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This submission provides insights from and background information on projects funded by the
Australian Renewable Energy Agency (ARENA) as relevant to the current consultation process.

For your convenience, Appendix 1 provides a list of ARENA-supported projects relating to the
themes of electrification of industry; hydrogen blending; biogas production and blending; and
emergent technologies.

In summary:

● ARENA has a large collection of current and past projects, which hold relevant insights
for the Gas Substitution Roadmap.

● Insights relate specifically to the electrification of industrial process heat, blending of
hydrogen and biomethane into the natural gas network; replacing the use of natural gas
for heat with renewable gas (hydrogen or biogas); as well as the use of waste to energy
and concentrated solar thermal energy to offset the use of natural gas.

● Overall, ARENA is observing significant innovation occurring in electrification, renewable
fuels and solar thermal for process heat. The extent of complementarity and competition
between these vectors is highly process specific and a range of solutions are likely to be
required for different applications in the future. Increasingly, the competitiveness of fuels
will be determined by their life-cycle emissions and there is significant work remaining to
measure and verify the carbon intensity of fuels in the context of the coupling of
Australia's energy supply systems.
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ARENA’s Hydrogen projects

ARENA is currently funding over 30 green hydrogen projects that represent all parts of the
supply chain, from production, to conversion into transportable forms, and end-uses.  These
projects also span various levels of commercialisation from research and development
(summary of projects here) through to feasibility studies and demonstration of different
technologies. Most recently, ARENA has funded three demonstration-scale (10MW) hydrogen
electrolysers that will be among the largest in the world. These projects are in their very early
stages but the lessons will be crucial for not only the production of green hydrogen, but also the
transport and use of green hydrogen blended with natural gas. Details of the various hydrogen
projects can be found in Appendix 1.

Some lessons that are common to a number of ARENA’s green hydrogen projects that may be
relevant for Victoria’s Roadmap are as follows:

a. The green hydrogen supply chain is still in its infancy in Australia and this continues to
impact the feasibility of potential projects that could offset natural gas use. There is
significant investment, intention and momentum in the industry to accelerate
development, and ARENA’s funding of three large electrolyser projects are expected to
have a significant impact on this.

b. The Levelised Cost of Hydrogen (LCOH) is still significantly higher than that of natural
gas and so a significant “green premium,” and/or government subsidies, are needed until
the expected cost reductions are achieved.

c. Blending of hydrogen into existing natural gas networks currently presents a significant
technical and regulatory hurdle, but a number of projects are rapidly gaining experience
and making progress in this area.

d. Green hydrogen is in direct competition with electrification in parts of the domestic
market. Some high temperature processes in industry (e.g. steelmaking) may be difficult
to electrify in the medium term, however we are seeing innovation in industrial process
heat technologies as noted further below.

ARENA’s approach to Biogas and Waste-to-Energy (WtE) projects

ARENA has a significant portfolio of past and current biogas projects all of which would hold
lessons for the Victorian Roadmap. While many of these relate to the onsite collection and use
of biogas, the Jemena Malabar project will demonstrate upgrading and injection of biogas into
the grid. Another benefit of biogas from waste projects are the co-benefits that can result, such
as the biochar value stream identified by the Logan City Gasification Project. Many biogas
technologies have the benefit of being mature technology however their viability is highly
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dependent on securing very long-term organic fuel stocks at competitive rates. Projects such as
Jemena’s that use municipal solid waste (MSW) meet this requirement.

Consistent with our mandate, ARENA support is limited to projects that use renewable waste
streams. These are typically an organic waste stream (e.g. from agriculture) or the organic
fraction of a mixed waste stream (e.g. municipal solid waste). ARENA relies on the Clean
Energy Regulator’s guidelines for determining the renewable component of EfW electricity
generation, under which;

● solid waste incinerators, pyrolysis and gasification are eligible technologies,
● organics, paper/cardboard materials, nappies and wood products are the materials

considered renewable,
● the amount of large-scale generation certificates (LGCs) can be calculated.

Recipients of ARENA funding for bioenergy projects are required to submit two life cycle
analyses to demonstrate their environmental benefits. The first is based on modeled data and
the second is based on actual process data. ARENA recommends using a similar process in
concert with using renewable waste streams to ensure the replacement of natural gas results in
lower emissions.

ARENA’s Industrial process heat projects
ARENA has funded a small number of studies and projects exploring opportunities to replace
gas in industrial process heat applications. Details of these are listed in the Appendix.

Key learnings are:
● Non-combustion alternatives for natural gas exist now or are emerging in a number of

industrial applications. Technologies include electrification, hydrogen, bioenergy,
geothermal (heat) and solar thermal.

● These solutions are typically more capital intensive but have lower operational cost than
traditional solutions (other than hydrogen which currently has both high capex and
opex). This can make them challenging for industry where capital projects are often
required to meet a simple payback hurdle of 4 years or less. Revised approaches to
financing long term assets with low operating cost may be required.

● Electrification technologies are not limited to low temperature applications. For example
electric kilns and furnaces typically operate at 1000C - 2000C. Other technologies (such
as plasma arc) can operate at even higher temperatures (up to 5000C).

● We are seeing interest in technologies to replace natural gas in extremely large gas
using industry such as alumina refining- eg: Alcoa mechanical vapour recompression for
the Bayer process and Rio Tinto hydrogen calcination, both of which ARENA is
supporting with grant funding and requiring knowledge sharing to benefit the broader
industry.
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● Electrification technologies can deliver substantial energy efficiency gains. For example
closed cycle heat pumps and mechanical vapour recompression technologies typically
recover and upgrade formerly waste heat leading, commonly to a factor 2 - 4 (and much
higher in certain circumstances, eg factor 10-20) reduction in input energy. Care is
therefore needed when estimating potential future electricity demand resulting from gas
replacement.

● Electrification technologies may require significant upgrades to electrical supply
infrastructure, which needs to be considered in the overall analysis.

● Incorporation of non-combustion technologies to an existing facility may entail additional
process integration costs which need to be considered in the overall analysis. Greenfield
applications are likely to be lower overall cost.

Emerging technologies

ARENA has also funded the construction of two large-scale WtE plants (Kwinana and East
Rockingham), which like biogas, have the added benefit of removing waste streams from landfill
as well as displacing natural gas and coal fired electricity generation. Concentrated Solar
Thermal projects also have the potential to reduce gas use and store renewable energy
evidenced by the projects outlined in Appendix 1.

About ARENA

The Australian Renewable Energy Agency (ARENA) was established in 2012 by the Australian
Government. ARENA's function and objectives are set out in the Australian Renewable Energy
Agency Act 2011.

ARENA provides financial assistance to support innovation and the commercialisation of
renewable energy and enabling technologies by helping to overcome technical and commercial
barriers. A key part of ARENA's role is to collect, store and disseminate knowledge gained from
the projects and activities it supports for use by the wider industry and Australia’s energy market
institutions.

Please contact Carl Tidemann (carl.tidemann@arena.gov.au) if you would like to discuss any
aspect of ARENA’s submission.

Yours sincerely

Darren Miller

Chief Executive Officer, ARENA
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Appendix 1. List of ARENA projects categorised by theme

Substituting Hydrogen projects

Yara Pilbara Renewable Ammonia Feasibility
Study

The Yara Pilbara Renewable Ammonia
Feasibility Study is investigating the feasibility
of producing renewable hydrogen via
electrolysis powered by onsite solar PV.
Yara’s objective is that for the demonstration
plant, up to three per cent of the hydrogen
consumed on site will be renewable
hydrogen. The blended hydrogen will
subsequently be converted to ammonia and
sold for further processing into domestic and
international markets. The study is also
investigating using seawater for the
electrolyser. An early project report can be
found here.

Dyno Nobel Renewable Hydrogen Feasibility
Study

This project involves an engineering and
economic feasibility study to evaluate the
construction of a renewable hydrogen facility
for production of feedstock for the Dyno
Nobel Moranbah (DNM) ammonium nitrate
production facility in Moranbah, Queensland.
Study results can be found here.

Feasibility Study for a Green Hydrogen and
Ammonia Project

This study by Queensland Nitrates (QNP),
Neoen and Advisian (as part of the Worley
Group) investigates the use of green
hydrogen to produce ammonia at QNP’s
existing manufacturing plant in Queensland.
Study results can be found here.

Project GERI Feasibility Study

The Geraldton Export-Scale Renewable
Investment (GERI) Feasibility Study will
explore the potential for developing a green
hydrogen and ammonia production supply
chain in the mid-West region of Western
Australia. Study results are due mid 2021.

Stanwell Hydrogen Electrolysis Deployment
Feasibility Study

Stanwell investigated the feasibility of a large
(10 MW or larger) hydrogen electrolysis
demonstration plant at Stanwell Power
Station, near Rockhampton in Queensland.
Study results can be found here.

ATCO Hydrogen Microgrid

ATCO’s Clean Energy Innovation Hub
integrates renewable hydrogen created by
water electrolysis – using solar energy to
separate hydrogen molecules from water.
The hydrogen is captured and injected into a
micro-grid system at the Jandakot facility.
Some of the safety and technical challenges
tackled by the CEIH project included
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optimising hydrogen storage solutions,
blending hydrogen with natural gas and using
hydrogen as a direct use fuel. Project reports
can be found here.

ATCO was successful in its proposal to
ARENA’s recent Large Electrolyser Funding
Round for support to establish a Clean
Energy Innovation Park in WA that will
include a 10MW electrolyser, producing
green hydrogen to be injected into the natural
gas network. This builds on ATCO’s
experience with their 2018 Jandakot project,
also supported by ARENA,  that involved a
260kW electrolyser feeding green hydrogen
into a dedicated network to demonstrate the
operation of various household appliances
with different  blends of natural gas.

APA Renewable Methane Demonstration
Project

The renewable methane process involves the
production of renewable hydrogen from an
Anion Exchange Membrane (AEM)
electrolyser. The electrolyser uses water
extracted from the atmosphere and is
powered by solar PV. The hydrogen
produced is then converted to methane by
reaction with carbon dioxide, which is also
extracted directly from the atmosphere. The
system incorporates hydrogen storage, to
allow production of renewable methane on a
continuous basis. The water is recirculated
back to the electrolyser, with water for
electrolysis extracted from the atmosphere.
The ‘power to gas’ demonstration plant will
produce approximately 340kg of hydrogen
per year, converting it into 35 gigajoules of
methane that can then be injected into APA’s
natural gas pipelines across the East Coast
Gas Grid.

The technology demonstrated in this project
is particularly interesting for its modularity
and applicability for off-grid applications, or
where water is scarce. By producing
methane it also avoids many of the issues
around the transport and use of hydrogen.

Australian Hydrogen Centre

In this project the Australian Hydrogen
Centre, developed by Australian Gas
Networks (AGN)  is assessing the feasibility
of blending renewable hydrogen into gas
distribution networks (in the near term) and
transition to 100 per cent hydrogen networks
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(over the long term). Feasibility studies will
include:

● 10 per cent hydrogen blending into
selected regional towns in VIC and
SA

● 10 per cent hydrogen blending into
gas networks of VIC and SA

● 100 per cent hydrogen networks for
VIC and SA

The initial feasibility study is due late July.

Australian Gas Infrastructure Group (AGIG),
the parent company of AGN, was successful
in their proposal to install a 10MW
electrolyser at Wodonga, Vic, and blend the
green hydrogen into the existing natural gas
network.

Jemena Power to Gas Demonstration

The Jemena Power to Gas Demonstration
project involves designing and constructing a
Power-to-Gas (P2G) facility which will source
renewable electricity and convert it into
hydrogen via electrolysis. The majority of the
hydrogen produced will be injected into the
gas network, providing enough energy to
meet the cooking, heating and hot-water
requirements of approximately 250 homes. A
portion of the hydrogen will be utilised via a
synchronised fuel cell and gas micro-turbine
for electricity generation back into the grid.
The remaining hydrogen will be stored in an
underground hydrogen buffer store with the
capability to provide hydrogen for a future
onsite Hydrogen Refuelling Station (HRS).
Project reports can be found here.

This project is expected to be a key source of
learning as it demonstrates a wide range of
technologies and possible business models.
It has suffered from a number of
COVID-related delays, but is expected to be
fully operational and launched some time in
September 2021.

Substituting biogas projects

Goulburn Bioenergy Project
This project built an anaerobic digester that
captures biogas from the breakdown of
effluent and organic waste from the Southern
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Meats abattoir. The gas is then fed into
biogas generators to produce electricity for
Southern Meats to operate their abattoir
under a Power Purchase Agreement. The
project has the capacity to displace 75% of
peak load and has the ability to draw mains
gas to further meet peak loads. A project
report can be found here.

Jemena Gas Network,Malabar Biomethane
Injection Demonstration

The Malabar Biomethane Injection Project
will demonstrate the process of upgrading
biogas produced from the anaerobic
digestion process at Sydney Water’s Malabar
wastewater treatment plant to biomethane for
injection into the gas distribution network.
Major findings are due mid 2022.

Logan City Biosolids Gasification Project

Logan City’s biosolids gasification facility at
the Loganholme WWTP will process sewage
sludge by dewatering it in a centrifuge, drying
it in a paddle dryer, and treating it with high
temperatures in a gasifier. The gasification
facility is energy neutral, with 70 per cent of
the energy in biosolids recovered and
reused, and the remaining energy
requirements met by an onsite solar array.
The gasification facility will reduce the
volume of biosolids by 90 per cent and
produce a ‘biochar’ containing carbon,
phosphorus and potassium. Project reports
can be found here.

Mt Piper Power Station Energy Recovery
Feasibility

An Australian first, the Mt Piper Power
Station Energy Recovery Feasibility study
has determined that the proposed energy
recovery project has the potential to generate
almost an additional 30 MW of electricity,
enough to meet the needs of around 40,000
average homes in New South Wales, without
burning more coal. This study has outlined
what steps would be required in the NSW
context, paving a way for what other projects
should consider when exploring waste to
energy initiatives. Project reports can be
found here.

Industrial electrification/gas replacement projects

Renewable Energy for Process Heat
Opportunity Study

The Australian Alliance for Energy
Productivity (A2EP)  worked with over 30
businesses and energy consultants to identify
opportunities and conduct studies into the
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feasibility of using renewable energy systems
to replace conventional process heating
systems.  This included boilers, steam/hot
water systems and direct process heating
(with a focus on heating applications up to
95°C). The studies considered opportunities
such as:

● heat pumps and other electricity
technologies (where supplied by
increased use of renewable energy)
such as microwave, induction,
mechanical vapour recompression

● renewable options including solar
thermal, and biomass/biogas

● non-thermal approaches which may
reduce or replace thermal load such
as mechanical dewatering (e.g.
membrane technology or centrifuges,
high pressure processing).

Associated storage (electrical, thermal,
material) and demand management/controls
as required.

A number of the studies identified projects
with attractive returns that are currently
progressing to implementation. A report on
the project can be found here.

Mechanical Vapour Recompression for Low
Carbon Alumina Refining

The Alcoa project will seek to demonstrate
the feasibility of integrating MVR, powered by
renewable energy, to electrify steam
production in the alumina refining process
thus displacing significant volumes of natural
gas consumed by existing steam boilers..

The project will start with a feasibility study
and will proceed to install a demonstration
MVR unit on the site’s process line, if the
study finds it to be viable.  This project is
expected to be of interest to a number of
other industries with high steam and drying
loads. Initial lessons are expected in late
July.

Rio Tinto Pacific Operations Hydrogen
Program

The project is a technical feasibility study
investigating the use of renewable hydrogen
to partially decarbonise alumina refining at
Rio Tinto’s Yarwun alumina refinery in
Gladstone, Queensland. Rio Tinto’s alumina
refining process in Australia contributes to
global greenhouse gas emissions. Current
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calcination technology uses air and natural
gas to calcine alumina hydrate, which forms
part of the alumina refining process.
Decarbonising alumina refining will require
developing an alternative low emissions
pathway to calcine alumina hydrate. Initial
results are expected in November 2021.

Emerging technologies

Concentrating Solar Thermal

Capacity Improvement and Flow Balancing of
CST Heating/Cooling system

The project will result in additional energy
being supplied to Echuca Regional Health’s
current rooftop CST broad chiller by drawing
thermal energy from existing solar arrays. In
turn, this will enable the two solar hot water
systems to be used more frequently during
the year and reduce Echuca Regional
Hospital’s reliance on grid generated
electricity and gas to cool the hospital.
Results from the project are expected late
2021.

RayGen Solar Power Plant Demonstration

This flagship project involves the first
demonstration scale deployment of RayGen’s
proprietary solar-plus-storage technology.
The technology comprises two components:
RayGen solar (PV Ultra) and RayGen
storage (Thermal Hydro). PV Ultra is
RayGen’s concentrating solar PV technology.
Thermal Hydro is RayGen’s electro-thermal
storage system and will comprise 4 MW solar
and 3 MW / 50 MWh storage. The project will
deliver synchronous, long-duration storage to
the grid. Project lessons will be delivered
throughout 2021 and 2022 with major
findings due early 2023.

Waste to Energy

East Rockingham Waste to Energy Project

The East Rockingham Waste to Energy
project will process up to 330,000 tonnes of
residual waste per annum and recover
energy to produce 28.9 MW of power. Initial
project reports can be found here.

Kwinana Waste to Energy Project

The Kwinana Waste to Energy project will
develop a waste processing facility which will
use moving grate technology to process
approximately 400,000 tonnes of municipal
solid waste, commercial and industrial waste
and/or pre-sorted construction and demolition
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waste per annum to produce approximately
36 MW of baseload power for export to the
grid. Initial project reports can be found here.
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