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Workshop context

Numerous stakeholders ïgovernments, 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



Welcoming remarks

The Fiji Department of Energy



Introductory remarks

Dr Kelly Strzepek



Introductory remarks

Mr Inia Saula



Introductory remarks

Mr Peceli Nakavulevu



Introductory remarks

Mr Gordon Chang



Introductory remarks

Dr Atul Raturi



Introductory remarks

Dr Rahman Daiyan and Dr Iain MacGill



Todays 
agenda

Start Time Finish Time Topic Chair

8.30am 9.15am Registrations

9.15am 9.35am Welcome, introductions, stakeholder perspectives on hydrogen for the region Iain 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 Iain MacGill and Dr Rahman Daiyan - UNSW Sydney

9.35am 9.45am
Dr Iain MacGill - establishing a  hydrogen strategy for the Pacific Island 

Countries and Territories

9.45am 11am Dr Daiyan Rahman - Masterclass into Hydrogen and Derivatives

11:00 11:30 Morning Tea

Regional perspectives Atul Ratui

11:30am 11.45am
Mr Peceli  Nakavulevu - 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

12.15pm 12.35pm

Dr Rahman Daiyan - other hydroge project proposals for the region                  

Iain MacGill and Shayan Naderi - Renewable energy potential for hydrogen 

production in the region

12.35pm 1pm
Regional challenges and opportunities - perspectives from Governments and 

Util ities (Vanuatu, Solomons, Fiji), other stakeholders

13:00 14:00 Lunch

Early progress on roadmapping, possible ways forward
Iain MacGill and 

Rahman Daiyan

2pm 2.30pm
Dr Rahman Daiyan - Early progress on a regional hydrogen roadmap - some 

preliminary findings, and possible ways forward

2.30pm 3pm

Stakeholder reflections on key issues for roadmap development including from 

project partners;  Fiji, Vanuatu, Solomon Islands - government, uti l ities, 

regulators, industry

3pm 3.10pm Thanks, workshop close

Workshop ends
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Establishing a hydrogen 
strategy for the pacific island 
countries and territories 

Dr Iain MacGill



Three global energy 
crises to navigate
Å Recent inprecedented

gas + coal prices, high + 
volatile oil prices

Å Enormous wealth 
transfers, adverse 
impacts on societal 
progress in developing + 
emerging economies, 
recession risks in 
industrialised nations

Å Growing climate change 
impacts, inadequate 
efforts to date avoid 
dangerous warming
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General agreement on desirable global 
energy pathways but also uncertainties

Å Electrification of 
current non-energy 
sectors

Å Greatly expanded, 
mostly renewables 
electricity sectors 

Å Key uncertainties ï
what role for fossil 
fuels, biomass, 
hydrogen



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

Globally?

Regionally?

Jurisdictionally? 



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



Where are on the renewable h2 hype cycle?
éback in 2020



Where are we on the renewable h2 hype cycle?



Where are we on the hype cycle?  Fiji



Growing global interest in major hydrogen and derivative 
ǇǊƻƧŜŎǘǎΧΦ although only limited progress to date



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)



Why the different colors ςwhat will sellers want to 
sell, buyers want to buy?



Renewable hydrogen ςenergy 
ŀƴŘ ŎƭƛƳŀǘŜ ƘŜǊƻ Χ ƻǊ ǾƛƭƭŀƛƴΚ



Will we import it or make our own? 
Current global energy trade largely an outcome of the availability of easily 
extracted low-cost fossil fuels

Australia the 

worldôs third 

largest energy 

exporter

Global energy imports by country (PWh/year)



A mostly renewable world more self reliant

Australia amongst 

the worldôs best 

high-class wind 

and solar resource

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

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

Potentially new renewables óelectrostateô exporters, likely some old ones

What of the pacific? A buyer, self reliant, self reliant and a seller  



Many challenging questions for the pacific 
region, and its numerous jurisdictions



Masterclass on 

Hydrogen and 

Derivatives

7h of September 2023|  Hydrogen for the Pacific Islands

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



Agenda

Å Module 1: Introduction to Hydrogen

Å Module 2: Green Hydrogen Production Pathways

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

Å Module 4: Hydrogen Derivatives: Power to X

Å Q&A



Module 1: Introducing Hydrogen



Pathways towards Net-Zero

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

(source IEA)



Hydrogen and Climate Change
ÅHydrogen can therefore tackle climate 

change if:

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

ÅIt is produced through methods that do not 
release CO2

ÅUsing hydrogen produced from fossil fuels 
does not assist in mitigating CO2 emissions

ÅHow do we know that it is produced cleanly? 
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Hydrogen and Climate Change

ÅIf green hydrogen replaces the use of fossil 
fuels as an energy source, less CO2 is 
emitted, assisting in tackling climate change

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

ÅLarge-scale and economically-viable green 
hydrogenproduction

ÅCoordination of supply and value chains

ÅIntroduction of safety standards and societal 
acceptance

ÅThese changes are heavily influenced 
through government policy
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Global Support for Hydrogen

Source: McKinsey & Company and Hydrogen Council, ñHydrogen Insightsò, 2021

Interest Translating to Market 

Activation

ˈ 228 Projects Announced 

ˈ U$300 Billion Combined 

Investment until 2030 ( = 1.4% of global 

energy funding) 

ˈ U$80 Billion mature investments

ˈ U$70 Billion In Long Term 

Government Funding Committed



Where Hydrogen Comes to the Picture?



Module 2: Hydrogen 

Production Pathways



Hydrogen Production Classification
ÅIn brief, hydrogen is classified based on its method of 

production:
ÅGreen H2 is generated through electrolysis powered by 

renewable electricity 

ÅBlue H2 is generated via fossil fuels but with CO2 emissions 
captured 

ÅGrey H2 is generated via fossil fuels with no emissions 
captured

ÅBlack H2 is made using coal 

ÅBrown H2 is made using brown coal (or lignite)

ÅTurquoise H2 and solid carbon is generated by methane 
pyrolysis

ÅPink H2 is produced through nuclear energy

ÅOther methods also exist
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Electrolysis
ÅElectrolysis is a technique that uses electricity to 

drive an otherwise non-spontaneous chemical 
reaction (i.e. it will not occur without an external 
input)

ÅIt is undertaken in a cell known as an electrolyser

ÅAn electrolysercell consists of an anode (positively 
charged) and cathode (negatively charged) chamber 
separated by a membrane and immersed in an 
electrolyte solution
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Electrolyser Overview

38



39



Green H2 production costs
Location matters
Cost reductions needed

Å Renewables costs down, CF up

Å Electrolysers costs down, efficiency up

Å Improved integration (CF optimisation)

Å Low cost (de-risked) finance



Module 3: Pure Hydrogen-Storage, 

Transport and Possible End-Uses



Storage of Hydrogen
ÅOnce produced, hydrogen must be safely 

stored

ÅHydrogen can be stored in many forms:

ÅPhysical storage

ÅAdsorption

ÅChemical storage
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Physical Storage of Hydrogen

ÅThe storage of pure hydrogen

ÅIn compressed (gas) form

ÅIn liquefied form
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Storage of Compressed Hydrogen

ÅUnder ambient conditions, 1 kg of 
hydrogen gas occupies a volume of 11 m3

ÅIt must therefore be compressed for 
effective storage and transport

ÅCompressed hydrogen is generally stored 
in cylindrical pressure vessels

ÅPressures are between 3 to 35 MPa
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Storage of Liquefied Hydrogen
ÅThe density of hydrogen can be further 

increased through liquefaction

ÅLiquid nitrogen pre-cooling achieves a 
temperature of -193°C

ÅClaude or Brayton cycle further cools to -
253°C

ÅLiquid hydrogen storage vessels are most 
commonly double-walled with a high 
vacuum applied between the wall

ÅThe vacuum minimizes heat transfer via 
conduction and convection
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Transportation of Hydrogen
ÅOnce produced, hydrogen must be 

transported for use, including export

ÅCommon methods for the transportation 
of pure hydrogen include:

ÅRoad

ÅRail

ÅShip

ÅPipeline
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Road
ÅTransport of compressed and liquefied 

hydrogen in pressure vessels can be 
undertaken on roads by trucks using 
tube trailers

ÅA 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

ÅThe cost of transport is approximately 
2.5 $ tH2km-1 for compressed hydrogen 
and 1.0 $ tH2km-1 for liquefied hydrogen 
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$ tH2km-1 is the cost of transporting one tonne of 

hydrogen over one kilometer



Rail
ÅTransport of compressed and liquefied 

hydrogen in pressure vessels may also 
be undertaken by rail

ÅRail transport would allow for a greater 
quantity of compressed hydrogen 
transport over longer distances, reducing 
operational expense

ÅThe cost of transport is approximately 
0.5 $ tH2km-1 for compressed hydrogen 
and 0.3 $ tH2km-1 for liquefied hydrogen 
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Pipeline

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

ÅPure 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

ÅCosts of piping compressed hydrogen are 
expected to be around 0.2 to 0.4 $ tH2km-1

ÅPipelines may also be used for hydrogen 
carriers such as methane
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Ship
ÅRoad, rail, and pipelines may be used to 

transport hydrogen to export hubs, where 
it can be shipped overseas

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

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

ÅCost estimates range between 0.02 to 0.6 
$ tH2km-1, with the inclusion of loading 
and unloading facilities adding significant 
cost
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Use of Pure Hydrogen



Hydrogen as an Energy Source

ÅThe primary use of pure hydrogen is as 
an energy source

ÅAdvantages of hydrogen as an energy 
source:

ÅPotentially unlimited supply

ÅHigh energy density

ÅClean-burning

ÅStorage of intermittent renewable electricity

ÅHow can pure hydrogen be used for 
energy?

ÅBurned in gas form

ÅConverted to electricity in fuel cells
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Fuel Cells
ÅFuel cells were first used 

commercially by NASA as part of 
Project Gemini in the 1960s

ÅFuel cells work like a battery
ÅChemical energy is converted into 

electrical energy

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

ÅEfficiencies:
ÅFuel cells: Up to 60%

ÅBatteries: Up to 95%

ÅInternal combustion engines: Around 
25%
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Powering Vehicles

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

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

ÅIf metal hydrides were used as 
hydrogen storage in vehicles, they 
could be instantly replaced when 
empty
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Smoothing of Intermittent Renewable 
Electricity

ÅRenewable electricity (e.g. wind and 
solar) is not consistently delivered

ÅIf the electricity grid was powered by 
renewable electricity, peak demand would 
occur when supply is the lowest (at night 
time)

ÅLl l¸_g}l l l­rº h_  gl ė®±¢­ljĘ t  _ 
chemical form (by using the energy to 
produce hydrogen) and can then be used 
to generate electricity when required

ÅOst® t® | ¢¸  _® ė®~¢¢±st rĘ
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Module 4: Hydrogen Derivatives



Renewable Power-to-X

ÅOst® h¢ hlª± ¢q ė®±¢­t rĘ l¹hl®® ­l l¸_g}l 
energy as chemicals is referred to as 
ė­l l¸_g}l ª¢¸l­- to-WĘ

ÅX can be a wide range of chemicals:
ÅHydrogen

ÅSynthesis gas

ÅMethane

ÅAmmonia

ÅElectrolysis is powered by renewable 
energy to produce these chemicals from 
feedstock such as water or CO2
ÅThe use of these chemicals is discussed 

later this lecture
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Hydrogen: The Decarbonisation Catalyst



PtLPathways



Shipping PtL

Global shipping of PtL  can take advantage 
of current infrastructure



Power to Ammonia (1/5)

The Concept

Figure: A Green Ammonia Export Chain
Figure: Several high profile 
Green Ammonia Generation 
Projects are already being 
proposed across Australia.



Power to Ammonia (2/5)

Ammonia

*  Import clean ammonia

Hydrogen

Green ammonia

Green HϜ

UtilizationConversionStorageProduction Transport

Clean HϜ production abroad Conversion to ammonia and transfer Ammonia Ÿ HϜ (re)conversion

Utilization Ammonia Bunkering

Import/store ammonia

FC Development

HϜ charging station

Ammonia co-firing at 
diesel-fired power station

Ammonia Ÿ HϜ 

production 
(1,000~20,000Nm3/h)

*  Collaborate with utilize 
established infrastructure

Ammonia import/storage

*  Work with domestic power 
companies

Ammonia co-firing at 
Coal-fired power station

Ammonia Economy



Power to Ammonia (3/5)

Source: The Royal Society, 2020; IEA, 2020

Ammonia Infrastructure and Projects


