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Three global energy 
crises to navigate
• Recent inprecedented

gas + coal prices, high + 
volatile oil prices

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

• 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
• Electrification of current 

non-energy sectors

• Greatly expanded, 
mostly renewables 
electricity sectors 

• Key uncertainties –
what role for fossil 
fuels, biomass, 
hydrogen, other 
emerging technologies

• A key question – how 
to undertaking 
planning to get from 
here to there given 
such uncertainties



What role can emerging technologies such as 
hydrogen play in achieving our  clean energy and 
climate goals? …. And how do we make it so?

Globally?

Regionally?

Jurisdictionally? 
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Planning – anticipatory decision making
A decision is the commitment to irrevocably allocate valuable resources with 
consequences.  Hand waving doesn’t count

Decision-making framework
• What objectives? – lots of them in energy

• What decisions? (available choices) – what exists, what is proven, what might be possible

• How are they taken? Who are the decision makers, what of stakeholders?

Good decision making more likely with
• Clear and agreed objectives – many potential stakeholders, appreciation of tradeoffs

• Clarity on actually available options – ‘real world’ data, modelling tools, 

• Well informed decision makers – lots of decision makers in energy transition

• With a good process that includes all stakeholders – everyone a stakeholder in energy 
transition, how can they participate in planning?

Data and tools don’t do planning, instead their role is to provide decision 

support within broader planning frameworks



Data isn’t free.. but can be ‘low cost’ + ‘high 
value’ 

“information wants to be 
expensive, because it’s so 
valuable. The right information 
in the right place can change 
everything

On the other hand, information 
wants to be free, because the 
cost of getting it out is getting 
lower and lower all the time.” 

A particular challenge with 
emerging technologies – we 
don’t have data about the future
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•Open-source data tools to help
• Make it available

• Make it pretty

• Make it actionable



Energy modelling tools

Energy system models crucial to plan 
energy transition pathways and 
understand their impacts. 

A vast range of energy system 
modelling tools is available, providing 
modelling practitioners, planners, and 
decision-makers with multiple 
alternatives to represent the energy 
system according to different 
technical and methodological 
considerations.

A particular challenge – how to 
appropriately model future 
technologies wrt not just themselves, 
but also integrated with existing 
energy sector infrastructure
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Open data, tools and processes

Transparency versus ‘black boxes’ 
– supporting verification, impact of 
assumptions, sensitivity analysis

Wider stakeholder engagement by 
reducing costs for participation

Opportunity to explore wider 
scenarios



Plans vs planning

9 Elec9714 - Electricity industry planning and economics



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



Where are on the renewable h2 hype cycle?
…back in 2020, things have changed



Where are we on the renewable h2 hype cycle?

…recent revived interest in renewable hydrogen



Now past peak hype, ready to establish renewable hydrogen’s 
contribution to clean energy transition
Growing global interest in major hydrogen and derivative projects…. 
although only limited progress to date



First Q: What are the key roles 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?
A: It depends (intended use, other factors)



Liquids particularly promising – various PtL Pathways



Why the different colors of hydrogen … and which will 
sellers want to sell, buyers want to buy?



Green / renewable hydrogen from electrolysers 
the only sustainable option in the longer term
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Renewable hydrogen – energy 
and climate hero … or villain?



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 

world’s third 

largest fossil 

fuel energy 

exporter

Global energy imports by country (PWh/year)

The Pacific 

region currently 

highly dependent 

on fossil fuel 



A mostly renewable world more self reliant

Australia amongst 

the world’s best 

high-class wind 

and solar resource

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

… 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, a seller?  

The Pacific region has 

excellent solar 

resource, significant 

transport costs..  but 

also challenges of 

infrastructure, land…



Pacific Green Hydrogen Project
▪ 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 
used to generate electricity with the help of a fuel cell. 
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Reference: https://neuseeland.ahk.de/en/services/projects/pacific-green-hydrogen-project

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


Renewable H2 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.
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Reference: https://www.csenergy.com.au/news/queensland-renewable-hydrogen-to-power-pacific-islands-demonstration-project

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 Fiji
▪ 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.
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Reference: https://www.hydrogenpower-fiji.com/

Figure: Concept images of the solar PV farm and 

the hydrogen generation, storage, and fuel cell 

facilities.

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


H2 Powered Boats in Fiji
▪ Fiji aims to begin replacing its current Government shipping 

fleet with hybrid and green hydrogen solutions.

▪ During Fiji’s Presidency of COP23, it launched the ‘Oceans 
Pathway’, with the expectation to place oceans where it 
belongs – at the heart of climate action.

▪ In Fijis’s Low Emissions Development Strategy 2018-2050, the 
potential for methanol, ammonia, and hydrogen as the most 
likely alternative fuels for maritime transport is discussed.
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References:

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

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

new-guinea-regulator-2022-12-08/

Figure: The Papua LNG project.

https://www.reuters.com/business/energy/totalenergies-may-buy-green-power-fortescue-papua-new-guinea-regulator-2022-12-08/
https://www.reuters.com/business/energy/totalenergies-may-buy-green-power-fortescue-papua-new-guinea-regulator-2022-12-08/


Many challenging questions for the pacific 
region, and its numerous jurisdictions
▪ Deployment of new technologies in the region 

– leading edge versus bleeding edge

▪ Possible strategies

▪ Leading by example vs first to be second

▪ Independent expert review and assistance for the region

▪ Tools that can help us assess the potential role of these technologies while 
minimizing risks and regret

▪ Technology roadmapping



Possible pathways – Independent 
Expert Panels
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Modelling clean energy transitions for PICTs

Edoardo Santagata
PhD Candidate, The University of New South Wales | Collaboration on Energy and Environmental Markets

developing tools and planning frameworks to facilitate energy transitions and bolster resilience in the Pacific

Collaborators:  Jay Prasad

                           Nicholas Gorman

                       Anna Bruce

                       Iain MacGill



ENERGY MODELLING PRINCIPLES

MODELLING: simplified & organised model structures to represent every step of the supply chain

Energy Supply Chain RESOURCES CONVERSION DELIVERY CONSUMPTION

MODEL 

CLASSIFICATION

Provide flexible options to forecast demand 

and the uptake of specific technologies

Accurately represent future scenarios

Assist with energy planning & policy making

Assess the outcomes of specific technologies 

and trends to make better decisions 

regarding capacity and policy mechanisms

Track progress against strategic targets

Determine how likely an energy system is to 

meet current targets relating to specific 

technologies and emissions 



Energy Transition Model (ETM)

Open-source multi-sectoral simulation model 

with interactive dashboard to produce future 

energy scenarios and assist with transition 

planning

Piloting study for VANUATU & SOLOMON 

ISLANDS

Data Centralisation
Opportunity to adopt a proven database manager to track 

national/state energy production, conversion, and consumption 

Economic Development
Identify opportunities to expand economy & infrastructure in 

conjunction with energy sector

Policy & Strategy Development
Assist in developing effective energy policies and goals to 

support clean energy transitions

Energy Independence
Identify opportunities to reduce need for fuel imports and expand 

local renewable energy resource utilisation

Transition Tracking
Understand pathways to achieve targets in energy and related 

sectors 
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A look at the dashboard…
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Regional Green 
Hydrogen Roadmapping
Workplans, Early findings and 
Possible Ways Forward

Led by Dr Rahman Daiyan, UNSW 
Sydney



1The Case for Hydrogen in the PICTs

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 CO2 emissions.

▪ It is 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.

▪ As such, the PICTs have put forth ambitious energy and climate 

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.



E
n

e
rg

y
 a

n
d

 E
m

is
s
io

n
s
 

O
v

e
rv

ie
w

Papua New Guinea
Total energy: 55 TWh

Fossil fuels: 56%

CO2: 8.5 Mtpa

Note:

Values are annual

Fossil fuels % of total energy supply

Annual CO2 emissions

Fiji
Total energy: 7.2 TWh

Fossil fuels: 75%

CO2: 1.5 Mtpa

Solomon Islands
Total energy: 2.1 TWh

Fossil fuels: 56%

CO2: 0.32 Mtpa

Samoa
Total energy: 1.6 TWh

Fossil fuels: 70%

CO2: 0.29 Mtpa
Vanuatu
Total energy: 0.9 TWh

Fossil fuels: 72%

CO2: 0.17 Mtpa

Marshall Islands
Total energy: 0.35 TWh

Fossil fuels: 99%

CO2: 0.16 Mtpa

Micronesia
Total energy: 0.60 TWh

Fossil fuels: 94%

CO2: 0.16 Mtpa

Tuvalu
Total energy: 0.04 TWh

Fossil fuels: 94%

CO2: 0.01 Mtpa
Nauru
Total energy: 0.20 TWh

Fossil fuels: 99%

CO2: 0.06 Mtpa

Kiribati
Total energy: 0.45 TWh

Fossil fuels: 63%

CO2: 0.08 Mtpa

Tonga
Total energy: 0.64 TWh

Fossil fuels: 98%

CO2: 0.17 Mtpa

Cook Islands
Total energy: 0.35 TWh

Fossil fuels: 91%

CO2: 0.11 Mtpa



1The 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 CO2.

▪ Papua New Guinea (9.7%) and Fiji (7.9%) 

generate the largest proportion of their total 

energy supply as renewable energy.

PICT
Total Energy Use

(TWh)

Fossil-Fuel Based

(%)

Fiji 7.24 75

Samoa 1.58 70

Vanuatu 0.90 72

Solomon Islands 2.11 56

Papua New Guinea 54.88 56

Kiribati 0.45 63

Micronesia 0.60 94

Tonga 0.64 98

Cook Islands 0.35 91

Marshall Islands 0.35 99

Tuvalu 0.04 94

Nauru 0.20 99

Total: 69.33 TWh Average: 81%Note: Renewable energy sources considered include solar, wind, geothermal, and 

hydro. Biomass is not included. See the accompanying appendices for further 

information.



1The Case for Hydrogen in the PICTs

17.

Emissions Breakdown

▪ Papua New Guinea is responsible for the majority of CO2 

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).

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 CO2 emissions, and do not include GHG emissions (such as CH4 or N2O) from the 

waste or agricultural sectors. See the accompanying appendices for further information.



1The Case for Hydrogen in the PICTs

15.

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)

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.

million tonnes 

of CO2 per year 

abated. & $2.2
billion worth 

of  fossil fuel 

import savings 

per year.23
million bbl diesel 

equivalent of fossil fuel 

per year might be 

replaced by green 

hydrogen or derivatives 

in the Pacific Islands.
10=

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



1The Case for Hydrogen in the PICTs

15.

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

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

▪ Displacement of fossil fuels for land mobility applications

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.

0.5 = 0.2 & $47
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by methanol in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.

8.1 = 3.5 & $740
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by methanol in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.

6.1 = 2.6 & $560
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by methanol in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.



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

▪ Replacement of fossil fuels for domestic maritime applications

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

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.

1The Case for Hydrogen in the PICTs

15.

Role of Ammonia in PICTs

0.5 = 0.2 & $47
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by ammonia in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.

8.1 = 3.5 & $740
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by ammonia in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.



1The Case for Hydrogen in the PICTs

14.

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 blend7.

▪ Displacement of fossil fuels for mining off-takers: There are also numerous potential mining off takers that may seek to procure renewable diesel: Societe Minere 

du Sud Pacifique (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)7.

▪ Displacement of fossil fuels for domestic aviation:

▪ Displacement of fossil fuels for national carriers:

Note: The values for estimated fuel use for national carriers is subject to variation pending updated data.

7.9 = 3.4 & $730
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by methanol in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.

0.8 = 0.3 & $73
million bbl diesel equivalent of 

fossil fuel per year can be replaced 

by methanol in the Pacific Islands.

million tonnes 

of CO2 per year 

abated.

million worth of  

fossil fuel import 

savings per year.

References:

Deloitte, 2023, Sustainable Aviation Fuels in the Pacific.



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

Project Description

Project Statement

The HySupply Shipping Analysis Tool has been developed to evaluate the levelised cost of transporting hydrogen (and 

hydrogen carriers) via shipping. 

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 

industrial collaborators.

Tool Competencies

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 Iain 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.au/.

Analysis Methodology

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. 

Full details on the assumptions and values used are contained in the documentation provided. 



1The 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.



Some key questions for the Pacific Region

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?

Your participation is requested
r.daiyan@unsw.edu.au and i.macgill@unsw.edu.au

mailto:r.daiyan@unsw.edu.au
mailto:i.macgill@unsw.edu.au
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