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Workshop context

Numerous stakeholders — governments, utilities, researchers, donors - investigating
opportunities for renewable hydrogen to assist the Pacific Island Countries and
Territories achieve their ambitious clean energy and climate goals

And a recent regional
call for action

FIFTH PACIFIC REGIONAL ENERGY AND TRANSPORT MINISTERS’ MEETING

Warwick Hotel, Port Vila, Vanuatu, 08 — 12 May 2023

“Accelerating decarbonisation in the Blue Pacific”.

EFATE OUTCOME STATEMENT

Port Vila, Vanuatu, 11-12 May 2023

Energy Official Resolution - Fuelling the Pacific Through Green Hydrogen

Energy Officials:

» Called for a dramatic deepening of decarbonisation efforts in PICTS through the recognition of
potential contribution of green hydrogen and its derivatives;

» Recommend to further examine the potential role of green hydrogen in the region and expected
timeframe with a view to developing a Pacific regional green hydrogen strategy.
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Introductory remarks

Dr Kelly Strzepek
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Introductory remarks

Mr Peceli Nakavulevu
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Introductory remarks

Mr Gordon Chang
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Introductory remarks

Dr Atul Raturi
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Introductory remarks

Dr Rahman Daiyan and Dr lain MacGilll

Collaboration on Energy and
Environmental Markets
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Todays
agenda
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RENEWABLE HYDROGEN FOR ENERGY TRANSITION FOR THE PACIFIC ISLANDS

SOUTHERN CROSS HOTEL, Suva, Fiji 5-8th September 2023
Day 3 Agenda: Renewable Hydrogen for the Pacific Islands

Collaboration on Energy and
Environmental Markets

Australian Government

Start Time | Finish Time |Topic Chair
8.30am 9.15am |Registrations
9.15am 9.35am  |Welcome, introductions, stakeholder perspectives on hydrogen for the region lain MacGill
Fijian Department of Energy
Dr Kelly Strzepek - Australian Government Department of Climate Change,
Energy, the Environment and Water (DCCEEW)
Ms Florence Ventura - Pacific Community (SPC)
Mr Peceli Nakavulevu - International Renewable Energy Agency (IRENA)
Mr Gordon Chang - Pacific Power Association (PPA)
Dr Atul Raturi - University of the South Pacific (USP)
Dr lain MacGill and Dr Rahman Daiyan - UNSW Sydney
9.35am 9.45am DrIalnAMacGlll —eﬁtakfllshlnga hydrogen strategy for the Pacific Island
Countries and Territories
9.45am 1lam Dr Daiyan Rahman - Masterclass into Hydrogen and Derivatives
11:00 11:30 Morning Tea
Regional perspectives Atul Ratui
11:30am 11.45am Mr Pece.h Na.kavulevu.— International Renewable Energy Agency; IRENA work
and projects in the region
11:45am | 12 midday |Ms Florence Ventura - Pacific Community (SPC) perspectives
12 midday | 12.15pm Dr Ali Mohammadi - Engineering and Physics - University of the South Pacific;
hydrogen based research at USP
Dr Rahman Daiyan - other hydroge project proposals for the region
12.15pm 12.35pm (lain MacGill and Shayan Naderi - Renewable energy potential for hydrogen
production in the region
12.35pm 1pm Re.gl.obnal challenges and oppor.t'l,.mltles - perspectives from Governments and
Utilities (Vanuatu, Solomons, Fiji), other stakeholders
13:00 14:00 Lunch
. . lain MacGill and
Early progress on roadmapping, possible ways forward .
Rahman Daiyan
2pm 2.30pm Dr R.ah.man Dfany?n - Early progress on a regional hydrogen roadmap - some
preliminary findings, and possible ways forward
Stakeholder reflections on key issues for roadmap development including from
2.30pm 3pm project partners; Fiji, Vanuatu, Solomon Islands - government, utilities,
regulators, industry
3pm 3.10pm |Thanks, workshop close

Workshop ends

Department of Climate Change, Energy,
the Environment and Water



Establishing a hydrogen
strategy for the pacific island
countries and territories

GlobH2E

Collaboration on Energy and
Environmental Markets
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Huge transfers from
consumers to producers:

Qil has been expensive before, but there is no
precedent for the import bills for natural gas in 2022.

Three global energy
crises to navigate

World Energy
Outlook

2022

« Recent inprecedented
gas + coal prices, high +
volatile oil prices

 Enormous wealth
transfers, adverse
Impacts on societal
progress in developing + O
emerging economies, L -
recession risks in SN
Industrialised nations T .

« Growing climate change
Impacts, inadequate
efforts to date avoid
dangerous warming

Emissions have to
come down

Policy and technology changes since
the Paris Agreement in 2015 have
reduced the projected temperature rise,
but there’s still a long way to go to cap
global warming at 1.5 °C. EB(EReR),

A shock to the system

Russia’s invasion of Ukraine has led to a period
of extraordinary turbulence in energy markets,
especially for natural gas.

urasia
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General agreement on desirable global

energy pathways but also uncertainties

Electrification of
current non-energy
sectors

Greatly expanded,
mostly renewables

electricity sectors

Key uncertainties —
what role for fossil
fuels, biomass,
hydrogen

2020

4]. 7 EJ Total final energy consumption

TFEC (%)

WORLD
ENERGY
TRANSITIONS
: ¢ G202 Traditional uses
of biomass

1.5°C PATHWAY

I

20%
66% Electricity
Fossil fuels (direct)

28%

Renewable share in electricity

2050: Where we need to be (1.5°C Scenario)

—
353 EJ Total final energy consumption

Renewable share

in hydrogen
94y
14«
Hydrogen
16% (direct use 7%
Modern biomass uses and e-fuels)* Others

Fossil fuels

514

Electricity
12% (direct)

91«

Renewable share in electricity



What role can hydrogen play, or perhaps must play
In achieving our clean energy an climate goals?

Globally?
Regionally?

Jurisdictionally?
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Hydrogen can do just about everything ....
but what does It do better than other options?

Hydrogen: The Energy Swiss Army Knife
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Where are on the renewable h2 hype cycle?

The Climate Tech Hype Cycle ...back in 2020

Alternative meat Vehicle-to-grid

Green hydrogen

EV/FCEV trucks

' Fleet electrification
Regenerative ag

Direct air capture Onshore wind

Utility-scale solar

Plastic alternatives Transactive energy

Decarbonized cement

Li-ion batteries Energy efficiency

Electric aviation

Expectations

Community solar

Long-duration batteries : :
Recycling/circular economy

Light-duty EVs

Micromobility

Carbon-to-value

Carbon markets

Point-source carbon capture Vi \ l
. . irtual power plants
Decarbonized steel P P

Energy blockchain

Innovation Feak ol Trough of Slope of Plateau of .
: Inflated - e : i
Trigger disillusionment enlightenment productivity

Expectations

ﬂ USYDNIW

T| me Source: Shayle Kann, Energy Impact Partners LLC



Where are we on the renewable h2 hype cycle?

Go gleTrends Home  Explore  Trending now
+ Compare

® renewable hydrogen

Search term

2004 - present ¥ All categories ¥ Web Search ¥

v

Worldwide

Interest over time @

1 Apr 2021

1Jul 2015

Notg

1 Oct 2009

1 Jan 2004
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Where are we on the hype cycle? Fiji

Go gIeTrends Home Explore Trending now
® hydrogen
Search term + Compare
Fiji v Past 5 years ¥ All categories ¥ Web Search v

[«
H

Interest over time @
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Growing global interest in major hydrogen and derivative
projects.... although only limited progress to date

<
®
[ ]
® 221 large-scale 133 transport 74 integrated ® 51 infrastructure 43 giga-scale
industrial usage H,economy projects production
Refinery, ammonia,

Trains, ships, trucks, Cross-industry and H2 distribution,

methanol, steel and cars and other hydrogen  projects with different transportation, conversion
industry feedstock mobility applications types of end uses and storage
e

Renewable H projects
>1GW and low-carbon
H2 projects > 200 ktpa
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Q: What role for hydrogen?

A: Assist in sectors which are otherwise hard to decarbonize
Next Q: Is it h2 or an h2 derivative that we really need?
Next A: It depends (intended use, other factors)

New and
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Why the different colors — what will sellers want to
sell, buyers want to buy?

Naturally ocurring Coal gasification

From fossil fuels

Nuclear power ‘ | HYDROGEN
HZ

Hydrolysis with
renewable power

Natural gas with
carbon capture



Renewable hydrogen — energy [HaEshEhcins i
and climate hero ... or villain? CLIMATE HORROR

Clean energy Add water

generation This energy is fed
T and i into the electrolyser - l
used to generate clean Wisiwater

renewable energy

Y

Green hydrogen
o production

The electrolyser splits the
water molecules to create
hydrogen and oxygen

(5) (4)

fy S g

= e he hyd hype: Gas ind fai
Once stored, the gas can be The hydrogen gas T e y rogen ype° as In UStry alry
transported to anywhere in the is compressed

world for domestic or industrial use and stored

tale or climate horror story?

# Home /Renewables / Renewable Hydrogen: Driver of Green Revolution in Europe?

Renewable Hydrogen: Driver of Green

. .
Revolution in Europe?
o Rona Rita David August 11, 2021  Last Updated: August 11, 2021 #4338 W12 minutes read




Will we import it or make our own?

Current global energy trade largely an outcome of the availablility of easily
extracted low-cost fossil | ﬁ,lsr—:?_

=

o N *-.,‘
Australia the ’i\fib
world’s third

largest energy
exporter

Global energy imports by country (PWh/year) T

|

————= Data source: IEA World Energy Balances

_1:____: q:___i_._i_,__’gr__’—_x HySupply Project, GlobH2E, 2021 £ .




A mostly renewable world more self reliant

... however, some countries/regions still likely to require energy imports
Including Germany and some others in Europe, Japan, Korea

Potentially new renewables ‘electrostate’ exporters, likely some old ones
What of the pacific? A buyer, self reliant, self reliant and a seller

TWh/y

50k

40k

~E

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

{ Australia amongst
the world’s best
high-class wind

and solar resource

20k

10k

0




Many challenging questions for the pacific
region, and its numerous jurisdictions
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Masterclass on
Hydrogen and
Derivatives

Dr. Rahman Daiyan

Scientia Senior Lecturer and ARC DECRA Fellow,

School of Minerals and Energy Resources,

Deputy-lead NSW Powerfuels including Hydrogen Network, NSW Decarbonisation
Innovation Hub

r.daiyan@unsw.edu.au

GI@bH2E

7" of September 2023| Hydrogen for the Pacific Islands okt b Hykogen Econerry.



Agenda

* Module 1: Introduction to Hydrogen
 Module 2: Green Hydrogen Production Pathways

« Module 3: Opportunities Challenges of Storage,
Transportation and Uses of Pure Hydrogen

 Module 4: Hydrogen Derivatives: Power to X
¢« Q&A




Module 1: Introducing Hydrogen
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Pathways towards Net-Zero
Annual Cumulative, 2020-70

- 0 —_— i
i o ] ) ) ]
@)
®)
M -10 = Energy
. efficiency*
-20
= Electrification,
CCUS, bioenergy,
-30 hydrogen
-40
2019 2030 2040 2050 2060 2070
» Avoided demand Technology performance Electrification ® Hydrogen
® Bioenergy = Other renewables u Other fuel shifts CCUS

Electrification, bioenergy and hydrogen (and derivative) will play a key role in attaining Net-Zero
(source IEA)




Hydrogen and Climate Change

* Hydrogen can therefore tackle climate
change if:

* |t is used in place of fossil fuels as an energy
source (for example, as an energy carrier of
renewable electricity)

* |t is produced through methods that do not
release CO,

* Using hydrogen produced from fossil fuels
does not assist in mitigating CO, emissions

* How do we know that it is produced cleanly?




Hydrogen and Climate Change

* If green hydrogen replaces the use of fossil
fuels as an energy source, less CO, is
emitted, assisting in tackling climate change

* In order to tackle climate change on a global
scale, several key changes must occur:

* Large-scale and economically-viable green
hydrogen production

* Coordination of supply and value chains

* Introduction of safety standards and societal
acceptance

* These changes are heavily influenced
through government policy

Global hydrogen project pipeline
expected to exceed $300 billion by 2030

A new report from the Hydrogen Council has estimated that the current hydrogen
project pipeline, if realized, would exceed investments of $300 billion by 2030. The
report comes amid an acceleration in hydrogen project announcements worldwide
and great expectation of hydrogen’s potential in the energy transition.

FEBRUARY 18, 2021 BLAKE MATICH

o
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. o NG P
P 2 )
e 9 O ’ e
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® ©
[ ]
Projects per region:
126 Europe .. s
w2
24 Ocesnin %’ @
19 Norn Amaerica
8 MddieEastand Aica @
Latin Amenca
5 2283nnounced projects
. 17 ®90 53 045 @23
= Large-scale industrial Transport: ¥ains, ships integrated H; economy: Infrastructure projects:

o .'HP"Q m"' usage: refinary, ammona, trucks, cars and other croas-industry, and H, gstribution
:GW and ’O\Qm'bof! H power, mathanol, steel, hydrogen maobility projects with diffarant transportation,
projects o s and industry feedstock asppfications types of and-uses conversion, and storpge

*>200ktpa



Global Support for Hydrogen

ijrsol:j)et?r:ed hydrogen investment through 2030 I N te r est Tr an S I atl N g to M ar ket
Activation

262
. — 228 Projects Announced
application
. — U$300 Billion combined
~80bn ‘mature’ investment Investment until 2030 ( = 1.4% of global
A~ energy funding)
Production

— U%$80 Billion mature investments

Announced Planning Realized
Projects in press announcements Projects that are at the feasibility Projects where a final investment
or preliminary study stage. Also study or front-end engineering decision (FID) has been taken,
includes required investment to and design stage

reach national targets and
government funding pledges

z;gﬁ;i‘;?osr:;udd;?]?operational I U$7O B I I | I O n In Long Term
Government Funding Committed
Source: McKinsey & Company and Hydrogen Council, “Hydrogen Insights”, 2021




Where Hydrogen Comes to the Picture?

Fuel cells

e Ch &
Road

Trucks Small
transpaort ships

Emerging P2X
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Module 2: Hydrogen




Hydrogen Production Classification

* In brief, hydrogen is classified based on its method of
producion:

« Green H, is generated through electrolysis powered by
renewabfe electricity

» Blue H, is generated via fossil fuels but with CO, emissions BLUE .£
captured o . . BLACK®.
« Grey H, is generated via fossil fuels with no emissions *-GREEN
captured GREY &
 Black H, is made using coal
- Brown H, is made using brown coal (or lignite) BROWN
. | and solid carbon is generated by methane ) Wind solarandbydro @) Gas
pyrolysis Lo, e e

» Pink H, is produced through nuclear energy
« Other methods also exist




How is green hydrogen produced?

Clean energy

generation

Hydro and wind are
used to generate clean

with water

renewable energy

| (5) (4)
Use

Once stored, the gas can be
transported to anywhere in the
world for domestic or industrial use

\

This energy is fed
into the electrolyser

Add water

Green hydrogen
production

The electrolyser splits the
water molecules to create
hydrogen and oxygen

Storage

The hydrogen gas
is compressed
and stored

Hydro
Tasmania

Hydrogen




Electrolysis

Electrolysis is a technique that uses electricity to
drive an otherwise non-spontaneous chemical
reaction (i.e. it will not occur without an external
input)

It is undertaken in a cell known as an electrolyser

An electrolyser cell consists of an anode (positively
charged) and cathode (nhegatively charged) chamber
separated by a membrane and immersed in an
electrolyte solution

Cathode

- Anode

SSSSSS



Electrolyser Overview

SYSTEM LEVEL

[0 COmMpressor
h " and storage
- Deoxo
Diryer
Gas separator Gas separato
par Electrolyser paratar
stack
]

Fead water
supply

hﬂﬂ}——n

Rectifier

Transformer




Figure 5. Challenges and technological breakthroughs for

each of the generation of electrolysers.

* Challenges: Industrialisation

* Technology Breakthrough:

Diaphragms replaced by
membranes

+ Significance:
Industrialisations of
Electrolysers

* Challenges: Cost

* Technology Breakthrough:
Redesign of over-complex
systems

» Significance: Industrialisation
of PEM Electrolysers

* Challenges: Efficiency,
durability and cost

* Technology Breakthrough:
Novel materials

* Significance: Gigawatt
Electrolysis

1800

Based on IRENA analysis.

1950 l 1980

* Challenges: Power density

* Technology Breakthrough:
Polymeric Solid Electrolyte

» Significance: Life-support
applications (Space
Programs)

2010 2020

* Challenges: Size and cost

* Technology Breakthrough:
1 MW larger stacks

*» Significance: Demonstration
of large-scale applications
(power to gas)

2050



Green H2 production costs

Location matters
Cost reductions needed

Proponent

Renewables costs down, CF up
Electrolysers costs down, efficiency up
Improved integration (CF optimisation)
Low cost (de-risked) finance

Price
range/kg, .

Target/projection
/Scenario

Adjusted
to AS/kg,,

Price year

References

Australian Stretch target A$2 Not indicated  Low Emissions Technology
Government Roadmap,2020*
Hydrogen Projection US $1.40 - 2.30 A$1.89 - 3.1 2030 Hydrogen insights, 2021'?
Council
(Us1.40
in optimal
locations)
EU Target Euro1.1-24 A$1.77 - 3.87 2030 Hydrogen strategy, 2020'*
IEA Net Zero US $1.50 - 3.50 A$2.03-4.73 2030 Net Zero by 2050, 2021
Emissions
scenario
IRENA Scenarios US$1.40-2 A$1.89-2.70 2030 Low RE cost scenarios
in Green Hydrogen cost
reduction, 2020%
IEA Renewables Uss$2-4 A$2.70 - 5.40 2030 Future of Hydrogen, 2019
connected
scenario
IRENA Projection US $1.80-3.30 A$2.60 - 4.78 2030 Hydrogen: A Renewable
Energy Perspective, 2019''®
Bloomberg Projections US $1.20-2.7 A$1.62 - 3.65 2030 BNEF: Hydrogen Economy

Outlook, 2020"
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Module 3: Pure Hydrogen-Storage,
Transport and Possible End-Uses




Storage of Hydrogen

* Once produced, hydrogen must be safely
stored

* Hydrogen can be stored in many forms:
* Physical storage

* Adsorption
* Chemical storage

Hydrogen Storage

Physical Storage

Compressed H, Liquefied H,

!

Adsorption

Chemical Storage

. Alternate

SSSSSS



Physical Storage of Hydrogen

* The storage of pure hydrogen
* In compressed (gas) form
* In liguefied form

Hydrogen Storage

! '
Physical Storage Adsorption Chemical Storage
! !
: : : Alternate
Compressed H, Liquefied H, Metal Hydrides Chemicals

SSSSSS



Storage of Compressed Hydrogen

High-density polymer liner

Under ambient conditions, 1 kg of Carbon fiber composite
hydrogen gas occupies a volume of 11 m3 Dome protection

It must therefore be compressed for

effective storage and transport TPRD

Compressed hydrogen is generally stored
in cylindrical pressure vessels

Pressures are between 3 to 35 MPa

Valve
Temperature sensor
Boss

TPRD = Thermally Activated Pressure Relief Device
Credit: Process Modeling Group, Nuclear Engineering Division. Argonne National Laboratory (ANL)
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Storage of Liquefied Hydrogen

* The density of hydrogen can be further
increased through liquefaction
* Liquid nitrogen pre-cooling achieves a
temperature of -193°C
* Claude or Brayton cycle further cools to
253°C
* Liquid hydrogen storage vessels are most

commonly double-walled with a high
vacuum applied between the wall

e The vacuum minimizes heat transfer via
conduction and convection

SSSSSS



PRODUCTION AND
GAS COMPRESSION

Transportation of Hydrogen - we | =

* Once produced, hydrogen must be
transported for use, including export

* Common methods for the transportation
of pure hydrogen include:
* Road
* Rail
* Ship
* Pipeline

——p - %;::ﬁi. >

[ CE— |
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/
PRODUCTION

AND LIQUEFACTION

PRODUCTION AND RECCMPRESSION

GAS COMPRESSION
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MRS e XS ——

. "
se| 5 ol ey g
- 9 - 9 L=

p -

PRODUCTION
AND LIQUEFACTION

\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\




Road

Transport of compressed and liquefied
hydrogen in pressure vessels can be
undertaken on roads by trucks using
tube trailers

A single truck is capable of transporting
up to 1000 kg of compressed hydrogen
or up to 5000 kg of liquefied hydrogen a
distance of up to 1000 km

The cost of transport is approximately
2.5 $ tH,km™ for compressed hydrogen
and 1.0 $ tH,km™ for liquefied hydrogen

-t m 54

$ tH,km™ is the cost of transporting one tonne of

hydrogen over one kilometer

SSSSSS



Rall

* Transport of compressed and liquefied
hydrogen in pressure vessels may also
be undertaken by rail

* Rail transport would allow for a greater |
quantity of compressed hydrogen 16V Hyd;
transport over longer distances, reducing o il ol tbvdiniatitenlpanl ] 8
operational expense

NPROXX B8»
SV

* The cost of transport is approximately
0.5 $ tH,km™ for compressed hydrogen
and 0.3 $ tH,km™ for liquefied hydrogen




Pipeline

Hydrogen may be transported over short and
medium distances using steel pipelines

Pure hydrogen can cause embrittlement in
steel pipes over long distances, however
other piping materials such as fiber
reinforced plastic (FBR) and HDPE have been
proposed

Costs of piping compressed hydrogen are
expected to be around 0.2 to 0.4 $ tH,km™

Pipelines may also be used for hydrogen
carriers such as methane




Ship

Road, rail, and pipelines may be used to
transport hydrogen to export hubs, where
it can be shipped overseas

Kawasaki Heavy Industry has developed a
ship that will carry up to 1,250 cubic
meters of liquid hydrogen

Liquefied hydrogen may only be suitable
for short to medium length voyages due to
energy losses associated with boil-off

Cost estimates range between 0.02 to 0.6
$ tH,km™1, with the inclusion of loading
and unloading facilities adding significant
cost

SSSSSS






Hydrogen as an Energy Source

* The primary use of pure hydrogen is as
an energy source

* Advantages of hydrogen as an energy
source:
* Potentially unlimited supply
* High energy density
* Clean-burning

* Storage of intermittent renewable electricity

* How can pure hydrogen be used for
energy?

* Burned in gas form

* Converted to electricity in fuel cells




Fuel Cells

* Fuel cells were first used
commercially by NASA as part of
Project Gemini in the 1960s

* Fuel cells work like a battery

* Chemical energy is converted into
electrical energy

* Charged hydrogen ions travel across a
membrane to generate current,
recombining with oxygen to produce
water

* Efficiencies:
* Fuel cells: Up to 60%
* Batteries: Up to 95%

* Internal combustion engines: Around
25%

PROJECT
GEMINI

/ NASA \

FAMILIARIZATION

MANUAL
Manned Satellite Spacecraft

Hydrogen fuel cell

hydrogen in

Q=

water out

oxygen in

—>

energy
out




Powering Vehicles

* Fuel cells are seeing application for
powering vehicles such as cars,
buses, and forklifts

* Advantages include the high energy
density of compressed hydrogen, low
refueling times and zero-carbon
emissions

* If metal hydrides were used as
hydrogen storage in vehicles, they
could be instantly replaced when
empty

ELECTRIC ENGINE

DC/DC CONVERTER

THERMAL SYSTEM
(COOLING)

BATTERY
(AUXILIARY POWER

POWER ELECTRONIC

- CONTROLLER
UNIT)

GEARBOX




Smoothing of Intermittent Renewable
Electricity

Renewable electricity (e.g. wind and
solar) is not consistently delivered Eneray sonumption and Selarsneray

production
If the electricity grid was powered by
renewable electricity, peak demand would
occur when supply is the lowest (at night )
time)
Renewable energy can be “stored” in a
chemical form (by using the energy to _
produce hydrogen) and can then be used
to generate electricity when required

This is known as “smoothing”

4 - Home

sumption (kWh)

Z R
N

YYYYYY



Module 4: Hydrogen Derivatives




Renewable Power-to-X

* This concept of “storing” excess renewable
energy as chemicals is referred to as
“renewable power-to-X”

* X can be a wide range of chemicals:
* Hydrogen
* Synthesis gas
* Methane
* Ammonia
* Electrolysis is powered by renewable

energy to produce these chemicals from
feedstock such as water or CO,

* The use of these chemicals is discussed
later this lecture

1
1
" mmm L _d |
- - - “-l\ I . . f\ h
=== Industry Sector  Electricity Generation ; Z.. vy
- _— i) £
l 1| DirectAir €O, O, Fre:;h Recycled Dc}alﬁau‘d
Renewable Power  Lcapture Capture Caplure
e N S,
Primary Conversion v
-. /N A
H, Electrolyzer Co, N;-_‘ O_ H,0, ‘
: Electrolyzer Electrolyzer Electrolyzer
v \ A h 4
s
Synthetic Green
Green H, ‘ [ Hydrocarbon { Ammonia J [ Green H,0, ‘
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Hydrogen: The Decarbonisation Catalyst

Fuel cells

e Ch &
Road

Trucks Small
transpaort ships

Emerging P2X
technologles
Thermal

;& applications
o %

peroxide

Combustion engines

Captured carbon dioxide

oA dm

Renewable biomass directair  industryl
energy generation capture powerplants

Power fuels

Mew and Chemical
retrofitted synthesls

combustion
englnes

B
synthesls

Regional and

Low carbon

deep-sea vessels % commodity production
New o8] ” IE
=

Pure Methanol

combustion

ENEINES o
'Ei Aluminium

Pur Ammonia

Retrofitted
Dehydration  combustion
process engines
Dimethyl ;i

ather Thermal

applications

IHl.
{1

> o W
Pure hydrogen
wind solar hydro Fischer Ti h
Bectrolysis synthesis plant
technologies

(TRL<6)

Methanol Ammonia
synthesis plant synthesis plant



PtL Pathways

PowerFuel Comparison

Each of the powerfuels evaluated offer pathways for decarbonlsing existing and emerging applicatlons. However, there are parameters that must be consldered when developing the value chaln for
these powarfusls, Including decarbonlsatlon benefits, safety and storage conditlons, which are summarised In the table below:

Technology Readiness Level

Ammonla Methanol Synthetlc Natural Gas Sustalnable Aviatlon Fusl
Productlon, Storage & Transport TEL O TRL 8 TEL 0 Production via PtL=" TEL 7 - 8 Storage

& Transpaort: TRL 2

Powsrfuel Storage Condltlons

Fressurized: Ambient temperature

and 16-18 bar Low-Temperature Liguid:

minus 33°C and 11-1.2. bar

Ambient conditions as liquid

FPressurised:200-250 bar at ambient
temperature Liquified: -162°C

Ambient conditions as liquid. Can
use conventional jet fusl storage
nfrastructure

fusl)=f

Veolumsetric Energy Denslty (MJ/L)>° 127 16.0 206 IZ2
Gravimatrle Energy Density (MJ/kg)=> 18.6 200 536 442
Decarbonlsatlon Benefit (kg COz-a,fl-cg a 095 01 (0.33-0.52 for bio-based production.

Lower valuss for PtL production

Flarmmmalble with toxic fumes and

Flammable, toxic and dangerous for the

Highly flammable and will explode at

rMaritime, Chemical Feedstock

Chemical Feedstock

Appliances

Safet dangerous for the environment it A . ) . i Aviation
y = environment if released gas-to-air ratio between 5% and 15% =
releazed
Agriculture, Mining, Power Generation, Fower Generation, Mining, Maritime, FPower Generation, Residential N
End-Use Sectors Aviation

Refarencen:

a.- H2 Tools.

be- 1ATA.

.- Johnzon Matthey.

& - ICAC

f-- Sean M. Jarviz, Sheila Samsatll, Renewable and Sustainable Energy Revisws

d.- Collig, .., Duch, K. & Schomacker, B Techno-economic azsessment of et fuel production uzing the Fischer-Tropach process from stesl mill gas. Front. Energy Res. 10, (2022 DO 10.33809,/Tenrg. 20221049220




Shipping PtL

GIObaI Shipping Of PtL can ta ke adva ntage Figure 5: Shipped tonnage and average price ranges for some key traded commaodities.

Mote that the price indications are spot price ranges over 2018-2020 and shipped tonnages from 2019, Far hydrogen
trade, prices of around US$1.50 - 2.50/kg would translate to ~US$1,500-2,500/ton, representing a relatively high value

of current infrastructure

commodity while traded volumes in various 2050 scenarios would likely be well below the shipped tonnage of some
Figure 23: LNG Shipping Density Map for 20197 existing commodities.
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Power to Ammonia (1/5)

The Concept

Renewables

Electrolyzer

Haber Bosch
Process

Air
Separation
Unit

Green
Ammonia

Figure: A Green Ammonia Export Chain

NH;
Cracking

[ |
)
Fuel Cell
Vehicles

B

- e

Industrial
Feedstock

Power
Generation

H, G

East Pilbara Shire

i /////
Y

YARA

ENGIE-YARA Renewable
Hydrogen and Ammonia
Deployment in Pilbara

QNP GREEN AMMONIA PROJECT
FEASIBILITY STUDY
KNOWLEDGE SHARING REPORT

QNP Green Ammonia Project

OE neoen Worley

l! RENEW
" ECONOMY

South Australia backs $250m green
hydrogen project to kick start exports

engarb 5 November 2020 () EDCEn |
Figure: Several high profile
Green Ammonia Generation

Projects are already being
proposed across Australia.




Power to Ammonia (2/5)

Ammonia Economy

Clean H, production abroad

Conversion to ammonia and transfer

Import/store ammonia

Conversion

Ammonia — H, (re)conversion

Utilization

* Import clean ammonia

Greenammonia

* Collaborate with utilize
established infrastructure

Ammonia import/storage

\&(-f..
el S 'Qs--
N

J

OMdliF=Yilel) M Ammonia Bunkering

Ammonia co-firing at
diesel-fired power station

Ammonia — H, N
production N~ Hydrogen
(1,000~20,000Nm3/h) A
FC Development
S 4
| ) .
Q/ " H, charging station

Ammonia * Work with domestic power

companies

Ammonia co-firing at
Coal-fired power station




Ammonia is received at the
ocean-going vessel jetty:

Power to Ammonia (3/5)

Ammonia Infrastructure and Projects

® Ammonia loading facilities ~® Ammonia unloading port facilities

Unit 4 (Site of
demonstration)

Al
7

Y Pl Area where the storage tank and i
- A Vaporizer will be constructed ‘

»

Mitsubishi Power is now expanding the line-up of H-25 P
carbon free combustion system, not only Gas Turbine @
hydrogen combustion but also ammonia direct g

combustion.

= start development of ammonia direct combustor
= plan to verify the system in 2024
= start commercial operation from 2025

Output:41.0MW

efficiency:36.2% (SC)
>80% (Cogeneration)

Sales:190 GTs

Development Schedule

: |y | 2021 | 2022 | 2023 | 2024 | 2025 ]

Combustor I S
Development

. : . System
Source: The Royal Society, 2020; IEA, 2020 Dyesign

Verification —

Commercial
operation




Power to Ammonia (4/5)

Economic Considerations

: Operational Parameters

| —Capacities (TPD or MW)

I Balancing Tech.

e T

w

Levelized Cost of
Ammonia

L 3

A

|
|
[
v ; | RE Plant
Z | —Energy Consumption (kWhikg,) 1 B Electrolyser NH. Plant
' —Efficiency (%) AR % ’
5 | | >l —
=g | —Water Source | ﬁ.
i ' —Location ! Transmission W
= N B : [ AWater =
=3 | —Transmission distances (km) I f
— A ASU Plant
| RE Generated | + [Balancing Technology | + | Hydrogen Storage | > |Arnm:r|ia Plant Load |
4]
e E £ £ g
= & = -
s K 3 g 8
5 (&
Time Time Time Time ||\ &2

uuuuuuuuuuuuu

ot ]
1 ,-‘

Figure: Summary of the framework used to assess the feasibility of green ammonia projects. The first level
involves system design to define the operational parameters. The second level simulates the chosen design with
outputs displayed graphically to determine the viability of the project. The third level uses the production output
and pre-defined cost parameters to generate a Levelized Cost of Ammonia (LCOA).



Power to Ammonia (5/5)

Cost Challenges

t CO;-e MWh1

a)

0.003

0.008

0.00005

0.22

0.35

MH3 CCGT

NH3 OCGT

H2 CCGT

HZ QCGT

Battery

Sermi [sl. 2

Sermi lsl. 1

Grid

b)  mPower Generation  mHydrogen Production ~ @Haber Bosch
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"
[=}

-
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Figure: Power source and balancing technology comparison for 1 MMTPA ammonia
plant in 2030. (a) Estimated carbon intensity for scope 1 and 2 emissions for different power
sources and balancing technologies assessed. (b) Breakdown of costs covering power
generation, hydrogen production and Haber Bosch for each of the power sources and
balancing technologies assessed.



Power to Synthetic Fuel

Power to Hydrogen

Power to
Methane

.@ Power to Fuels

Clean energy carriers Clean energy storage

~~
Green fuels ‘&‘) Closing the carbon loop O%o Decarbonising the value chain
Green chemicals and products Trade and export

Renewable power

Carbon Capture
and biomass

UNSW. Sydney, “NSW Power to X ( P2X) Industry Pre- Feasibility Study A Roadmap for a P2X economy in NSW.”
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Power to Methanol (1/5)

Established Trade in Methanol
98 million
tonnes

Formaldehyde

Methyl chloride (chloromethane) ﬂ?%thyl e aeces g’
2%

Methylamines

2%

Methanethiol (methyl mercaptan)

Methyl methacrylate (MMA)

2%
Acetic acrid

Biodiesel

Dimethyl ether (DME)
3%

Methanol-to-olefins
B Fuel uses 25%

M Chemical uses

Source: Based on data from MMSA (2020)

Current production Current production
cost levels cost levels
Mature production Mature production
cost levels cost levels
2400 2380
2200
A carbon credit of USD 50/t CO, would
2000 lower renewable methanol production cost
by about USD 80/t MeOH
1800
o 1600 1620
c
S 1400
=
o 1120
& 1200
=
800 | saq 820
553
600 630
455
s e i oo,
200 227 230 i
Current fossil
methanol cost
0
Bio-methanol < USD 6/GJ . E-methanol - CO, from combined
feedstock cost renewable source

Bio-methanol USD &15/GJ

feedstock cost . E-methanol - CO, from DAC only

Notes: McOH = methanol Costs do not incorporate any carbon credit that might be availabie. Current fossil methano! cost and price are from
coal and natural gas feedstock in 2020, Exchange rate used in this figure is USD 1= EUR 0.9,

=
L
- P

UNSW

SYDNEY



Power to Methanol (2/5)

Emerging Uses as Bunker Fuels

World's first container vessel
operated on carbon neutral fuels

Renewable Methanol
— (250 Mt/y — 2050)

. Marine transport
fuel
Fuel Type Container Capacity Top Speed . Chemical
Carbon Neutral (LU 2100 TEU* 18kn Feedstock (MTO,
Fuels incl. reefers DME, etc.)
L) sanmme
T . Renewable energy
Do | § ' Wessw! | §| Qo | B | Qe | | Qi | | WA wa | | Q| | Dl trade and export
\\\ 1) s W) s ) manme ) o o) msaw ) e ") st 1)) e o) e
dezood] Lo Mool Bl Maciond] el el Uil Dt . Fuel cell backup
power

Methanol Tanks

FUEL SYSTEM
MAN 6G50-LGIM Complete Fuel flexibility with Methanol, “‘

SEALAND

A MAERSK COMPANY

Methanol main engine and Bio fuels and conventional fuels Capable
methanol capable gensets. of carbon neutral operation during 2023




Power to Methanol (3/5)

CH,OH

Production pathways and source of carbon Green methanol
: Gasification/ N N Bio-methanol
S reforming Fyngas - Renewable

1 Bio-
e-methanol

c02 Low carbon

Renewable E-methanol intensity

Renewable

H,

Green hydrogen

Electrolysis

electricity

co,
Non-renewable

CH,OH

Renewable Biue methanol

Carbon capture

and storage (CCS) c02
Non-renewable Non-
T renewable

Natural gas Reforming as CH3°H
Grey methanol High

carbon

intensity
Gasification CH30H
Brown methanol

Renewable CO, from bio-origin and through direct air capture (DAC)
Non-renewable CO,: from fossil origin, industry

Whife there is not a standard colour code for the different types of methanol production processes; this illustration of various types of methanol
according to feedstock and energy sources is an initial proposition that is meant to be a basis for further discussion with stakeholders




Power to Methanol (4/5)

Cost Framework

Carbon Capture

6% T &

E = o ’i b s : H
i ‘I;;LEJIr E‘ .............. i E"} % i ’E % E
e I__-__-----.' e e e t_________T_________}
Hydrogen
& Dynamic modelling JJ“[ l‘ “M‘ M MMJ Open-source tool p@%
I:|I—E—I|:I Configuration analysis —JL—J“JLML———J-“—‘M——J Location specific results

% Buffer systems OETHVEELL 2 T co, point source types Q




Power to Methanol (5/5)

Base Case

Cost Framework CO, Source 1444 | |2012 Fermentation CO, / DAC
H, Storage 1384 | | 1676 Salt cavern / UG pipe
Energy Balancing Technology 1646 |1789 Battery / DMFC
Feedstock Balancing Technology 1646 | 2198 H, Storage / Battery
Carbon Credits ($/tco,) 1353 | 1646 100/0
Scale (tpd methanol) 1524 | | 1889 5000/100
RE Sizing Ratio (1 — 4 x P,) 1646 | 1955 2 X Ppax I 1 X Prax
RE Mix (Solar:Wind) 1646 | 1942 50:50/90:10

Location (RE Profile) 1543 | | 2178 Gladstone QLD / Darwin NT

1000 1500 2000 2500
So T e LCyeon ($tyreon)

Mackay (AS/ty.on)

Al Ethanol © 1,520
® DAC 1,940

Pilbara®  (A$/ty.om)
i Gas 1,540
@ DAC 1730

Gladstone (AS$/ty.on)
£ Coal 1.590

i i Cement 1,540
@ DAac 1.900

Darling Downs(AS/ty.on)
i Coal 1.630
& Ethanol © 1.510
& DAC 1.940

Hunter Valley(AS$/ty.on)

A Coal 1,980
i Ammonia 1,990
@ DAC 2320
Ejyre Peninsula*(A$/tyr.on) [Port Kembla (A8/ty.om)
i b
i Gas 1.520 Ly Gas 1.920
i Cement 1,360 — E Cement 1.650
i Steel 1.400 il Steel . 1.690
& DAC 1,710 i Ethanol 1.480
@ DAC 2,010

Latrobe Valley (A8/ty.on)
& Coal 5030 = BellBay (AS/ty.om)
& DAC 2,380 L] A Gas® 2,310

TAS, i Cement  1.690

& DAC 2.070




Power to Sustainable Aviation Fuel (1/3)

Sustainable aviation fuel (SAF) is the main term used by the aviation industry to describe a

sustainable, non-conventional, alternative to fossil-based jet fuel.

Current SAF focused on so-called ‘drop-in fuels’

Physical and chemical characteristics are almost identical to conventional fossil based jet fuel and

can therefore be safely mixed (at various blend ratios).

Uses the same fuel supply infrastructure and doesn’t require adaptation of current global fleet.

Over 450,000 flights have taken to the skies using SAF
1 technical pathways exist

Over 300 million litres of SAF were produced in 2022

o o0 o o

SAF can reduce emissions by up to 80% during its full
lifecycle

© Around 17 billion US dollars of SAF are in forward
purchase agreements in 2022

© More than 50 airlines now have experience with SAF

Decarbonisation
Technology
Pathways

Emissions reduction
potential

Aircraft design
impact

Range and type

Aircraft refuelling
infrastructure
impact

Technology
Readiness Level and
deployment
timeframe

Sustainable aviation fuel

Medium to High,
depends on blending
ratio

Minor design changes

Applications to full
range and both cargo
and commuter flights

Low Impact, existing
infrastructure can be
used

6-9, deploying with
commercial projects

Battery-electricity

Low to Medium, if powered by
renewable electricity but
restricted for short-haul flights

Medium to High, new design for
battery and control system

Restricted applications between
500 km and 1000 km,
commuter flights only

High Impact, energy storage,
transmission and fast-charging
infrastructure required

3-4, R&D and early piloting, to
be deployed post-2040

Hydrogen (fuel cell and turbine)

Medium to High, restricted for
short-haul flights and
depending on hydrogen
production pathways
Medium impacts on design

Restricted applications
between 500 km and 10,000
km, both cargo and commuter
flights
High Impact, liquid hydrogen
storage and distribution
infrastructure required

3-4, R&D and early piloting, to
be deployed post-2040




Power to SAF (2/3)

Global Commitments and Projects

American Airlines:34mL SAF by 2030,
purchase agreement with refineries

s

AltAir Paramount Refinery (4.6
Lanzalet Project

A

California: Low Caron
Fuel Standards

P
»

USA:20%
emission
reduction by
2030 with SAF

British Airways: net-
zero emissions by
2050, USD$400m
investment in SAF

UK: 10% SAF by 2030,
net-zero domestic
aviation:emissions by
2040 and net-zero
aviation by 2050

Velocys Project (60 mL/year)
Neste Refinery (840 mL)

p

United Airlines: Eco-Skies Alliance,
USDs30min refinery, USD4o million
investment in SAF R&D

’

Delta Air Lines: 10% SAF by 2030,
USs2m in feasibility study, emissions
transparency MoU

indicates SAF

EU: 55% emissions reduction by
2030, ReFuelEU Aviation for
increased SAF, EU Biofuels
Flightpathway, SAF policies

Norway: 0.5% blending mandate in
2020, 30% SAF by 2030,

China: 4.5% emissions intensity

reduction by 2025,

/ Sinopec Group Zhenhai
Refinery (0.1mL)

’ l Cathay Pacific: 10% SAF by 2030 ‘

Oriental Energy Maoming
Refinery (1 mL)

Norwegian Air: 45% emissions reduction
by 2030, 500 m|l SAF demand

1 ’ China Airlines: net-zero by 2050 ‘

|

Virgin Australia and GEVO Brisbane Trial ‘

Qantas Airways: net-zero by 2050, 20 mL SAF purchase
agreements, AUD$50m for local R&D and industry

production capacity)

Jetstar Airways: net-zero by 2050 ‘

) Australia: Bioenergy Roadmap

’ Air New Zealand: net-zero by 2050 ‘




Conversion Process Feedstock

Power to SAF (3/3) yerorestd st ey | P

Acids Jatropha, used cocking ail

How is it made?

Hydro-Processed Hydrocarbons,

Esters amd Fatty Acids Alg=e (ot =
Synthesized |zo-Paraffins Sugar cans, sugar best
Source: Deloitte
Straw
Fat, 0il and Greass Co- Fatz, oils and grezses [FOGE]
Processing from petroleum refining

Fisher-Tr Synthesized

Isoparaffinic Kerosene Waste (e.g, MSW], =

Fisher-Tro: Synitheetic
Paraffinic Kerosene with
Aromatics

Fetroleumn based feedstock [eg.,
coal, natural gas, biomass)

Potential to produce e-fuel
through electrobysis [green
Foydrogen)

Catalytic Hydro-Thermaolysis Waste oils, energy cils

Fisher-Tropsch Synthetic Co- T biocruds

Max blending ' Max blending Max blending

rate = S0% rate = 10% rate




“Much to be optimistic about... but
much much more to be done....... ”?
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Session 2

SYDNEY
Regional perspectives Atul Ratui
11:30am 11.45am Mr Pece.ll Na.kavulevu - International Renewable Energy Agency; IRENA work
and projects in the region
11:45am | 12 midday |Ms Florence Ventura - Pacific Community (SPC) perspectives
12 midday | 12.15pm Dr Ali Mohammadi - Engineering and Physics - University of the South Pacific;
hydrogen based research at USP
Dr Rahman Daiyan - other hydroge project proposals for the region
12.15pm 12.35pm [lain MacGill and Shayan Naderi - Renewable energy potential for hydrogen
production in the region
12.35pm ot Re.gi.o.nal challenges and oppor.t.tfnities - perspectives from Governments and
Utilities (Vanuatu, Solomons, Fiji), other stakeholders

Slido.com #3283346




IRENA perspectives

Mr Peceli Nakavulevu

GlobH2E

Collaboration on Energy and
Environmental Markets

Australian Government

& @USP B Bt

Communauté

| R E N A THE UNIVERSITY OF THE .../ n
SOUTH PACIFIC " du Pacifique

Department of Climate Change, Energy,
the Environment and Water
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SPC perspectives

Mr Inia Saula

Collaboration on Energy and
Environmental Markets

Australian Government

=" Pacific

F | ( * *
O @USP A S
" Communauté

| RE N A THE UNIVERSITY OF THE o n
SOUTH PACIFIC du Pacifique

Department of Climate Change, Energy,
the Environment and Water

*
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Some researcher perspectives

Dr Ali Mohammadi and colleagues, USP

GlobH2E

Collaboration on Energy and
Environmental Markets

Australian Government

Department of Climate Change, Energy,
the Environment and Water

f—\ﬁ @USP Egﬁifrincunitu '

| R E N A THE UNIVERSITY OF THE *, Commqngute
SOUTH PACIFIC du Pacifique




Some other regional
hydrogen initiatives,
proposed projects

GlobH2E

y Collaboration on Energy and
Environmental Markets

ﬁ Pacific e
Commun Itt‘J Australian -l.'.'n'.'r.'rnmullt
| R E N A THE ERSITY TH Communauté Department of C “limate Change, Energy,
0[ H C du POCifiqUG the Environment and W ater




* The German New Zealand Chamber of Commerce’s (GNZCC)
regional responsibility includes seven countries in the Pacific — Fiji,
Samoa, Tonga, Cook Islands, Kiribati, Niue, and Tuvalu.

= Roles of the GNZCC include:

» Business Intelligence

» Consulting Services for Market Entry
» Sourcing for Business Partnerships

» International Trade Fair Participation

= The Pacific Green Hydrogen Project aims to connect small-to-
medium German enterprises that manufacture hydrogen
technologies for an off-grid application in the Pacific Islands.

= Excess energy from renewable energy plants is stored in the form of

hydrogen and oxygen by electrolysis. This green hydrogen can be Green Hydrogen Potential
used to generate electricity with the help of a fuel cell.

in the Pacific Islands

Reshaping the Energy Market

Reference: h



https://neuseeland.ahk.de/en/services/projects/pacific-green-hydrogen-project

Renewable H, to Palau

= Queensland-produced renewable hydrogen will be exported to
the Republic of Palau from 2023 as part of a collaboration
between Sojitz Corporation, Nippon Engineering Consultants
and CS Energy.

" The project will assess the potential of renewable hydrogen for
use in fuel cells and marine vessels in Palau to reduce its
reliance on fossil fuels and has received subsidies from Japan’s
Ministry of the Environment.

= Renewable hydrogen for the project will be supplied from CS
Energy’s Kogan Renewable Hydrogen Demonstration Plant,
which will be built on the Western Downs and produce
renewable hydrogen from behind-the-meter solar energy.

Reference: h

"w‘m . - :

Figure: Kogan renewable hydrogen plant
(1 MW electrolyser, 2 MW solar PV farm).



https://www.csenergy.com.au/news/queensland-renewable-hydrogen-to-power-pacific-islands-demonstration-project

HDF Project In Fijl

= The HDF Energy Australia team is currently developing a green
hydrogen project on Fiji’s Viti Levu island.

® The plant could generate 6 MWe of electricity during the day and
evening, and 1.5 MWe throughout the night.

= HDF develops, finances, builds and operates multimegawatt
industrial power generation infrastructures.

= HDF marketed the Renewstable® power plants, which capture
intermittent renewable energy and store it massively in the form
of hydrogen. HDF Energy currently has around ten Renewstable®
projects in the advanced development phase in several countries.

G % _v’ .:. :
v

e NN v. :

Figure: Concept images of the solar PV farm and

the hydrogen generation, storage, and fuel cell
facilities.

A

Reference: https://www.hydrogenpower-fiji.com/
84
UNSW

SYDNEY


https://www.hydrogenpower-fiji.com/

H, Powered Boats In Fijl

FIJINEWS | NATION | NEWS

e . .. . M- Fiii . ‘ovl Vess Vit

* Fiji aims to begin replacing its current Government shipping PM: Fiji To Replace Govt Vessels With
fleet with hybrid and green hydrogen solutions. Hybrid, Green Hydrogen Solutions

u During Fiji’S Presidency of COP23, it launched the ‘Oceans During Fiji’s Presidency of COP23, il launched the ‘Oceans Pathway:. with
Pathway’ with the expectation to place oceans where it the expectation to place oceans where it belongs - at the heart of climate

’ . ] action.
belongs — at the heart of climate action. o
By Rosi Doviverata

" |n Fijis’s Low Emissions Development Strategy 2018-2050, the v 1850 2=
potential for methanol, ammonia, and hydrogen as the most _ _
likely alternative fuels for maritime transport is discussed. wwr

References:
https://fijisun.com.fj/2021/11/05/pm-fiji-to-replace-govt-vessels-with-hybrid-green-hydrogen-solutions/ g5
https://unfccc.int/sites/default/files/resource/Fiji_Low%20Emission%20Development%20%20Strategy%202018%20-%202050.pdf



https://fijisun.com.fj/2021/11/05/pm-fiji-to-replace-govt-vessels-with-hybrid-green-hydrogen-solutions/
https://unfccc.int/sites/default/files/resource/Fiji_Low%20Emission%20Development%20%20Strategy%202018%20-%202050.pdf

Hydrogen Production In

= Two agreements between Fortescue Future Industries
and Papua New Guinea signed in 2020 and 2021
enabled feasibility studies on up to 18 hydropower and
geothermal projects in the country, including a hydro
project along the Purari River on the nation's southern
coast.

" These projects would provide renewable hydrogen to
TotalEnergies’ Papua LNG project.

= However, Fortescue has not provided any updates on
the projects since December 2021 when it said a pre-
feasibility study was well advanced.

Papua New Guinea
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Figure: The Papua LNG project.

Reference: https:/www.reuters.com/business/energy/totalenergies-may-buy-green-power-fortescue-papua-

new-guinea-regulator-2022-12-08/
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Current renewable energy contribution is low
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Renewable electricity generation will first go to

current loads, newly electrified loads...
whatever is left perhaps to local h2 production with key
use cases — domestic navigation, aviation
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International bunker fuels add further complexity

% of imported oil

% of imported oil consumed for international transit in 2019

B |nt. marine bunkers Int. aviation bunkers
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Is there sufficient renewables for all demand?

Theoretical

Technical Economic
(resource)

potential potential potential

 Wind and solar resources * Available land for PV

* Available coastline for
wind turbine
* Rooftop PV potential "
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What might future demand be?

Decarbonization

of the electricity Electrification of IEA Net zero

sector all sectors emission scenario
by 2050
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Sufficient renewables? It depends

Country Technical
potential Demand (GWhlyear)
(GWhlyear) Payback
Decarbonizing | Electrification | Net zero period
the electricity emission (years)
sector

Samoa 1,198 94 605 24
Nauru 18 20
Vanuatu 4,569 356 20
Palau 1,355 94 422 179 21
Kiribati 799 26 145 21
Cook Islands 155 29 18
Solomon Islands 2,998 95 635 22
Tonga 1,295 64 337 1,007 21
New Caledonia | 7,282 2,873 |2 2,972 28
French Polynesia 4,409 492 1,818 2,759 21
Micronesia 7,822 64 282 1,045 20
Niue 166 4 12 16 16
Tuvalu 22 7 15 21
PNG 15,703 2,494 11,824 26
Fiji 9,743 449 3,009 9,293 25




Some reflections on regional
hydrogen initiatives

Vanuatu, Solomon Islands, Fiji
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Session 3

Early progress on roadmapping, possible ways forward

lain MacGill and
Rahman Daiyan

Dr Rahman Daiyan - Early progress on a regional hydrogen roadmap - some

R S preliminary findings, and possible ways forward
Stakeholder reflections on key issues for roadmap development including from
2.30pm 3pm project partners; Fiji, Vanuatu, Solomon Islands - government, utilities,
regulators, industry
3pm 3.10pm |Thanks, workshop close

Workshop ends




Regional Green Hydrogen

Roadmapping
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Global Contributions of PICTs

» The Pacific Island Countries and Territories are a minor
contributor to global emissions — the assessed PICTs contribute
only 0.03% of global energy-related CO, emissions.

* |tis understood that the PICTs are in no meaningful way

responsible for the emissions of GHGs and their effect on global

climate change, however they feel the effects of climate @

sooner and more disproportionately compared to most of the

rest of the world. Communicate
» As such, the PICTs have put forth ambitious energy and climate ux>dg§§5?4rDCs

targets in their nationally determined contributions (NDCs), to

set forth an example for achieving net zero by 2050 and

limiting the effects of climate change.




Note:
Values are annual
Fossil fuels % of total energy supply

Marshall Islands Annual CO, emissions

Total energy: 0.35 TWh
Fossil fuels: 99%
CO,: 0.16 Mtpa

Micronesia

Total energy: 0.60 TWh
Fossil fuels: 94% -l
CO,: 0.16 Mtpa ~_

Kiribati
Total energy: 0.45 TWh
Fossil fuels: 63%
CO,: 0.08 Mtpa I
Solomon Islands
Total energy: 2.1 TWh
Fossil fuels: 56% ﬁ Tuvalu
CO,: 0.32 Mtpa Total energy: 0.04 TWh
Nauru Fossil fuels: 94%

.. Total energy: 0.20 TWh . CO,: 0.01 Mtpa
g Fossil fuels: 99% :
CO,: 0.06 Mtpa

ISSIONS

Papua New Guinea
Total energy: 55 TWh
Fossil fuels: 56%

CO,: 8.5 Mtpa Samoa
> Total energy: 1.6 TWh
Fossil fuels: 70%
' CO,: 0.29 Mtpa
Vanuatu
Total energy: 0.9 TWh
Fossil fuels: 72%

CO,: 0.17 Mtpa

Fiji
Total energy: 7.2 TWh

Fossil fuels: 75% Tonga
CO,: 1.5 Mtpa Total energy: 0.64 TWh

Fossil fuels: 98%
CO,: 0.17 Mtpa

Cook Islands

Total energy: 0.35 TWh
Fossil fuels: 91%

CO,: 0.11 Mtpa
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The Case for Hydrogen in the PICTs

Energy Breakdown

On average, the total energy usage of each
PICT is around 81% fossil fuel based, which is
mostly imported, highlighting their heavy
exposure to volatile oil prices.

Whilst only around 60% of total energy use in
the Solomon Islands, Papua New Guinea, and
Kiribati is fossil fuel based, biomass contributes
most of the remainder of their energy, which
can be considered sustainable however still
contributes to emissions of CO.,,.

Papua New Guinea (9.7%) and Fiji (7.9%)
generate the largest proportion of their total

energy supply as renewable energy.

Note: Renewable energy sources considered include solar, wind, geothermal, and
hydro. Biomass is not included. See the accompanying appendices for further
information.

Total Energy Use

Fossil-Fuel Based

Nauru

(TwWh) (%)
Fiji @ 7.24 75
Samoa 1.58 70
Vanuatu 0.90 72
Solomon Islands E 2.11 56
Papua New Guinea 54.88 56
Kiribati 0.45
Micronesia 0.60
Tonga ‘ 0.64
Cook Islands i 0.35
Marshall Islands 0.35
Tuvalu K 0.04

0.20

Total: 69.33 TWh

Average: 81%




The Case for Hydrogen in the PICTs
Emissions Breakdown

= Papua New Guinea is responsible for the majority of CO,
emissions from the assessed PICTs (8.5 Mtpa), whilst ten
of the twelve PICTs combined comprise less than 15% of
emissions.

» Emissions in the PICTs are mostly associated with
electricity generation, use in industry, and transport

(domestic land, maritime, and aviation transport).

Tonga
0,
Vanuatu 1.5%
1.5%
Others
Samoa 50%
2.6%

Solomon Papua New Guinea

Islands 73.9%
2.8%
Total CO,
Fiji Emissions
12.8%

11.5 Mtpa

Other nations: Kiribati, Micronesia, Cook
Islands, Marshall Islands, Tuvalu, Nauru

Note: International aviation emissions (i.e., those of national air carriers) are not considered in these values. These
values are mostly energy-related CO, emissions, and do not include GHG emissions (such as CH, or N,O) from the
waste or agricultural sectors. See the accompanying appendices for further information.




The Case for Hydrogen in the PICTs

Role of Hydrogen in PICTs

In the Pacific Island Countries and Territories, green hydrogen and hydrogen derivatives can play the following role:

= Penetration of renewables into power generation (for industry and grid electricity)

= Displacement of fossil fuels for mobility applications (land transport, maritime transport, and aviation)

million bbl diesel

equivalent of fossil fuel . billion worth

per year can be replaced  m— million tonnes of fossil fuel
of CO, per year - -

by green hydrogen or — bated import savings
abated. u per year.

derivatives in the Pacific
Islands.

The application of hydrogen derivatives in key sectors is expanded upon in following slides.

Disclaimer: Note these demand and saving values on the current and following slides are based on preliminary desktop research assuming 100% of the fossil fuel used in the power and mobility sector can be replaced with
hydrogen to provide a baseline case for green hydrogen and its derivatives. Detailed assessments of the potential for hydrogen and the subsequent economic and environmental impact will be conducted in subsequent reports.




Role of Methanol in PICTs

In the Pacific Island Countries and Territories, methanol can play the following role:

= Replacement of fossil fuels for domestic maritime applications

million bbl diesel equivalent of million tonnes miIIi_on wqrth of
O 5 fossil fuel per year can be replaced . O 2 of CO, per year & 4 7 foss_ll fuel import
. by methanolin the Pacific Islands. . abated. savings per year.

= Direct replacement of fossil fuels for small to medium scale power generation in remote and isolated locations with limited or unstable power networks
million bbl diesel equivalent of million tonnes million worth of

8 1 fossil fuel per year can be replaced 3 5 of CO, per year fossil fuel import
" by methanol in the Pacific Islands. " abated. savings per year.

= Displacement of fossil fuels for land mobility applications

million bbl diesel equivalent of million tonnes million worth of
6 1 fossil fuel per year can be replaced . 2 6 of CO, per year & 5 6 O fossil fuel import
" by methanolin the Pacific Islands. u abated. savings per yeatr.

Other potential applications for methanol in PICTs:
= Strategic positioning of methanol refuelling for large maritime vessels along international trade routes.
= Direct replacement of fossil fuels for commercial and domestic heating applications

= Displacement of fossil raw materials in manufacturing and chemical synthesis.



The Case for Hydrogen in the PICTs

Role of AmMmoniain PICTs

In the Pacific Island Countries and Territories, ammonia can play the following role:

= Replacement of fossil fuels for domestic maritime applications
million bbl diesel equivalent of million tonnes million worth of
O 5 fossil fuel per year can be replaced O 2 of CO, per year & 4 ? fossil fuel import
. by ammoniain the Pacific Islands. . abated. savings per year.

= Direct replacement of fossil fuels for small to medium scale power generation in remote and isolated locations with limited or unstable power networks

million bbl diesel equivalent of million tonnes million worth of
8 1 fossil fuel per year can be replaced . 3 5 of CO, per year fossil fuel import
[ | [ ]

by ammoniain the Pacific Islands. abated. savings per year.

Other potential applications for ammonia in PICTs:
= In the production of synthetic fertilisers for the agricultural sector.

= In the production of explosives for construction and mining.



Role of SAF In PICTs

In the Pacific Island Countries and Territories, SAF can play the following role:

= Displacement of fossil fuels for aviation off-takers: Airlines in the region are yet to announce any SAF procurement targets. Air Niugini has purchased 4 Trent
1000 engines to power two new Boeing 787-8 Dreamliner aircrafts, which can technically operate at up to 50% SAF blend”.

= Displacement of fossil fuels for mining off-takers: There are also humerous potential mining off takers that may seek to procure renewable diesel: Societe Minere
du Sud Pacifigue (New Caledonia), Dome Gold Mines (Fiji, PNG), Vatukoulia Gold Mines (Fiji), Lion One Metals Limited (Fiji), Ok Tedi Copper and Gold Mine (PNG),
Porgera Gold Mine (PNG), and Lihir Gold Mine (PNG)’.

= Displacement of fossil fuels for domestic aviation:

million bbl diesel equivalent of million tonnes miIIi_on wqrth of
O 8 fossil fuel per year can be replaced . O 3 of CO, per year & 7 3 fossﬂ fuel import
" by methanolin the Pacific Islands. . abated. savings per yeatr.

» Displacement of fossil fuels for national carriers:

million bbl diesel equivalent of million tonnes miIIi_on wqrth of
7 9 fossil fuel per year can be replaced . 3 4 of CO, per year & 7 3 O foss_ll fuel import
" by methanolin the Pacific Islands. . abated. savings per year.

References:
Note: The values for estimated fuel use for national carriers is subject to variation pending updated data. Deloitte, 2023, Sustainable Aviation Fuels in the Pacific.



The Case for Hydrogen in the PICTs

Power to X: Key Challenges and Opportunities

Challenges:

» Geography, natural disasters, and low diversification of
economies heavily impact the effect of global climate change on
the PICTs, many of which rank highly on the World Risk Index.

» Decarbonisation of electricity generation is impacted by large
distances and remote communities

= Further challenges to decarbonisation shared amongst many

PICTs include:

>

>
>
>

A lack of adequate data.
Insurance and financing.
Technical assistance.

Enabling policies.

Opportunities:

Power-to-X can assist in decarbonisation of transport —
including land, maritime, and aviation, which are otherwise
difficult to decarbonise.

Green hydrogen and derivatives can be used for energy
storage of intermittent renewable energy.

Green hydrogen derivatives can be used for electricity
generation, suitable for replacement of diesel, for use in
Isolated communities, or during natural disasters.

Collaboration between the PICTs, Hub and spoke model

Note: See the accompanying appendices for further information.



Open-Source Modelling
Tools



Valuable existing tools from various stakeholders

GLOBAL SOLAR ATLAS
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HySupply Cost Tool V1.0

Released for Stakeholder Consultation

Electrolyser Operating
Parameters
— Owverloading

— Efficiency vs Load
— Degradation

Modelling renewable hydrogen supply and value chains —
open-source tools to assist a potentially wide range of
stakeholders to better understand and evaluate a range of
possible supply chains, including key uncertainties — e.g. scale
effects, technology progress

| Solar based Electricity

[~

Annual Cash Flows

& ' 3
-_——_—ta o [ - Hydrogen Generation
1 1 | On/OFf Grid 1 Battery Storage Simulation
1 I' Direct I daiprenh
1 Available | Supply, 1 —
| Renewable —*, :
1 Energy : 1 " l
: (MWh)  pvia ! 1
PPA —
1 — 1 Surplus Retail to -
L - 0 ComEEEd | Grid (Optional) Electrolyser
LEnergy Analysis ! JL
_ 1
Cost Analysis ‘
Wi U Surplus Electricity

to Grid

— Hydrogen Retail
Tax
— Oxygen Retai

{Optional) -
Depreciation
o Cash Flow NPV
§ J

EX: 48500
X: 2% of

— GAPEX: A$1 4108 I

opEx AsTAV

Eincircmar |

| Salt Cavern

Convarsion Summary

crage Costs: 03— 050,

| —CAPEX A5095

HySupply Shipping Tool V1.1

Pending release for Stakeholder Consultation
Project Description

Project Statement

The HySupply Shipping Analysis To
hydrogen carriers) via shipping.

g hydrogen (and

Project Scope

The tool allows the user to analyse the shipping cost of hydrogen, ammonia, methanol, methane and LOHC (DME) on
shipping routes of their choice, with the individual system performance parameters adopted from literature and advice from

~ CAPEX: AS085 - 1,300, 08
= OPEX 2 5% of CAPEX 58

— Gamvarsion Coat AS1 61— 4 340,
{OME}

Ligquid H, to Pert

Msthans to Port
Road: A1 200 b

Plplire: A50.02-0 14
o b

10g Lodxg

The tool includes a comprehensive range of costs designed to emulate a close to reality analysis for shipping transportation
of hydrogen and hydrogen carriers. The tool does not consider costs for intermediate storage before and/or after shipping,
analysing only the cost up to and including the loading and unloading process. The tool is a living tool with additional
features being and expected to be added after consultation with various stakeholders. We also encourage feedback from
the user to help us improve the tool. Feedback can be provided to Associate Professor lain MacGill
(i.macgill@unsw.edu.au) and Dr. Rahman Daiyan (r.daiyan@unsw.edu.au) and further updates on the tool will be provided
at https://www.globh2e.org.aul.

The model calculates the levelised cost of transport via shipping for LNG, ammonia, methanol, LOHCs (with DME the
LOHC costed) and liquefied hydrogen. The levelised cost is calculated by adding the total annual costs and dividing by the
annual total energy delivered.

Total energy delivered is dependent on the ship speed, shipping route length, time at port and days per year the ship is
available for operation. Total annual costs are a summation of capital and operating costs. Annual capital costs were
calculated using a capital recovery factor for the ship capital costs. Annual operating costs were given through the addition
of fuel, labour, canal, port, maintenance, miscellaneous, insurance and boil-off gas (BOG) costs. Users are also given the
option to incorporate additional capital and operating costs into the model.

Costing Results
- Total Investment Required
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- Annual Operating Costs and Sales

i

- Capacity factors

Electrolyser Performance Results
- Annual and hourly hydrogen generation

Hourly Capacity Factors

IR

Capacity Factor

¥

Results

Toxas (USA)
5,012 m (9,282 kem)
N,

Geraidton (WA}
5,441 m (1




Open-Source Pacific
Modelling Tools Demo



Discussion and Reflections
Session

1. Key roles that renewable hydrogen and its derivatives can play in the Pacific to help achieve it’s clean energy goals?
2. Which derivatives are likely most appropriate for the region?

3. Key priorities in developing hydrogen pathways for the region?

4. Opportunities for regional collaboration on developing hydrogen pathways in the region

5. Key capacity building needs?

6. What’s missing?
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