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CSIRO Futures 
The strategic advisory arm of Australia’s national science agency. 
We leverage the deep expertise of CSIRO’s research professionals 
to help Australia's largest companies and government ‘translate 
science into strategy’. 

CSIRO Energy 
Delivering the R&D solutions that will enhance Australia’s 
economic competitiveness and regional energy security while 
enabling the transition to a lower emissions energy future.

Roadmap Development Team



Why Hydrogen in our Energy Systems?

Using Hydrogen can decarbonize diverse energy & industrial feedstock needs
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We’ve been here before…..
• 2003 –"Backing Australia's Resources and Energy" Federal Government 

national hydrogen initiative

• Issues Paper, Stakeholder Workshops (Melbourne & Perth)

• Recommendations: Hydrogen Vision Development, Opportunities for 
Australia (inc. renewable energy), roadmap development

(2003)
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…..So Why Now?
 Globally, the hydrogen industry is now underpinned by a series of mature technologies
 The costs of of renewable energy have fallen dramatically making hydrogen production 

from these resources cost competitive for energy applications
 Emerging overseas markets for low emissions energy (eg Japan)
 The hydrogen industry narrative has shifted from technology development to market 

activation
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Communicating the Vision: August 2018



CSIRO National Hydrogen Roadmap 
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Primary objective: Assessment of Australian hydrogen 
opportunities to help inform and coordinate industry 
investment & government policy (released August 2018)

Export Commodity 
• Hydrogen
• Ammonia
• Methanol
• Synth. Natural Gas

Transport
• Passenger vehicles
• Heavy vehicles
• Shipping
• Rail

Direct Combustion
• Residential / 

Commercial
• Gas distribution 

network

Industrial Feedstock
• Petrochemical
• Metallurgy
• Chemicals
• Synthetic fuels

Electricity Generation 
& Storage

• Energy storage
• Grid support
• Remote Energy

Secondary objective: Bring together the broad H2 stakeholder 
group (industry, government, research) to develop a clear view of 
the opportunity for Australia (released August 2018)
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Value Chain Approach

Supply Demand

Storage  
Compression
Liquefaction

Chemical

Transport
Pipeline

Truck
Ship
Rail

Production

Thermochemical
(Fossil fuel derived)

Electrolysis

Utilisation

Heat
Stationary Electricity

Industrial 
Feedstocks
Transport

Economically sustainable industry
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Understanding the Roadmap
Methodology

• Base case (2018) modelling of mature technologies

• Identification of material cost drivers

3. Identification of investment priorities
• Commercial / Technical
• Policy/regulatory
• RD&D
• Social licence

4. Modelling of best case achievable by 2030:
• Cumulative impact of investment priorities
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Plant size

Efficiency

Capital cost Capacity factor

Electricity cost

10x increase in plant size 
(1MW to 10MW)

Tornado Charts: Sensitivities modelled using realistic changes with 
time, then used to derive ‘best case’ plot

Renewable Electricity 
8c to 4c per kwh

PEM Electrolysis
Lowest Cost of Hydrogen (LCOH) Sensitivity

Base / Best Case Modelling
Example: Hydrogen Production Costs from Electrolysis
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Applications in this zone have cost (and perhaps other) barriers to 
overcome to 2030

Applications in this zone have cost barriers in 2018, but are 
projected to become cost competitive ~2025

Applications in this zone are viable based on H2 cost in 2018 (Base 
Case) (but may have other barriers)

$/kg H2 supply cost projection(includes compression)

2020 2025 2030

Modelled H2 Price Competitiveness Cost Curve

~$5.30
= Base Case
(2018)

~$2.50
= Best Case
(2025)
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• For a given application, the price point at which hydrogen could become competitive 
on a commercial basis with current technologies and feedstocks (e.g. natural gas in 
heating)

• Does not include the following factors, which could all improve competitiveness:
• Localisation of relevant supply chains
• Industrialisation & manufacture automation
• Establishment of export industry
• Environmental cost/carbon pricing risk
• Energy supply risk

• The competitiveness cost curve is not the only driver – Target markets also influenced 
by stakeholder interest (i.e. H2 is one of the few ways to decarbonise certain sectors), 
policy and existing infrastructure

Market applications
Target cost of hydrogen
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$/kg

Grid 
firming 
services

Synthetic 
fuels

Hydrogen Applications & The Cost Competitiveness Curve

Trucks

Passenger 
vehicles

Buses

Residential 
heat

Industrial 
feedstocks 

Remote Area Power 
Systems

Export

Infrastructure barrier

Base case (2018) H2 supply cost barrier

Infrastructure and H2 supply cost barrier

Best case (˜2025) H2 supply cost barrier

Roadmap H2 supply cost projection (Electrolysis)

2020 2025 2030
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Synthetic 
fuels

The Export Opportunity

Trucks

Passenger 
vehicles

Buses

Residential 
heat

Infrastructure barrier

Base case (2018) H2 supply cost barrier

Infrastructure and H2 supply cost barrier

Best case (˜2025) H2 supply cost barrier

Roadmap H2 supply cost projection (Electrolysis)

2020 2025 2030

Remote Area Power 
Systems

Industrial 
feedstocks 

Export

CSIRO Energy |  Patrick Hartley14  |



Energy Carrier Hydrogen Density 
(kg/m3)

Chemical Formula

Methane (LNG)* 108 CH4

Methanol* 99 CH3OH

Ammonia (25oC, 
1MPa)

108 NH3

Methyl Cyclohexane 
(MCH)*

47 C7H14

Hydrogen transportation Options
Compression, Liquefaction & Hydrogen Carriers

Energy Carrier Hydrogen Density 
(kg/m3)

Hydrogen Gas 0.08

Compressed
hydrogen (20MPa)

18

Compressed 
hydrogen (70MPa)

42

Liquefied Hydrogen
(-253oC)

71

In
cr

ea
si

n
g 

co
st

 H2 has a low volumetric density (kg/m3) and hence energy density 
(MJ/m3) is low in its uncompressed gaseous state

Developments are underway to increase the volumetric density for 
cost effective transport 

Carrier technologies are available which improve density and 
therefore storage / transport economics

Decisions are a trade off between H2 quantity, capex footprint, cost & 
energy required plus:

Other Carrier Considerations:
CO2 neutral carbon sources required

Opportunity for other markets 
(fertilizer, petrochemical)

Toxicity concerns

* Not considered in detail in CSIRO Roadmap

35 Bar 150 Bar 350 Bar

LCOH ($/kg) 0.43-0.53 0.3-0.37 0.34-0.42

Tank Costs
Dominate
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Rail

Hydrogen transportation options

1,000 2,000 3,000 4,000

100

50

25

75

Pipeline

Shipping
(Export)

Ammonia

Liquefaction

Distance 
(km)

Volumetric density 
(kg H2/m3)

Compression

Truck
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Hydrogen Energy Supply Chain (HESC) project

Latrobe Valley
Victorian brown 
coal gasified to 

produce hydrogen

Port of Hastings
Hydrogen is liquefied 

and loaded onto 
tankers to be shipped 

to Japan

CarbonNet
CO2 Storage 

Resource
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Large Scale Transport Options
Liquefied Hydrogen Shipping

 Australia – Japan Interim Carriage Requirements agreed by IMO Maritime 
Safety Committee in November 2016
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Liquefaction Pathway
Material Drivers of Cost

 Landed CIF cost AU$4.61/kg in 2025

 Expected liquefaction cost contribution by 2025 is 
AU$1.75/kg

 Further cost reductions expected as the export 
industry matures & technology improves:

• Electricity pricing
• Plant capacity
• R&D measures designed to improve plant efficiency and 

maintain temperature

$1.76 $1.76 

- $0.18 
- $0.33 - $0.05 

- $1.01 

- $1.63 

$4.96 

0
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Base Case Price of
Electricity

Capacity
Factor

Electricity
Usage

Plant Size Other Best Case

H2 Liquefaction cost reductions ($/kg)



Export Supply Chain Costs

Mizuno, Y. et al. Journal of Japan Society of Energy & Resources Vol. 38(3) 11-17

 Similar Costs for 3 pathways in 
2030

 Liquefaction, storage & handling 
major costs for LH2 pathway

 Carrier Synthesis and hydrogen 
regeneration significant costs for 
the Ammonia and MCH pathways

~ US$5/kg



CSIRO Energy |  Patrick Hartley21 |

Summary of Actions
Hydrogen Export



Demonstration Activities in Australia

Neoen Crystal Brook
Energy Park

AGIG HypSA
Tonsley

Port Lincoln 
Green Hydrogen Plant

Moreland City Council H2 Waste Truck Trial

Kawasaki Heavy Industries
HESC Project

ACT Government Vehicle Trial

Jemena Gas Networks
Power to Gas Trial

Northern Oil 
Advanced Biofuels Pilot Plant

Sir Samuel Griffith Centre

Pilbara Renewable Ammonia
Yara Pilbara Fertilizer

ATCO Clean Energy
Innovation Hub

Woodside 
Energy 
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 Hydrogen Technology is largely mature. Market activation is the key priority for 
developing an economically sustainable hydrogen industry in Australia

 Barriers to market activation stem from both a lack of infrastructure supporting markets 
and cost of hydrogen supply

 The opportunity for clean hydrogen to compete favourably on cost in many local 
applications is within reach and achievable by 2025.

 The development of an export industry represents a potential ‘game changer’ for 
hydrogen and the broader energy sector due to associated increases in scale. 

 Development of an appropriate policy framework could create a local ‘market pull’ for 
hydrogen. Expect investment in value chain infrastructure to follow

CSIRO National Hydrogen Roadmap: Key Messages
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Thank you

ENERGY

We deliver Australia’s energy future

Working with 
industry across the 
energy value chain

Applying large-
scale infrastructure 

to high-impact 
science

Applying innovative 
Australian solutions 

to international 
energy challenges

Significant track 
record of trusted 

solutions

E-mail: patrick.hartley@csiro.au
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Vanadium-based membranes for H2

purification

CSIRO Hydrogen Separation Membrane Technology


