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FOREWORD
Driven by shared goals to develop innovative
responses to real-world challenges, the
Woodside Monash Partnership is an exemplar
of a sustainable, impactful and scalable
relationship between academia and industry,
with innovative outcomes for both.
As the largest single industry-academia
partnership in Australia, representing $66.5M
to date, the Woodside Monash Partnership
is not only significant in its scale, but also
in the way we work and collaborate. It is
this collaboration and alignment in shared
ambitions that led to the Partnership receiving
recognition in 2021 as award winners for
industry engagement, receiving both the
Australian Financial Review Higher Education
Award in Industry Engagement and the
Engagement Australia Excellence Award
for Excellence in Industry Engagement. The
Partnership has come a long way since its
first inception as the Woodside FutureLab
at Monash in 2016, and we are grateful to
both the Australian Financial Review and
Engagement Australia for this recognition.
What started as a philanthropic relationship
has now grown into a strong partnership,
focused on assisting Australia in its energy
transition. The Partnership is represented
by two strands; the Woodside FutureLab
at Monash which examines technologies
of the future across manufacturing, IT and
data, and the Woodside Monash Energy
Partnership which is facilitating Australia’s
transition to a clean energy superpower. These
two strands complement each other in the
way they work, with the Monash FutureLab
structured with agility in mind so researchers
can pivot quickly to explore new ideas, and
the Energy Partnership taking deep dives into
technology development and business models
to determine how these new ideas can actively
support the energy transition.
Although 2021 brought challenges through
the continued impact of the pandemic,
we adapted throughout this period. This
included the secondment of Dr Lee Djumas

to Woodside, shifting from Research and
Innovation Manager of the FutureLab to
Additive Manufacturing Subject Matter
Expert and assisting technology transfer into
Woodside’s operations, thus strengthening
our relationship through the co-location
of staff. We were pleased to recruit Dr
Erin Brodie as the incoming Research and
Innovation Manager. Erin brings materials
engineering and additive manufacturing
expertise in the areas of metals, biomaterials,
and sustainable manufacturing.
In June 2021, the Woodside Building for
Technology and Design was officially
launched. As the largest Passive House
project in the Southern Hemisphere,
the Woodside Building for Technology
and Design also received national and
international recognition this year. It received
both the Sir Zelman Cowen Award for Public
Architecture and the David Oppenheim Award
for Sustainable Architecture by the Australian
Institute of Architects National Award;
several state awards, including the Victorian
Architecture Medal and Melbourne Prize, in
addition to being chosen as one of seventeen
projects presented in the Build Better Now of
the CO26 Build Environment Virtual Pavilion
run by UK Green Building Council.
While we continued to navigate the challenges
for international student recruitment, we
saw our domestic student engagement
grow significantly. New students joined
the Partnership, and we also saw students
return, bringing industry experience to their
future work. We were proud to curate the
first student team in Carbon Capture and
Conversion, which later became one of sixteen
international winners of a US$250K prize in the
XPRIZE Carbon Removal competition; and is
now progressing several initiatives in their goal
of creating a sustainable pathway to gigatonne
carbon removal.
Over the period of the Partnership, the
investment from Woodside and Monash has
progressed several R&D programs to later

stage development, including the development
of an energy assessment tool that assists
industry to environmentally produce hydrogen
at scale; a software system for optimising the
design of chemical plants; and verification
procedures to assist the roll-out of additively
manufactured parts to Woodside’s operations.
There is great satisfaction in seeing
our projects being deployed and the
transition of our work programs from one
of primarily discovery and understanding,
to one that contains a significant fraction
of implementation. Of course, we are still
doing discovery and new projects are
being developed but we are in the thick of
implementation which is a reward for the last
5 years of work.
As a Partnership helping to accelerate
Australia’s energy transition, we are pleased
to share the outcomes and achievements
of 2021. We would like to thank all the
contributions from both our Woodside and
Monash colleagues who have been critical
in the success of the Woodside Monash
Partnership, and look forward to the future
years to come.

Professor Maria Garcia de la Banda
Monash FutureLab Co-Chair
Information Technology, Monash University
Professor Christopher Hutchinson
Monash FutureLab Co-Chair
Engineering, Monash University
Professor Paul Webley
Energy Partnership Director
Monash University
Jason Hill
Woodside Monash Partnership Manager
Woodside Energy
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WOODSIDE FUTURELAB
AT MONASH
The Woodside FutureLab (est. 2016) is focused on solving today’s
challenges using the knowledge and technologies arising from additive
manufacturing, materials engineering and data science. Materials
engineering activities tackle major global challenges (such as
corrosion) via new technologies and next-generation materials,
whilst advanced manufacturing and design activities focus
on additive manufacturing as a disruptive technology. The
data science pillar applies advanced machine learning,
optimisation, and visualisation technologies to support
sophisticated decision-making in areas such as plant
design and energy network optimisation.

WOODSIDE MONASH
ENERGY PARTNERSHIP
The Woodside Monash Energy Partnership (est. 2019) is focusing
on the energy transition to a lower-carbon future, with a threepillar approach: affordable, bulk clean energy; carbon abatement;
and thought leadership, aligning into the themes of New Energy
Technologies, Carbon Capture, Conversion and Utilisation, and Energy
Leadership. Activities centred on hydrogen production and carbon
abatement seek to deliver new energy that is competitive with current
markets, scalable for bulk energy transport, and value-adding through
the creation of carbon products.
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FUTURELAB HIGHLIGHTS
•

Reached a major milestone for the Partnership with the installation of a
3D printed stainless steel monoflange printed at the Monash FutureLab
into critical hydrocarbon service at offshore asset.

•

Dr Lee Djumas seconded as Additive Manufacturing Subject Matter
Expert to Perth to support the delivery of AM into the business.

•

Dr Erin Brodie on board as FutureLab Research and Innovation
Manager at Monash University.

•

Achieved qualification of AM Ni-base alloy C22, superior to Super
Duplex stainless steel and Inconel 625 in a seawater environment.

•

Initiated the development of new ‘clean slate’ alloy to cover both low
temperature seawater and high temperature oxidative environments for
New Energy applications.

•

Completed an inventory management prototype that computes
lead-time estimates and confidence intervals for a given product and
visualises them using PowerBI.

•

Extended the state-of-the-art 2D path finding algorithm (JPS) to 3D and
applied it to pipe routing. It outperforms the 3D version of the classical
A star algorithm in crowded conditions.

•

Created an interactive system to design a minimal cost network
of hydrogen production facilities, given a set of demand locations,
electricity rates and possible facility configurations for the network. While
location independent, the system is currently supporting Woodside’s
proposed H2OK project applied to the North America Network.

•

Exploring the commercialisation of the auto-plant layout software
via (a) a successful $50K Monash Rapid Innovation Fund entitled
“Autoplant Business Case and Assessment of Current Product”, and
(b) a $3M proposal for a CRC-P entitled “Auto Plant Layout: Enabling a
Faster and Cheaper Path to Net Zero”.

•

Continued the exploration of semi-supervised learning for automated
corrosion detection.

•

Collaborated with New Energy exploring AM electrolysers and catalytic
structures, further encouraging student engagement and recruitment.
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ENERGY PARTNERSHIP HIGHLIGHTS
LEADERSHIP
•

Professor Jacek Jasieniak promoted to Pro Vice-Chancellor (Research Infrastructure). As
the outgoing New Energy Theme Leader, the Partnership continues to work with Professor
Jasieniak as the Primary Chief Investigator for ultra-low cost photovoltaics (PV).

•

Dr Tom Hughes appointed as New Energy Theme Leader (incoming).

•

Dr Matt Nussio promoted from Senior Manager to Associate Director of the Woodside
Monash Energy Partnership in recognition of his contributions and foundational support
of the Partnership since 2019.

STRATEGIC RESEARCH THEMES
•

New projects commenced across each of the three strategic research themes.

•

New Energy commenced early-stage development for research into solid oxide
electrolysis, and ultra-low cost large-scale solar.

•

Carbon Capture, Conversion and Utilisation, initiated new programs in direct air capture
of CO2, and conversion of CO2 by plasmonic catalysts.

•

Energy Leadership supported a review of current available tools, as a complement to
the energy assessment tool, to assist in the planning for a fully integrated system tool
that represents the full H2 value chain.

LARGE-SCALE SOLAR SPRINT
•

Hosted a Sprint in large-scale solar, where representatives from Woodside, Monash and
student teams joined.

•

Identified future research programs for the development of a high volumetric energy
density solution for achieving low cost PV electricity.

•

Focus areas included photovoltaic module development, energy storage, and
containment and deployment.

•

Leading concepts were further investigated and prototyped through a 12-week program
supported by the Monash Industry Team Initiative.

PROGRAMS
•

Awarded the Renewable Hydrogen Business Ready Fund by the Victorian State
Government in support of a feasibility study for a renewable liquid hydrogen supply hub
in the Monash Technology Precinct.

•

Monash Carbon Capture and Conversion awarded 1 of 16 successful applicants for the
XPRIZE CARBON REMOVAL Student Competition (US$250K Prize).
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FUTURELAB
AT MONASH
PROJECTS
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FUTURELAB

THEMES

LEADERSHIP

1.

Monash University

Monash Clayton Campus

ADDITIVE
MANUFACTURING

DATA SCIENCE

Professor Maria
Garcia de la
Banda

Professor
Christopher
Hutchinson

Co-Chair and Data
Science Lead
Monash University

Co-Chair and
Materials Lead
Monash University

Dr Sebastian
Thomas

Dr Erin Brodie

Jason Hill

Corrosion Lead
Monash University

Monash FutureLab
Research Manager
Monash University

Monash Woodside
Partnership
Manager
Woodside Energy

Woodside Perth

MATERIALS
ENGINEERING

ENERGY
PARTNERSHIP
COLLABORATIONS

Andrew Lockwood

Michael Brameld

Dr Lee Djumas

Shaun Sadler

Data Science
Focal Point
Woodside Energy

Chief Materials &
Inspection Engineer
Woodside Energy

Additive Manufacturing
Subject Matter Expert
Woodside Energy

FutureLab Manager
Woodside Energy
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PROJECT IN FOCUS

FUTURELAB

MAKING ADDITIVE MANUFACTURING A REALITY
Woodside has been on a long journey
to realise the benefits of additive
manufacturing (AM), or 3D Printing,
within the business. What began with
Monash in 2016, has now realised the
major milestone of installing the first 3D
printed component (stainless steel) into
pressure-containing, critical service on
the Goodwin platform.

With new commercial AM vendors
joining soon, the benefit of using a
single, high-performance alloy across
the business will only strengthen the
advantages listed above. Work is now
underway at Monash to extend this
qualification program to new printing
technologies for large scale components
and welding-based installation.

The technical, certification, procurement
and logistical challenges which have
been overcome to reach this goal are
extensive and this achievement is one
to celebrate. This opens the door for a
range of possibilities and benefits within
Woodside, including reduced lead times
of difficult to procure products, improved
performance due to optimised design as
well as reduced costs and risks through
simplified supply chains.

Monash is now working on a research
program to further reinforce this
competitive material advantage in the AM
space with efforts to develop an all-new
alloy which can serve aspects of the new
energy business as well, including high
temperature and hydrogen service.

But this is only the beginning of the story.
Over the past year, Woodside and
Monash, working with other university
partners, have been busy qualifying a
single Ni-based metal alloy for use across
the broadest range of potential use cases
within Woodside operations.

It is tremendously satisfying to realise
the installation of the first 3D printed
component in critical service for Woodside
and to see the Woodside Monash
relationship enjoy the success that longterm partnership can bring in this area.
The secondment of Dr Lee Djumas from
Monash to Woodside to support the rollout
of AM into the business is further evidence
of the strength of the partnership.
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PROJECT IN FOCUS

FUTURELAB

HYDROGEN NETWORK OPTIMISATION
The demand for hydrogen is forecast to increase
at an ever increasing rate in support of global
decarbonisation efforts. Optimally locating and
designing production facilities is essential for attractive
project economics. This is a complex optimisation
problem that must consider information such as
the geographical location of the facilities, state and
county taxes/incentives, electricity pricing profiles,
demand quantities and locations, transport costs, and
component configurations. The solution is an optimal
network of production facility locations and respective
production rates.

A location-independent decision-making system
is being developed and is currently able to find an
optimal location and configuration for the production
facilities needed to service the demand of a set of
locations, given hourly electricity prices, CAPEX and
OPEX costs, production rates for different component
configurations, and $/Kg transport costs for stateto-state distances. The results are visualised via an
interactive User Interface. The outcomes, with special
focus on facility capacity and layout, may be applied
to Woodside’s proposed liquid hydrogen production
project in Oklahoma, USA (H2OK).

In 2022 the focus will be to extend the system to
allow production facilities to use different electricity
providers, improve scalability, allow for multiple
transport technologies, make the operation of the
different components (electrolyser, compressor,
liquefier, etc) more realistic, model boil-off, produce a
diverse set of (near) optimal solutions, modify the User
Interface to allow for ‘Explainability Questions’, model
uncertainty, and split the User Interface into a network
component and a facility-focused component.
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PROJECTS

FUTURELAB

ADDITIVE MANUFACTURING (IMPLEMENTATION)

ADDITIVE MANUFACTURING (IMPLEMENTATION)

QUALIFYING AM C22 AND 316L

FAST TURNAROUND AM POLYMER PARTS

•

•

Enabling fast turnaround design and prototyping of innovative plant parts.

•

Manufactured moulds that enabled a new design of silicon covers to be created
for improved scaffold safety.

•

Enhanced design for bus switch tool additively manufactured from carbon fibre,
currently undergoing torque testing at Woodside prior to installation.

•

Delivering AM technology as ‘business as usual’ requires qualification of
a suitable alloy.
Printing, selecting and qualifying Nickel alloy C22 across a broad range
of service conditions.

•

Supporting completion of the Woodside Engineering Standard:
Additive Manufacturing.

•

Installation of first 3D printed 316L monoflange offshore.

Pictured: Tyron Stephens, Campaign Mechanical, Woodside Energy
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PROJECTS

FUTURELAB

ADDITIVE MANUFACTURING (EXTENDING AM AT WOODSIDE)

ADDITIVE MANUFACTURING (EXTENDING AM AT WOODSIDE)

AM ALLOY DEVELOPMENT FOR NEW ENERGY APPLICATIONS

EFFECTS OF ANOMALIES ON ELECTROCHEMICAL AND
MECHANICAL PERFORMANCE OF AM ALLOYS

•

Undertaking the development of a single alloy for AM which can cover all
required service environments to reduce cost and time of acquiring, developing,
servicing and joining separate materials.

•

A potential new alloy has been cast and rolled into plate to enable testing and
evaluation against design conditions. This has included testing the corrosion
and mechanical properties.

•

New alloy powder sourced for AM and initial printing parameter optimisation
conducted.

•

Progress understanding of AM part capability to expand implementation in
facilities and infrastructure.

•

Samples with seeded anomalies manufactured by AM and assessed with
micro-CT to understand detectable anomaly size and depth.

•

Tensile and impact samples manufactured with seeded anomalies to assess
effect on mechanical properties.
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PROJECTS

FUTURELAB

ADDITIVE MANUFACTURING (EXTENDING AM AT WOODSIDE)

ADDITIVE MANUFACTURING (EXTENDING AM AT WOODSIDE)

ADDITIVE MANUFACTURING (EXTENDING AM AT WOODSIDE)

WELDING OF AM PARTS

ENHANCING NI ALLOY C22 AM
MECHANICAL PROPERTIES

EXPANDING AM CAPABILITY TO WIRE
DIRECTED ENERGY DEPOSITION (W-DED)

•

Exploring mechanical improvements to the
Woodside qualified material for AM by investigating
printing strategies, chemical composition
refinement and novel part design.

•

Building capability to better understand W-DED
and its use in the energy sector for part repair,
coating and maintenance.

•

•

Analysing the high impact properties of AM C282
alloy for use in improving the impact properties of
AM C22.

Liaising with large commercial W-DED partners for
large-scale sample fabrication.

•

Improving the breadth of implementation of AM
parts within existing infrastructure.

•

Two AM parts successfully welded to one another
using Woodside contracted welding partner.

•

Welds under metallographic and mechanical
investigations.

•

Pictured: Michael Brameld, Chief Technology Materials Engineer, Woodside Energy

Investigating laser strategies to improve the
mechanical performance of AM C22.
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PROJECTS

FUTURELAB

DATA SCIENCE IMPLEMENTATION

DATA SCIENCE IMPLEMENTATION

H2 NETWORK OPTIMISATION CHALLENGE

VISUALISATION AND OPTIMISATION OF PLANT LAYOUT

•

Expansion of the interactive optimisation/visualisation software system for
optimising H2 networks for efficiency.

•

Evaluating commercialisation of a robust, scalable and interactive plant
layout software.

•

Modifying the model to allow production facilities to use different electricity
providers and multiple technologies.

•

Awarded a Monash Research Impact Fund award for $50K titled ‘Autoplant
Business Case and Assessment of Current Product’.

•

Better modelling of plant processes (e.g. boiloff), producing a diverse set of
(near optimal) solutions (rather than one) and taking uncertainty into account.
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PROJECTS

FUTURELAB

DATA SCIENCE IMPLEMENTATION

DATA SCIENCE IMPLEMENTATION

DATA SCIENCE IMPLEMENTATION

MACHINE LEARNING FOR CORROSION
DETECTION IN METAL

INVENTORY MANAGEMENT: LEAD TIME

PIPE ROUTING

•

Completed an inventory management prototype
app capable of providing lead time estimates for
products based on a resampling model.

•

•

Two prototypes sent to Woodside for review
and feedback.

Improving the current automated 3D pipe routing
method from sequential (i.e. one by one) to a
parallel method for efficient and optimal plant
planning that is both accurate and scalable.

•

Enhancing the method by extending the 2D stateof-the-art Jump Point Search algorithm used
widely in the gaming industry to three dimensions.

•

The next steps are to make it scalable and able to
deal with the support costs or flexibility constraints.

•

Developing an automated metal corrosion
detection method based on machine learning to
reduce cost of corrosion monitoring.

•

Current methods require a significant amount of
human supervision. A flexible semi-supervised
model has been developed.

•

Current aim is to determine the minimal amount of
supervision that provides significant accuracy.
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PROJECTS

FUTURELAB

MATERIAL DEVELOPMENTS FOR THE FUTURE

MATERIAL DEVELOPMENTS FOR THE FUTURE

ENERGY PARTNERSHIP COLLABORATIONS

HYDROGEN EFFECTS IN METALS

SMART ENGINEERING ALLOYS

•

•

ADDITIVELY MANUFACTURED
ELECTROLYSERS

•

•

Providing foresight into material behaviour for
future hydrogen economy infrastructure.
Analysing hydrogen charged materials to assess
effects on mechanical and electrochemical
properties.
Investigating AM solutions to support the use of
existing materials, facilities and infrastructure in
hydrogen storage and transportation.

•

Smart structural alloys providing a scalable
solution to a wide range of potential applications:
CO2 conversion, fugitive methane detection,
structural monitoring sensors.
Theoretical concept is well established.
Workshop sessions scheduled with key Woodside
stakeholders to identify value add applications to
maximise potential return from implementation
study results.

•

Assisting the Energy Partnership with AM designs
for carbon conversion and hydrogen generating
electrolysers.

•

Additively manufactured electrolysers and
monoliths fabricated to improve conversion
efficiency. Efficiency testing currently underway.

•

Linkage Project 2021 submitted for $100K over
3 years (2023-2025 inclusive) for ‘3D Printed
Catalytic Monoliths for Energy Efficient Carbon
Conversion’. Expected outcome: Q3 2022.
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ENERGY
PARTNERSHIP
PROJECTS
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STRATEGIC RESEARCH THEMES

ENERGY PARTNERSHIP

NEW ENERGY TECHNOLOGIES
High-efficiency and low-cost solutions to generate, store,
and export carbon neutral energy, including hydrogen
and its carriers.

CARBON CAPTURE, CONVERSION
AND UTILISATION
Commercially sustainable solutions that reduce atmospheric
carbon dioxide emissions through chemical, thermal, and
biological approaches.

ENERGY LEADERSHIP
Understanding and enabling the interplay of economics, energy
security, policy and governance on the transitioning energy
system, including carbon markets.
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LEADERSHIP AND THEME LEADERS

ENERGY PARTNERSHIP

LEADERSHIP TEAM

WOODSIDE SUBJECT MATTER EXPERTS

Professor
Paul Webley

Dr Matt Nussio

Jason Hill

Justine Sik

Larisa Teterevkova

Woodside Monash
Energy Partnership
Director
Monash University

Woodside Monash
Energy Partnership
Associate Director

Woodside Monash
Partnership Manager
Woodside Energy

Senior Project Officer
Monash University

Energy Partnership
Coordinator
Monash University

Catherine Simon

Dr Ashley Roberts

Dr Sui Boon Liaw

Hydrogen Program
Manager
Woodside Energy

Energy Transformation
Engineer
Woodside Energy

Energy Transformation
Engineer
Woodside Energy

Sarah Mihic

Michael Lawrence

Sandy Chen

Energy Transformation
Engineer
Woodside Emergy

Climate Change Adviser
Woodside Energy

New Energy Integration
Engineer
Woodside Energy

RESEARCH THEME LEADERS

Dr Tom Hughes

Dr Jitendra Joshi

A/Prof Akshat
Tanksale

Professor
Fang Lee Cooke

Peter Metcalfe

Professor
Murali Sastry

New Energy
Theme Leader
Monash University

New Energy
and Carbon
Theme Leader
Woodside Energy

Carbon
Theme Leader
Monash University

Energy Leadership
Theme Leader
Monash University

Energy Leadership
Theme Leader
Woodside Energy

Global Partnerships
Theme Leader
Monash University
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PROJECT IN FOCUS

ENERGY PARTNERSHIP

ENVIRONMENTAL IMPACT AND ENERGY ASSESSMENT TOOL TO AID DECISION MAKING
HOW HYDROGEN CAN BE HARNESSED TO HELP IN THE DECARBONISATION EFFORT
Hydrogen is expected to play a significant role in the deep decarbonisation of transport and industry,
especially for energy services that will be difficult or expensive to electrify. The utility value of hydrogen stems
from its versatility as an energy carrier, storage medium, and chemical feedstock. Hydrogen has potential to
intermediate the provision of electricity, mobility, heat, and work.
If hydrogen is to contribute to decarbonisation
efforts, attention needs to be paid to several
aspects of green hydrogen production:
•
•

•
•

the energy, materials and emission flows
embedded in the hydrogen supply chain
the scale of green hydrogen deployment
necessary to contribute to global
decarbonised energy supply
the net energy of hydrogen production
the challenges of powering electrolysers
with a variable power source.

Life cycle assessment (LCA) and net energy
analysis (NEA) are tools for addressing
these aspects. The dilemma for LCA
practitioners is that there are no large-scale
renewable-electrolysis plants in operation
from which to collect operating data and
plant specifications. To address this gap, this
project conducted an environmental and net
energy assessment of a hypothetical largescale solar-electrolysis plant.
HYDROGEN PRODUCTION
Hydrogen can be produced from a diverse
range of primary energy resources, including
renewable and nuclear energy, biomass,
natural gas, coal, and oil. The “clean” and
“low-carbon” labels can be applied to several
production pathways; however, the “green”
label is generally reserved for hydrogen
produced almost entirely with renewables.
Much of the international policy discussion
has focused on green hydrogen deployment,

with an increasing number of jurisdictions
announcing policies to accelerate
deployment. Australia has announced a
National Hydrogen Strategy to develop a
“clean hydrogen” industry.
Water electrolysis powered by wind power
and solar photovoltaics (PV) are promising
candidates for large-scale production of
green hydrogen in Australia.
EMISSIONS EMBODIED IN HYDROGEN
In contrast to hydrogen produced via fossil
fuels, electrolysis powered by renewable
energy produces almost no direct emissions
during operation. However, the infrastructure
is energy and materials-intensive. To
the extent that fossil fuels are used to
manufacture, construct, and operate the
infrastructure, the impacts of extracting and
burning those fossil fuels will be indirectly
embedded in the hydrogen. A global
transition from fossil fuels will, of course,
reduce those embedded impacts.
Hydrogen certification schemes typically
recognise “low carbon” as at least a 60%
reduction in greenhouse gas emissions
compared to steam methane reforming
(currently the dominant hydrogen production
method). However, the measured reduction in
emissions depends on the system boundary
used for the environmental assessment.
The European CertifHyTM scheme applies
the “well-to-gate” system boundary, which
is relatively narrow, but captures most of

This article originally appeared on
Lens, Monash University’s thought
leadership website.

the emissions of fossil fuel-based hydrogen
production.
This boundary includes the direct emissions
emitted from within a hydrogen production
facility, as well as the immediate upstream
emissions associated with supply of
feedstocks and fossil fuel-based electricity
generation. The proposed Australian
certification scheme, or Guarantee of Origin
(GO), hasn’t yet determined the system
boundary, but stakeholder feedback is
generally supportive of the “well-to-gate”
boundary adopted for CertifHyTM.
The broadest system boundary used for
environmental assessment, the “cradleto-grave” boundary, includes the full lifecycle impacts during the manufacture
and construction, and subsequent
decommissioning, of hydrogen production
facilities. Irrespective of system boundary,
estimation of emissions for fossil fuel-based
hydrogen is straightforward, because most
emissions occur as result of combustion
within clearly identified industrial plants and
electricity generators. In contrast, nearly all
the emissions associated with renewableelectrolysis are embedded in global supply
chains. Since environmental impacts are
diffused in a web of energy and material
flows, it’s much harder to identify and
measure impacts. Nonetheless, the supply
chain of the plant and equipment is critical to
the sustainability of green hydrogen.
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ENERGY RETURN ON INVESTMENT
A further factor is that there’s been a marked
decline in the energy return on investment
(EROI) of the global energy system in recent
decades, leading to concerns that a further
decline may impede energy transition. EROI
is the ratio of the energy returned from an
energy supply process, compared with the
energy invested in that process over the full
life cycle. It’s conceptually an energy profit
ratio, and based on the fundamental principle
that any supply system must return more
energy than has been diverted from other
uses to get that energy.
Resource depletion tends to lower EROI, while
technological improvement tends to increase
it. To date, technological improvements in oil
and gas extraction, significant technological
developments in renewables, and smart grids,
haven’t been able to reverse the global EROI
decline. As a physical metric, EROI can be
useful for identifying physical constraints that
may not be obvious from techno-economic
analyses alone.

THE MAGNITUDE OF THE UPSCALING
REQUIRED
An important consideration in the context of
climate mitigation is the enormity of upscaling
required – both at the global scale with respect
to the investment, land area, materials, and
embodied energy; and at the project scale with
respect to the potential localised impacts of
gigawatt-scale plants.
Assuming that hydrogen was to supply 5%
of final energy in 2050, roughly 5000GW of
wind and solar would need to be dedicated to
hydrogen production. This implies that perhaps
hundreds of gigawatt-scale wind and solar
plants will need to be in operation by 2050.
Targets for hydrogen demand beyond 2050
are much greater. Along with hydrogen
production and use, energy transition
will involve the synchronous upscaling of
renewable electricity, batteries, and energyuse technologies. The materials and metals
demanded by a low-carbon economy are
projected to be immense, creating challenges
along the full supply pathway.

WATER ELECTROLYSIS POWERED BY A
VARIABLE POWER SOURCE
A related consideration is understanding how
renewable electrolysis facilities will operate
as integrated facilities. Water electrolysis,
hydrogen compression, liquefaction, and
ammonia production are subject to physical
and thermodynamic operating constraints.
Chemical plants are ordinarily optimised for
steady-state operation at medium to high
operating capacity.
The challenges of powering electrolysers with
a variable power source are known, but the
principal strategy for managing renewable
variability of pilot-scale plants has been
grid buffering. However, grid buffering may
significantly increase the GHG emissions
embedded in hydrogen, even where grid
imports comprise a minor share of energy.
Another strategy is electricity buffering
via batteries or other electricity-storage
technology. All these factors tend to increase
environmental impacts and reduce net-energy.
AN INTEGRATED APPROACH NEEDED
Design for sustainability implies that
environmental assessment parameters
need to be treated as objective functions
in plant optimisation.
We recommend that life cycle assessment
and net energy analyses are integrated with
project planning, along with conventional
techno-economic analysis, to inform decision
making to ensure hydrogen meets the goals
of sustainable production.
TEAM
MONASH UNIVERSITY

WOODSIDE ENERGY

Dr Graham Palmer

Dr Ashley Roberts

Professor Damon Honnery

Catherine Simon

Dr Roger Dargaville

Dr Jitendra Joshi

A/Prof Andrew Hoadley
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PROJECTS

ENERGY PARTNERSHIP

NEW ENERGY TECHNOLOGIES

NEW ENERGY TECHNOLOGIES

NEW ENERGY TECHNOLOGIES

EFFICIENT ELECTRODES

LIQUID H2 BOIL-OFF GAS MANAGEMENT

SOLID OXIDE ELECTROLYSIS

•

Stage 2 of the seawater electrolysis program.

•

•

•

Project is designing an electrolyser capable
of splitting purified sea water to H2 and O2, by
development of electrocatalysts.

Current liquid hydrogen storage tanks rely on
complex double-shelled configurations with active
cooling to minimise boil off.

•

This project is assessing the mitigation of boil-off
losses through development of a dynamic heat
transfer model and optimisation of operating
conditions.

Solid oxide electrolysis (SOEC) is an all-ceramic
device, which operates at high temperature for
applications such as hydrogen production via
water splitting and carbon dioxide conversion into
CO and other chemicals.

•

Significant efforts have been made to develop
SOEC technology and demonstrate SOEC systems
from lab to pilot scale over the last decades.

•

This project completed a technology assessment
for two future work packages for further research.

•

Specific focus on the durability of new materials
and overall system in intermittent mode of
operation to enable efficient coupling to renewable
energy sources.

•

The feasibility of utilising para-ortho conversion
for boil-off gas reduction will also be assessed
through modelling and experimentation.

WOODSIDE MONASH PARTNERSHIP 2021 ANNUAL REPORT // 20

PROJECTS

ENERGY PARTNERSHIP

CARBON CAPTURE, CONVERSION AND UTILISATION

CARBON CAPTURE, CONVERSION AND UTILISATION

GAS PHASE CO2 CONVERSION

CO2 CONVERSION BY PLASMONIC CATALYSTS

•

An attractive option for CO2 utilisation into fuels and chemicals is the conversion
of CO2 into synthesis gas (CO+H2) via dry or tri-reforming of methane.

•

Conventional catalysts for the conversion of CO2 to value added products require
high reaction temperatures and pressures, prohibiting a cost-effective solution.

•

These reactions however are highly endothermic, have associated catalyst coking
issues and hence pose challenges for large scale applications.

•

This project is developing new multifunctional nanocatalysts that can efficiently
and cost effectively convert CO2 into value added products using plasmonics.

•

This work is using novel heating technologies to reduce energy requirements,
while also incorporating state of the art catalysts for improved efficiency.

•

Designed to be readily integrated with renewable energy, this approach will
enable the production of chemicals under near ambient conditions and visible
light excitation.
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PROJECTS

ENERGY PARTNERSHIP

CARBON CAPTURE, CONVERSION AND UTILISATION

CARBON CAPTURE, CONVERSION AND UTILISATION

FEASIBILITY OF LARGE SCALE CO2 CAPTURE FROM AIR

ACETIC ACID PRODUCTION BY CO2 CONVERSION

•

Direct air capture (DAC) of CO2 has been identified as a prospective pathway to
mitigate the effects of global warming.

•

Acetic acid is produced with high conversion and selectivity over novel metal
organic framework catalysts.

•

The aim of this development is to design an energy and cost-efficient DAC
technology that is economically scalable.

•

Hydrocarbonylation reaction of methanol with CO2 and hydrogen as
the reactants.

•

This project will initial develop a system for feasibility testing at 100 kg per day
of captured CO2.
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PROJECTS

ENERGY PARTNERSHIP

ENERGY LEADERSHIP

ENERGY LEADERSHIP

ENERGY LEADERSHIP

GREEN ENERGY IN THE GLOBAL STAGE

ANALYSING THE IMPACT OF CARBON
LABELLING AND CARBON NEUTRAL
CERTIFICATES ON CONSUMER
BEHAVIOUR

ECONOMIC FAIRWAYS OF GRIDCONNECTED H2

•

•

A multi-disciplinary and multi-stakeholder approach
that examined inter-related thematic dimensions
that impact the future green hydrogen market.
The project outcomes developed insights into
policies, initiatives and market development
for green hydrogen, with reference to specific
global regions.

•
•

Focused on carbon labelling schemes in the
Australian energy sector.
Explores how market mechanisms, socioeconomic factors and policy tools can influence
sustainable consumer choices.

•

Many assessments of hydrogen project viability
focus on the evaluation of generic production costs
independent of location.

•

By assessment of geospatial factors and regional
economic potential for grid-connected hydrogen
projects, locations have been identified for the
greatest opportunity for hydrogen development.
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PROJECTS

ENERGY PARTNERSHIP

ENERGY LEADERSHIP

ENERGY LEADERSHIP

DESIGNING AN EFFECTIVE SYSTEM FOR EXPLORING THE
HYDROGEN VALUE CHAIN

ENVIRONMENTAL IMPACT AND ENERGY ASSESSMENT TOOL TO
AID DECISION MAKING

•

Various H2 value chain modelling tools exist; however, they do not cover the full
chain that is being sought. As such an integrated system does not exist.

•

•

This project performed a review of publicly available and commercial tools,
identifying gaps, alongside already developed sub-components to assist in the
development of a fully integrated system that represents the full H2 value chain.

By use of an earlier developed life cycle assessment methodology and by
combining the assessment of environmental impact and net energy analysis, a
state-of-the-art model-based tool has been developed.

•

Accessing real world data, this too enables comparative assessment of
candidate energy technologies, and technology optimisation based on
operational scenarios.
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WOODSIDE MONASH PARTNERSHIP

WOODSIDE MONASH PARTNERSHIP EXECUTIVE ADVISORY PANEL

NAME

INSTITUTION

ROLE

INITIATIVE

NAME

INSTITUTION

ROLE

Professor Maria Garcia de la Banda

Monash University

Monash FutureLab Co-Chair, Information Technology

Monash FutureLab

Professor Ken Sloan

Monash University

Deputy Vice-Chancellor and Senior Vice-President
(Enterprise and Governance)

Professor Chris Hutchinson

Monash University

Monash FutureLab Co-Chair, Engineering

Monash FutureLab

Shaun Gregory

Woodside Energy

Professor Paul Webley

Monash University

Energy Partnership Director

Energy Partnership

Executive Vice President Sustainability and Chief
Technology Officer

Andrea Galt

Woodside Energy

New Energy Partnership Program Director

Energy Partnership

Professor Mike Ryan

Monash University

Pro Vice-Chancellor (Research)

Dr Matt Nussio

Monash University

Energy Partnership Associate Director

Energy Partnership

Jason Hill

Woodside Energy

Woodside Monash Partnership Manager

Monash FutureLab and Energy Partnership

Dr Jitendra Joshi

Woodside Energy

New Energy and Carbon Theme Leader

Energy Partnership

Professor Jacek Jasieniak

Woodside Energy

New Energy Theme Leader

Energy Partnership

Dr Tom Hughes

Monash University

New Energy Theme Leader

Energy Partnership

A/Prof Akshat Tanksale

Monash University

Carbon Theme Leader

Energy Partnership

Peter Metcalfe

Woodside Energy

Energy Leadership Theme Leader

Energy Partnership

Professor Fang Lee Cooke

Monash University

Energy Leadership Theme Leader

Energy Partnership

Dr Erin Brodie

Monash University

Research and Innovation Manager

Monash FutureLab
Monash FutureLab

Dr Sebastian Thomas

Monash University

Materials Durability Theme Leader

Dr Lee Djumas

Monash University

AM Subject Matter Expert

Monash FutureLab

Mike Brameld

Woodside Energy

Chief Materials and Inspection Engineer

Monash FutureLab
Monash FutureLab

Andrew Lockwood

Woodside Energy

Data Science Adviser

Justine Sik

Monash University

Senior Project Officer

Energy Partnership

Larisa Teterevkova

Monash University

Coordinator

Energy Partnership

Pictured (left to right): Dr Lee Djumas, Professor
Christopher Hutchinson, Jason Hill, Professor
Maria Garcia de la Banda, Justine Sik, Professor
Paul Webley, Dr Matt Nussio, Dr Erin Brodie.

Jason Crusan

Woodside Energy

Vice-President, Technology

Professor Elizabeth Croft

Monash University

Dean, Faculty of Engineering

Professor Jordan Nash

Monash University

Dean, Faculty of Science

Professor Simon Wilkie

Monash University

Dean, Faculty of Business and Economics

Professor Ann Nicholson

Monash University

Dean, Faculty of Information Technology

Neil Kavanagh

Woodside Energy

Chief Scientist

Marcus Ward

Monash University

Chief Philanthropic Officer

Amanda Panting

Woodside Energy

Carbon Capture and Utilisation Manager

Shaun Sadler

Woodside Energy

FutureLab Manager
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2021 // RESEARCH PERSONNEL
THEME

PROJECTS

AM alloy development for new energy
applications
Effects of anomalies on
electrochemical and mechanical
performance of AM alloys
Welding of AM parts
ADDITIVE MANUFACTURING
MATERIALS ENGINEERING
ENERGY PARTNERSHIP
COLLABORATIONS

DATA SCIENCE

RESEARCHERS

ROLE

Prof Christopher Hutchinson

Professor and Co-chair

Dr Sebastian Thomas

Senior Lecturer

Dr Lee Djumas

AM Subject Matter Expert

Dr Erin Brodie

FutureLab Research Manager

Dr Victor Cruz de Faria

Research Fellow

Enhancing Ni alloy C22 AM mechanical Dr Darren Cram
properties
Brett Williams
Expanding AM capabilitiy to wire
directed energy deposition (W-DED)
Catherine Lee
Hydrogen effects in metals
Georgia Hunter
Smart engineering alloys

Research Affiliate

The effects of defects on the
mechanical performance of additively
manufactured metals

James Bott

PhD Student

FUTURELAB

FUTURELAB

Technician and Machinist
PhD Student
PhD Student

Matt Hamod

Undergraduate Intern

Surface precipication on engineering
alloys

Sophia Maisey

Undergraduate Intern

Developing additively manufactured
electrolysers

Shengning Meng

Final Year Project Student

3D printed catalytic monoliths for
energy efficient carbon conversion

Jingjie Huang

Final Year Project Student

Thomas Whitehead

Final Year Project Student

Jacob Stiles

Final Year Project Student

Prof Maria Garcia de la Banda

Professor and Co-chair

Prof Jianfei Cai

Professor

Dr Michael Wybrow

Senior Lecturer

Dr John Betts

Senior Lecturer

H 2 Netwowk optimisation challenge

Dr Daniel Harabor

Research Fellow

Visualisation and optimisation of plant
layout

Dr Ilankaikone Senthooran

Research Fellow

Machine learning for corrosion
detection in metal

Dr Tobias Czauderna

Research Fellow

Pipe routing

Matthias Klapperstueck

Senior Technical Officer

Thomas Nobes

PhD Student

Renuka Sharma

PhD Student

Amit Ben-Harim

Undergraduate Intern

Anil Gurbuz

Research Assistant
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2021 // RESEARCH PERSONNEL
THEME

PROJECT
Efficient Electrodes for Sea Water
Electrolysis

NEW ENERGY TECHNOLOGIES

LH 2 Boil-off Gas Management

Solid Oxide Electrolysis

Gas Phase CO 2 Conversion

RESEARCHERS

ROLE

RESEARCHERS

ROLE

Dr Alexandr N Simonov

Primary Chief Investigator

Prof Damon Honnery

Primary Chief Investigator

Prof Douglas R MacFarlane

Chief Investigator

Dr Roger Dargaville

Chief Investigator

CARBON CAPTURE, CONVERSION
AND UTILISATION

Feasibility of Large Scale CO 2 Capture
from Air

Acetic Acid Production by CO 2
Conversion

THEME

PROJECT

Environmental Impact and Energy
Assessment Tool to Aid Decision Making

Dr Roy Dinh

Postdoctoral Fellow

A/Prof Andrew Hoadley

Chief Investigator

Dr Tom Hughes

Primary Chief Investigator

Dr Graham Palmer

Postdoctoral Fellow

Prof Paul Webley

Chief Investigator

Dr Stuart Walsh

Primary Chief Investigator

Economic Fairways for Grid-connected
Hydrogen Production

Dr Ghazal Avijegon

Postdoctoral Fellow

Dr Gordon Leslie

Chief Investigator

Liam Turner

PhD Student

Dr Changlong Wang

Chief Investigator

Prof Huanting Wang

Primary Chief Investigator

Prof Fang Lee Cooke

Primary Chief Investigator

Prof Paul Webley

Chief Investigator

Dr Xuan Zhu

Chief Investigator

Prof Jacek Jasieniak

Chief Investigator

Dr Lynn Wu

Postdoctoral Fellow
Research Assistant

Green Energy in the Global Stage
ENERGY LEADERSHIP

Dr Nicholas Low

Postdoctoral Fellow

Stephan Modest

A/Prof Akshat Tanksale

Primary Chief Investigator

Prof Maria Garcia de la Banda

Primary Chief Investigator

Prof Matthew Hill

Chief Investigator

Prof Damon Honnery

Chief Investigator

Prof Kiyonori Suzuki

Chief Investigator

Dr Gleb Belov

Postdoctoral Fellow

Dr Lee Djumas

Chief Investigator

Dr Tobias Czauderna

Postdoctoral Fellow

Dr Munir Sadiq

Postdoctoral Fellow

Dr Changlong Wang

Postdoctoral Fellow

PhD Student

Dr Graham Palmer

Postdoctoral Fellow

Prof Srinivas Sridharan

Primary Chief Investigator

Prof Fang Lee Cooke

Chief Investigator

Stephan Modest

PhD Student

Hamza Asmat

CO 2 Conversion by Plasmonic Catalysts

ENERGY PARTNERSHIP

Rosalie Fang

Researcher Officer

Prof Murali Sastry

Primary Chief Investigator

A/Prof Akshat Tanksale

Chief Investigator

A/Prof Philip Nakashima

Chief Investigator

A/Prof Laure Bourgeois

Chief Investigator

Dr Arpita Poddar

Postdoctoral Fellow

Dr Waqar Ahmad

Postdoctoral Fellow

Prof Matthew Hill

Primary Chief Investigator

Prof Paul Webley

Chief Investigator

A/Prof Akshat Tanksale

Chief Investigator

Dr Joanne Tanner

Chief Investigator

Dr Munir Sadiq

Postdoctoral Fellow

Romalya Ranasinghe

Research Officer

A/Prof Akshat Tanksale

Primary Chief Investigator

Prof Alan Chaffee

Chief Investigator

Rajan Lakshman

PhD Student

Designing an Effective System for
Exploring the Hydrogen Value Chain

Analysing the Impact of Carbon
Labelling and Carbon Neutral
Certificates on Consumer Behaviour
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STUDENTS
MONASH FUTURELAB

ENERGY PARTNERSHIP

Catherine Lee

Rajan Lakshman

Georgia Hunter

Hamza Asmat

James Bott

Stephan Modest

Matt Hamod

Liam Turner

Sophia Maisey

Garv Bhardwaj

Shengning Meng

Israel Lutalo

Jingjie Huang

Romalya Ranasinghe

Thomas Whitehead

Garv Bhardwaj

Jacob Stiles

Angie Watts

Thomas Nobes

Rosalie Fang

Renuka Sharma

Romalya Ranashinghe

Amit Ben-Harim

Ngoc Bao Khanh Chau

Chandan Kundu

Jacob Stiles
Adam Carpinteri
Emily Fang
Jose Lobo del Canto
James Taylor
Nimrat Brar
Alexander May
Benjamin Maruskanic
Jefferson Lam
Charles MacDonald
Emily Simpson
Amit Ben Harim
Joshua Marshall
Monash Carbon Capture
and Conversion Student
Team
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FURTHER INFORMATION
DR ERIN BRODIE
Research and Innovation Manager
Monash FutureLab
Monash University
erin.brodie1@monash.edu

DR MATT NUSSIO
Associate Director
Woodside Monash Energy Partnership
Monash University
matthew.nussio@monash.edu

JASON HILL
Woodside Monash Partnership Manager
Woodside Energy
jason.hill@woodside.com.au
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