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Victoria’s Gas Substitution Roadmap
Deakin University is delighted to have the opportunity to make this contribution to the Gas Substitution Roadmap. Our
response complements submissions by our local government partners, the Energy Efficiency Council and input made
directly to the consultants engaged by the Department during the consultation process.
Though much of our submission focuses on the substitution of hydrogen for gas, highlighting the work commenced
under the Hycel Technology Hub applied research program, Deakin has broader relevant capabilities such as research
on Biogas and Carbon Capture & Storage undertaken by Professor Wendy Timms, Professor of Environmental
Engineering referred to in the body. Our Deakin Energy initiative has responsibility for the Renewable Energy Microgrid
and Hycel, the hydrogen precinct being developed in Warrnambool. This large-scale infrastructure provides research
opportunities for Deakin personnel, industry and government in renewable energy solutions and commercial
operations, batteries, energy efficiency, new fuels and circular economy.
On behalf of the Deakin research community, we welcome the opportunity to work with the Department on this
roadmap, sharing knowledge as we continue with our research in the development of innovative low emission solutions
for the energy sector in Australia.
Yours faithfully

Dr Adrian Panow
Director, Deakin Energy

Office of the DVCR
Deakin Energy

Deakin Waurn Ponds Campus
75 Pigdons Road, Waurn Ponds Victoria 3216
deakin.edu.au

Victoria’s Gas Substitution Roadmap
Submission by Deakin University, August 2021
Introduction
Deakin is pleased to make this submission to the Victorian Government consultation paper Victoria’s Gas Substitution
Roadmap, in which the Department of Environment, Land, Water & Planning seeks input into the future of fossil gas
in this State and distribution of natural gas to other states within Australia. Deakin has broad relevant expertise to
work with the Department on the Roadmap. This competence is recognized by industry and community stakeholders,
as well as by the Victorian Government with the recent announcement of the Victorian Higher Education State
Investment Funding support for the development of Hycel Technology Hub through funding $9M of the development
of the planned hydrogen precinct at Deakin Warrnambool Campus. In this project, Deakin is working on the pathway
to converting the Deakin Warrnambool Campus to 100% hydrogen from natural gas. A direct parallel to one of the
key considerations of the Roadmap. In addition to work on substitution for natural gas, Deakin has undertaken
research into emerging technologies to decarbonize heavy transport, social license and training to upskill and develop
the Victorian, and Australian, workforce to be ready for a changing energy sector.

What are the opportunities and challenges for Victoria to decarbonize the gas sector
and achieve Victoria’s emission reduction targets?
The pathways for decarbonization of the natural gas sector, as outlined in the Victorian Gas Substitution Roadmap,
include new fuels, emerging technologies and increasing scope of energy efficiency and substitution of appliances in
households. With an estimated 83% of households in Victoria connected to natural gas for use in cooking and
heating, offering an alternative that is tested and energy produced using renewable sources is a significant challenge
for Victoria. The use of electric appliances may reduce gas emissions, however with coal fired power generation still
significant in Victora, and the draw on the grid by adding electrical appliances, this is not a simple switch between gas
and electric appliances. Planning for new fuels, in particular hydrogen, moves beyond production, but includes how
best to distribute to homes, use for heating and cooking in households and social license. A challenge for
governments is community acceptance of new fuels and sustainable growth in market adoption.
Industry too faces challenges. With gas used in the heat process, industry needs an alternative fuel that can produce
the same heat – safely. Whether this be hydrogen, biogas or electrification, industry globally is needing to respond to
government mandates and treaties to lower emissions in production.
This response focuses on areas we believe the Victorian Government can work with industry and communities to
work towards achieving Victoria’s emission reduction targets.
1. Substitution of hydrogen for natural gas
Deakin University, through its Hycel Technology Hub program has commenced work on hydrogen applications. The
points below are outcomes of extensive dialogue with local government, heavy vehicle operators (bus and trucks) and
gas distributors.
a. Development of localized hydrogen production for distribution to households and for use in heavy vehicle
transport and other hydrogen applications. As with electricity supply chain, hydrogen incurs a loss in energy
during the transmission process. With the ability to produce onsite – or close to area of use – green hydrogen
(produced using renewable energy) is an opportunity for government to expand on.
b. Challenge is for hydrogen production facilities to be located near a clean water source, including Class A offtake
from local water utilities to reduce consumption of potable water. Consideration should be given to suitability of
production of hydrogen in areas low rainfall or limited catchment.
c. An opportunity for government is to utilize existing natural gas distribution infrastructure to distribute hydrogen to
households. Deakin is currently, in collaboration with the Future Fuels CRC and gas operators, testing both used
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and new gas pipelines, valves and connections with 100% hydrogen. It is intended for this project to show the
applicability of current gas distribution infrastructure being used for high percentages of hydrogen blends in the
gas network. In the meantime, distribution infrastructure must be maintained and infrastructure for household
connections included in housing developments to continue to enable use of hydrogen for cooking and heating in
the future.
2. Hydrogen appliances for the household
a. Hydrogen Park South Australia (HypSA) is currently blending 5% hydrogen with natural gas, supplied to nearby
homes using current gas infrastructure (ref https://www.agig.com.au/hydrogen-park-south-australia). In order to
expand beyond the proposed 10% hydrogen gas blend, understanding the flame impact of hydrogen and fugitive
emissions from household appliances connected to hydrogen needs continued investigation. In line with the
proposed testing facility for hydrogen fuel cells to be located at the Hycel Technology Hub, scheduled to
commence construction October 2021, the Victorian Government has an opportunity to nominate this facility as
the Victorian testing laboratory for hydrogen connected household appliances. Local SMEs have expressed strong
interest in establishment of new manufacturing and service opportunities.
b. The Victorian Government has committed to funding low-income households to switch from gas heating to
reverse cycle systems. Whilst this may reduce gas emissions, the impact on the electricity grid during cold
weather events may be significant, at levels normally experienced during summer weather events when
households switch on air-conditioning systems during late afternoon. With ambitions to retire coal fire powered
generators, move the public bus transit system from diesel to electric, and other electrification programs, the
reliance on renewable energy generation from solar and wind is growing. Whilst this is to be encouraged, it
should be moderated by introduction of hydrogen to households for heating, cooking and hot water systems,
reinforcing need for testing of appliances and production of green hydrogen using solar or wind onsite rather than
feeding off the grid.
3. Use of hydrogen in industrial heat processes
a.

Globally, governments agree manufacturing industries need to refit production facilities to use fuels other than
gas, coal or energy produced by coal to power the production process. With, as stated in the Victorian Gas
Substitution Roadmap consultation paper, 31% of natural gas usage in Victoria is used for industrial energy
purposes, the challenge is to find an alternative fuel capable of heat for processing requirements that is safe,
cost effective, reliable, and adaptable to meet changes in production schedules and material uses. Answering
this would have a significant impact on reducing reliance on gas and ergo gas emissions.

What should be the priorities of the Victorian Government to support the transition to
reach net zero emissions?
Deakin University, in collaboration with AusNet Services, completed the build of a 7.5MW Renewable Energy
Microgrid located on Deakin Geelong Waurn Ponds Campus in October 2020. Contributing to Deakins mandate for
net zero emissions by 2025, this is the largest solar farm built on an Australia university campus. The build required
approvals from multiple regulatory bodies and utilities; this experience in addition to works being completed on the
Hycel project has given Deakin a unique window into the work required to transition energy sources to those with net
zero emissions.
1. Planning, funding and approvals
a. Initial works and commissioning of the 7.50MW Renewable Energy Microgrid were subject to considerable delays
due to approvals being required from multiple government (local, state and federal) agencies and utilities.
Notwithstanding the necessity for approvals to manage the rapid expansion of the renewable energy sector and
community consultation, streamlining the process for funding, development and build of renewable energy
generation facilities – solar, wind, hydrogen and biogas to shorten the time between application and
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commencement could be the encouragement for localized generation, eliminating need for large scale
transmission and distribution of electricity, natural gas, and petroleum products.
b. The establishment of Victorian Renewable Energy Zones demonstrates the Government’s ambitions to manage
the narrative in the decarbonization of the Victorian energy sector. However, with theme specific groups, such as
the NERA sponsored Hydrogen Clusters also being funded to investigate and establish programs, the impact on
organizations such as Deakin University to meet the demands of multiple interest groups and respond to
government consultation papers is significant. To manage the decarbonization of the gas sector, substituting new
fuels and adopting emerging technologies, the Victorian government could prioritize the founding of a single
depository for findings and reports for all technologies and programs to knowledge share, encourage collaboration
and negate duplication of programs.
2. Substitution of hydrogen for natural gas
a. An opportunity exists for government to utilize existing natural gas distribution infrastructure to distribute
hydrogen to households. Developing, where environmentally feasible, localized hydrogen production for
distribution to households, prioritizing the transition from natural gas to a natural gas and hydrogen blend for heat
and cooking, would be a starting point for reduction of household gas emissions seen with use of 100% natural
gas. Barriers to substitution of hydrogen for natural gas include cost – cost of infrastructure and production being
seen in per kg cost of hydrogen – and social license. Defining renewable energy zones or localities within Victoria
has occurred through a number of government sponsored initiatives.
b. An unintended consequence of an emphasis on electrification is that some new housing developments are
established without natural gas infrastructure. This may be a future barrier to the use of clean gaseous fuels as
the cost and complexity of retrofitting is significant.
c. Prioritizing transition of industry from gas, coal or energy produced by coal to power the production process to
use of green hydrogen in the heat process and energy storage.
3. Substitution of biogas for natural gas
a. The use of biogas from organic wastes in Victoria could reduce emissions, by replacing part of conventional natural
gas supplies and avoiding disposal to landfills with fugitive emissions.

What are the best opportunities for Deakin to play a part in the transition?
1. Gas pipelines with 100% hydrogen.
a. Deakin, in collaboration with the Future Fuels CRC and gas operators, is testing both used and new gas pipelines,
valves and connections with 100% hydrogen to better understand the impact of hydrogen on the materials used in
pipelines, valves and the glues and tapes used as connectors. One of two sites in Australia completing this
research, the only with different pipe materials, the research will include sensor equipment to monitor fugitive
emissions.
2. Energy efficiency
a. The Hycel Technology Hub team is managing an intra university collaboration for the proposed build of a small
home to demonstrate energy efficiency and use of renewable energy and green hydrogen in the home. To be
used for science education in schools and the community, this infrastructure could be made available to
government as a demonstration piece for social license.
3. Carbon Capture Systems Research
a. The Deakin School of Engineering has commenced a five-year project looking at carbon capture underground
storage (CCUS). This environmental assurance research, led by Professor Wendy Timms, is monitoring soil gas and
groundwater to provide environmental assurance at the CO2CRC's Otway National Research Facility, Australia's
first demonstration site for geological storage of carbon dioxide (CO2). CO2 has been safely stored at the Otway
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facility for more than 10 years. Deakin’s research focuses on reducing the cost of long-term CO2 storage
monitoring and provides the foundations to scale up commercial projects to offset emissions from industries that
are not readily electrified. There is also the opportunity to test underground storage of hydrogen at this site, that
could enable future large scale hydrogen generation to be balanced with export demand of increasing volumes of
hydrogen to accelerate decarbonization. For further information https://www.deakin.edu.au/about-deakin/newsand-media-releases/articles/researchers-evaluate-cost-effective-carbon-capture-and-storage
4. Substituting natural gas with biogas
a. Deakin is conducting research into the substitution of natural gas with biogas; this research could utilize biogas
from organic wastes in Victoria to reduce emissions, by replacing part of conventional natural gas supplies and
avoiding disposal to landfills with fugitive emissions. However, microbe production of different types and
quantities of gases are sensitive to a range of process controls. These are currently being tested in a laboratory
scale reactor at Deakin’s School of Engineering. An example of what researchers are trying to better understand is
optimizing populations of microbes under ideal pH, temperature and hydraulic loading conditions to boost the
energy available in biogas.
Large scale biogas operations at intensive farms and water utilities are being established in Victoria, for example
the Colac Renewables Organic Network. Optimizing and expanding biogas facilities to more fully utilize Victoria’s
very large inventories of organic wastes from primary industry and municipal wastes, can replace a proportion of
natural gas, run turbines to generate electricity and offset process heat.
Deakin Engineers are also researching the production of biochar from organic wastes that can store carbon in a
stable form in soils for hundreds and thousands of years, whilst also replacing some conventional fertilizers (and
associated production emissions) and enhancing soil water storage for drought resilience. Advanced material
characterization techniques are exploring the internal microscopic pore spaces of biochar, optimizing the organic
waste sources and pyrolysis conditions to further offset emissions by avoiding fugitive carbon dioxide.
For further information https://www.abc.net.au/news/2020-12-13/colac-renewable-organics-network-solutionto-war-on-waste/12736182
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