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Executive Summary 
A recent Australia-wide census by the Australian Geothermal Association (AGA) showed that geothermal 

energy is already making a useful contribution to the Australian energy mix; direct-use geothermal is a 

successful and growing industry.  Geothermally generated electricity can also play a role in Australia’s energy 

transition, but to achieve progress it is critical that government policy acknowledges and supports this 

potential.    

The Australian geothermal industry experienced a sustained surge in activity from 2000 -2013 focussed on 

developing innovative technologies with huge potential.  Although these efforts were not commercially 

successful, more conventional approaches to generating electricity with geothermal energy remain viable.   

For example, a new geothermal electricity power plant was recently commissioned in Winton, Queensland.  

The 310 kW plant is currently the only operating project in Australia, although a similar geothermal power 

plant in Birdsville, Queensland provided over 20 years of reliable service until it was decommissioned 

recently.  These two successful projects demonstrate that lingering perceptions that geothermally generated 

electricity is not possible in Australia are inaccurate.   

This white paper examines the current state of the geothermal industry in Australia and internationally with 

a focus on what developments have occurred in the last 5 years and the potential contribution that 

geothermally-generated electricity could make to Australia’s energy transition.  It also examines the 

advantages that geothermal energy offers, outlines the challenges faced by the industry in realising the 

available potential and recommends some actions that can be taken to address these challenges.  

The rapidly expanding role of wind and solar PV is creating issues with intermittency and maintaining system 

stability of our electricity networks.  Geothermal energy can provide around the clock, low emission, 

sustainable, synchronous base-load power that will help stabilise networks as they integrate increasing 

amounts of solar PV and wind generation.  Geothermal power generation has a small surface footprint, 

creates ongoing local jobs and does not require backup power or storage. 

Multiple recent evaluations conclude that geothermal power – particularly Hot Sedimentary Aquifer (HSA) 

projects - can be cost competitive with conventional fossil fuel generation as well solar PV and wind 

generation when energy storage costs are included.   

In the short to medium term, efforts should be focussed on identifying and developing low-medium 

temperature (<170oC) HSA geothermal resources with access to markets. Previously, the Australian 

geothermal industry focussed primarily on the potential of a different type of geothermal power – high 

temperature resources in Engineered Geothermal Systems (EGS); however, most of the potential resources 

identified at that time were very remote from markets or the commercial and logistical challenges were 

substantially underestimated.  Although EGS remains an area of active research internationally, significant 

technology advances are required before it becomes commercially viable in Australia. 

HSA geothermal projects generally utilise binary power plants.  This technology has been operating reliably 

for many years, but recent improvements in the power conversion efficiency have greatly enhanced the 

commercial potential of power generation from moderate temperature geothermal sources.   

HSA geothermal energy requires a geologically and geographically favourable setting with proximity to an 

appropriate market (either local or network access) to ensure commercial viability; however, the market 

need not be large.  In remote areas, such projects could provide baseload generation capacity to displace 
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diesel generators cost effectively or improve grid performance.  The projects in Winton and Birdsville offer 

two examples.   

Multiple studies conducted in recent years highlight the importance of government funded pre-competitive 

studies aimed at identifying and quantifying Australia’s geothermal sources.  Such studies would be an 

effective way to stimulate commercial investment into geothermal power and would be a good use of public 

resources.  

In addition, every country that currently has a viable geothermal industry has required government support 

to get through the capital-intensive early stages. The critical government role is to ensure the drilling is 

completed to demonstrate the presence of a viable geothermal source.  Once this aspect of a project has 

been de-risked, commercial funding avenues become available.  However, agencies such as ARENA and CEFC 

are currently very reluctant to consider funding for this early drilling phase. This is a major barrier to the 

development of the geothermal industry in Australia, whereas this challenge is being addressed through a 

variety of innovative financial mechanisms internationally. 
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1. Introduction 
Although the geothermal industry in Australia experienced a period of high activity from 2000 -2013, it has 

since languished leaving a perception that geothermally generated electricity is not viable in Australia.  This 

perception is inaccurate.  This white paper provides an update on the current state of the geothermal 

industry in Australia and internationally, reviews what developments have occurred in the last five years and 

identifies the potential contribution that geothermally-generated electricity could make to Australia’s energy 

transition.  It also reviews the advantages that geothermal energy offers, outlines the challenges faced by 

the industry in realising the available potential and recommends some actions that can be taken to address 

these challenges.  

The expanding role of renewable power generation is becoming clearer every day.  The increase in the 

contribution of solar and wind power, in particular, has come rapidly and despite the lack of any coherent 

energy policy on the part of the federal government.  However, this has highlighted the challenges of 

maintaining system stability when integrating large amounts of power generated by intermittent sources, 

resulting in a call for more stable, synchronous base-load power.  Geothermal power offers such an energy 

source. 

2. Current State of the Geothermal Industry in Australia 
The direct-use sector of the Australian geothermal industry is healthy and growing, as demonstrated by a 

census of projects completed recently by the AGA (2019) and available from AGA’s website 

(www.australiangeothermal.org.au).  As for geothermal generation of electricity, a new geothermal 

electricity power plant was recently commissioned in Winton, Queensland.  The 310 kWe plant is currently 

the only operating project in Australia, although a similar geothermal power plant in Birdsville, Queensland 

provided over 20 years of reliable service until it was decommissioned recently.  

 

Figure 1. Active Geothermal Licences and applications as of October 2018 (Beardsmore, 2018) 
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Internationally, geothermal energy utilisation continues to grow (Figure 2).  Worldwide geothermal 

generation capacity reached 14,000 MWe and generated 84.8 TWh of clean, renewable, baseload electrical 

energy in 2017 (IEA, 2019).  Geothermal power capacity increased by 539 MWe in 2018; with most of the 

expansion occurring in Turkey (+219 MWe) and Indonesia (+137 MWe), followed by the USA, Mexico and 

New Zealand (IRENA, 2019c). 

In addition, Figure 2 shows increasing global government support for geothermal projects over the last ten 

years.  Funding increases over the last five years are particularly notable and should translate into a steady 

pipeline of new projects and increasing production internationally in the coming years. 

 

Figure 2. Worldwide installed geothermal electrical capacity and public funding for geothermal projects from 2009-2017.  Data 
from IRENA (2019) and IRENA (2019a) 

3. What Has Changed and Where Do Things Stand Now? 
In the last five years there have been many developments in the renewable energy industry that have 

fundamentally changed the structure of global energy markets, generation costs and available technologies. 

As a result, it is appropriate to take a fresh look at how geothermal energy fits into the mix.  Although solar 

power costs, in particular, have fallen dramatically, this has introduced a whole new set of challenges around 

grid stability.  Geothermal electricity generation provides a unique opportunity to provide a sustainable, low 

emission source of synchronous power that can help to facilitate the addition of increasing proportions of 

intermittent generation.  In addition, technology improvements, particularly in Organic Rankine Cycle (ORC) 

turbine efficiency, have expanded the potential applications of geothermal power in Australia.  Yet some 

things have not changed – early stage geothermal exploration and follow up drilling is still expensive and 

funding is scarce.  Progress is being made, however, and this document seeks to demonstrate that the 

geothermal industry has the potential to make a significant contribution. 

3.1 TYPES OF GEOTHERMAL ENERGY 
The geological setting of Australia lacks the volcanic provinces associated with high temperature flash steam-

driven geothermal power plants.  Although Australia’s geothermal sources have commonly been categorised 
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as either Hot Sedimentary Aquifers (HSA) or Enhanced (or Engineered) Geothermal Systems (EGS) (e.g. 

Huddlestone-Holmes, 2014), this distinction can be somewhat misleading.  HSA is a geological description of 

geothermal sources that occur in sediments or faults/fracture systems with naturally occurring porosity and 

permeability (also described as ‘Deep Natural Reservoirs’ by ARENA (2014)), whereas EGS is an engineering 

process that can be applied in any geological setting to enhance permeability. Figure 3 illustrates how 

various geothermal source types translate into the Australian context. 

  

A. Natural reservoirs are typically high permeability aquifers in the 500 m to 1,500 m depth range with 

low to moderate temperatures (<~100oC), most commonly for direct use applications, and are 

described as Shallow Direct-use resources by ARENA (2014). Geothermally heated swimming pools 

in Perth, Western Australia are an example of projects drawing on this kind of geothermal energy 

source. Type A sources can also provide heat for geothermal power generation once the 

temperature reaches ~ 85oC. Energy conversion efficiency is low in this temperature range, but has 

improved significantly in recent years.  The Perth Basin in Western Australia and the Otway and 

Gippsland Basin in Victoria have many projects that offer good examples of direct use applications in 

this resource category. Shallow Direct-use resources offer a myriad of possibilities, and a 2019 

national census of existing Australian Geothermal Projects in this category is available from the 

Australian Geothermal Association AGA (at www.australiangeothermal.org.au). 

B. With greater depth, geothermal source targets reach progressively higher temperatures, making 

them increasingly more attractive for electricity generation, depending on how much the associated 

drilling costs increase.  These targets are often good examples of Hot Sedimentary Aquifer (HSA) 

systems. They are typically encountered at depths greater than 1,500 m where adequate natural 

permeability exists (no or minimal stimulation required) for direct use or electricity generation. 

These sources can occur in sediments, fractured aquifers or fault zones. The presence of overlying 

insulating layers of shale or coal can help trap the heat and create increased geothermal gradients.  

Water temperatures are generally 100-170oC with binary power plants used for the energy 

conversion process.    

C. In general, permeability decreases with depth while temperatures rise.  When the naturally 

occurring permeability of a geothermal source gets too low to sustain commercially viable water 

flow rates, it may be possible to stimulate the existing matrix and/or fracture networks to create an 

Enhanced (or Engineered) Geothermal System (EGS) with better permeability that will support an  

adequate flow rate. Due to the added expense of stimulating the reservoir, EGS projects typically 

need to be larger or the source temperatures higher (170-300oC) than HSA projects to be 

commercially viable. Heat may be used for direct use or electricity generation, although electricity 

generation is usually the main objective because the amount of heat produced can far exceed the 

demands of local industry.  

 
 

http://www.australiangeothermal.org.au/
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Figure 3. Types of geothermal sources (see text for description). Although these reservoirs are shown as sandstones, note that 

carbonates can also be effective aquifers. (Huddleston-Holmes, 2014) 

 

3.1.1 Hot Sedimentary Aquifers & Binary Power Generation Systems  

 
This white paper focuses primarily on generating electricity from Type B sources. The low-medium 

temperatures associated with these sources typically require a binary power system to generate electricity. 

Although binary geothermal power is less efficient than the flash-steam plants commonly used for high 

temperature volcanic geothermal developments, it is still very common worldwide.  As of 2015, total 

installed capacity for binary geothermal plants was 1790 MWe from 286 plants in 21 different countries, 

representing 12% of total installed geothermal capacity.  The average plant capacity is 6.3 MWe (Bertani, 

2015).   

 

Binary plants utilize a secondary working fluid, usually an organic fluid (typically n-pentane or iso-pentane) 

with a lower boiling point and high vapour pressure at low temperatures than water. The secondary fluid 

operates via a conventional Rankine cycle: heat transfers from the geothermal fluid recovered from the 

subsurface to the secondary fluid through heat exchangers in the power plant.  This causes the secondary 

fluid to vaporize, and the resulting vapour drives a turbine.  The two fluids do not physically mix in the heat 

exchanger.  The cooled geothermal fluids are returned to the sub-surface reservoir while the secondary fluid 

vapour is cooled and condensed and the cycle begins again (Figure 4). 

 

Binary plant technology is a cost-effective and reliable means of generating electricity from liquid-dominated 

geothermal fields with temperatures up to 200°C. Systems are optimised to suit the specific geothermal 

source conditions by selecting suitable secondary fluids (World Bank, 2012).   
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Figure 4 Typical Binary Power Plant (from World Bank, 2012) 

3.1.2 Engineered Geothermal Systems (EGS) 

Resource risk is one of the biggest challenges to successful widespread development of geothermal power, 

particularly proving the existence of an adequate geothermal source. The development of reliable and cost 

effective techniques to create EGS reservoirs offers the possibility of greatly expanding the potential settings 

for geothermal power developments by reducing the need to rely on locating a naturally occurring reservoir.   

Starting in the early 1970s, several large-scale EGS field projects reached varying degrees of success but most 

would agree that EGS is not yet proven as a reliable, sustainable, optimised technology on a commercial 

scale (Ziagos, et al., 2013).  EGS projects were undertaken in the USA (Fenton Hill), UK (Rosemanowes), 

Japan (Hijiori and Ogachi), Europe (Soultz-sous-Forêts) and Australia (Habanero).  Although none achieved 

the desired commercial targets, all provided critical insights into the micro- and macro-scale processes 

involved with EGS developments and provided a foundation for further advancement.  Active research is still 

underway to develop EGS technology.  One of the major sites is the FORGE project in Utah, U.S.A., and there 

are high hopes that work currently underway there will result in significant progress towards making EGS a 

commercial reality (Simmons, et al., 2019). 

Notably, all except one of these seminal EGS projects relied heavily on government support.  The exception 

was the Habanero project in the Cooper Basin, South Australia, which received relatively minor government 

funding during the exploration phase (Ziagros, et al., 2013), although significant government support was 

promised under the Renewable Energy Development Program for the development phases of the Habanero 

(~A$90MM) and Paralana (~A$6 MM) projects if they passed proof of concept stage.  In total, over a period 

of about 15 years Australian government grants provided approximately A$76MM in funding to the 

geothermal industry – roughly 10% of the ~A$800MM spent, with an additional A$55MM in funding for 

research and pre-competitive studies (Huddlestone-Holmes, 2014).   

4. Using Geothermal Energy to Generate Electricity 
Geothermal energy offers many advantages over both fossil fuels and other renewable technologies.  These 

advantages include low emissions, high capacity factor, synchronous power, demand matching ability, a 

small surface footprint and relatively high job creation.   
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4.1 Clean Energy 
Geothermal energy is an environmentally friendly, renewable, sustainable source of electricity.  Geothermal 

energy does not involve any combustion; any emissions associated with geothermal power plants result 

from dissolved gases contained in the produced geothermal fluids, and are much lower than comparable 

emissions from coal or gas-fired power plants.  The actual emissions vary significantly depending on the 

nature of the specific geothermal source. Figure 5 shows comparison based on an average figure for 

geothermal plants in California (GEA, 2012).     

 
Figure 5 Comparison of coal, natural gas and geothermal CO2 emissions (GEA, 2012). 

 
Geothermal-related emissions also vary according to the type of power plant.  In Australia, currently 

identified geothermal sources would utilise binary power plants.  In most cases, geothermal fluids are 

reinjected into the subsurface reservoir. As a result, emissions from binary power plants are much lower 

than flash geothermal plants (Figure 6) (Millstein, et al., 2019), although the geothermal plant at Winton 

does use a portion of the geothermal water for the town water supply rather than reinjecting it (as did the 

Birdsville plant).  

 
Figure 6 Life cycle GHG emissions for three types of geothermal electricity.  Note that current Australian geothermal resources are 

hydrothermal (HSA) binary (HT binary) and therefore have the lowest median emissions. (Millstein, et al., 2019) 
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4.2 Capacity Factor 
The Nameplate or Rated Capacity is the maximum rate of electricity generation by a power plant at any 

given time under ideal conditions. However, the actual amount of electricity generated by a power plant, 

typically measured in megawatt hours (MWh), is determined by how much of the time it is operating in any 

given period of time (availability) and how close to full capacity the plant is running when it is on.  For 

geothermal plants, the ambient surface temperature at the power plant is also a factor, since the lower the 

ambient surface temperature the higher the electrical output of a plant. The ratio of the actual quantity of 

electricity generated by a power plant relative to its maximum possible output were it to operate at its rated 

capacity 24 hours day, 365 days per year under ideal conditions, is the capacity factor.   

 

 
Figure 7 Comparison of capacity factor for geothermal, solar and wind generation from 2007- (modified after IRENA, 2017). 

Capacity factor is a critical consideration when evaluating the value of geothermal power generation in 

comparison to intermittent renewables such as solar and wind.  The rated capacity determines the size of a 

power plant.  A 5 MW power plant is rated to be able to generate 5 MW of electrical power (5 MWe) at any 

given point in time. Since the sun only shines during the day, a solar power plant will always have a capacity 

factor of less than 50%.  In contrast, geothermal power plants can theoretically operate 24/7, except when 

infrequently shut down for routine maintenance, making them good sources of baseload power (Figure 7). 

That means a geothermal power plant will generally generate 2-4 times more electricity than a solar or wind 

power plant with the same rated capacity.   

It is important to stress that adding sufficient batteries or other energy storage can smooth out the delivery 

of the power from solar or wind driven renewable energy systems, but these power plants need to be 2-4 

times bigger to generate a comparable amount of electricity.  

Recently published data from Enel provides a good illustration (ThinkGeoEnergy, 2018b); the average 

capacity factor of Enel’s geothermal plants is 84% - as compared with 17% for its solar plants and 33% for its 
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wind turbines (Figure 8).  This ability of geothermal power plants to provide reliable, baseload, schedulable 

power means it should attract a premium from energy buyers.     

 
Figure 8 Summary of actual capacity factors for Enel resources in 1H, 2018 (ThinkGeoEnergy, 2018b). 

Table 1 shows how this translates into actual energy production by Enel.  For example, despite the fact that 

the installed capacity of their geothermal assets was only 25% that of solar (804 MWe vs 3,281 MWe), the 

net energy production from geothermal was 24% more than the total net energy generated from solar 

(2,932 GWh vs 2,369 GWh) in the first half of 2018. 

 
Table 1 Comparison of capacity versus output for Enel renewable resources. (ThinkGeoEnergy, 2018b). 
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4.3 Demand Matching 
With the penetration of roof-top solar and wind generation driving significant changes in the load profile of 

electricity demand, the ability for new generating sources to have the ability to turn up and down as 

required to meet market requirements is critical. The importance of this need to provide reliable, 

dispatchable demand as required is reflected in the Retailer Reliability Obligation (COAG, 2019). This 

potentially requires matching intermittent solar and wind generation with some other dispatchable source 

(eg. gas or storage) to ensure it is reliable, greatly increasing the LCOE for those technologies. Geothermal, 

however, has the ability to turn up or down (within operational limits) based on demand through the 

management of flow rates in the well. Whilst such actions would increase the LCOE by reducing the total 

amount of electricity generated and increase maintenance costs due to greater use of flow variances within 

the well and power plant, these impacts are relatively small compared to the cost of adding back-up (and 

potentially redundant) capacity for non-dispatchable technologies such as wind and solar.  As a result, 

adding synchronous geothermal generation capacity will help stabilise the grid and accommodate more wind 

or solar generation, making these renewable technologies complementary.    

4.4 Small Footprint 
As the uptake of renewable energy expands, an increasingly important consideration will be the amount of 

land surface area required.  Large solar power installations require substantial land area, and this may 

include prime agricultural land that would then no longer be available for that purpose (USDOE, 2019) and 

large wind farms may reduce visual amenity when located near populated areas. Figure 9 illustrates the 

relative land footprint of various electricity generating technologies and highlights the relatively small 

footprint associated with geothermal power production. 

 

Figure 9 Comparison of land footprint for various electricity generation technologies (USDOE, 2019) 
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4.5 Local Job Creation and Economic Benefits 
Another concern about the advent of renewable energy is the impact on local communities that have 

depended on jobs associated with the fossil fuel industry – particularly coal.  Although these concerns 

cannot be dismissed, geothermal developments bring more jobs and greater lasting commercial benefit to 

the local community than, for example, a wind farm or solar PV facility (Millstein, et al., 2019)(Figure 10).   

A study by Development Research Partners (2019) identifies significant potential local economic and fiscal 

benefits associated with operating a new 75 MWe geothermal plant in the state of Nevada in the U.S.A 

(ThinkGeoEnergy, 2019c).  In comparison to a new 100 MWe solar PV facility, they estimated the total direct 

and indirect benefits during the construction phase are five times more for the geothermal plant 

(US$14.9MM vs US$2.5MM) with an ongoing annual benefit four and a half times higher (US$8.9MM/yr vs 

US$1.9MM/yr) once the plant is operating.  This is an important factor to note during the community 

consultation phase.   

An Australian example is a direct-use geothermal project in Traralgon, Victoria (in the brown coal heartland) 

that has benefited directly from skilled workers and companies that have historically serviced the coal 

industry. 

 

 
Figure 10 Short-term (left) and long-term (right) job creation comparison (Millstein, et.al, 2019). 

4.6 Selected Relevant Overseas Examples  
The best analogues for Australian geothermal systems are low-medium enthalpy reservoirs found in 

European countries such as Germany, France, The Netherlands, Denmark, Croatia, Hungary and Great 

Britain, as well as Canada, and many parts of the United States (Bertani, 2015).  (Enthalpy is a measure of the 

amount of heat energy available and is proportional to the temperature of the geothermal fluid).    

Of the European countries listed above, only Germany, France and Croatia currently have operating 

geothermal power plants, despite the widespread direct use of geothermal water for district heating 

systems in most of these countries, particularly in France (544 MWt), Germany (343 MWt), Hungary (254 

MWt) and The Netherlands (208 MWt).   

France currently has only the 1.5 MWe EGS pilot plant at Soultz-sous-Forêts for electricity generation, 

although a second project in nearby Rittershoffen is successfully producing water at a similar temperature 

(168°C) that is being used for process heat for a local bio-refinery (Baujard, et al., 2018).  In addition, 
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successful wells have recently been completed in Vendenheim (300 m3/h at more than 200°C) and are 

currently being drilled in Illkirch (Boissavy, et al., 2019).  All of these projects are in the Upper Rhine Graben.   

In contrast, at the end of 2018 Germany had nine geothermal power plants with a total installed capacity of 

38 MWe (Sanner, 2019; Weber, et al., 2019).  These binary plants utilise geothermal sources located in the 

Molasse Basin of southern Germany, near Munich (Dürrnhaar, 6 MWe; Grunwald/Laufzorn, 4.3 MWe; 

Kirchstockach, 6.0 MWe; Sauerlach, 5.0MWe: Traunreut, 5.5 MWe; Taufkirchen, 4.3 MWe) and the Upper 

Rhine Graben (Insheim, 4.8 MWe; Landau, 1.8 MWe and Bruschal, 0.55 MWe) (Weber, et al., 2019).  In most 

cases, these plants supply hot water for district heating systems as well.   In addition, a new geothermal 

plant at Holzkirchen commenced electricity production in July 2019 on a trial basis with an expectation that 

full production will commence soon (ThinkGeoEnergy, 2019f). 

Germany’s ability to develop these geothermal resources more effectively than its neighbours is due in part 

to favourable geology, but also to the higher levels of government risk mitigation support available (SKM, 

2012).  In particular, the German Government has attractive feed in tariffs for the power generated from 

geothermal energy.  The private development of drilling insurance by Munich Re, in conjunction with other 

policy action from the German government, has also contributed to the successful development of the 

industry. 

In December 2018, Croatia joined the ranks of geothermal electricity producers with the commissioning of 

the 17.5 MWe Velika Ciglena plant – the largest binary ORC plant in the European Union.  The plant input is 

170°C geothermal water sourced from a reservoir originally discovered in 1990 and tested in the 1990’s by 

three petroleum wells and a geothermal well (ThinkGeoEnergy, 2018a; MOL Group unpublished Report 

2010). 

The United Downs deep geothermal project is currently underway in Cornwall, England.  The project builds 

on knowledge gained from the seminal 1980s EGS project at nearby Rosemanowes, but plans to build a 1-3 

MWe power plant targeting naturally occurring permeability associated with the Porthtowan Fault Zone. As 

of October, 2019, two deep wells have been successfully drilled into the fault zone; one for injection to a 

depth of 2393m and a second for production to a depth of 5,275m. The temperature at the bottom of the 

production well is about 190°C.  The next phase of the project is to undertake flow testing to evaluate the 

resource potential.  This work is currently scheduled for completion by mid-2020.  (United Downs, 2019). 

In the United States, a pilot geothermal plant installed in the Williston Basin (North Dakota/Montana) in 

2016 used water being produced by an oil company for a water flood project to support production of one of 

their oil fields.  The 250 kWe binary power plant utilised 51 l/s input water at 98°C and was installed with 

grant funding received from the US Department of Energy. Although the project experienced some 

challenges with the facilities and only operated for a brief time, the plant successfully produced electricity, 

and the economic analysis forecast the project breakeven point in Year 5 (Gosnold, et al., 2018; Gosnold, 

2017). Additional studies have examined the potential use of coproduced fluids from petroleum wells to 

generate energy - a particularly attractive option in remote areas where operators need to generate their 

own electricity to power pumps and other production equipment.  Continued improvements in ORC 

technology, significant reductions in drilling costs and the changes in drilling practice that concentrates 

surface facilities for multiple wells in close proximity all offer a positive outlook for improving economics 

with this sort of project (Gosnold, et al., 2019).  
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Canada has also been actively developing a geothermal industry focused on identifying potential HSA 

reservoirs, predominantly within deep sedimentary basins where substantial petroleum production exists 

(CanGEA, 2018; Banks & Harris, 2018).  In the Canadian portion of the Williston Basin, DEEP Corporation 

successfully completed the first well of its 5 MWe geothermal power project at the end of 2018. The well 

encountered temperatures >125°C at a depth of 3520m and a flow test demonstrated reservoir pressure and 

permeability exceeding the minimum threshold required (ThinkGeoEnergy, 2019a).  The Federal 

Government of Canada subsequently announced that it will provide C$25.6MM of funding for the project, 

which represents 50% of the total projected project cost (ThinkGeoEnergy, 2019b).  DEEP currently is making 

plans to drill their second well and aims to start construction of their power plant by mid-2020 

(Discoverweyburn.com, 2019).   In addition, a second Canadian geothermal power project has recently 

received C$24.5MM in government funding support.  Terrapin Geothermics operate this 5MWe project, 

named ‘Alberta No. 1’ which is located in Greenview, Alberta. (ThinkGeoEnergy, 2019d).  

A new Canadian start-up company called Eavor is trialling a potentially disruptive technology that uses 

recent advances in drilling technology to create a closed loop, sub-surface heat exchanger.  The system 

circulates a benign working fluid to extract geothermal energy and since it is a closed loop system it 

circumvents the challenge of finding adequate permeability in the subsurface - one of the fundamental 

challenges of geothermal energy extraction (Eavor, 2019).  In September, 2019, Eavor completed the drilling 

phase at their demonstration facility in Alberta and are currently making plans to start field testing the 

technology (ThinkGeoEnergy, 2019e) to determine if the extraction of subsurface heat is sufficiently 

sustainable. 

These projects have potential analogies here in Australia, for example in the Great Artesian, 

Cooper/Eromanga, Otway and Perth Basins.  These petroleum-producing areas were the sites of several 

geothermal projects previously and are well positioned to take advantage of the technology improvements 

that have occurred in recent years.   

4.7 Geothermal Exploration and Production in Australia  
A detailed review of reviewed the history of the geothermal industry in Australia was compiled by 

Huddlestone-Holmes (2014).   

The only working geothermal electricity project in Australia is in Winton, Queensland, in the Great Artesian 

Basin, where a 310 kWe geothermal project is being commissioned at the time of writing. The plant will be 

powered by 87°C water from depths of 1 – 1.5 km – with the corollary benefit of helping to cool the water 

before using it in the town water supply (this would otherwise be done with cooling towers at a cost) (Peak, 

2018). Other similar projects are currently at the planning stage.   

The 80 kWe Birdsville geothermal plant in southwest Queensland was decommissioned recently after some 

twenty years of operation.  It was originally commissioned in 1992, but suspended operations from 1994 to 

1999 when it resumed production after undergoing some modifications.  It reliably supplied electricity using 

98°C water with a capacity factor of over 95% (Huddlestone-Holmes, 2014). 

The country’s first geothermal power plant was developed in 1986 on a remote cattle station near Mulka, in 

northern South Australia. The trial plant used 86 °C water from a water bore to power a 20 kWe binary 

power plant.  It ran for three years before the system was decommissioned (Popovsky, 2013). 
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Two additional deep HSA geothermal exploration wells were drilled in Australia targeting higher 

temperatures required for successful larger-scale commercial development, Celsius-1 in the Eromanga Basin 

and Salamander-1 in the Otway Basin (both in South Australia).   Both wells encountered the predicted 

temperatures but failed to find adequately permeable reservoirs.    

Three EGS projects have undertaken drilling and hydraulic stimulation operations in Australia, all in South 

Australia, though in varying geological environments (Bendall, et al., 2014).  The first was near the Olympic 

Dam mine, where Green Rock Energy drilled Blanche-1 in 2005.   Next came the Habanero project in the 

Cooper Basin, where six wells were drilled by Geodynamics, culminating with the successful operation of the 

1 MWe Habanero geothermal pilot plant for 160 days in 2013. This project was a significant technical 

achievement, operating at significant depth (4.5 km) and temperature (280oC) and was the second deep EGS 

project to successfully produce electricity worldwide (Hogarth and Holl, 2017).  However, it was not 

commercially sustainable due to an insufficient fluid production rate, a very isolated location remote from 

electricity grids and power markets and the limited local electricity demand.   

Petratherm Ltd. ran the third Australian EGS project, Paralana.  It also achieved a degree of technical drilling 

success; Paralana 2 was successfully completed at 4km depth, proving a temperature of 180oC; however, 

testing resulted in a disappointing flow rate.  Reduced funding availability coinciding with the Global 

Financial Crisis prevented the drilling of a second deep well, which was required to reach proof of concept 

(and trigger the REDP grants).     

5. Challenges, Barriers and Opportunities 
The factors that led to the collapse of the industry in 2014 were examined by ARENA (2014), CSIRO 

(Huddlestone-Holmes, 2014) and Geoscience Australia (Budd and Gerner, 2015).  CSIRO concluded that an 

uncertain policy environment and difficulties attracting funding were major contributing factors.  In 

particular, Budd and Gerner (2015) flagged nine critical factors that contributed to decline in sector activity, 

comprising; 

1) Reduced capital availability following the Global Financial Crisis in 2008;  

2) Power demand in the National Electricity Market declined rather than increasing as predicted;  

3) Drilling costs increased because of high demand for rigs from the oil and gas sector due to the high 

prevailing oil price and the unconventional resource boom in the US;  

4) As a result of these increased costs, the government support provided via the available Geothermal 

Drilling program (GDP) grants were ultimately inadequate;  

5) Several technical ‘failures’ at particular projects that raised questions about the technical viability of 

geothermal energy in Australia (increasing the funding challenges);  

6) Negative publicity associated with misinformation on the potential risk of induced seismicity 

associated with geothermal development;  

7) A general public backlash to Government programs related to problems in the Government-funded 

Home Insulation Program and a resultant re-writing of the GDP’s Guidelines;  

8) Investor reluctance to fund renewable energy projects due to lack of certainty in the Federal 

Government’s energy policy;   

9) Delays and cost increases caused by flooding in some project areas. 
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In addition to these specific issues, corollary concerns include: 

1. Unrealistic expectations created by the industry about the potential scale and low cost of 

geothermal energy; 

2. Failure to fully recognise the technical and commercial risks associated with developing EGS 

reservoirs, particularly in remote locations;   

3. The requirement for specialised high-specification drilling rigs not available in Australia, substantially 

increasing the mobilization costs for drilling; 

4. Commercial and operational challenges resulting from the isolated location of many of the most 

technically attractive areas for EGS and the long distance to potential markets;  

5. Technical assessments focussed on temperature predictions (which proved accurate), but were 

unsuccessful in identifying specific reservoirs that could yield commercial flow rates; 

6. Funding challenges related to the additional uncertainty to project economics due to the subsurface 

risks;  

7. Rapidly falling costs of solar PV, in particular, is creating an increasingly viable, low risk alternative, 

especially in areas with good solar resources (e.g. central Australia). 

The major barriers to further development of the Australian geothermal sector flagged by ARENA (2014) 

were: 

1. Technical: lack of pre-competitive data and methods to increase the probability of successfully 

finding a resource with adequate permeability (HSA) and methods to enhance flow rates (EGS); 

2. Commercial: lack of substantial-sized companies active in the sector, inability to attract private 

sector financing and high development costs, particularly drilling costs required to prove a 

perspective resource; 

3. Investors: high up-front costs with an unattractive risk: reward ratio.  

Whilst challenges remain, there have been a number of significant – and favourable - developments since 

these reviews were published.  The following discussion divides the current challenges facing the geothermal 

industry into technical, commercial and political matters.    

5.1 TECHNICAL ISSUES 
The geothermal projects undertaken to date in Australia have highlighted two major technical challenges for 

the geothermal industry; subsurface risk, particularly reservoir identification, and high drilling costs.   

5.1.1 Reservoir Identification 

In general, there is an inverse relationship between temperature and permeability in the subsurface; 

temperature generally increases with depth while porosity and permeability tend to decrease.  As a result, 

HSA projects which require substantial geothermal water flow rates will generally be limited to relatively low 

temperatures (~<120oC).   There are exceptions, of course, for example, secondary porosity and permeability 

in carbonate reservoirs may be present at depths of over 4000m, and fortuitous diagenetic histories can 

result in significant permeability preservation in clastic reservoirs well below 3000m, with associated 

temperatures significantly higher than 120oC. For example, recent drilling in the Perth Basin in Western 

Australia encountered a good quality sandstone reservoir at depths of more than 4800m (Strike Energy, 

2019).  However, locations where reservoir conditions are adequate to produce sufficient volumes of 

geothermal fluids at temperatures >150oC are atypical and geographically limited. 
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Therefore, identifying a reservoir with adequate permeability is essential.  Previous efforts focused heavily 

on temperature predictions at the expense of reservoir quality analysis.  Although it is difficult to definitively 

predict reservoir quality prior to drilling, there are effective ways to mitigate the risks.  Phillips, et al. (2013), 

who presented a roadmap for strategic development of geothermal exploration technologies, also 

highlighted this issue in a U.S.-focussed study.   

A detailed, a three part study examined the causes of failure of Celsius-1 (Eromanga Basin, South Australia) 

and Salamander-1 (Otway Basin, South Australia), which both targeted primarily matrix permeability in 

sandstones (SACGER, 2014a, b & c).   They concluded that more rigorous pre-drill evaluation using seismic 

and petrology data may allow identification of areas with better permeability (SACGER, 2014a).  They also 

determined that there are ways to mitigate potential formation damage during drilling that can create 

significant challenges in assessing the actual quality of the reservoir in geothermal projects (SACGER, 2014b).   

In addition, these studies closely examine ways to suppress fines migration that can impede fluid flow and 

reduce injectivity – critical factors to success of a geothermal project.  Pujol, et al. (2018) documented 

successful strategies to mitigate clogging in direct-use geothermal projects in the Perth Basin, Western 

Australia and was successfully addressed in geothermal projects in the Paris Basin (Ungemach, 2003).   The 

petroleum sector has also examined the issue extensively. 

An alternative reservoir model targets ‘structural permeability,’ where naturally occurring fracture systems 

generate a permeable matrix that can sustain commercially viable flow rates.  This sort of reservoir has been 

developed successfully in a number of locations, for example in the Upper Rhine Graben in Germany 

(Schindler, et al., 2010).  This concept has been the subject of considerable work by the University of 

Adelaide, including the recently completed pre-competitive Structural Permeability Map Project (ARENA, 

2018b).  This approach was utilised by Green Rock Energy to identify geothermal drilling targets in the North 

Perth Basin, although the results remain untested by drilling (Larking, et al., 2011; Ballesteros, et al., 2012; 

Ballesteros, 2015).    

5.1.2 Drilling and Well Construction Costs 

Drilling costs often represent the biggest expenditure for geothermal projects.  Reducing these costs is 

essential to the long-term survival of the geothermal industry.  Although there are significant differences 

between geothermal and petroleum drilling practices and environments, there are many similarities and 

lessons can be shared between the two industries - particularly where the geothermal source target is an 

HSA system.  

The petroleum industry achieved dramatic drilling cost reductions in recent years.  One of the factors that 

contributes most to the savings is repetition.  In the Williston Basin, USA, for example, where thousands of 

wells have been drilled into the Bakken Shale recently, a well that cost US$9MM to drill a few years ago has 

fallen to only US$2MM (Gosnold, et al., 2019).  Likewise, in Australia, high levels of activity in the Cooper 

Basin have allowed petroleum operators to reduce costs by up to 50% in recent years.  The geothermal 

industry should also be able to achieve significant cost savings as part of an extended drilling campaign.   

A review of drilling practices by De Wardt (2019) highlights how much more efficiently petroleum wells are 

generally drilled than geothermal wells (Figure 11); adopting relevant petroleum best practices should assist 

in reducing geothermal drilling costs.  A study by Visser, et al. (2018) identified six major issues commonly 

found in geothermal drilling operations and compared them to similar situations in petroleum drilling 

operations. These problems include lost circulation, rig and equipment selection, cementing, rate-of-
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penetration (ROP), efficient and consistent drilling program, and effective time management.  These issues 

were major contributors leading to geothermal drilling operations analysed averaging 56.4 more drilling days 

than comparable petroleum wells (Figure 11). 

There are, however, critical design differences between petroleum and geothermal wells, so it is crucial that 

there is a clear understanding of the technical requirements and objectives of a geothermal drilling project, 

especially if the personnel designing and implementing the programs come from petroleum backgrounds.  It 

may not be possible for geothermal wells to match the petroleum drilling times where the design criteria or 

geological conditions are significantly different; however, substantial reductions are possible.     

Another challenge is the high operating and mobilisation costs that result from relatively limited drilling 

activity spread over a very large country, often in remote locations.  Drilling cost issues were especially acute 

during the oil boom in 2010-2013 due to strong competition for drilling rigs and associated resources (Budd 

and Gerner, 2015). The subsequent dramatic fall in oil price and associated downturn in the petroleum 

industry resulted in substantial reductions in the demand for rigs, which pushed drilling costs down.  

Ironically, the drop in drilling activity also led to a reduction in the number of rigs in most parts of Australia 

as rigs were stacked or moved to other locations.  As a result, rig mobilisation costs may be substantially 

higher now, at least partly offsetting other cost benefits.  Thus, it is more important than ever to try to 

coordinate drilling activities with other companies, primarily in the petroleum industry, to help share 

mobilisation costs; this also makes geothermal projects in petroleum producing areas more attractive. 

 

Figure 11  Depth-time plots comparing US onshore petroleum and geothermal wells (De Wardt, 2019) 

5.1.3 Injectivity and parasitic power loss 

Another critical factor for the economic viability of a geothermal project is maximising the net power output, 

especially for low temperature HSA resources where the available energy is already limited.  There are 

generally two components to the parasitic power requirements, 1) power plant operating losses related to 

pumping water to the cooling tower or the heat exchanger at the surface and 2) pumping the geothermal 
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fluids out of the ground and reinjecting them.  The magnitude of the latter can vary significantly depending 

on the transmissivity of the reservoir, hydrostatic head in the project area and project requirements.   

Artesian systems, such as in the Great Artesian Basin, may require little or no pumping to produce the water, 

but may need substantial energy for reinjection (if required).  Both the Winton and Birdsville projects use a 

portion of the abstracted water for public water supply.  Improved project economics may result by 

matching the project size to the volume of water that can be abstracted without any reinjection 

requirement.  Although this may result in a smaller project, the reduced parasitic load may generate a higher 

net power output per dollar of capital investment.  

It is also important that there is a good match between the productivity of the producing well and the 

injectivity in the injection well.  Natural geological variations may lead to a significant difference between 

the transmissivity of these two wells that can amplify injection-related parasitic losses or require reduced 

production rates (and hence revenue) to balance production and injection volumes.  Recent improvements 

in petroleum drilling technology have dramatically increased the capabilities (and reduced the costs) to 

precisely control the path of the well bore through the reservoir to increase the productivity and/or 

injectivity of a well.  For example, a sub-horizontal geothermal injection well recently drilled in the Paris 

Basin resulted in an injection flowrate of 450 to 500 m3/h versus 350 m3/h for two existing wells (Ungemach, 

2019). 

Other considerations include the handling of dissolved gases (maintaining adequate wellhead pressure to 

prevent gas exsolving at the surface) and managing chemical precipitation in the wells and surface facilities.  

This is a significant but manageable issue in the Rhine Graben where very high salinities and concentrations 

of deleterious elements are common (J. Baumgartner, personal communication). The Australian direct-use 

industry already has some expertise in the management of chemical precipitation in pumping and injection 

wells in lower reservoir temperatures. 

5.1.4 Downhole pumping  

Optimising the pump selection can significantly influence project economics.  Yearsley (2019) provides a 

summary of existing pumped well geothermal power projects and associated considerations.  The two main 

types of downhole pumps in use are line shaft vertical turbine pumps (LSP) and electrical submersible pumps 

(ESP).  LSPs have been utilized extensively in USA since the 1970s. ESPs are less widely used in geothermal 

applications but are used in France, USA, the Netherlands and Germany and are widely used in shallower 

applications such as groundwater supply and low temperature geothermal projects. Both types have typical 

flow rate limitations related to bore/pump diameter, motor power and temperature.  

The relative advantages of LSPs versus ESPs are summarised in Table 2.  Until recently, the typical flow limit 

for LSPs was about 150 kg/s, but they can operate in higher temperatures.  In contrast, ESPs can pump at 

higher rates but have lower temperature limits because the pump motor is submerged and the hot 

geothermal brine is less effective as a cooling fluid.  ESPs are widely used in the petroleum industry and offer 

greater flexibility.  They have been used successfully to pump geothermal brines up to 157oC at 97 l/s in 

Turkey (Mattie, et al., 2019) and 160oC at 65 l/s in Germany (Lackner, et al., 2018).  Although vendors claim 

pumps can operate at temperatures over 160°C, case studies are not yet available to verify this.   These 

developments could positively affect the economics for HSA projects in Australia where temperatures are 

>150oC. 
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 Line shaft Pumps Electrical Submersible Pumps 

Impellor setting depth Limited to about 2000 feet or < 0.6-
0.7 km 

Relatively deeper > 1km 

Bore deviation Pump chamber casing must be 
vertical 

Deviated production casing possible 

Time installation Time consuming Quick 

Motor driver location At surface Down hole  

Temperature capability High ~205°C Limited to ~160°C* 

Pump and motor 
efficiency 

Higher (pumps are 75-80% efficient. 
Motors up to 98%)+ 

Lower (pumps are 75-80% efficient. 
Motors up to 96%)+ 

Wear prone Less (lower speed) More (higher speed) 

Capital and O&M Cost  Less expensive More expensive 

Maintenance schedule Predictable  Routine inspection 

Flow rates Less (~150 kg/s)** More (Up to 250 kg/s at low 
temperatures but much lower (~100 
kg/s) close to the rated temperature 
capability) + 

Delivery pressures Up to 7 MPa Up to 7.5 MPa 

Environmental Impact Oil lubrication system used for shaft 
bearings 

None 

Suitability with respect 
to above example 

Suitable at 100 kg/s but not suitable 
at 150 kg/s because of excessive 
setting depth requirement 

Suitable for binary projects (i.e. 
temperature less than 160°C).  

Table 2 Comparison of Line shaft and Electric Submersible Pumps (after DiPippo, 2016). 

*: Schroder (2014) reports up to 175°C for WM2800 model from Baker Hughes 

**: However, larger diameter LSPs capable of pumping >225 kg/s have recently been manufactured and installed at a few projects in 

the USA and Central America (Febrianto, 2018). ITT Goulds 12E model is capable of 186 kg/s at 760 m depth set point. 
+: 

Harry Pollemans, personal communication 2019 

5.2 COMMERCIAL ISSUES 

5.2.1 Expanding Renewable Energy Industry 

Renewable energy generation has been expanding rapidly, and the trend continues to accelerate.  Over 10 

GWe of new solar and wind power were installed in 2018 and 2019, putting Australia on track to reach 50% 

renewables by 2025 (ECI, 2018), and capital investment in the sector reached a record-breaking $20 billion in 

2018 (Energy Matters, 2018). This shows that lack of capital is no longer a fundamental problem for the 

renewable energy sector; however, the risk profile of geothermal projects creates a unique set of challenges 

to get projects over the initial hurdles.   

5.2.2 Levelised Cost of Electricity (LCOE) 

The levelised cost of electricity (LCOE) is the net present value of the unit-cost of electrical energy over the 

lifetime of a generating asset. It provides a proxy for the average price that the generating asset must 

receive in a market to break even over its lifetime, and takes into account all the costs that will be incurred, 

including the initial investment, operations and maintenance, cost of fuel and the cost of initial and 

sustaining capital.  As a result, it offers a convenient way to compare the relative costs of different 

generating technologies on a level playing field. 

https://en.wikipedia.org/wiki/Cost_of_capital
https://en.wikipedia.org/wiki/Cost_of_capital
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Significantly, CSIRO note in the GenCost 2018 report (Graham, et al., 2018) that LCOE will become an 

increasingly inaccurate metric in the future as the proportion of variable renewable power on the grid 

increases because there will be an explicit additional cost for system balancing that is not captured in the 

LCOE.  They propose modifying the LCOE calculation to capture balancing costs – a change that would be 

favourable for geothermal energy due to its synchronous nature and high capacity factor.   

Several recent studies comparing the LCOE for various sources show that geothermal, particularly Hot 

Sedimentary Aquifer (HSA) geothermal, offers a commercially attractive renewable energy source in the 

right circumstances.  Utilities are currently struggling to accommodate the rapidly increasing number of solar 

and wind projects while effectively managing the associated grid stability challenges.  Although geothermal 

energy requires favourable geological and geographical circumstances, identifying and developing projects in 

these areas can provide opportunities that are environmentally friendly, profitable and help stabilise the 

network. 

An evaluation by IRENA (2018) for utility-scale renewable power generation technologies compares how 

costs for the various technologies have changed between 2010 and 2017 (Figure 12).  One of the first 

observations is that, aside from concentrating solar, all the renewable technologies evaluated are cost 

competitive with fossil fuels.  Second, and most relevant to this report, is the LCOE for geothermal is at the 

low end of the fossil fuel LCOE range.  

ARENA (2018a) recently published an Australian-specific study comparing the LCOE of a full range of 

renewable energy options and concludes that the best result would be a diverse portfolio incorporating all 

the options because each has a niche in a renewable generation system where they offer the optimal 

solution.   In the case of geothermal energy – particularly HSA geothermal, it offers the lowest cost option 

for 24-hour dispatchable (i.e. baseload) electricity, (Figure 13). 

 

Figure 12 Comparison of LCOE for various renewable technologies and how costs have changed from 2010 to 2017 (IRENA, 2018). 
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Figure 13 Comparison of LCOE of 24-hour deliverability for a variety of generation technologies in Australia (after ARENA, 2018b). 

A recent study by Lazard (2018) also concludes that the LCOE for geothermal energy is competitive with both 

conventional and renewable alternatives and becomes particularly attractive as an alternative when the 

base load power generation capabilities are considered (Figure 14).   

 

Figure 14 Unsubsidised LCOE comparison for various conventional and renewable technologies (Lazard, 2018). 

5.2.3 Conversion Efficiency Improvements 

The power conversion efficiency of binary Organic Rankine Cycle (ORC) power plants is one of the critical 

factors in the economic success of an HSA geothermal project. Although ORC technology is well established 
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and widely used, there have been some significant improvements in ORC plants recently, particularly for low 

temperature (<120oC) resources. One example is Swedish company Climeon, which offers expandable 150 

kWe modular ORC power plants that boast energy conversion efficiencies of 10-13% for these lower 

temperature resources (Havsed, 2018; Havsed & Skog, 2018)(Figure 15), depending on the ambient 

temperature.  There are also indications that efficiencies of 15+% may be achievable using a modular system 

in series that cascades the geothermal fluid in 10oC steps (Gosnold, et al., 2019).   

 

Figure 15 Net efficiency of a Climeon 150kW power plant with 40 l/s flow rate (modified after Climeon, 2019) 

These efficiencies compare very favourably with previous ORC and Kalina cycle ammonia-water power plant 

technologies, which generally only offer efficiencies of 3-7% (e.g. Ahmad and Karimi, 2016).  Since lower 

temperature resources are generally associated with shallower depths, lower drilling costs, higher 

permeability, higher flow rates and lower exploration risk, these new technologies could significantly tilt the 

economic balance and make development of these resources commercially attractive.  These breakthroughs 

are particularly significant for the Australian geothermal industry because one of the best documented 

geothermal sources is the 85-100oC water in shallow aquifers in the Great Artesian Basin (eg. Birdsville and 

Winton projects in Queensland). 

5.2.4 Resource Risk 

Although geothermal projects are commercially attractive when examined on a life cycle basis, they have an 

additional level of subsurface technical risk that distinguishes them from other renewable energy sources.  

This creates higher commercial risks due to the high cost of drilling required to demonstrate the presence of 

an adequate geothermal source early in the project life, when the chance of failure is still relatively high 

(World Bank, 2012) (Figure 16).  As a result, geothermal projects will face greater challenges securing private 

investment funds until the resource risk is reduced to an acceptable level, especially when many of the 



23 
 

potential funding sources are renewable energy investors and utilities that are unfamiliar with the idea of 

taking exploration risk.  For EGS projects, these challenges are exacerbated by the fact that there is an 

additional subsurface technology risk of enhancing the reservoir permeability.   

 

Figure 16 Geothermal Project Cost and Risk Profile at Various Stages of Development (World Bank, 2012) 

Although detailed pre-drill technical studies can mitigate these critical early stage risks to a degree, a 

borehole generally must be drilled to demonstrate the presence of a geothermal reservoir and determine 

the project parameters (temperature and flow rate).  Once this test drilling is complete the project risk is 

reduced significantly, and it is much more feasible to attract private investment for projects.  

 
Figure 17. Analysis of the optimal target depth for direct use applications in Denmark (Harrar, et al., 2018).  A similar analysis with 

appropriate parameters could help identify optimal HSA targets in Australia. 
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As part of the resource risk mitigation process, all available technical and commercial data can be analysed 

to highlight the best potential targets.  For example, Harrar, et al. (2018) recently completed a geothermal 

source evaluation for direct use applications in Denmark.  Their results demonstrate the optimal depth for a 

particular reservoir to minimise the unit cost of geothermal energy (Figure 17), and similar feasibility studies 

are currently underway in Western Australia to assess direct use geothermal potential. A similar analysis 

could be undertaken to evaluate potential Australian geothermal sources and identify those with the best 

commercial potential for electricity generation.   
 

5.3 POLITICAL ISSUES 

5.3.1 Energy Policy 

The lack of a clear, consistent energy policy is a major challenge facing the Australian energy industry. 

Australia’s climate policy ranked lowest in the world in the latest Climate Change Performance Index (CCPI) 

released at the COP25 in December 2019 (SBS, 2019).  A global assessment recently completed by the World 

Economic Forum singled out Australia as poorly prepared to transition to a secure, sustainable, affordable 

and reliable energy future, with a ranking 28th out of 32 advanced economies (WEF, 2019).  Following the 

government’s announcement of their Climate Solutions Package in January 2019, Clean Energy Council Chief 

Executive Kane Thornton commented that the package “is no substitute for strong energy policy…. While 

climate and energy policy remain a difficult political issue, the lack of any genuine policy is unsustainable for 

the energy sector.” (CEC, 2019).  This situation not only makes it difficult for private-sector investors to 

assess the project economics confidently, but the threat of changing rules and guidelines for administration 

of some of the existing funding programs can have a toxic effect on projects with a multi-year timeline.    

5.3.2 Government Support and Risk Mitigation 

Worldwide, most of the funding for renewable energy projects (~85%) comes from the private sector and 

this is expected to continue to be the case (IRENA, 2016).  However, governments play a critical role in 

facilitating the flow of investment capital by establishing policies to help mitigate early stage risks to attract 

private investors, and government support has been crucial to the development of geothermal energy in 

every country where a successful geothermal industry currently exists (World Bank, 2012).   

A number of risk mitigation instruments dedicated to geothermal energy have recently emerged (IRENA, 

2015).  These include dedicated guarantees such as grants (eg. Geothermal Risk Mitigation Facility, 2012) 

and convertible grants (eg. The Inter-American Dialogue, 2015; KfW, 2015a) aimed at managing specific 

challenges of early-stage geothermal energy project development. Other instruments provide portfolio 

guarantees that allow for effective risk management on a larger scale by pooling different wells together; 

examples include guarantee funds (eg. Qbic, 2015; The White House, 2015), exploration insurance (eg. 

Munich Re, 2015a) and portfolio guarantees, although not all of these are still available (Munich Re, 2015b).   

Figure 18 illustrates how to apply these various instruments at different stages as a particular project – or  

industry - matures.  In general, providing grants for the exploration drilling phase in order to reduce early 

stage risks can help to overcome the biggest obstacle of geothermal development (Kreuter and Baisch, 

2018).     
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Figure 18 Transition of financial tools to mitigate the resource risk as the market matures, highlighting the critical role of grants in 

the early stages. (Dumas & Garabetian, 2018) 

Previous support provided by the Australian Federal Government, such as the Geothermal Drilling Fund, 

provided critical encouragement for investment in the industry.  However, in the aftermath of the Global 

Financial Crisis in 2008, some of the government programs became inadequate because the required 

industry co-funding was no longer available (Budd & Gerner, 2015).  In other cases, such as CEFC funded 

projects, the focus is directed mainly towards other types of renewable energy projects.  Attracting 

adequate and appropriate support remains a challenge for the geothermal industry.   

Currently, the Australian Government supports the development of renewable energy resources, including 

geothermal energy, through organisations such as ARENA and the CEFC.  More information about these 

organisations is included in Appendix 1. Recent investments by these organisations has been heavily 

weighted towards solar PV projects, but more recently it appears there may be increased interest in 

supporting renewable energy projects that can offer baseload power supplies – a specific strength of 

geothermal power.  Unfortunately, ARENA’s lack of positive results from the funding provided to geothermal 

projects previously, coupled with funding constraints, has resulted in a reluctance to take sub-surface risk.  

Likewise, the CEFC will consider offering project finance only after the project has been de-risked.  As a 

result, there is a critical gap in government support mechanisms where it is needed most - to cover the 

critical early drilling phase.  

5.3.3 Examples of Successful International Government Policy Initiatives 

The geological risk is a common issue all over the world. Insurance Funds covering geological risk already 

exist in some European countries (France, Germany, Iceland, The Netherlands, Denmark and Switzerland). 

Outside Europe, the Geothermal Development Facility (GDF) for Latin America and the Geothermal Risk 

Mitigation Facility (GRMF) for Africa offer some risk mitigation tools. With the notable exception of these 

regions, project developers have very little capability to manage this financial risk. (Dumas & Garabetian, 

2018) 

 
Within Europe, the Feed-in Tariff (FIT) is the most common type of support mechanism. The main benefit of 

a FIT is that it provides secure long-term revenue and a potentially revenue-neutral way of making 

renewable energy installations more attractive.  Figure 19 provides a summary of FITs offered 

internationally.   



26 
 

 

Figure 19 Feed-in tariffs in various countries in 2012 (US cents/kWh) (Figure 4.3 from ARENA, 2014) 

Japan has a particularly attractive feed-in-tariff (FIT) scheme that started in July 2012. The plan requires 

electric power companies to purchase electricity generated from renewable energy sources on a fixed-

period contract at a fixed price. Cost for purchasing electricity is shared by electricity users and the electric 

power companies (IEA, 2018). This program has stimulated significant interest and 40 new projects were in 

progress in 2015 (Bertani, 2015).   

An additional benefit of some FIT schemes (Germany, for example) is that it applies to the gross amount of 

power generated rather than the net amount exported – particularly significant where there are substantial 

parasitic loads.  

The US government has supported geothermal development via loan guarantees during the development 

stages of projects when financial risk is at its highest. In addition, the production tax credit (PTC) of 

$0.019/kWh has supported projects generating power since its introduction in 2008. State governments 

have also contributed to growth in the sector by the imposition of renewable portfolio standards (33 per 

cent by 2020 in California, 25 per cent by 2025 in Nevada) (ARENA, 2014). 

5.3.4 Public Perceptions 

Another challenge is overcoming the perception that geothermal electricity generation does not work in 

Australia and bringing it back into the conversation.  Budd and Gerner (2015) documented how public 

perceptions about geothermal energy turned negative, in large part due to the commercial failure of several 

high profile projects (the Geodynamics Habanero EGS project, in particular). Government support for the 

industry was increasingly considered as a waste of public resources – despite the fact that only 18% of the 

funding was from the government sector ($160MM of at total of $900MM (AGEA, 2014)). These perceptions 

were not helped by the bold claims of imminent large scale success put forward by the geothermal project 

proponents from what were really pioneering or pilot projects without adequately explaining the key risks – 

a good reminder that expectation management should be an important consideration as the industry moves 

forward. 
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Lost in the conversation was the fact that the Birdsville geothermal plant successfully supplied reliable, cost-

effective power for a remote market for many years, and the new project at Winton is just starting up.  This 

highlights the idea that undertaking (and publicising) smaller scale, lower risk projects would help 

demonstrate that geothermal energy is viable in Australia.   

5.3.5 Induced Seismicity 

Budd and Gerner (2015) also identified public concerns with induced seismicity associated with hydraulic 

stimulation technology in EGS projects.  However, closer examination revealed that these concerns related 

primarily to potential groundwater contamination associated with coal seam gas developments rather than 

induced seismicity itself (Budd and Gerner, 2015).   

Nevertheless, induced seismicity is a real phenomenon and it has been documented in relation to 

hydrocarbon production, hydraulic fracturing and waste-water disposal.  Documented examples of induced 

seismicity in the geothermal industry all relate to EGS projects (Sintubin, 2019; Kim, et al., 2019). Numerous 

studies have been undertaken into understanding causes and prediction of induced seismicity, risk 

mitigation and improving communication with and education of the public (Schatzalp, 2019).   Future 

geothermal projects undertaken in Australia should consider the issues around induced seismicity, but the 

risks are low for the HSA projects recommended by this white paper.   

6. Synergy with Other Renewables and Hybrid Systems 
Hybrid systems combine two or more energy types and/or produce two or more products to overcome 

limitations inherent in the respective stand-alone systems. In general, for a hybrid system to make sense, the 

combined system needs to provide more value than the separate stand-alone systems.  A comprehensive 

review of potential geothermal hybrid systems by Wendt, et al. (2018) analysed a variety of options that 

include coupling geothermal energy with solar and fossil energy sources, for process heat applications such 

as CO2 capture and thermal desalination, augmenting compressed air energy storage, and using geothermal 

brines for mineral recovery applications.   

Of these, the most immediately relevant to Australian conditions is geothermal-solar hybrid power 

generation.  The rapid uptake of solar PV has fundamentally changed the shape of the electricity demand 

curve in many areas; whereas peak demand on a summer day used to come in the afternoon, that period is 

increasingly associated with the lowest electricity demand (Figure 20).   This can create problems related to 

over-generation because coal-fired plants can’t be turned on and off quickly and must be kept running to 

provide a synchronous back-up for potential fluctuations from the solar PV output – even when there is no 

demand.  This can result in generators having to pay customers to take power in order to keep the plant 

running. 
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Figure 20 Changing load profile on a typical California spring day due to increasing uptake of solar PV systems.  (USDOE, 2019) 

 

The output of a geothermal power plant naturally drops off during the day as its efficiency falls when the 

ambient air temperature rises. This creates the potential to design geothermal and solar PV systems that 

complement each other (Figure 21).  A pilot project utilising this concept is currently in progress in Stillwater, 

Nevada (DiMarzio, et al., 2015; Li, et al., 2016).  

 

Figure 21 Geothermal and solar PV output net average production for a typical spring day at Stillwater, Nevada (DiMarzio, et al., 
2015) 

Hybrid geothermal-solar binary power plants may offer significant benefits to project economics, particularly 

in areas with good solar resources and stand-alone geothermal power generation costs are moderate to high 

(US$0.10-0.15/kWh)(Wendt, 2017)) – similar to the conditions in the Great Artesian Basin, for example.  

The concept is not new to Australia.  In 2010, a $1.5m grant from the South Australian Government was 

awarded to Heliotherm (a subsidiary of Petratherm), in conjunction with the University of Adelaide, to 

develop hybrid generation technology. Unfortunately, the project did not progress due to lack of support by 

the Australian Solar Institute.   Investigations continue, however, and the dramatic fall in the cost of solar PV 
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generation has significantly changed the economics over the last 10 years. A current example is a hybrid 

geothermal/solar thermal hybrid project that is under consideration in Thargomindah, Queensland (ABC, 

2017). 

7. Synergies with Petroleum Industry 

7.1 Geological and Geophysical Data 
The geothermal and petroleum industries face similar sub-surface risks and the geoscientific expertise that 

resides in the petroleum industry is particularly well suited to identifying, evaluating and mitigating these 

risks.   Petroleum producing sedimentary basins can be attractive places to do geothermal exploration 

because drilling and seismic data acquired by petroleum companies provide critical sub-surface data that can 

be used to identify attractive areas for geothermal exploration and substantially reduce the pre-drill risks 

(e.g. Vosgerau, et al., 2019; Ballesteros, et al., 2012; Banks & Harris, 2018).   

7.2 Drilling and Production  
The potential for applying lessons from the petroleum industry to geothermal drilling practices was 

discussed in Section 5.1.2.  The geothermal industry has applied many breakthroughs pioneered in the 

petroleum industry to geothermal projects, and the petroleum industry has benefitted from technology 

developments devised by the geothermal industry.  A notable example of the latter is development and 

commercialisation of polycrystalline compact (PDC) drill bits, which are now utilised in 90% of petroleum 

drilling and have yielded billions of dollars in savings (USDOE, 2019).   

7.3 Using Co-Produced Fluids 
Opportunities exist to utilise either co-produced fluids from oil and gas wells or water produced specifically 

for oil field water flood projects as a heat source to drive an ORC plant.  These naturally hot fluids that have 

already been brought to the surface potentially provide a low risk, cost effective source of power for 

production operations or sale.  Historically, one of the biggest barriers has been low electrical conversion 

efficiency due to low temperature fluids (<120oC) that are most common in producing petroleum fields.  

However, the recent advances in ORC technology (see Section 5.2.3) improve the possibilities significantly. 

Other challenges of using the co-produced fluids is how to effectively handle multiphase flow of water, oil 

and gas and the exsolution of dissolved gas at the surface so that neither petroleum production nor 

geothermal operations are compromised and how to minimise the temperature losses when gathering the 

fluids to deliver to the ORC plant.    

Two examples where electricity was successfully generated are; 1) using water produced for water flood 

injection in the Williston Basin, U.S.A. (Gosnold, 2017)(see Section 4.6), and 2) the Denbury site in 

Mississippi, U.S.A. which used 94oC produced fluids from a well producing at a rate of 7.5 l/s with a 98% 

water cut.  However, at the Denbury project the air-cooled system suffered daily shutdowns due to high 

summer daytime temperatures and humidity coupled with the relatively low geothermal fluid temperature, 

resulting in an inadequate temperature differential (Fox, 2013).  This is particularly relevant to Australia 

given the relatively high ambient surface temperatures that prevail in many areas.     

Construction is scheduled to commence soon on a new Canadian hybrid geothermal power project in Swan 

Hills, Alberta.  The 21 MWe project, a collaboration between Razor Energy and the University of Alberta, will 

use a combination of co-produced fluid from petroleum wells and associated sources (5-7 MWe) combined 
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with a 15 MWe natural gas-fired power plant.  The electricity generated will power Razor’s local petroleum 

operations as well as supplying electricity into the Alberta electricity grid (GRC, 2019).     

7.4 Re-using Petroleum Wells 
Depleted oil and gas wells can potentially be repurposed for geothermal production by recompleting to 

enhance water production.  This matter has been the subject of many studies, particularly in Europe where 

direct use district heating is more common, allowing lower temperature fluid to be used.  The Netherlands, 

in particular, is actively examining ways to utilise wells from the Groningen gas field, which will be 

abandoned by 2030 (eg. Nelskamp, et al., 2018), and Shell is actively pursuing various geothermal 

opportunities in the country (ThinkGeoEnery, 2019g).    Another project is underway in Croatia will use gassy 

water produced from depleted petroleum wells.  The plan is to separate the solution gas from the produced 

water and use the gas to power one turbine and run the hot water through an ORC to generate additional 

electricity as well as supplying a district heating network (Ueing, et al., 2019). 

Although the potential of utilizing depleted and/or abandoned petroleum wells is tantalising, petroleum 

wells generally have smaller diameters than geothermal wells. This reduces drilling costs, but limits potential 

flow rates and increases friction losses (thus increasing the parasitic power losses for pumping).  In addition, 

significant regulatory and legal issues must be addressed to allow the transfer of ownership and repurposing 

of the well for geothermal production.  Finally, the integrity of the old well must be insured for safety 

reasons and of course, the costs of salvaging an old well must compare favourably with drilling a new one 

that is optimally designed.  Nevertheless, the process is not without precedent. For example, the petroleum 

exploration well Chapman Hill-1, drilled in the Perth Basin, Western Australia, was later abandoned and 

converted to a water supply well (G. Bolton, Rockwater, personal communication).   

7.5 Petroleum Industry Reluctance 
Despite the potential for substantial commercial synergies between the geothermal and petroleum 

industries, the lower margins typical of geothermal projects relative to petroleum production has historically 

caused petroleum companies to consider geothermal projects a distraction rather than something that could 

complement their existing efforts either technically or commercially.  However, opportunities do exist.  In 

the right circumstances, using coproduced fluids to generate electricity required for production operations 

can lower operating costs and extend the productive life of a petroleum asset (Gosnold, 2019). Data 

acquired from drilling a geothermal well can be applied to petroleum exploration and an increasing desire on 

the part of some companies to reduce their carbon footprint makes the possibilities more attractive. 

8. Conclusions and Recommendations  
Multiple recent evaluations conclude that geothermal power – particularly Hot Sedimentary Aquifer (HSA) 

projects - can be cost competitive with conventional fossil fuel generation as well solar PV and wind 

generation when energy storage costs are included.   

In the short to medium term, efforts should be focussed on identifying and developing low-medium 

temperature (<170oC) HSA geothermal sources with access to markets. Previously, the Australian 

geothermal industry focussed primarily on the potential of a different type of geothermal power – high 

temperature resources in Engineered Geothermal Systems (EGS); however, most of the potential resources 

identified at that time were very remote from adequate markets or the commercial and logistical challenges 
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were substantially underestimated.  Although EGS remains an area of active research internationally, 

significant technology advances are required before it becomes commercially viable in Australia.   

Although there were two unsuccessful attempts to explore for deep HSA resources previously, these results 

do not condemn the HSA potential in Australia.  Subsequent analyses identified the causes for the failures 

and the recommendations are included among the actions proposed below.  In the case of the reservoir 

damage encountered in the Panax Salamander project, SACGER (2014b) provide strategies as to how similar 

projects can avoid similar outcomes in the future.   

Development of HSA geothermal projects generally requires the use of binary power plants.  This technology 

has been operating reliably for many years, but recent improvements in the power conversion efficiency 

have greatly enhanced the commercial potential of power generation from moderate temperature 

geothermal sources.   

HSA geothermal energy requires a geologically and geographically favourable setting with proximity to an 

appropriate market (either local or network access) to ensure commercial viability; however, the market 

need not be large.  In remote areas, such projects could provide baseload generation capacity to displace 

diesel generators cost effectively or improve grid performance.  The Winton and Birdsville projects are two 

examples.   

Multiple studies conducted in recent years highlighted that government funded pre-competitive studies 

aimed at identifying and quantifying Australia’s geothermal sources would be an effective way to stimulate 

commercial investment into geothermal power and would be a good use of public resources.  

In addition, every country that currently has a viable geothermal industry has required government support 

to get through the capital-intensive early stages. The critical government role is to ensure the drilling is 

completed to demonstrate the presence of a geothermal source.  Once this aspect of a project has been de-

risked, commercial funding avenues become available.  However, agencies such as ARENA and CEFC are 

currently very reluctant to consider funding for this early drilling phase. This is a major barrier to the 

development of the geothermal industry in Australia, whereas this challenge is being addressed through a 

variety of innovative financial mechanisms internationally. 

The following actions would facilitate the identification and development of Australia’s potential geothermal 

resources: 

1. Geothermal energy should be included as an option considered by Federal and State government 

agencies in the network generation planning process.   

2. Pre-competitive studies should be undertaken using existing regional evaluations of sub-surface 

temperatures and heat flow to identify potential reservoirs - and more specifically permeable zones 

where sub-surface temperatures exceed 80oC.  The Great Artesian Basin provides one clear example 

but other Basins may also be prospective (e.g. Otway Basin in South Australia and Victoria, Gippsland 

Basin in Victoria, Carnarvon and Perth Basins in Western Australia).   These areas would be the 

subject of detailed follow up investigations aimed at mapping reservoir quality and deriving 

permeability estimates that could be used to quantify extractable energy. 

3. This information can be used in economic modelling to identify commercially viable geothermal 

sources based on the temperature, flow rate, extraction costs and potential market.  
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4. Government programs need to include mechanisms for funding support during the early phase of 

geothermal projects – including sufficient drilling to demonstrate that an adequate and sustainable 

geothermal source is present to support commercial development.  Every country with a viable 

geothermal industry today relied on such government support to facilitate early progress. 

5. A clear set of guidelines and milestones should be established that define what sub-surface technical 

results need to be achieved before a geothermal prospect is considered adequately de-risked to 

qualify for government-sponsored drilling subsidies.   

6. Australia has abundant intermittent solar and wind resources.  Investigations should continue as to 

possible ways to develop complementary solutions using geothermal power in conjunction with 

solar and wind generation. 

7. State governments should develop technical and legal frameworks to set out how existing petroleum 

wells in areas where geothermal sources occur could be repurposed for geothermal use.    

 

Geothermal energy is already making a useful contribution to the Australian energy mix; direct-use 

geothermal is a successful and growing industry.  Geothermally generated electricity can also play a role in 

Australia’s energy transition, but to achieve progress it is critical that government policy acknowledges and 

supports this potential.   
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APPENDIX 1: Current Australian Government Organisations and Policy Initiatives 

Australia has two key Commonwealth government funding organisations that support the development of 

projects that reduce emissions. The Australian Renewable Energy Agency and the Clean Energy Finance 

Corporation have committed billions of dollars in funding since their establishment, and will continue to 

support the sector as Australia migrates to a lower carbon economy. Both organisations have developed 

sophisticated methods to approach financial decisions, keeping in mind a dual mandate of achieving value 

for taxpayers while also pursuing their significant policy goals. The goals and operating realities of ARENA 

and the CEFC are detailed by Miller (2019), who also analyses the particular challenges that each faces as a 

result of its legal structure.  

Australian Renewable Energy Agency (https://arena.gov.au/)  
The Australian Renewable Energy Agency (ARENA) is an independent Commonwealth authority, supporting 

innovations that improve the competitiveness of renewable energy technologies and increase the supply of 

renewable energy in Australia. ARENA invests in research, development, demonstration, deployment and 

commercialisation of renewable energy and related technologies; and the storage and sharing of knowledge 

and information about renewable energy technologies. 

Clean Energy Finance Corporation (CEFC)  (https://www.cefc.com.au/)  
The CEFC invests in industry sectors with the strongest potential to reduce Australia's carbon emissions. 

When it was formed in 2013, the CEFC was allocated a total of A$10 billion to invest in the clean energy 

sector.  Investments are targeted toward: 

1. Projects to support low carbon electricity, through the increased deployment of renewable 
energy technologies and energy storage 

2. Increased use of technologies to deliver ambitious energy efficiency, particularly in the electricity 
generation, transport, property, infrastructure, manufacturing and agribusiness sectors 

3. Accelerated electrification and fuel switching, especially in the transport sector, to support the 
transition from fossil fuels to bioenergy and other low emissions fuel sources. 

They provide a range of financing options, including: 
 Project finance: for larger projects, or smaller projects with specific features that may require 

individual financing solutions 
 Equity finance: equity investments in the development of structured investments and new capital 

products such as climate bonds and equity funds 
 Corporate loans: for corporates with one or more eligible project, of varying sizes 

http://www.arena.gov.au/
https://arena.gov.au/
https://www.cefc.com.au/
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 Aggregation finance: working with co-financiers to bring CEFC asset finance to a large number of 
individual projects, such as small businesses, manufacturers and agribusiness. 

 
CEFC invests in businesses and projects which develop and commercialise clean energy technologies, or are 
involved in the clean energy supply chain.  We focus on projects and technologies at both the early and later 
stages of development, investing through debt, equity or a combination of both. 

 
Of particular interest to the geothermal industry, on 14 December 2018 the CEFC received a new legislative 
mandate that specified 

The Corporation must include in its investment activities a focus on technologies and financial products 
as part of the development of a market for firming intermittent sources of renewable energy 
generation, as well as supporting emerging and innovative clean energy technologies. 

In supporting clean energy technologies, the Corporation is strongly encouraged to prioritise 
investments that support reliability and security of electricity supply. The Corporation will also take 
into consideration the potential effect on reliability and security of supply when evaluating renewable 
energy generation investment proposals, and if commercially feasible, consider investment in 
proposals that support reliability or security of supply. 
(https://www.legislation.gov.au/Details/F2018L01768) 

Geothermal energy seems particularly well suited to this new legislative mandate, given that one of its 
advantages is delivering reliable base load power. 
 
The CEFC is also actively involved in promoting private sector investment in renewable energy, and recently 

announced its largest equity investment in renewables, with a $100 million commitment in the Australian 

Renewables Income Fund (ARIF), managed by Australian asset manager Infrastructure Capital Group (ICG), 

representing an almost 40 per cent increase in the CEFC’s renewables equity portfolio, which now stands at 

$355 million. (CEFC, 2018) 

 

The Australian government currently offers support to the renewable energy industry, including geothermal 

energy, via several different programs, including: 

Advancing Renewables Program (https://www.business.gov.au/assistance/advancing-

renewables-program)   
This program aims to fund projects that contribute to one or more of the following outcomes: 

 reduction in the cost of renewable energy 

 increase in the value delivered by renewable energy 

 improvement in technology readiness and commercial readiness of renewable energy 

 reduction in or removal of barriers to renewable energy uptake 

 increase in skills, capacity and knowledge relevant to renewable energy. 

Australian Renewable Energy Agency (ARENA) grants are expected to be between $100,000 and $50 million. 
Note, however, that applicants need to match the funding sought from ARENA. 

R&D Tax Incentive (https://www.business.gov.au/assistance/research-and-

development-tax-incentive) 
Provides a tax offset for some of a company's cost of doing eligible research and development (R&D) 

activities by reducing a company's income tax liability. Tax offsets of 43.5% or 38.5% are available for costs 

https://www.legislation.gov.au/Details/F2018L01768
https://www.business.gov.au/assistance/advancing-renewables-program
https://www.business.gov.au/assistance/advancing-renewables-program
https://www.business.gov.au/assistance/research-and-development-tax-incentive
https://www.business.gov.au/assistance/research-and-development-tax-incentive
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incurred on eligible activities depending on a company’s annual aggregated turnover. The 43.5% benefit is a 

refundable offset. 

The Renewable Energy Target (RET)  

(http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-

Target/How-the-scheme-works)  
The RET operates through the creation of tradable certificates which create an incentive for additional 

generation of electricity from renewable sources. Certificates are created and issued through the REC 

Registry —an online trading platform managed by the Clean Energy Regulator. 

Through the scheme, large renewable power stations (LRET – see below) and the owners of small-scale 

systems (SRES) are eligible to create certificates for every megawatt hour of power they generate—creating 

the 'supply' side of the certificate market. Wholesale purchasers of electricity, mainly electricity retailers, 

buy these certificates to meet their renewable energy obligations—forming the 'demand' side of the 

certificate market. Wholesale purchasers of electricity then surrender these certificates to the Clean Energy 

Regulator in percentages set by regulation each year. 

The number of certificates issued to an individual or business is determined by the amount of electricity 

generated or displaced by an eligible system. Eligible systems may include renewable energy power stations, 

small-scale solar panels, wind and hydro systems, or solar water heaters and heat pumps. 

There is also a secondary market for certificates that does not involve the Clean Energy Regulator, and 

includes financial institutions, traders, agents and installers. 

The Large-scale Renewable Energy Target (LRET)  

(http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-

Target/How-the-scheme-works/Large-scale-Renewable-Energy-Target) 
The LRET incentivises the development of renewable energy power stations in Australia through a market for 

the creation and sale of certificates called large-scale generation certificates (LGCs). The objective of the 

program is to achieve 33,000 gigawatt hours of additional renewable electricity generation by 2020. The 

target stays the same from 2020 to 2030 and, under the current law, new renewable energy power stations 

can continue to be accredited after 2020. 

Power stations accredited in the LRET are able to create LGCs for electricity generated from that power 

station’s renewable energy sources. LGCs can then be sold to entities with liabilities under the LRET (mainly 

electricity retailers) to meet their compliance obligations.   

Liable entities are required to buy LGCs from the market and surrender these certificates to the Clean Energy 

Regulator on an annual basis. The number of LGCs required to be submitted by liable entities is set each year 

through the renewable power percentage. 

LGCs can also be sold to companies and individuals looking to voluntarily offset their energy use and 

emissions. 

 

http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/How-the-scheme-works
http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/How-the-scheme-works
http://www.cleanenergyregulator.gov.au/OSR/REC/Pages/The-REC-Registry.aspx
http://www.cleanenergyregulator.gov.au/OSR/REC/Pages/The-REC-Registry.aspx
http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/How-the-scheme-works/Large-scale-Renewable-Energy-Target
http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/How-the-scheme-works/Large-scale-Renewable-Energy-Target
http://www.cleanenergyregulator.gov.au/RET/Pages/Scheme%20participants%20and%20industry/Power%20stations/Power-stations.aspx
http://www.cleanenergyregulator.gov.au/RET/Pages/Scheme%20participants%20and%20industry/The-renewable-power-percentage.aspx

