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Re: Help Us Build Victoria’s Gas Substitution Roadmap consultation paper
Dear DELWP
Thank you for the opportunity to help build Victoria’s Gas Substitution Roadmap. We believe
geothermal energy represents a low emissions sustainable source of heat that could
significantly contribute to reducing Victoria’s reliance on natural gas. We are pleased that the
consultation paper already explicitly highlights the potential of geothermal energy, especially
in and around the Latrobe Valley. We would, however, emphasise that opportunities also lie
elsewhere around the state, and that it is misleading to classify geothermal energy as an
‘emerging technology.’ More than 100 years of technology development and experience
underpin mature geothermal heat and power markets in many parts of the world. Geothermal
energy projects in Victoria could rapidly benefit from those mature technologies and global
centres of knowledge with little need for additional development or innovation. Emerging
technologies do, however, also offer the possibility to extend the geological range of what
would currently be considered conventional geothermal resources.
For clarity, we define geothermal energy as heat naturally contained within accessible depths
of the Earth. Geothermal energy is typically extracted to the Earth’s surface using boreholes
that either draw natural hot fluids (primarily groundwater) directly from the ground, or that
absorb heat from the surrounding rocks into fluids circulating within sealed pipes in the
borehole. The end uses to which geothermal energy can be applied are a function of the
production temperature and flow rate. Best practice generally includes injection of any
extracted groundwater back into the subsurface after its usable heat has been harvested.
A ground source heat pump (GSHP) is a specific implementation of geothermal technology
that uses the ground as a heat source and/or sink, with additional electrical energy provided
to the system to run pumps and compressors. These systems are also sometimes referred to
as ‘shallow’ or ‘low enthalpy’ geothermal systems. GSHPs can alleviate or eliminate the use
of natural gas for heating buildings and for industrial processes. Although GSHPs have been
successfully installed across Victoria and broader Australia for more than a decade, and
throughout Europe and North America for more than 40 years, they may still be considered
‘emerging’ in terms of market penetration in Victoria.
Within the structure of the consultation paper, development of geothermal energy projects
throughout Victoria would primarily address two key pathways to gas substitution: Improving
Energy Efficiency, and Electrification. Within that context, we address below the key
questions on p52 of the Roadmap Consultation Paper.
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What are the key benefits, risks, and potential impacts on various end-users,
on energy affordability, safety, security, reliability and equity?
Geothermal energy systems generate low to zero emissions, are sustainable, dispatchable,
have high availability, and small surface footprints. Technical risks relate to the productivity of
individual bores drilled to access geothermal resources, and to the management of heat and
water resources to ensure their long-term sustainability. Changing subsurface fluid pressures
by pumping large volumes of water into, through and out of rocks also carries some risk of
inducing low level seismic events. The risk to life or property from such seismic events is
negligible in Victoria, but they can trigger the retraction of a project’s social licence to operate
if stakeholder engagement is poorly managed. Several international jurisdictions have
developed protocols to manage the physical and social risks of induced seismicity.
Potential impacts on end users include conflicts with existing or competing users of the
groundwater required to bring geothermal energy to the surface for direct use or power
generation using conventional technology, and the challenge of retrofitting gas heating
systems for an alternative ‘fuel’ supply.
In terms of affordability, the feasibility study for the Gippsland Regional Aquatic Centre
identified geothermal energy as the lowest cost source of reliable heat. Geothermal also
provides by far the cheapest heat option for Peninsula Hot Springs at Fingal and Mainstream
Aquaculture in Werribee, two very successful, market-leading Victorian businesses. The
economics at other locations and for other end users are currently under investigation
through a University of Melbourne project supported by the Latrobe Valley Authority, but the
expectation is that the cost of geothermal heat will be very competitive with current natural
gas prices for many scenarios.
Key benefits of GSHP technology include (typically) higher energy efficiencies than the best
alternative air-source heat pumps, reduced lifecycle costs and greenhouse gas emissions,
and the potential to create new jobs in Victoria. The Victorian Department of Primary
Industries funded Direct Geothermal Energy Pilot Demonstration Projects for Victoria (20122016) under the Sustainable Energy Pilot Demonstration (SEPD) program. That study only
considered 50–100 m deep closed-loop borehole systems. Newer innovations include the
use of building foundations as ‘energy geo-structures’, providing dual structural and heat
exchange capabilities to reduce both building capital and running costs.
Investigations into GSHP system costs in Australia can be found in the following publications
(abstracts are attached to this submission):
-

-

Aditya, G.R, Mikhaylova, O., Narsilio, G.A., and Johnston, I.W. (2020) Comparative
costs of GSHP systems against other forms of heating and cooling for different climatic
conditions. Sustainable Energy Technologies and Assessments, Vol 42, 100824 (link)
Aditya, G. R. & Narsilio, G. A. (2020), ‘Environmental assessment of hybrid ground source
heat pump systems’, Geothermics, vol. 87. (link)
What are the scale of opportunities and potential to accelerate uptake?

GSHPs can, in principle, be deployed anywhere, providing a pathway to electrification of
heating and cooling systems with significant energy efficiency benefits relative to air-source
(e.g. roof-top) reverse cycle AC units. Uptake could be accelerated through a state-based
incentive scheme1 (e.g. drilling cost subsidy) and/or by the federal government treating
geothermal heat pumps the same as solar water heaters for eligibility for credits under the
Small-scale Renewable Energy Scheme. State building codes could also be modified to
encourage large building and infrastructure projects, including regional and urban
redevelopments, to incorporate GSHP technology or energy foundations.

1

We note that ground source heat pumps systems might already be eligible for subsidies under the
Victorian Energy Upgrade program

Hot sedimentary aquifers in the range 60–70°C are already known across thousands of
square kilometres of the Gippsland and Otway Basins. These represent readily accessible
direct sources of low-grade heat (5–10 MWth heat per bore) for industrial processes, district
heating, preheating for boilers, or for higher temperature applications utilising electric heat
pumps. Uptake could be accelerated through education and de-risking, including by pilot and
demonstration projects.
Hotter aquifers (100–150°C) intercepted in Victoria by a handful of historical onshore
petroleum wells offer the technical opportunity for low emissions dispatchable geothermal
power generation on the order of 3–5 MWe per bore. Regulatory barriers (see below) would
need to be addressed, and early-mover incentive schemes introduced, to de-risk and
accelerate the demonstration and uptake of geothermal power in Victoria.
Aquifers beneath the Murray Basin, along with flooded and abandoned historical mine shafts
beneath Bendigo, Creswick, and other regional centres, could provide relatively cheap low
grade heat (40–45°C) for heat pumps, preheating for boilers, or other direct purposes.
What are the key technical, regulatory and economic barriers?
Geothermal resources and relevant technologies have been known and available in Victoria
for decades. Mature technology to utilise geothermal energy as a substitute for natural gas
already exists in overseas markets, while technologies to access geothermal energy in broad
areas of previously low prospectivity are also emerging. The chief barrier to technology
importation and uptake in Victoria has historically been a lack of incentive for energy
innovation. Going forward, the barriers to large scale development are largely regulatory and
economic uncertainties. For example, the Geothermal Energy Resources Act (2005) and
associated Geothermal Energy Resources Regulations (2016) stipulate that a permit is
required to explore for geothermal energy deeper than 1,000 m and hotter than 70°C in
Victoria. A new permit can only be granted through a tender process initiated by the Minister
for Resources. This is currently a major regulatory barrier to prospective producers of high
grade geothermal heat or geothermal power, as any such exploration or production can only
be initiated by the Minister for Resources.
Development of lower grade geothermal resources is hampered by different aspects of
geothermal developments falling within the jurisdictions of many different regulatory groups
including Energy; Water; Environmental Protection; Planning; Regional Development;
Resources; and others. This results in uncertainty over jurisdiction, contradictory advice and
delays to development, with significant financial impacts on a developer.
Overall, the economics of geothermal heat and power are poorly understood in Victoria,
although the Latrobe Valley Authority is currently supporting work through the University of
Melbourne to improve that understanding.
What are the roles to be played by government, industry and how will
consumers preferences be accounted for in the transition?
Government’s role is to provide a consistent, enduring and enabling policy and regulatory
framework for decarbonisation in general and for the sustainable development of geothermal
energy resources in particular. The most urgent task in Victoria is to clear current regulatory
barriers to accessing geothermal resources for power generation and high grade industrial
heat. Government could also mitigate first-mover risk with targeted incentives and risk
mitigation schemes, successful examples of which can be found internationally.
With the right policy and regulatory settings, one role of industry will be to identify where
geothermal heat and power could replace natural gas in its own energy consuming
processes. Large consumers could design and commission their own geothermal energy
supply and conversion infrastructure. Smaller consumers could form cooperative ventures for
investment into shared infrastructure; or new heat production, distribution and retail utilitytype business models could emerge to service industrial or mixed-use zones. Such heat
distribution networks internationally have seen strong consumer demand for connection.

What are the likely timings of technical maturity and economic viability?
GSHPs, heat exchangers, drilling services, turbines and all other components of geothermal
systems are already technically mature. Many applications for geothermal energy may
already be economically viable in Victoria, but lack uptake due to low levels of knowledge,
lack of incentive, and/or a lack of pilot and demonstration projects. We note that general
incentive schemes for renewable energy often provide little or no incentive for geothermal
energy due to the unique risk profile and development timelines for geothermal projects.
Knowledge and demonstration gaps could be filled within 2–3 years if aggressively tackled.
Proponents of some emerging technologies aimed at extending the geological range of
prospectivity for geothermal heat and power predict a 5–10 year timeframe to achieve cost
reductions required for economic viability. Pilot demonstrations of such technologies could
help reduce that timeframe.
What are the best ways to maintain social acceptability and consumer
confidence?
Being relatively unknown in Victoria, a public education campaign could be the best way to
achieve and maintain social acceptance and consumer confidence for geothermal energy.
Several domestic examples and extensive overseas experiences illustrate the safety,
reliability, environmental and social benefits of geothermal energy. Risks can be openly
disclosed while identifying successful mitigation strategies. We note that Latrobe City Council
has recently produced an excellent short film to raise public awareness of the integration of
geothermal energy into the Gippsland Regional Aquatic Centre development and highlighting
the potential for further geothermal developments in the region.
What are the inter-dependencies and trade-offs with other pathways (are
pathways complementary or alternatives)?
While there are some minor overlaps and synergies with other gas replacement pathways,
geothermal energy generally represents an independent route to energy efficiency and
electrification in Victoria. Developing geothermal energy resources would complement other
pathways, and could be pursued in parallel with other opportunities. Some synergies with
other gas reduction pathways might be found in, for example, using geothermal heat to
optimise the temperature of biodigesters, or using geothermal power to firm wind and solar
electricity supply to green hydrogen electrolysers.
What are the key uncertainties and potential for unintended consequences?
The key uncertainty for replacing gas with geothermal energy in Victoria is in understanding
where it will make the most economic sense to do so (i.e. uncertainty over the site specific
levelized cost of energy for specific end use cases). Unintended consequences, by their very
nature, are difficult to predict. For geothermal energy projects, however, they might arise
from interference with other subsurface or groundwater users, or from competition for scant
skills and aboveground equipment.
Thank you again for the opportunity to share our thoughts through this consultation process.
Graeme Beardsmore
Senior Fellow, School of Geography, Earth and Atmospheric Sciences
Rachel Webster
Professor, School of Physics
Guillermo Narsilio
Deputy Head of Department & Assoc. Professor, Infrastructure Engineering.
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Ground source heat pump (GSHP) systems can provide cost effective and sustainable heating and cooling for
buildings while using considerably less fossil fuel than conventional heating and cooling systems. This benefit
can be further enhanced by adopting hybrid GSHP (HGSHP) systems wherein the GSHP component provides the
baseload thermal energy with the balance provided by conventional systems. This study compares the costs of
GSHP and HGSHP systems against conventional systems under a variety of climatic conditions, exemplified by
those encountered across Australia, but including conditions encountered elsewhere. The results indicate that
the comparative performance of GSHP and HGSHP systems depend on many parameters including climatic
conditions, ground conditions, drilling prices and prices of electricity and gas in the regions where the systems
are installed. Here we show that in general, adopting GSHP or HGSHP systems over conventional systems allow
property owners to pay lower lifetime costs under most climatic conditions and gas to electricity energy price
ratios. The results also indicate that conventional systems may be preferred in highly heating or cooling
dominant climates and at locations with high drilling costs or low energy prices. In contrast, GSHP and HGSHP
systems are preferred in locations with a more balanced climate, lower drilling costs and/or higher energy
prices. There is no “one size fits all” rule given the many factors that can influence the lifetime costs. The paper
shows that climatic conditions, ground conditions, drilling and energy costs must all be carefully considered
when assessing the most cost effective sustainable energy technologies for space heating and cooling.

Introduction
Thermal energy accounts for over 50% of residential and commer
cial energy used globally, and natural gas and electricity are the most
common sources of energy for space heating and cooling [1]. To
achieve long term energy sustainability, electricity and natural gas
consumption need to be reduced and ground source heat pump (GSHP)
technology can contribute to this endeavour. Details about GSHP sys
tems can be found elsewhere [2–4]. Typically, GSHP systems are more
efficient than traditional heating and cooling systems as is indicated by
generally higher yearly-average coefficients of performance (CoP). A
residential GSHP system typically shows a CoP of about 4 which means
that for every 1 kWh of electricity consumed about 4 kWh of thermal
energy will be supplied to a building. In contrast, conventional heating
and cooling systems such as reverse cycle air conditioners (RCAC) ty
pically have a CoP of less than 4 [5–8]. For example, Spitler et al. [7]
have reported a monitored Variable Refrigerant Flow system (another

type of conventional cooling system) performed at a CoP of 2 in heating
and 2.5 in cooling in a commercial building. Systems using electric
heaters or gas furnaces directly to provide space heating operate at
equivalent CoPs (efficiencies) of less than 1 and cannot provide cooling.
With these higher CoPs for GSHP systems, and depending on several
other factors, the use of GSHP systems for heating and cooling has the
potential to not only reduce electricity and gas consumption but also to
do so with significantly reduced operating costs. However, relatively
high capital costs and longer payback periods are often seen as potential
roadblocks for property owners to install GSHP systems [9,10,61].
Florides et al. [11] recently reported that this high capital cost prevents
a GSHP system to become a viable investment over a conventional
system for a house in a moderate climate.
The financial attractiveness of a GSHP system can be increased
further by using a hybrid ground source heat pump (HGSHP) system.
Such a system uses a GSHP system to provide the base load thermal
energy to a building with the balance provided by a conventional
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A hybrid ground source heat pump (HGSHP) system can provide cost-eﬀective heating and cooling for buildings.
This system is normally designed to minimise lifetime costs. However, the lowest lifetime cost solution is typically not the one with the lowest emissions. With the recent increase in the awareness of climate change,
society often desires to minimise the emissions generated from heating and cooling systems. In this paper, an
HGSHP system design method is proposed with the objective that considers both costs and emissions by using a
Pareto optimal approach. The design of such system is aﬀected by the climatic conditions, the eﬃciency of the
heating and cooling systems, the energy price and emissions for electricity and gas at each location. Potential
changes in these factors are also investigated in this paper.

1. Introduction
Worldwide energy use is expected to rise due to an increase in population and global warming. In Australia, electricity is the most
dominant energy source used for space heating and cooling, where 38
% of households use electric heaters and 49 % use reverse cycle air
conditioners (RCACs) for cooling (Australian Bureau of Statistics,
2014). The associated carbon emissions are exacerbated by the fact that
60 % of Australian electricity generated in 2018 was from coal
(Department of Environment and Energy, 2019). Not surprisingly, it
was reported that the electricity sector is the biggest polluter, representing 33 % of the carbon emissions in Australia (Climate Council
Australia, 2018). A global analysis paper by Ang and Su (2016) reported that in 2013, Australia was the ﬁfth most carbon-intensive
electricity producer in the world, with an electricity emission factor of
0.7806 kgCO2e/kWh of electricity used. In comparison, Ang and Su
(2016) estimated a worldwide average of 0.52 kgCO2e/kWh, which
means that compared to the worldwide average, there is an additional
50 % carbon emissions for each kWh of electricity used in Australia.
This electricity consumption should be reduced to achieve longterm environmental sustainability and also to meet Australia’s commitment at the Paris Climate Change Conference to reduce GHG
emission by around 150 Mt CO2e by 2030 (Department of Environment
and Energy, 2015). Furthermore, it has been reported that emission
abatement in the electricity sector is more cost-eﬃcient compared to
reducing emissions in other sectors (Climate Council Australia, 2018).
One way to reduce this electricity consumption worldwide is by using
more eﬃcient heating and cooling systems, such as ground source heat
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pump (GSHP) systems.
Research on GSHP systems has increased in recent years and details
about the systems can be found elsewhere (Brandl, 2006; Johnston
et al., 2011; Sanner et al., 2003). Eﬃciency or coeﬃcient of performance (CoP) of GSHP systems have been studied experimentally, analytically and numerically (Aditya et al., 2018; Huang, 2015; Ruan,
2012; Self et al., 2013; Spitler et al., 2014), and GSHP systems are typically more eﬃcient than conventional systems (Huang, 2015; Self
et al., 2013; Spitler and Gehlin, 2015; Wu, 2009). A system with a
higher CoP means that less electrical energy is required to run the
system. Hence, the adoption of GSHP systems instead of conventional
systems can contribute to the objective to reduce greenhouse gas (GHG)
emissions.
Despite all these, the uptake for GSHP systems has been relatively
limited, with factors such as ﬁnance, technology and policy having been
cited as the typical barriers to adopt this technology (Karytsas and
Choropanitis, 2017). Several authors have indicated that installation
cost is the most diﬃcult challenge to overcome (Karytsas and
Choropanitis, 2017; Lu et al., 2017). Design methods such as hybrid
GSHP (HGSHP) systems have been suggested, where the lifetime costs
are minimised by taking advantage of both the lower capital costs of
conventional systems and the lower operational costs of GSHP systems
(Aditya et al., 2019; Alavy et al., 2013; Mikhaylova et al., 2016; Nguyen
et al., 2014; Cullin and Spitler, 2020; Xu, 2007). However, this hybrid
system solution with the lowest lifetime costs is usually not the most
optimal from the environmental perspective. GSHP systems are typically the most eﬃcient, hence they are expected to emit the least
emission compared to other heating and cooling systems.
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