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Vision

The NorLhem Territory's

vision is to be recognised
as a leader in Lhe world

transition to renewable

hydrogen (Hz).

The Territory's aspiration is to be an

international scale renewable hydrogen

technology research, production and

downstream manufacturing centre.

The opportunity

The Territory has embraced a target oF net

zero emissions by 2050 and hydrogen can

play a central role in ibs realisaLion.

There is an opportunity For the Territory

bo position itself at: the forefront of this

developing industry.

This Strategy articulates the potential

hydrogen opportunities, the Temtory's

competitive advantages and how Lhe

Territory can leverage these bo be a centre of

hydrogen technology research, production

and use in Australia.

Why the Territory

The Territory is well placed to achieve its

hydrogen vision.

- With significant: bracLs oF land with high

solar in-adiance, Lhe Territory is highly

suited bo large-scale solar renewable

hydrogen developments.

- The Territory's geographical proximity to

Asia, with the closest Australian capibal

city port: to key poLenbial export: markets in

China, Japan and Korea, the deep sea port:

at Darwin offers timely delivery and lower

transportation cosLs.

- An established world-scale energy

producdon and export industry

underscores the Territory's credentials as a

competitive location For private investment:

with demonstrated capacity to deliver

large-scale energy export projects.

- CommiLment Lo Facilitating and supporting

investment which delivers its neb-zero

emissions vision.

To this end, Lhe Territory has adopted an

adapLive strategy that is consistent: with

and is to be implemented in parallel wiLh

Australia's National Hydrogen Strategy.

National Hydrogen Strategy

National cooperation and coordination

will be required if Australia is to realise

hydrogen's full poLenLiaL

The Council of Australian Governments

(COAG) Energy Council's NaUonal
Hydrogen Strategy, published in

November 2019, has been developed

bo posiUon Ausb-alia as a major player in

global hydrogen by 2030.

The NaLional Hydrogen Strategy

emphasises Lhe broad spectrum of

pathways that could unfold For bhe
development: of a world-scale hydrogen

industry. The timing and scale of a

hydrogen industry is highly dependent
on the commercialisation of hydrogen

technology and international demand for

the commodity.

To Facilitate the development: of a

national hydrogen indusbry, hydrogen

hubs - clusters of large-scale demand -

have been IdenUFied as the caLalysb Lo

scale up Australia's domestic industry to

become a global compebibor



The
renewable

hydrogen
opportunity

As Lhe international
community searches

For innovative ways Lo
reduce greenhouse gas

emissions, demand For

reliable, Flexible and

zero emissions energy

solutions like hydrogen

are growing.

Hydrogen is currently used predominantly

as a chemical input for industrial processing

and manufacturing, buL has the potential Lo

be adapted to a wide variety of applications.

In parbicular, hydrogen has significant:

potential as a zero emissions energy store

and carrier

Hydrogen:

- can be produced with zero emissions;

- isenergy dense and can be sLored and

efficiently transported; and

- when converted Lo heaL energy

through combustion or Lo electriciLy

in a Fuel cell. does not produce any

greenhouse gas emissions.

Production

Hydrogen generally does not exist

naLurally in its pure Form so musL be

manufactured from compounds that

contain iL

Renewable hydrogen is produced by

elecLrolysis of water using electricity From

renewable energy sources such as solar.

The production of renewable hydrogen

results in no greenhouse emissions.

Transport and storage

Hydrogen can be transporLed as a gas in

pipelines; or cooled and compressed into a

liquid and stored in tanks and transporLed

by trucks, trains and ships.

Hydrogen can also be sLored and

U~ansporLed as ammonia (NH ) in liquid

Form under normal temperatures and

pressures. Hydrogen gas can be easily

converLed 1:0 liquid ammonia and back bo

hydrogen gas with relatively minor energy

loss.

Hydrogen's ability bo be shored and

transported makes it: an exportable

commodity, opening up opporbunities For

hydrogen produced in renewable

resource-rich tocabions such as the

Northern Territory Lo be traded

domesb'cally and inbemaUonally in large

quantities.

Existing and potential
applications

Current world demand For hydrogen in its

pure Form is about: 70 million tonnes per

annum (mbpa), mosdy for oil refining and

ammonia, mebhanol and steel production.

A susLainable waLer source is critical Lo Lhe

success oF a hydrogen industry
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Today, the vast majority of hydrogen is

produced from Fossil Fuels and results in

maLerial greenhouse gas emissions.

Displacing traditional (emissions

inLensive) hydrogen in refining and

chemical manuFacLuring with renewable

hydrogen represents just one of many

opportuniLies to reduce greenhouse

emissions through hydrogen.

Renewable hydrogen can also be used

in a variety oF other applications as

an energy carrier and can displace

greenhouse gas emitting Fuels such as

petrol and diesel.

Heating- Hydrogen can be used in a

similar way to natural gas For heaLing

homes, cooking and For large-scale

industrial heating applications.

Transport- Hydrogen can be used to

power fuel cells in elecLric vehicles. Due

to its high energy density, hydrogen may

be particularly suited Lo commercial and

long-haul transport: as hydrogen fuelled

vehicles are able to carry heavier loads

and travel longer distances than current:

battery powered electric vehicles.

Replacing a medium-sized diesel or

petrol powered car wiLh a renewable

hydrogen powered vehicle would

avoid 20 kilograms of carbon dioxide

equivalenL (C0,-e) emissions per

100 kilometres driven.

Stationary eiectnci'ty - Hydrogen

elecLriciLy generation Lechnologies

are capable of producing electricity on

demand to support the security and

reliabiliLy of electricity systems.

Storing renewable energy in the Form

oF hydrogen enables excess energy

generated From IntermitLent: renewable

sources Lo be captured and used at Umes

when Lhese sources are nol: available.

For every megawatL hour oF Australian

grid electricity displaced by renewable
hydrogen eleclncity generation,

750 kilograms of CC^-e emissions would

be avoided.

Hydrogen may be particularly suitable to

support renewable energy generation

in remote area power systems where it

could displace high cost: liquid Fuels such

as diesel.

Renewable hydrogen production and use

Large-scale and
household solar

power

Wafcer (Fresh,
desalinated or

recycled)

ft
LiqueFacdon

+

Electrolyser Storage of H^

Transportation
(pipes, road, rail)

A
Export
(Ships)

END USES

El/<a^
Power cars,

trucks, trains
(fuel cells)

Heating
(combustion)

Generate
electricity
(fuel cells)



Future demand

Due bo its early stage oF development:,

hydrogen currendy has relatively

high costs and lacks the supporting

infrasb-ucbjre of Fuels more widely used

such as natural gas, petrol and diesel.

However, hydrogen's pobenbial as a zero

greenhouse emissions energy earner

has abtracted signiFicanL internabional

atbenbion.

Signatories bo the 2015 Paris Climabe
Agreement: agreed bo undertake

ambitious efforts bo combat: climabe

change and commitbed to keep a global

temperature rise bo well below 2 degrees

Celsius above pre-industrial levels.

Many countries have already signalled

interest: in large-scale hydrogen

investment bo support their greenhouse

emissions reduction efforts. Some of

Australia's largest trading partners -

Japan, Korea and China - have committed

bo using hydrogen bo decarbonise bheir

energy systems. There is a growing

inbemaUonal consensus that: iargescate

and rapid deployment oF hydrogen

technology could emerge From 2030

onward.

In bhis context:, Future demand For

hydrogen will depend on inbemational

efforts 1:0 decarbonise, reductions in bhe

cost: oF hydrogen production and ancillary

technologies such as Fuel cells, and

development: of competing low

emissions-compatible bechnologies like

batteries.

Renewable energy costs conUnue bo

decline and bhe technologies are being

incorporated throughout: energy supply

chains. The decline in renewable energy

cosbs is improving the commercial

prospects For wide-scale adoption oF

renewable hydrogen as an energy carrier.

However, as an energy carrier, hydrogen is

competing with batteries and if there are

significant improvemenLs in the capabiliby

and cost of battery technology, near

universal adoption oF batteries For energy

storage could delay bhe potential for

wide-scale adoption oF hydrogen.

Demand projecbions for the National

Hydrogen Sb-ategy indicate that: global

demand For hydrogen could increase

rapidly after 2030 to as much as 300 mtpa

by 2050. However, under a low demand

scenario, demand growth would be more

subdued and increase only to about:

100 mbpa.

Global forecasted hydrogen demand (mtpa)
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Our context

Many countries lack bhe natural resources

(For example, solar and wind) to produce

renewable energy to a scale required to

support Lheir economies' transition Lo low

emissions.

These countries are looking internationally

For solutions to meet their energy needs

while fulfilling greenhouse gas emissions

reduction bargebs.

Hydrogen production is capital and

technology intensive, requiring signiFicant

invesbment: in inFrasLnjcbure For

producUon, storage and transportation.

Akhough hydrogen producLion is an

exisbing industry, bo supply the poLenUal

scale of Fut:ure demand and adapt: bo

Lhe emerging uses For hydrogen as a

Fuel, further largescale inFrasbrucbure

development will be required.

There is the potenbiat For hydrogen

production, export and adoption to

generate signiHcantjobs and investment

in Lhe Territory, much oF which could be

in regional areas. Further, in addition to

commodib/ exports, the development of a

renewable hydrogen indusbry could result:

in valuable opportunities For the Territory

bo export expertise and Lechnology.



The
Territory's

hydrogen
advantage

The Territory has signihcant

compeLibive advanbages
in the development of

renewable hydrogen hubs.
WiLh extensive renewable

energy resources,

enabling inFrastrucbjre/
and expertise developing
a world-scale energy

production and export
industry, the Territory
is well positioned to

capibaliseon emerging
hydrogen opporluniLies.

Supportive business
environment

The Territory Government: is committed

to atb-acUng privaLe investmenL Lo

esLablish and build local industries, and is

in active discussions with private sector

proponents to develop hydrogen projecLs

in Lhe Territory.

The Territory is seeking investment: and

collaboraLive partnerships Lo develop

projects that: align with this Hydrogen
Strategy.

Through its Market-Led Proposals

Policy, the Territory Government:

welcomes commercial proposals

inibiabed and submiLted by private or

non-govemmenb secbor proponents, Lo

deliver inFrastrucbure and/or services

that will provide Langible benefits to Lhe

community.

The Territory Government: also assists

large projects LhaL align with Lhe

Territory's long-term interests through

the awarding oF major project sLatus,

These projects benefit: from efhcient:

and consisLent govemment processes

through a central and single point: of

conLacL

Major project status also means Focussed

eFForL is provided bo support: proponenbs

through government: regulaLory approval

processes.

Energy expertise

The Territory's workforce has specialised

energy expertise, developed Lhrough Lhe

establishment: of Darwin as a world leading

energy production and export hub.

The Territory's two LNC plants, Darwin LNG

and lchthys LNG, together have nameplate

capacity to produce 12.6 mtpa and have

established the Territory as a worid-scale

energy producer.

Charles Darwin University, with campuses in

Darwin, Alice Springs and Kat:herine, is the

home of t:he Energy and Resources InsULute,

the North Ausb-alian Centre For Oil and Gas,

and Lhe Centre For Renewable Energy which

provide mulLidisdplinary research, training

and indusbry leadership.

The Territory is building momentum in the

renewable innovaUon space. The Desert

Knowledge Australia Solar Centre is the

largest: muld-technology solar demonsb-aLion

Fadlib/ in the southern hemisphere and

Lhe InLyalheme Centre For Future Energy

is enhancing renewable energy capability

by delivering co [la bo ra Live projects that
concepbjalise and validaLe Future grid

options (technologies, systems, networks,

commercial and market: parLnerships); being

a conduit: (fad liLa ting connections, providing

advice, linking projects and people); and,

sharing knowledge (community educaLion

and engagement, disseminaLing targeted

information to enhance renewable energy

capability).
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Enabling infrastructure

The Tembory has mulbi-user export:

jnFrastTucture suiLable bo provide a low

cost base to support large-scale hydrogen

export developmenLs.

Darwin's deep sea port is Five times the

size of Sydney Harbour and is strategically

located adjacent: to land zoned For

industrial development. This land is

already home to the Darwin LNG Plant

and bhe IchLhys Onshore LNG Processing

Facility.

The Middle Arm Industrial Precinct

has an extensive product: corridor

network for the transport of goods and

the transmission of utilities, gas and

Feedstock.

Darwin Port: and the Middle Arm

Industrial Precinct are located 15kms

from the Darwin CBD, making Lhem

easily accessible to supporting industry

and workforce. Proximity to a capital ciby

provides access to urban infrastructure

and services bhab are not available in other

remote port: locations, including to an

international airport.
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Proximity to export markets

Export markets will be key to development

of Australia's hydrogen indusby

To ensure that Australia is internationally

compeUUve, eFHdent hydrogen hrade routes

will be essential fco meeting inbemadonal

demand.

The Temton/ is physically situated in close

proximity to international export markets

and ofFers the shortest and quickest route

from Australia to potential hydrogen

markets throughout Asia.

Through its esLablishmentias a world-scale

energy production and export hub, Lhe

Territory has developed trade relationships

wiLh intemaLional neighbours with

commitmenb to develop hydrogen demand

including Japan, Korea and China.

"InLemaLional compeLiLion beLween Australian

hubs and hydrogen export terminals in oLhei
counLries is likely Lo lead Lo the

routes Lo markets in Asia and FurLher aheld.

arogen won<ing uroup



Abundant renewable

resources

For a renewable hydrogen industry bo

be economically susLainable, producers

must: have access to cheap, abundant and

reliable renewable energy resources.

The Territory has some of the best

renewable resources in the world with

high levels of solar in-adiance.

Further, the Territory's size provides

opporbjniUes bo develop large-scale

renewable energy generaUon projects.

There is already a high level oF interest: in

developing Lhe Territory's solar resources

for export.

The Territory Government has awarded

major project: status Lo the 10 GigawaLt

Sun Cable solar Farm and battery storage

facility proposed nearTennant: Creek in

the Barkly region. The Sun Cable project:

proposes to link the premium solar

resources of the Tembon/s Barkly region

through high voltage direct current cable

to Darwin and on to Singapore. Sun Cable is

an example of the innovative opportunities

that are emerging For solar energy export.



Large-scale project
capabilities

Hydrogen producLion, transport: and

storage inFrasfcmcburewill need bo be built

large enough to Fully capitalise on the
beneFiLs generated from scale economies.

The development of large-scale hydrogen

hubs, will be key bo bringing hydrogen
production cosLs down.

While the Territory already has significant

enabling inFrasb-ucture, hydrogen-specific

infrastructure requirements and potential

expansions of current capacity to meet

producdon needs may be required.

With a highly-skilled workforce, the

TemLory has demonstrated capacity

For large-scale FadliLy consLmction

and operation and has developed local

infrastrucbure and supporting supply

chains.
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The
Territory's

approach

To achieve its vision

Lo become a leading
producer oF renewable

hydrogen, the Territory
musL be pragmatic and
bake advantage oF the

available and emerging

opportunities, playing
Lo its strengths and

adapting its approach as
Lechnology and market:
conditions evolve.

The Territory acknowledges the

considerable cun-enL uncertainty around

the future of renewable hydrogen in

Lhe context of developments in other

competing renewable energy technologies.

The relative speed at which the competing

low emissions bechnologies develop will

directly affect: Lhe opportunities Lo be

realised From hydrogen.

There are different development: pathways

that could emerge, and building a new

industry demands vision, will bake Ume and

requires patience.

The Territory's compeULive advantages

lend themselves to developing renewable

In order bo create investor conFidence. the

more economic ports which have existing
hydrogen commiLments and sLralegies, or are

in Lhe process oF developing same, will need
Lo have clearly sLated investment: plans with

realisLic Lime Frames, and exhibit support: From
boLh local communities and Stale and Federal

GovemmenLs, so Lhat: ineFFicienL planning
barriers are minimised.
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hydrogen export hubs serving boLh

pobenUal demand from its Asian b-ading

partners and supporting ancillary

domesUc hydrogen use and downstream

manufacLuring.

Local industry leveraging of renewable

hydrogen production, in t:he early stages of

developing a new hydrogen industry, will

provide benefits forTemtorians through

employment opporbunibies and economic

diversiUcaUon. Hydrogen will also contribute

bo the Territory's own decarbonisabion

eFForbs, providing opportuniUes for industry

to switch to a more sustainable energy

source.

14
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Early opportunities For the adoption of

modesfc-scale renewable hydrogen in the

Territory could include ferdliser producLion,

long haul heavy vehicle transport, and in

stationary elecLridty production in remoLe

power systems.

The Territory's numerous remote isolaLed

communities and mining operations could

adopt hydrogen to provide supply reliability
in support of intenniLLent renewable energy

sources.

Hybrid solar and hydrogen powered

microgrids in isolated systems could reduce

costs and emissions by displacing expensive

and high emissions diesel-Fired electricity

generation. The expense of dieset-hred

generation in remote areas may incentivise

early adopLion oF hydrogen.

The Territory will be able to draw on

extensive experience In remote service

delivery to Fadlibate early trials of hydrogen
technologies in isolated systems.

Long haul and heavy vehicle transport

industries have not yet: experienced success

with electrification thab is reforming other

industry sectors. Hydrogen adoption may

oFFer a more accessible pathway For indusbry

efforts bo decarbonise.

Support: For the development of a Tembory

renewable hydrogen hub From. alt levels of

government will be essenLial to aLLracting

the needed InvesLmenL

However, the in-principle support: of

governments will not be enough to achieve

Lhe Territory's vision and a number of

actions are necessary Lo support invesLment

interest and confidence.

The Territory's adaptive strategy, consistent

wiLh the NaLional Hydrogen Strategy, is bo

assess and minimise barriers, develop local

indusLry capabilities and supply chains and

maximise opportunities to Facilitate the

development: of renewable hydrogen hubs.



A five point
hydrogen
plan

1 2
Local Industry Development Resource Management

To achieve bhe Territory's renewable

hydrogen vision the Territory will focus

on preparing local industry capabilities,

logistics and supply chains to Facilitate
the adoption oF renewable hydrogen,

Local industry adoption of hydrogen

and development of hydrogen-based

industries will provide opportunities

For the diversiHcation oF the Territory's

economy, generate job opportunities

and grow the population,

ACTIONS

To harness potential opportunities, the

Territory will investigate how to optimise

its resources and inFrasbructure bo

Facilitate hydrogen industry development.

Having a clear and comprehensive

understanding of how hydrogen can be

integrated into the Territory economy will

ensure that local industry at all stages

oF the supply chain are prepared For the

establishment of a new hydrogen industry

in the Territory.

ACTIONS
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3 4 5
Grow and Harness Demand Support Innovation Responsive Regulation

The Territory's proximity to Asia,

established trade partnerships and

demonstrated ability to deliver

world-scale energy export projects

position the Territory as an atbracbive

export hub. Although large-scale

hydrogen export is a longer term

aspiration, IF the Territory is bo Fully

capitalise on its competitive advantages,

early preparation and planning will be

essential. The Territory and industry

need to take action to grow and harness

demand for hydrogen to maximise

the local use and international export

potential For the resource,

As renewable hydrogen technologies

are continuously developing, new ways

oF researching, trialling and adapting

emerging technologies to the Territory

context will be essential to ensure that

the Territory remains at the Forefront: of

and optimises hydrogen opportunities.

The Territory will support innovation

and Facilitate expansion of local

knowledge and expertise in hydrogen,

ACTIONS

To achieve the Territory's renewable

hydrogen vision the Territory will Focus

on preparing local industry capabilities,

logistics and supply chains to facilitate
the take up of renewable hydrogen

producbion. Local industry uptake

of hydrogen and hydrogen related

products will provide opportunities for

the diversiNcaUon of the Territory's

economy, increase job opportunities for

Temtorians and grow the population.

ACTIONS

ACTIONS
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Community
engagement

Developing a new industry is critically

dependent on Lhe support and

engagement: of Lhe local communiLy.

TemLorians need bo be confident: in the

safety and sustainability of a local hydrogen

IndusLry, and be persuaded of the

significant: opporLunities which can come

From integraLing hydrogen-based energy

LhroughouL the economy.

The Territory will communicaLe industrry

developments and strategic plans, and

engage with local communiUes Lo

understand and address environmenLal,

safety and economic concerns through an

evidence based approach. The Territory

will continue to participate wiLh Lhe

Commonwealth and oLherjurisdictions

in the development: of the haLionat

communiLy education program to provide

clear and accessible information about

risks, beneHts and safe use.
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