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Tonight's Theme
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Fig. 1 The spectral colors of hydrogen based on the production method (modified from Renewable Energy Agency, 2020).°

% of global hydrogen production (16% by-product, not shown ) — International Energy Agency. Global Hydrogen Review
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Some key numbers
How much electricity ~50 kWh/kg
How much water ~ 9 litres/kg

Fossil gas hydrogen ~$4/kg (ditto)
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tonnes annually, by 2050.

How much? ~ $5-9/kg (National H2 Strategy 2024)

Typical green hydrogen plant size ~300,000 tonnes per annum
Australia will target producing at least 15 million tonnes of
hydrogen annually, with a stretch potential of 30 million
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Source: the Royal Academy of Engineering.
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Speakers and Slido
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Lalit Dogra Director - Hydrogen
Energies Transition Strategies Division - JTSI

A copy of this presentation without notes will be available post event on the SE
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Acknowledgement of Country

The Western Australian Government acknowledges the Traditional
Custodians throughout Western and South Australia and their continuing
connection to the land, waters and community. We pay our respects to all
members of Aboriginal and Torres Strait Islander communities and their
cultures; and to Elders past, present and emerging.
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Western Australia’s Renewable Hydrogen Opportunity

Targeted sector-specific diversification opportunities

FUture State Renewable Critical minerals IS LNG High-value food

g hydrogen technology decommissioning and beverage
Accelerating Diversify WA Advanc_ed Develop and Develop and Manufacture and
Produce and scale processing - -
commercialise commercialise export
Space and
Medical products Regional tourism
e R and digital health c or destinations
; Construct and technologies
- L Manufacture and . Develop and
maintain Manufacture, utilise

commercialise maintain

and maintain
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Vision:

WA will be a significant producer, exporter and user of
renewable hydrogen

Mission:
Develop industry and markets for domestic use and

Renewable @ export

Hydrogen Decarbonise local and global markets
Strategy

Increase diversification of the State’s economy
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WA's Hydrogen Hub
Developments

Pilbara Hydrogen Hub - $140 million
S70 million (matched with C'wealth)

Mid West Hydrogen Hub - S60 million

Kwinana Hydrogen Hub
S70 million (C'wealth)

TrHyHub study

Ord Hydrogen Feasibility Study o
Pacific Hydro Australia

Developments

East Kimberley
Hydrogen Initiatives

Australian Renewable Energy Hub i
Various proponents

BP, InterContinental Energy,
CWP Global, Macquarie Capital

and Macquarie's Green
Hyer Penetration
Investment Group Ene ¥ elopments (®)
Limited

POSCO Australia Green
Hydrogen (P-AGH Project o o

Yuri Renewable Hydrogen

to Ammeonia Project
ENGIE / Yara Pilbara Fertiliser Pilbara Hybrid PV-Battery-Hydrogen System for Microgrids
— Hydrogen  Murdoch University
Hub

Uaroo Renewable Energy Hub
Fortescue Future Industries

o

Christmas Creek Renewable Hydrogen Mobility Project
Fortescue Future Industries

Compressed Hydrogen
Export Project
Provaris Energy

Carnarvon Energy
I\ o Capricorn Clean Energy Investments

00 HyEnergy Project
Province Resources
o Denham Hydrogen Microgrid Demonstration Project

Horizon Power
. Preparing the Dampier to Bunbury

[ © ] Natural Gas Pipeline for Hydrogen
o ~ Dampier Bunbury Pipeline
Murchison Hydrogen Renewables Project
Murchison Hydrogen Renewables

Mid West Project Haber
Hydrogen Hub Strike Energy
—— Arrowsmith Hydrogen Project
Infinite Green Energy

Western Green Energy Hub
InterContinental Energy, CWP Global,
Mirning Green Energy Limited

o MEG-HP1 Project o

Infinite Green Energy

Parmelia Green Hydrogen Project
o APA Group, Wesfarmers

Kwinama— __ .
Hydrogen Hub South East Western Australia
Green Hydrogen Hub

Fortescue Future Industries

00

Feasibility of Renewable Hydrogen to
Decarbonise the Esperance Region
Haorizon Power
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Western Australian Government
2024-2025 Budget

S1.8 billion commitment in the Western
Australian Government 2024-2025 budget
to diversify and decarbonise our economy

S500 million Strategic Industries Fund

L

A further $S500 million to upgrade the State’s main
electricity grid and construct common user electricity
network infrastructure in the Pilbara

S44.3 million to continue our approvals reform and
slash red tape by establishing cross-government teams
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Federal Government’s Support

In the 2024-2025 Budget

S6.7 billion Hydrogen Production Tax

Incentive of $2 per kilogram

Encouraging the production of renewable
hydrogen over the next decade

S2 billion investment in a new round of the
successful Hydrogen Headstart program

Providing long-term certainty for the nascent
industry, which will be critical for green iron
and steel opportunities
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Western
Australia’s
Green lron
Opportunity
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Hydrogen Fuelled
Transport

Hydrogen Fuelled Transport Program
$10 million contribution

Christmas Creek Mobility Project
$2 million contribution

Hydrogen Highways Business Case
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For further details please visit our website www.wa.gov.au
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http://www.wa.gov.au/
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Kelsey Cross Technology Development Manager,
Fortescue Hydrogen Systems

These slides are only for use for the presentation tonight and not for publlcatlon or
sharing outside of the purpose of the presentation |
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Max van Someren - Renewable energy
techno-economics expert Net Zero Network

A copy of this presentation without notes will be available post event on the SEN Websi
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Cost of Emissions
electricity

4 107

100 MW Gas Power Plant

S160m

100% utilised

25 year life

Gas price: $10/ GJ

$/ MWh tCO,e/ MWh
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Cost of Emissions
electricity

100 MW Solar PV Farm

S96m

21% utilised > < 107

25 year life

$/ MWh tC0,e/ MWh




Cost of Emissions
electricity

100 MW Solar PV Farm

S96m

21% utilised > « 10
4

25 year life

$/ MWh tCO,e/ MWh




Cost of Emissions
electricity
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100 MW Wind Farm

S208m

43% utilised

25 year life

$/ MWh tCO,e/ MWh
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$/ MWh tCO,e/ MWh




150 MWh Battery

S75m

12 year life

Cost of
electricity

<

S/ MWh

115

Emissions

tCO,e/ MWh
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Emissions
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Cost of Emissions
electricity

150 MW Electrolyser

$120m e e b

24% utilised

25 year life

$/ MWh tCO,e/ MWh
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electricity

150 MW Electrolyser

4 99
24% utilised

25 year life

$/ MWh tCO,e/ MWh
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electricity
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S/ MWh tCO,e/ MWh S/kg
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Cost of Emissions Cost of H,
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S/ MWh tCO,e/ MWh S/kg




Equivalent of
$1000/tonne very low
sulfur fuel oil

Equivalent of $10/ GJ
natural gas

Cost of H,

4 5.10
> 4 2.00
> 4 1.20

S/kg
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Hydrogen Ladder 5.0

Key: [No real altemative] Electricity/batteries [Biomass/biogas][Other]

Unavoidable

-_—

.-“ [Fer'tilis’er] [HydrogenationJ [Methanol] [Hydro‘cracking‘] [D‘esulphuﬁ'sation]

- [ Shipping* | [ Jet Aviation** | | Chemical Feedstock | Steel | Long Duration Grid Balancing |

- \ [Coastal and river vessels ] [Non—Road Mobile Machinery ] [Vintage and Muscle Cars** ] [Biogas Upgrading]

\ Long Distance Trucks and Coaches  High-Temperature Industrial Heat

Nl \ Regional Trucks Commercial Heating*™**  Island Grids ~ Short Duration Grid Balancing

\ =
‘-‘ Light Aviation Remote and Rural Trains Local Ferries  Light trucks  Bulk Power Imports  UPS

- Metro Trains and Buses  Urban Delivery and Taxis 2 and 3-Wheelers Cars Bulk e-Fuels .
L , . = € — 4 Equivalent of
- - Mid/Low-Temperature Industrial Heat Domestic Heating Power Generation Using Non-Stored Hydrogen

$1000/tonne very low

-
ags .
U n CO m pet|t|ve Source: Michael Liebreich/Liebreich Associates, Clean Hydrogen Ladder, S u Ifu r fu e I Ol I
*As ammonia or methanol **As e-fuel or PBTL ***As hybrid system Version 5.0, 2023.Concept credit: Adrian Hiel, Energy Cities. CC-BY 4.0

Equivalent of $10/ GJ
natural gas




Hydrogen Ladder 5.0

Unavoi disbilis Key: _ Electricity/batteries [Biomass/biogas][Other]
na D e e

[Shlpplng ] [Jet Avnat:on**] [Chemlcal Feedstock] Steel [Long Duration Grid Balancmg]
[Coastal and river vessels ] [Non-Road Mobile Machinery ] [Vuntage and Muscle Cars** ] [Blogas Upgradlng]

Long Distance Trucks and Coaches  High-Temperature Industrial Heat

Short Duration Grid Balancing

ok \ Regional Trucks Commercial Heating***  Island Grids
Remote and Rural Trains Local Ferries  Light trucks  Bulk Power Imports ~ UPS
2 and 3-Wheelers

Light Aviation
Cars Bulk e-Fuels

Urban Delivery and Taxis

‘ Metro Trains and Buses
Mid/Low-Temperature Industrial Heat Domestic Heating Power Generation Using Non-Stored Hydrogen
Source: Michael Liebreich/Liebreich Associa(es, Clean Hz‘qrogen Ladder,

Versic;n 5.0, 2023.Concept credit: Adrian Hiel, Energy Cities. CC-BY 4.0

Uncompetitive

*As ammonia or methanol **As e-fuel or PBTL ***As hybrid system
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net zero N
network blVlOS

www.netzeronetwork.org max.vansomeren@bivios.com
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Audience Q&A
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367 GW
Installed
capacity

49,600 km?

e b

67 GW
Installed
capacity
9,000 km?

AC/DC conversion (95%)

Electrolysis (75%)

Storage (90%)

Transmission

(85%)

Boilers
(90%)

Waste
heat

£33
Green

Hydrogen
Route

UK Housing
stock

UK Housing
stock
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