing hydrogen via solar PVs and completely 
offsetting diesel use in remote communities was 

Table 7. (Continued).
Factor Feasibility Reasoning

Hydrogen production based 
on water availability

Moderate, requires highly 
purified water

● Although there is potential for hydrogen production in coastal regions using desali-
nated seawater, this may be unfeasible in remote areas due to cost, so hydrogen 
generation is limited to inland water resources. However, if water is transferred from 
one-run to recycling resources for RAPS with hydrogen technologies, this would 
become feasible.

● It was determined that groundwater purification would be the most viable method due 
to its abundance in such areas including the highly productive central fissured aquifers 
and the porous aquifers of the Great Artesian Basin: however, for electrolysis, the 
feedwater must be purified to a greater degree than drinking water. To achieve this, it 
was found that distillation combined with a reservoir for diluting groundwater using 
excess purified water in a loop would benefit the feasibility, benefit community health, 
and generate remote jobs.

Commercial products High, no economic 
sanctions in Australia

● Commercially available hydrogen products (generators, electrolysers, etc.) on the 
market are presently common, but would be very expensive for remote use. There 
are also no commercially available hydrogen generators on the market in Australia due 
to the absence of a local hydrogen industry. Furthermore, Australia has well- 
established and strong economic ties with advanced hydrogen technologies econo-
mies, including Japan, Denmark, Norway, and Germany. Solutions such as H2One 
(Toshiba) are already available on the market.

● The option for purchasing a commercially available hydrogen supply unit for remote 
communities was unfeasible due to high costs and uncertainties concerning mainte-
nance, repair, operation, transportation, and adaptability to place. Moreover, these 
commercial systems are of industrial grade, requiring large amounts of feedwater and 
energy for their effective use.

● Fortunately, the recent partnership between CSIRO and UBC can accelerate R & 
D projects and present potential commercial-grade hydrogen generators for the 
Australian market.

Prefabricated housing High, economies of scale ● High-volume equipment manufacturing can be used to reduce the cost of key compo-
nents and maintenance and minimise assembly times needed for water electrolysis in 
remote areas. The approach will also encourage economies of scale, which can help 
reduce the overall cost of systems, increasing their feasibility.

● Three options can be considered for remote areas: modules, standalone systems, and 
mini-scale hydrogen generation facilities.

● Modular hydrogen systems can be manufactured for existing individual homes. The 
most feasible methods rely on outdoor installation due to the lack of indoor space, or 
prefabricated hydrogen systems as part of a house extension.

● Standalone systems are prefabricated hydrogen generators manufactured in shipping 
containers. This method allows hydrogen to be produced for several households, 
offering transportability to, and integration with, existing solar PV sites. Most compo-
nents are fabricated off-site, leaving minimal on-site installation.

● Mini-scale hydrogen generation facilities use prefabrication to create modular facilities. 
This approach enables the production facility to be scalable to fit different remote 
community needs, and supplementary pipelines, a storage tank, and structures can also 
be built and assembled off-site.
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determined as a feasible future prospect. Table 6 com-
pars the energy systems studied in this research. 
Analysis considering excess energy, seasonal climate 
variability, and availability of water all support the 
practicality of the endeavour, including the two 
designs proposed in the cost assessment, where fore-
cast costs were found comparable to average electricity 
charges. Based on the assumptions and analyses dis-
cussed above, Table 7 summarises the feasibility of 
using hydrogen energy in remote communities in the 
NT.
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