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HySupply Partnership

Joint Feasibility Study of Renewable Hydrogen
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Current global energy trade

Largely an outcome of the availability of easily extracted low-cost fossil fuels

2=+ Germany a
world top 5
energy
importer

e - ¢ \.“
\y
Australia the
world’s third }

largest energy
exporter

B e
Y~ T —

Global energy imports by country (PWh/year)

—
— "-’_Ej — = — HySupply Project, GlobH2E, 2021 Cﬁ__ﬁ

—— Data source: IEA World Energy Balances



A mostly renewable world more self reliant

However, various countries still seem certain to require energy imports
... including Germany and some others in Europe, Japan, Korea

Potentially new renewables ‘electrostate’ exporters, likely some old ones

TWh/y

50k
Germany —

relatively
limited
renewable
resource c.f. ¢
" _consumption :

40k

flAustralia amongst

20k
the world’s best
high-class wind
and solar
resource 10k

"

- Global class 7 on-shore wind and tracking PV potential by country (TWh/year) 0 UNSW

vvvvvv




Trade relationships generally multi-faceted

Delivered price is key, but not the only consideration - existing trade
relationships, stability, demonstrated capability, geopolitical considerations....
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Germany a significant hydrogen market....
and equipment and services provider
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wmaﬂ = Until recently the German Energiewende

,,_}afﬁi"" ] ~ has mostly focused on the deployment of
mpestantie. e i

- power sector.. - renewable enery in the power sector.

= However, renewable energy only made up
: 15 % of Germany's final energy
gmrm@ﬁm E” consumption in 2020.
natural gas and coal.
) = Green molecules are needed to
defossilize the remaining 85 % of the
energy system.
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Forthcoming — State of Play report
and open-source value-chain models

Hydrogen Export Market to Germany

HySupply: Australia Germany Hydrogen Value Chain Feasibility Study
June 2021
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Green H2 production costs

Location matters

Cost reductions needed
* Renewables costs down, CF up
« Electrolysers costs down, efficiency up

« Improved integration
boP ;

h off-grid and NE

 Low cost (de-risked) finance
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Designing Optimal Integrated Electricity Supply Configurations
for Renewable Hydrogen Generation in Australia

Muhammad Haider Ali Khan®, Rahman Daiyan**, Zhaojun Han®, Martin Hablutzel", Nawshad Hagque®, Rose
Amal®, lain MacGill*?

# Particles and Catalysis Research Laboratory, School of Chemical Engineering, The University of New South Wales,
Sydney, NSW 2052, Australia

" Siemens Limited, Melbourne, VIC 3153, Australia

“CSIRO Energy, Private Bag 10, Clayton Victoria 3169, Australia

4 Collaboration on Energy and Environmental Markets, The University of New South Wales, Sydney, NSW 2052,

3000

10.0

2
13
<
e
8
£
o
2
w
-
s}
-
1]
Q
(]
2
a
Q
&]

-
@
<
o
5
@
a
g
a
o}
e
X

<
a

8
[}
=

P
>
&
=

Q

R
<

40 3 20 10 0
Levelized Cost of Solar PPA (A$ MWh'')

el
<<|ig 10
e =2
N &
3 < 8.4
9 &
e}
2 5
o 8 6.8
I 3
s 2
g L 52
& 6
ié 36
Z = '
x| ==
% | :
4 5 4
WACC (%)

-

(,-6% $v) uaboipAH jo 1500 pazijene

(,-6% $v) usboiphH Jo 109 pazijers



Also modelling Storage, Conversion and
Transportation Pathways  sme=g =0
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Shipping hydrogen

« Advantages for hydrogen
production near point of use

 Pipelines the lowest cost, albeit
less flexible, option for distances

up to thousands of km, subject to

route constraints

» However, shipping delivers 80%

of global trade, flexible, low
cost.... and needs clean fuels

Shipped tonnages and price ranges for some key commodities
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A growing number of export oriented / hydrogen and
hydrogen derivative projects 5

State of Play: The Case for an Australian
Hydrogen Export Market to Germany

Key
A

@ Green Hydrogen Projects

@ Natural gas/biomass based Hydrogen Projects
@ Coal based Hydrogen Projects
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Progress... on numerous fronts

;:;:’y“\‘;, Sustainable Business
Germany, Australia sign
hydrogen accord to boost lower-
emissions technology

Bertin, Germany, Apri

Germany and Australia on Sunday signed a bilateral alliance on hydrogen
production and trade to try to facilitate a renewable energy based hydrogen
supply chain between the two countries.

Economy Minister Peter Altmaier and Education and Research Minister Anja
Karliczek signed a letter of intent to set up a "Germany Australia Hydrogen
Accord" with Australian Energy and Emissions Reduction Minister Angus
Taylor, the German Economy Ministry said in a statement.

It s3id the cooperation was about enabling "the import of sustainably produced
hydrogen in relevant volumes, which is an important factor to reach our tighter
climate targets.”
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+Champagner der Energiewende*:
Australien konnte schon 2023 grofie
Mengen griinen Wasserstoff liefern

Der australische Industrielle Andrew Forrest will Milliarden
in die Produktion von griinem Wasserstoff investieren.

Nambhafte d he U k ko zu den ersten

Abnehmem gehoren.

s. Klaus Stratmann
»

Autonomer Bohrer in Christmas Creek, Australien

Das Unternehmen Fortascue ist Eigentimer von mehreren Zehntausend Quadratkilometer Land in Australien
oo Lid

| Australia, Singapore to accelerate hydrogen deployment in maritime sector

By Geo

IR VL List GmbH - Official Sponsors of H2 View's Mobility Content
Australia and Singapore will establish a AS30m (523m) partnership to accelerate the deployment of
hydrogen to reduce emissions in maritime and port operations, it has been revealed today (June 10).

The initiative will trial the use of clean hydrogen, clean ammonia and other hydrogen derivatives in

shipping and port operations and explore the potential for hydrogen demand from the maritime
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NEWS

German steelmaker gets government
backing for green hydrogen pilot in

Big 20MW electrolyser from Thyssenkrupp to be 'stepping-stone’
towards construction in 'Neom' of one of world's largest renewables-

sector.
Saudi Arabia future city
powered hydrogen plants
RELATED NEWS TS ———
Germany covers slmosthalf of ts 2020
power needs with renewables

Transition

Germany and Denmark to cooperate on
North and Baltic Sea energy islands

RWE on course to become leading green
hydrogen developer globally as it joins
NortH2

Germany has handed over a grant to steelmaker Thyssenkrupp's Uhde Chlorine
Engineers’ unit for the development of a prototype of a 20MW alkaline electrolyser
for the production of green hydrogen and ammonia in Saudi Arabia.

The grant is part of Germany's national hydrogen GREEN IS THE NEW
strategy that seeks to source green hydrogen from BLACK SUBSCRIBE TO
abroad given Germany's limited space for domestic ACCELERATE
hydrogen production from renewables.
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Out of a total of €9bn (S11bn) earmarked by Berlin for




much much more to be done

Questions, comments, suggestions all welcome

lain MacGill - i.macgill@unsw.edu.au ~
Rahman Daiyan - r.daiyan@unsw.edu.au GlobH2E

With particular thanks to co-leads Profs Rose Amal, Kondo-Francois Aguey-Zinsou and Sami Kara

and the research, modelling and data analytics team of Muhammad Haidér Ali Khan, Charles Johnston,
Phoebe Heywood and Aaron Kuswara
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