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SAMMANFATTNING 

Syftet med denna studie är att undersöka de tekniska och ekonomiska förutsättningarna för att 
producera el från geotermisk energi i Australien. Bakgrunden till behovet av studien är att 
Australiens energisektor idag till stor del är beroende av fossila energikällor och släpper 
följaktligen ut stora mängder av koldioxid. Därför har forskning på senare år allt mer riktat in 
sig på förnyelsebara energikällor, för att på längre sikt kunna bygga upp en hållbar 
energiförsörjning. Geotermisk energi anses vara ett passande alternativ även om tekniken idag 
inte är utvecklad i kommersiell skala i Australien.  
 
Studien undersöker både de tekniska och de ekonomiska förutsättningarna för elproduktion från 
geotermisk energi. Den tekniska undersökningen bygger framförallt på att identifiera vilka 
tekniker som är lämpliga att använda i Australien, samt vilka faktorer som har störst inflytande 
på kapaciteten för geotermiska kraftverk. I den ekonomiska delen av rapporten identifieras och 
diskuteras de kostnader och ekonomiska faktorer som påverkar lönsamheten för geotermiska 
kraftverk. Utifrån litteraturstudien ställs en ekonomisk modell upp för att uppskatta 
investeringens lönsamhet baserat på de parametrar och kostnader som tagits fram. Modellen 
beräknar nuvärdet och internräntan för en investering i ett så kallat ”enhanced geothermal 
system” (EGS) som drivs av ett ”binary power plant”. Det elpris, för vilket kraftverket måste 
producera el för att gå jämt ut har också beräknats. Resultat har beräknats för ett så kallat ”base 
case”, som ska motsvara dagens förutsättningar för geotermisk energi i Australien. Utifrån base 
case varieras ett antal parametrar för att undersöka hur dessa påverkar lönsamheten av 
investeringen.  
 
Resultaten av beräkningarna visar att med dagens förutsättningar är elproduktion från 
geotermiska EGS inte lönsamt i Australien. Kostnaderna är fortfarande för höga och mängden 
el som kan produceras från kraftverken begränsas av ett antal parametrar. Om dessa hinder kan 
övervinnas finns det däremot potential för geotermisk energi att bli betydande för framtida 
elproduktion i Australien. 
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ABSTRACT 

This thesis aims to investigate the economical and technical prerequisites for electricity 
generation from geothermal energy in Australia. The Australian government has increased the 
pressure on the energy sector to decrease the emissions of greenhouse gases. Today, a major 
part of the electricity production is generated from fossil fuels, and an increased focus on 
renewable energy resources have emerged in recent years. Geothermal energy is thought to 
have great potential in Australia due to the high abundance of so-called hot rocks. However, it 
is still a relatively new technology that has not yet been proved to be economically viable at 
commercial scale in Australia.  
 
The study will investigate both the technical and economical aspects of geothermal energy as a 
resource for electricity production. The technical investigation is based mainly on identifying 
which technologies are suitable for use in Australia, as well as which factors that have the 
greatest impact on plant capacity. In the economical section of the literature review the costs 
and economical factors affecting the plant profitability will be discussed. Based on the 
literature review, an economical model is developed to estimate the profitability of a so-called 
enhanced geothermal system (EGS) with a binary power plant. The net present value, internal 
rate of return as well as levelized cost of electricity is calculated for a base case scenario. The 
base case scenario is based on the current exploratory progress of EGS in Australia to date. The 
base case is then used as a reference scenario when varying the parameters to determine the 
affect on plant profitability as well as the sensitivity of the model.  
 
The results of the calculations show that with the current conditions in Australia, electricity 
generation from geothermal EGS is not viable. The costs are still too high and the amount of 
electricity that can be produced is limited by a few key parameters. If the obstacles are 
overcome, geothermal energy could have a great potential as a source for electricity production 
in Australia. 
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1 INTRODUCTION 

The first geothermal power plant was in operation in 1904 in the Larderello field in the Tuscan 
region of Italy. The plant was only able to illuminated three light bulbs at a start, but it did not 
take long until the technology had advanced to such an extent that it could provide the nearby 
villages Volterra and Pomarance with electricity. Geothermal power production spread to other 
countries first in 1958, when New Zealand commissioned its first geothermal plant. Just a few 
years later, geothermal power plants where built in the United States and today 27 countries 
have operating geothermal power plants (DiPippo, 2012). Electricity from geothermal 
resources represents a significant share of the total electricity-mix in some countries. In 2007, 
the three countries most dependent on geothermal energy for electricity generation were 
Iceland (30% of total electricity generation), El Salvador (24%) and the Philippines (17%). In 
the world however, geothermal energy accounted for merely 0.3% of world electricity 
generation in 2007 (IEA, 2010b). Australia only has one working geothermal power plant. 
Located in Birdsville, the power plant provides electricity for a small town of 115 people 
(Ergon Energy, n.d.).  
 
It has only become evident in the last decades that Australia has considerable geothermal 
potential. Because of a perception that geothermal resources are found only in regions of active 
volcanism, which excludes Australia, it has not been a lot of exploration in the country to date. 
(Geoscience Australia & ABARE, 2010) The potential for Australian geothermal power comes 
from so-called hot rocks. The heat from natural radioactive decay is generated in these 
basement rocks and kept there by a thick blanket of thermally insulating strata. The result is 
temperatures of approximately 200˚C at around 5 km depth that could be used in direct-heat 
applications or to generate electricity through a turbine generator (Geoscience Australia & 
ABARE, 2010). Geothermal energy is considered a renewable energy resource since it has 
minor environmental impacts, and the waste products only contain small amounts of chemicals 
(boron and arsenic) and gases (CO2 and H2S) (IEA, 2010b).  
 
With the increasing pressure from the Australian Government regarding global warming and 
climate change, goals have been set to enhance transition towards more extensive use of 
environmental friendly technologies. The aim is to reduce the emissions by 80%, compared to 
the levels in year 2000, by 2050. In the same time period, the country’s energy demand is 
forecasted to double (Domestic meassures to adress climate change, 2012). Electricity 
generation accounts for a significant part of Australia’s total greenhouse gas emissions and 
therefore plays a key role in the reduction of the emissions (Buckman & Disendorf, 2010). In 
2008 the electricity generation fuel mix in Australia consisted of 75% coal and only a few 
percentages renewable energy resources (Geoscience Australia & ABARE, 2010). Therefore it 
is of great interest to investigate the potential of renewable energy technologies in general, and 
geothermal electricity production in particular considering it is a relatively new resource of 
electricity in Australia. This thesis will therefore explore the technological and economical 
prerequisites of geothermal electricity generation in Australia. 
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2 OBJECTIVES AND METHODOLOGY 

2.1 Overall Objective 

This thesis aims to investigate the technical and economical prerequisites for electricity 
generation from geothermal energy in Australia. 
 
2.2 Goals 

The goals of this study is to: 

• Analyze the current situation and technical prospects for geothermal electricity in 
Australia.  

• Come up with an economical model to calculate the feasibility of geothermal electricity 
production in Australia. 

• Investigate whether electricity generation from geothermal energy is a suitable 
alternative for Australia to reduce their carbon dioxide emissions.  

 
2.3 Problem Formulation 

The study aims to answer the following questions:  

• What is the ”state of the art” technique for geothermal electricity production? 
• Which are the main cost drivers for geothermal electricity and how high would the 

energy price be with today’s technology? 
• Are there any technological or economical holdbacks for increased usage of geothermal 

energy in Australia?  
• How does geothermal energy measure up to other renewable energy resources in 

Australia for electricity production? 
 

2.4 Approach 

This thesis aims to investigate the technological and economical prerequisites for electricity 
generation from geothermal energy in Australia. The literature review will cover the basics of 
Australia’s energy system today, and more thoroughly discuss the technological and 
economical premises for geothermal electricity production. The current sites for geothermal 
exploration and development in Australia will also be presented. In the technological part of the 
review will analyze the current technologies of geothermal power production to determine 
which is the state-of-the-art technology. Whether there are any technological holdbacks for 
further development of geothermal power generation will also be discussed. The economical 
section will focus on factors affecting the economical viability of geothermal power 
production. In order to obtain a proper background for the model formulation, literature and 
reports from previous studies will be thoroughly analyzed.  
 
An economic model will be developed to determine whether electricity generation from 
geothermal resources is feasible in Australia. In order for the economical model to be as 
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accurate as possible, several different factors affecting the feasibility has to be considered. 
There are many different aspects to deliberate in the economical model, for example the 
investment cost and the maintenance costs as well as the future electricity price. As a number 
of parameters are confidential, unknown or varies significantly between different sources, 
several studies will have to be considered to ensure as precise estimations as possible.  The 
literature review plays an important role in defining limitations and parameters for the model.   
 
The economical model will calculate the net present value (NPV), the internal rate of return 
(IRR) of the investment and the levelized cost of electricity (LCOE). These three measures will 
give different implications of the profitability of the power plant. The net present value gives a 
head- on estimation of the magnitude of the outcome of the investment. In order to evaluate 
how competitive the geothermal power plant investment would be compared to other 
investments with the same risk, the internal rate of return will be calculated. The main reason 
for calculating the LCOE is to compare the break-even cost of electricity for geothermal energy 
with other energy resources.   
 
The calculations will be carried out for a binary power plant with enhanced geothermal 
reservoir (EGS) as the geothermal resource. Characteristics of geothermal reservoirs vary 
significantly within the continent, therefore calculations will be made for a hypothetical base 
case. The base case represents a scenario that is based on the current exploratory progress in 
Australia and will provide an understanding of the present situation regarding EGS. Due to the 
high uncertainty in parameters and variables the influence of key factors on plant profitability 
will be evaluated. By varying the parameters the sensitivity of the model will be determined 
and discussed. The base case will serve as a reference scenario in these discussions. 
 
Conclusions will be made with regard to the technical analysis made in the literature review 
and the results from the economical model, to determine if electricity generation from 
geothermal energy is a suitable alternative for Australia. 
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3 LITERATURE REVIEW 

3.1 Australia’s Energy System 

The current energy mix in Australia is of great importance for this thesis, as it will affect the 
prospects for geothermal energy. Australian energy production and consumption mainly relies 
on fossil fuels and the country is one of the world’s largest contributors to carbon dioxide 
emissions (Oliver, Janssens-Maenhout & Peters, 2012).  Therefore the present energy- situation 
in Australia will be briefly presented in this section of the thesis.  
 
3.1.1 Current Energy Use and Resources in Australia 

Coal and crude oil have dominated the Australian energy market in last decades. In later years 
gas have gained importance and was 2009-2010 accounting for 12% of the total energy 
production. Crude oil accounted for 6% in the same period, as shown in Figure 1. Coal was 
dominating the energy production with a 61% share of total production. Renewable energy 
resources only made up 2% of the total primary energy production in the same period (Bureau 
of Resources and Energy Economics [BREE], 2012b). Australia also has a significant part of 
the world’s uranium resources, however the country does not have any nuclear power and the 
uranium is exported overseas (Geoscience Australia & ABARE, 2010). 
 
 

 
Figure 1: Consumption and production energy-mix in Australia, 2009-2010 (BREE, 2012b) 

The compositions of the energy consumed in Australia looks a bit different from the energy 
produced, which can be seen in Figure 1. The reason for this difference is that more than two 
thirds of the energy produced in Australia is exported. The energy export in 2010-2011 
accounted for 33% of the total value of Australia’s commodity exports, and the sector is a 
major contributor to the economy of Australia. The sector also contributes significantly in 
providing infrastructure and employment (BREE, 2012b). 
 
The potential of renewable energy resources in Australia is not reflected in the current energy 
mix. Australia has largely developed hydro energy resources and the use of wind energy is 
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increasing rapidly. Although the potential for other renewable resources (solar, wave, tidal and 
geothermal) have been proved high, the technologies are still undeveloped. If the technological 
and economical issues are overcome these resources of energy might be used in the future to 
help Australia reduce greenhouse gas emissions. However, a shift towards renewable resources 
will require an expansion of the infrastructure since most of the energy is consumed on the east 
cost of Australia, but as shown in Figure 2, the renewable energy resources are mainly found 
elsewhere (Geoscience Australia & ABARE, 2010). 
 

              
Figure 2: Distribution of energy resources in Australia (hydro and bio energy not included) 
(Geoscience Australia & ABARE, 2010)  

 
A large part of Australia’s renewable energy production is based on hydropower. In Tasmania, 
hydro accounts for about 60% of total energy production (2007-08). However, the capacity of 
hydro resources is almost fully deployed, as Australia’s shortage of ground water is a major 
constraint for further development. Instead the growth rate of wind power is increasing rapidly. 
As demonstrated in Figure 2, wind power has potential along the southern coast as well as large 
inland areas. Solar energy also has high potential in Australia, as the radiation in some parts of 
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the country is considered among the highest in the world. Large solar plants are still 
undeveloped and the resource is today used by off-grid and residential small-scale installations.  
Wave and tidal energy are still in the research stage but is believed to be a future resource for 
energy production (Geoscience Australia & ABARE, 2010). The potential sites for tidal and 
wave energy are presented in Figure 2. 
 
Australia is one of the largest consumers of energy in the world, ranked as the 18th largest 
consumer. However, the growth rate of consumption of energy has gradually slowed in the past 
few decades. The last decade’s average growth rate of energy consumption was around 1.8% 
per year, compared to 5% per year in the 1960’s. The decline can be explained by to oil price 
shocks and economic crises during this time period. The demand is expected to continue to 
increase and the future distribution of resources will be affected by several factors, for example 
government policies and energy price (BREE, 2012b). These factors will consequently affect 
the future prospects of geothermal energy production as well. 
 
3.1.2 Electricity Production in Australia 

Australia’s major resource for generating electricity is coal, accounting for 75% of total 
electricity generation (2009-2010), which is higher than the world average. Most of the coal 
reserves are located at the east coast of Australia, where the majority of electricity is generated 
and consumed. The coal supplies Australia with reliable and low cost electricity. The rest of the 
electricity generation mix is made up of gas (15% in 2009-2010), renewable energy resources 
(8%) and oil (2%). The renewable resources are primarily hydroelectricity, wind power and bio 
energy (BREE, 2012b). As the electricity generation accounts for a significant portion of 
Australia’s emissions, the pressure to reduce these will affect the future outlook of the 
electricity-mix. The increased research for new low emission resources will positively 
influence the development of geothermal energy. (Geoscience Australia & ABARE, 2010). 
 
3.1.3 Australia’s Role in Climate Change and Global Warming 

Climate change and global warming will not only result in extinction of species, rising of sea 
levels and an increased number of natural disasters. It will also affect the world’s economic 
growth, as it will be more expensive to reduce the costs of the causes of global warming in the 
future (Stern, 2006). Despite the research and evidence, the actions to prevent climate changes 
are long-winded. For Australia the climate changes will result in more frequent dry periods in 
some parts of the country. As the dry periods already are a major issue, the future might be 
devastating for these areas as the risk for large bushfires increase. The risk of tropical cyclones 
will also rise as a result of climate changes. Overall, the weather will be more extreme and 
cause major problems for Australia (CSIRO & Australian Bureau of Meteorology, 2007). In 
order to minimize future climate changes, the Australian Government has adopted several 
initiatives to reduce emissions. 
 
In July 2012 the carbon price, or carbon tax, was established to make it more feasible for 
companies to reduce their carbon dioxide emissions. The purpose is to put a price on carbon 
emissions to encourage companies to reduce their emissions. Currently there is a fixed price on 
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the emissions but in a few years time a trading system will be implemented. Since the 
implementation of the carbon price, the average price of electricity has increased. The 
increased price is expected to benefit the development of electricity generation from renewable 
resources (AEMO Market Operations and Performance, 2012). However, research has shown 
that the effect of carbon pricing will over time not be as extensive as the government is hoping 
for. Even the feed-in tariffs are thought not to make a big difference in reducing carbon 
emissions. The feed-in tariffs are aimed towards increasing the electricity generation from 
small-scale solar photovoltaic cells and will therefore not have a considerable impact on 
geothermal electricity (Buckman & Disendorf, 2010). 
 
Another initiative by the government is the Renewable Energy Target (RET), which represents 
the goal that 20% of electricity generation should come from renewable resources by 2020. The 
objective is that the RET scheme will speed up the transition towards a cleaner energy supply. 
The scheme includes tradable certificates for renewable energy resources (Department of 
Climate Change and Energy Efficiency, 2013). As briefly mentioned, Australia’s energy sector 
accounts for a large portion of the total greenhouse gas emissions. Besides, the emissions from 
electricity generation increased in a faster rate than any other sector in Australia between 1990 
and 2007, as shown in Figure 3. The emissions are expected to grow another 40% until 2020, 
compared with 2006 levels, due to increased demand. This makes the sector a major objective 
for the future emission targets. Buckman and Diesendorf (2010) argue that there are two ways 
that emissions from electricity generation could be reduced. The first is to use the electricity 
more efficient. The second is to switch to low or zero emission resources. The initiatives 
implemented will target the second alternative and will both directly and indirectly support the 
development of renewable energy. 
 

 
Figure 3: Green gas emissions by sector, Australia 1990 and 2007 (Buckman & Disendorf, 2010) 
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3.2 Technical Premises for Geothermal Electricity Production 

This chapter will discuss the technical premises for geothermal electricity production. By 
examining the technical qualifications of geothermal electricity production the costs of 
production will be more accurately estimated. It is also necessary to outline the different 
techniques and resources available to determine which one is most suitable for the conditions 
set in Australia. This chapter will begin with a presentation of the different kinds of geothermal 
resources as well as the various techniques for generating electricity. Thereafter the emissions 
and environmental effects of geothermal electricity will be covered, as well as the difficulties 
with the Australian transmission grid. Identified technological holdbacks for further 
development of geothermal energy in Australia will also be discussed.  

 
3.2.1 Different Kinds of Geothermal Resources 

There are three main types of geothermal resources that can be used to produce electricity; 
convective hydrothermal resources, hot dry rock resources and hot sedimentary aquifers. The 
convective hydrothermal resources are naturally occurring steam or hot water streaming 
through rocks.  Hot rock resources, on the other hand, are used to produce electricity by 
artificially circulating fluid through the dry rocks. Hot sedimentary aquifers are sedimentary 
basins that can be used to produce electricity (Geoscience Australia, 2009). 
 
3.2.1.1 Convective Hydrothermal Resources 

Convective hydrothermal resources exist where the heat of the earth is carried upward by 
convective circulation of hot water or steam (World Energy Council, 2010). Hydrothermal 
systems are commonly used in areas near active tectonic plate boundaries, for example in New 
Zeeland and Iceland. These kinds of resources are divided in to high-temperature and low-
temperature hydrothermal resources. The high-temperature systems are mostly used for 
electricity production, while the low-temperature systems are better suited for direct-use 
applications (Geoscience Australia, 2009).  
 
Hydrothermal resources can also be divided in to dry steam and vapor dominated resources. 
Dry steam resources are very few in number and can only be found in northern California, Italy 
and Japan. These resources are dominated by steam that is produced from boiling water in low 
permeability rocks (World Energy Council, 2010). Liquid dominated resources are called wet 
steam and occur when ground water circulates to depths and then rises from buoyancy in 
porous reservoirs that have a consistent temperature over large volumes. These resources are 
far more common than dry steam and at the surface these reservoirs can manifest in fumaroles 
and hot springs (DiPippo, 2012; World Energy Council, 2010). 
 
3.2.1.2 Hot Dry Rock Resources 

Hot dry rock resources are geothermal resources that do not have water or steam naturally 
circulating through the rock and the rock needs to be fractured by hydraulic pressure in order to 
accomplish a fluid flow (Geoscience Australia, 2009). Enhanced Geothermal System, also 
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called Engineered Geothermal system (EGS), is a way of artificially creating a reservoir of 
water within the hot rocks and is typically being made at depths of more than 3 km 
(Commonwealth Scientific and Industrial Research Organisation [CSIRO], 2012). An extended 
fracture network is made where the curst of the earth reaches around 150˚C - 200˚C. Using 
injection and production wells, water from either deep wells or the surface is transported 
through these reservoirs to form steam or hot water. There are a few environmental dilemmas 
regarding EGS, such as the availability of surface water and the chances to trigger seismicity 
(World Energy Council, 2010). This will be further discussed in section 3.2.5. 
 
The heat in the rock is generated by radioactive decay over millions of years and detained by 
insulating sediments. The temperatures are proportional to the thickness of the insulating layer, 
and at 3 km depth temperatures of around 200˚C can be found at some sites in Australia. Since 
the pressure is so high at these depths, the rocks generally have very low porosity and thus, 
enhanced pathways must be made (Geoscience Australia, 2009). 
 
The technique regarding EGS may simply be described as two wells being drilled by rigs 
(similar to drills being used for oil and gas production) up to 5 kilometers below the surface of 
the earth. The rock, which in most cases is made of granite or sedimentary sandstone, is then 
fractured to amend the water flow between the wells. Water is pumped down the injection well 
through the hot fractured rocks, where the water is heated, and then pumped to ground level 
through the second well, called production well (Australian Geothermal Energy Association 
[AGEA], 2013). A simplified scheme of the EGS technology is illustrated in Figure 4.  

     
Figure 4: Enhanced geothermal system (AGEA, 2013) 

 
The technology of EGS makes it possible to retain heat from almost any geological site at a 
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convenient depth. A report from the Massachusetts Institute of Technology concluded that 200 
ZJ could be extracted from EGS in the US, corresponding to 2000 times the current annual US 
energy consumption (Kubik & Wilcox, 2006). The potential extraction from geothermal 
resources are extensive, but the technique is however under construction and previous studies 
has shown that EGS production on a commercial scale is not yet feasible (Gurgenci, 2011). 
Difficulties in creating adequate connectivity between the wells have been one of the major 
constraints in the development of EGS (Geothermal Tomorrow, Geothermal Technologies 
Program, 2008).  
 
3.2.1.3 Hot Sedimentary Aquifer 

Resources located in sedimentary basins heated by a rock underneath and insulated by an 
impenetrable layer at the top, is referred to as Hot Sedimentary Aquifers (HSA). Typically 
these resources are found at depths between 500 m and 4.5 km. As for EGS, fracturing 
techniques may be used to enhance the water flow between wells (AGEA, 2013). For both 
HSA and EGS the flow rate of water and the bottom-hole temperature are essential for 
commercial viability. Since there are reliable tools to predict the temperature and to target the 
location of the high temperature heat sources, these sites are relatively easy to find. However, it 
has been harder to obtain a satisfactory flow rate (Gurgenci, 2011). 
 
3.2.1.4 Australia’s Resources 

Australia has no active volcanoes and is not located close to active tectonic plates, whereby the 
country lacks conventional hydrothermal resources. While Australia is not known as a 
traditional geothermal energy country, high radiogenic heat production within large sections of 
the Australian continental crust offers a significant geothermal power potential (Gurgenci, 
2011). The country has great potential for hot rock and hot sedimentary aquifer resources. This 
is based on a temperature database recorded at the bottom of 5700 m deep test-drilling holes 
around Australia. In July 2009 eight companies declared they had detected geothermal 
resources adding up to 2.6 million PJ of heat in place (Bahadori, Zendehboudi & Zahedi, 
2013). Today, both HSA systems and EGS are under development in Australia. On the basis of 
geographical and technological premises, these are the systems most suitable for electricity 
generation in Australia (AGEA, 2013). Figure 5 shows the subsurface temperature at 5 km 
depth in Australia. As can be seen from the map, the highest temperatures are located in the 
deserted parts of Australia where yet no electricity transmission network has been constructed 
(see section 3.2.6). 
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Figure 5: Subsurface temperature at 5 km depth in Australia (Bahadori, Zendehboudi & Zahedi, 
2013) 

There has been considerable interest in recent years toward realizing the geothermal power 
production potential in Australia.  In fact, in 2002 to 2009, more than AU$450 million has been 
spent on studies, geophysical surveys, drilling, reservoir stimulation and flow tests with 
purpose of developing the knowledge of geothermal resources (Goldstein, Bendall & Long, 
2010). Based on current government policies and the geothermal resources present in Australia, 
McLennan Magasanik Associates has forecasted that the Australian geothermal industry will 
supply the electricity market with up to 2200 MW by 2020 (Kuwahata & Monroy, 2010). The 
potential of power production from the Australian geothermal resources are clearly profound, 
but in order for the process to be commercially feasible there are several factors that need to 
match up.  
 
3.2.2 Technologies for Generation of Electricity from Geothermal Resources  

The three main technologies for production of electricity from geothermal resources are dry 
steam-, flash- and binary power plants. Flash power plants represent 60% of the world's total 
capacity (with 209 running units) while dry steam plants represent around 26% (with 61 units) 
and binary plants 10% (with 266 units). The reason for the binary power plants accounting for a 
small share of the capacity despite the high number of units, is the small power per unit 
production (Chamorro et al., 2011). It is the property and temperature of the geothermal fluid or 
vapor that determines which techniques that should be used to extract maximum electricity 
from the resource (Luo et al., 2012). 
 
Although these techniques differ in some ways, the main process for generating electricity is 
the same. To generate electricity, steam or hydrocarbon vapor sets off a turbine generator. If the 
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resource is vapor-dominated it can be used directly in the turbine-generator, whereas a hot-
water resource in some cases need to be flashed to produce steam. Figure 6 shows a simplified 
sequence of the processes for a geothermal power plant. The geothermal fluid (the fluid being 
pumped through the reservoir) is produced from the reservoir either by what is called natural 
flow, artesian flow or pumped flow. Natural flow occurs in wells being formed by natural 
processes in the rock. Artesian flow is formed when water levels rise naturally to the ground 
level due to hydraulic pressure. (Government of Western Australia, Department of Water, 
2010).  
 
When there is no natural or artesian flow, the water or steam needs to be pumped to ground 
level. When the water or steam reaches the surface, pipelines transfer the steam/water to the 
next step of the process, the preparation. During the passage through the reservoir the 
geothermal fluid may entrain particle matter, however, through a process called scrubbing this 
particles can be removed. Removal of moisture from steam and removal of noncondensable 
gases may also take place in this step of the process. Separation of steam from liquid, and 
flashing of separated liquid may also occur (this will be further discussed in section 3.2.2.2). 
The next step in the process is utilization that takes place in the turbine-generator. After the 
utilization the non-condensable gases that come with the geothermal fluid are disposed. There 
may also be substances that are precipitated from the fluid that needs do be disposed before the 
fluid may be re-injected into the reservoir through the injection well (DiPippo, 2012). 
 

      

Figure 6: General process for geothermal power plants (DiPippo, 2012) 

 
3.2.2.1 Dry Steam Power Plants 

Dry steam is the least complex geothermal technology, using vapor-dominant hydrothermal 
resources by directly passing the steam through the turbine-generator (Chamorro et al., 2011). 
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Since there are no resources in Australia where dry steam power plants can be utilized, the 
technology will not be further discussed in this thesis.  
 
3.2.2.2 Flash Power Plants 

There are two different types of flash plants; single- and double flash plants. Both are used 
when a liquid-dominants mixture is produced from the well of a hydrothermal reservoir. 
Flashing means that the geothermal fluid undergoes a process of transitioning from a 
pressurized liquid to a mixture of liquid and vapor. This is accomplished by lowering the 
pressure below the saturation pressure of the fluid (Luo et al., 2012). The vapor- and liquid 
mixture is separated into different phases in a flash container, and the vapor is sent through to a 
turbine- generator. To obtain more steam at a lower pressure one additional flash process may 
be installed in the process, acquiring a double flash plant. These plants generate more power 
than single-flash power plants do from an equivalent geothermal reservoir. Since the vapor-
dominant reservoirs are more common than the hydrothermal reservoirs, so is the flash 
technology than the dry steam (Chamorro et al., 2011). With the objective to improve the 
efficiency even further some plants use so-called triple flash. However, in the case of a triple 
flash it might instead be more efficient to use a binary power plant (World Energy Council, 
2010). 
 
3.2.2.3 Binary Power Plants 

The first binary geothermal power plant was installed in Kiabukwa, Democratic Republic of 
Congo in 1952. In 1979, 27 years later, the first binary plant on a commercial scale was built in 
the Imperial Valley of southern California, United States. Since then more than 150 units has 
been installed across the world (DiPippo, 2012). In this section the general technology of 
binary power plants will be described and broken down in to two different types of binary 
power plants.  
 
It has been shown that for reservoirs with temperatures between 70˚C and 170˚C (low 
temperatures in this context) binary plants are the most suitable technology to be used (Luo et 
al., 2012). Even though the use of flash power plants is possible for these low-temperature 
resources, it has been proven difficult compared to using binary plants (Walraven, Laenen & 
D’haeseleer, 2012). Binary plants, being able to operate with lower temperatures than 
conventional plants, are expected to become an important contributor to the increase in global 
geothermal production (DiPippo, 2012).  
 
The difference between binary power plants and other geothermal power plants is that instead 
of the geothermal fluid powering the generator, another fluid (working fluid or secondary fluid) 
undergoes a closed-cycle loop and generates electricity. The geothermal fluid undergoes a heat 
exchange with the working fluid (causing it to evaporate), and is then being pumped back to the 
reservoir (Chamorro et al., 2011). This means that the geothermal fluid never comes into 
contact with the generator or turbine units. The process of using a secondary fluid makes the 
binary power plant a lot more complex than the conventional power plants and thus the 
technique more expensive (Hettiarachchi et al., 2006). However, it also prolongs the lifetime of 
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the equipment, due to the decreasing wears of the turbine (Franco, 2011). Just as for the other 
types of power plants, there are several different variations of binary power plants. The most 
commonly utilized binary power plants are those operating with Organic Rankine Cycles 
(ORCs) or Kalina cycles (DiPippo, 2004).  
 
Organic Rankine Cycles (ORC) uses organic refrigerants as working fluids instead of water 
steam used by traditional so-called Clausius Rankine Cycles (Schuster, Karellas & Aumann, 
2009). ORC is a very suitable technology for generating electricity from low-temperature 
geothermal resources and therefore is used in most of the state-of-the-art EGS projects today 
(Shengjun, Huaixin & Tao, 2011). Organic working fluids (such as isopentane and isobutene) 
have low boiling temperatures, allowing them to receive heat from low-temperature geothermal 
fluids and still evaporate in the heat exchanger (Chamorro et al., 2011; DiPippo, 2012). When 
the organic fluid is evaporated, the vapor expands in the turbine and generates electricity. The 
organic fluid is then condensed, either by being air-cooled or by a water-cooling tower that uses 
water to cool the organic fluid. Subsequently, the working fluid is pumped back to the heat 
exchanger where the process repeats itself. (DiPippo, 2012).  
 
The procedure is simplified and illustrated in Figure 7 and Figure 8 for ORC binary power 
plants using a water-cooling tower and an air-cooled condenser, respectively. The red and 
purple arrows illustrate the geothermal fluids way through the plant. The light blue arrows 
illustrate the closed cycle made by the working fluid and the dark blue arrows illustrates the 
way of the air/make-up water in the air-cooler/water-cooling tower.  
 

 
Figure 7: Binary plant with water-cooling tower (DiPippo, 2012) 
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Figure 8: ORC Binary plant with air-cooled condenser (DiPippo, 2012) 

 
The closed cycle of the working fluid (light blue cycle in Figure 7 and Figure 8) will now be 
described further. Figure 9 illustrates this process in a temperature–entropy diagram. The 
closed cycle consists of four processes. The first process is the turbine expansion power 
process, where the generator is powered by the working fluid and electricity is produced from 
the power plant. The working fluid is then condensed and heat is rejected (Qc) from the system. 
Process 3-4 is the pumping process of the fluid from the condenser to the evaporator. During 
this process the temperature of the working fluid is constant. The following step in the cycle is 
the heat evaporation process where the geothermal fluid emits heat to the working fluid, which 
evaporates. QE is the heat that is transferred from the geothermal fluid to the working fluid. The 
working fluid is then returning to the turbine, and the cycle is closed (DiPippo, 2012; 
Hettiarachchi et al., 2006). The schematic diagram in Figure 10 also describes the working 
fluids way through the ORC with a water-cooling tower, step 1-4 has been marked in the 
figure. The main challenges of the ORC have been proven to be the choice of appropriate 
working fluid (Shengjun, Huaixin & Tao, 2011). Working fluids will be discussed in section 
3.2.4.   
 



-26- 
 

 
Figure 9: Temperature entropy diagram for an ORC (Hettiarachchi et al., 2006) 

 

 
Figure 10: Schematic diagram of an ORC with water-cooling tower (Hettiarchchi et al, 2006) 

 

The Kalina cycle, named after its inventor Dr. Alexander Kalina, is principally a Rankine cycle 
that has been slightly modified and utilizes ammonia or water as working fluid. The Kalina 
cycles are also characterized by an extensive degree of heat recuperation, which means that the 
waste heat is being reused (Zhang, He & Zhang, 2012). Because of the extended use of ORCs 
in comparison to Kalina cycles and because the model in this report will be made for ORCs, 
Kalina cycles will not be further discussed in this thesis. For further information regarding the 
Kalina cycle, readers are referred to Zhang, He & Zhang (2012). 
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There are today many areas of improvement regarding binary geothermal power plants, 
especially when using low-enthalpy resources. Geothermal resources can be greatly diversified 
due to geological variations (pressure, temperature, chemical composition) at different sites and 
therefore it is very difficult to standardize the technology. Generalizations need to be done in 
order to calculate the costs and production of these plants. Because of the possibility to use 
low-temperature resources the technology of binary power plants have received a great deal of 
attention in the last years, and improvements in the technology can be expected in the near 
future (Franco, 2011). Since the fluids are travelling through a closed system, the emissions 
from binary power plants are very few and binary power plants are one of the most 
environmental friendly power technologies available (Hettiarachchi et al., 2006).  
 
The process of discharging the waste heat is the only process that has a significant 
environmental impact. As stated earlier the heat can be discharged from ORCs by either an air-
cooled condenser or a water-cooling tower. Water-cooling towers requires an extensive amount 
of water in the process, also called make-up water. In countries where the water supply is 
critical, this can be a major holdback of usage of cooling towers (DiPippo, 2012). Because of 
the drying climate and increasing demand of water in Australia (Australian Government, 
Department of the Environment, Water, Heritage and the Arts, 2010), it is most likely that air-
cooled condensers will be used in geothermal Binary power plants in Australia. There are a few 
downsides with the air-cooled condensers, for instance they tend to be less efficient, noisier, 
range over a larger land space and variations in the net power output can vary a lot with the 
ambient conditions (DiPippo, 2012). 
 

3.2.3 Capacity Factor 

The capacity factor is defined as the actual electricity generated for a period of time divided by 
the energy the plant would produce at full nominal capacity at the same time. Geothermal 
energy has by far the highest capacity factor of all renewable energy resources (see Table 1). 
There are many reasons for the high capacity factor of geothermal power plants, for example 
the low stress of the materials due to relatively low temperatures and pressures during 
operation. Compared to other renewable energy resources, geothermal electricity production 
can create a constant 24-hour base-load power and are independent of weather conditions. For 
instance solar power and wind power are depending on the amount of solar insolation and wind 
power, respectively.  
 
Geothermal power generation systems only have to be shut down for short periods of 
maintenance and therefore typically have a capacity factor of 90% (Bahadori, Zendehboudi & 
Zahedi, 2013). According to the International Energy Agency (IEA) the capacity factor can be 
up to 95% for new power plants, while already existing power plants normally have a capacity 
factor of approximately 75% (IEA, 2011). The capacity factor suggested by Barbier (2002) 
stretch over a larger interval of 45% to 95%. However, this is still higher than most other 
renewable resources. Typical capacity factors for different kinds of renewable energy resources 
are shown in Table 1. 
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Table 1: Capacity factor for different types of energy resources (Barbier, 2002) 

Power plant:  Capacity factor (%):  

Geothermal > 90 
Hydro 20-70  
Biomass 25-80 
Solar Photovoltaic 8-20 
Wind 20-30 
Solar Thermal Electricity 20-35 
Tidal 20-30 

 
3.2.4 Thermal Efficiency 

The thermal efficiency of a power plant is derived from the First Law of thermodynamics and 
is defined as the net power output of a plant divided by the rate of heat supplied to the plant 
(DiPippo, 2012). The table in Appendix A shows thermal efficiencies for different working 
fluids in ORC binary power plants for different temperatures of the extraction fluid. These 
values are obtained from the study done by Luo et al. (2012) and are in the same range as the 
values of thermal efficiency suggested by DiPippo (2012).  
 
As noted in the table in Appendix A and discussed in section 3.2.2.3, the characteristics of the 
working fluid is affecting the performance of the ORC. The properties of the working fluids 
have great influence over the power cycle, for example the slope of the temperature-entropy 
curve, critical temperature and pressure, and thermal conductivity (Rodriguez et al., 2013). The 
optimal working fluid for binary plants is also dependent on the heat source temperature 
(Walraven, Laenen & D’haeseleer, 2012).  
 

3.2.5 Emissions and Environmental Effects 

Electricity generation from geothermal resources is generally regarded as one of the most 
environmentally friendly resources of electricity.  Since the power generation does not require 
any fuel, the only significant emissions occur in the construction of the power plant and wells. 
These are however emissions associated with all types of generation technologies (Bahadori, 
Zendehboudi & Zahedi, 2013). When the geothermal power plants operate in a closed loop, 
such as binary power plants, the CO2 emissions to the environment are considered to be zero.  
 
From high-temperature hydrothermal fields where the power cycle is partly open, the CO2 
emissions can reach between 0-740 g/kWh. When the geothermal resource is of low-
temperature and the power cycle partly open, the emissions will reach a maximum of 1 g/kWh 
CO2. This is the reason why low-temperature EGS systems utilizing binary power plants has 
become of great interest in resent years, and are expected to become the most important source 
of geothermal electricity. These values can be compared to the CO2 emissions from brown-coal 
plants that generally reach 940 g/kWh. According to the International Energy Agency (IEA), 
the geothermal electricity generation could reach 1400 TWh (3.5% of global electricity 
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production) by 2050. This would decrease the CO2 emissions with 800 megatons per year (IEA, 
2011). 
  
In the process of enhancing fractures in the rocks when constructing EGS it is a possibility of 
inducing local seismic activity, as the natural structure of the rock is disrupted. However, this 
risk has been evaluated as very low. The procedures of fracturing Hot Rocks to create wells and 
networks have been made safely worldwide without any major earthquakes in over 30 years. 
On top of this, improvements of the technologies for drilling and fracturing are constantly 
made, minimizing the risks (Geoscience Australia & ABARE, 2010). There are also a number 
of methodologies available to analyze the effect of the exploration on the rock, for example 
earthquake fault plane solution data and analysis of core fractures (Cooper & Beardsmore, 
2008). The greater the depths at which fractures are being made and the larger extent of the 
fractures, the higher the risk of earthquakes (Lewis, 2008). 
 
The disposal of wastewater containing small amounts of gases (H2S and CO2) and chemicals 
(boron and arsenic) may be necessary for some geothermal power plants. There are methods for 
dealing with these emissions, for example chemical treatments (IEA, 2010b). EGS systems in 
Australia are expected to be relatively unaffected by water chemistry problems. However, there 
are concerns regarding the water supply for EGS since a permanent supply will be required for 
operation. Take for instance an EGS system of six wells, producing 100 liters of heated water 
per second. If the water is reused with a 1% loss per cycle, this means that a half megaliter per 
day has to be added to the system (Cooper & Beardsmore, 2008). In Australia there have been a 
few concerns regarding radon release, but the release of radon has been expected to be well 
within the governmental health and safety guidelines (Bahadori, Zendehboudi & Zahedi, 2013). 

3.2.6 Australia’s Transmission Grid 

Transportation of high temperature steam or water over more than 10 km by standard pipeline 
or over 60 km by thermal insulated pipeline is generally not considered efficient due to 
extensive heat losses. Therefore most geothermal power plants must be built close to the 
resource to minimize heat losses. This will cause major problems in Australia since most 
resources are located far from existing transmission lines. The benefits of locating the power 
plant close to the resource wells need to be weighted to the disadvantages of extending the 
transmission network. Many of the geothermal resources in Australia are remotely located and 
the developers need to pay for the construction of new lines, new transformers, substations and 
required upgrades of existing transmission lines. (Bahadori, Zendehboudi & Zahedi, 2013). 
Another factor that adds to the complexity of the extension of the transmission grid is the fact 
that Australia does not have an interconnected grid or electricity market. Current transmission 
lines and generators are exhibited in Figure 11.  
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Figure 11: Transmission grid infrastructure of Australia (DRET, 2012) 

To illustrate how far the distances can be to the closest transmission connection points, the 
distance from the EGS-exploration site in Cooper Basin to the capital cities of each state is 
presented in Table 2. Table 2 shows how the distance ranges between 850 km to 1250 km, 
distances that will require large investments in transmission lines. The economical implications 
of this dilemma will be further discussed in section 3.3.1.2. 
 

Table 2: Distance from Cooper Basin to selected cities (Hasan, 2012) 

Potential connection point Distance (km) 
Adelaide (SA) 850 
Melbourne (VIC) 1250 
Sydney (NSW) 1100  
Brisbane (QLD) 1000  
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3.2.7 Technological Holdbacks 

There are many scientists claiming that the development of the geothermal power industry in 
Australia is not dependent on a major technological breakthrough. All the required technologies 
exist, and there is more a question of a trial-and-error process to adapt these technologies to the 
conditions in Australia. In recent years there has been several improvements of both the 
capabilities and applications of the technologies for geothermal energy, much due to reforming 
of traditional theories and approaches. The financial support from the government has also been 
critical to increase the research and development of the industry. Compared to the United States 
only limited research have been done in Australia. However, the Australian research capability 
is now expected to grow as the interest in the industry has taken great measures in recent years. 
There are currently several projects undertaken in Australia with the aim to develop the 
technologies of geothermal energy, both regarding shallow ground projects as well as hot water 
and rock from several kilometers below the earth’s surface. Today’s technologies need to be 
incrementally changed to make the exploitation more economically viable (Bahadori, 
Zendehboudi & Zahedi, 2013). 
 
 
3.3 Economical Premises for Geothermal Electricity Production 

This part of the literature review will focus on the factors affecting the economical feasibility of 
geothermal power generation. The economical background is necessary to make proper 
estimations in the model. 
 
3.3.1 Costs 

The costs for geothermal power plants will be divided into capital cost, operation and 
maintenance cost and transmission costs. According to reports from Stanford University, US, 
the total power cost for geothermal power plants in the US is most sensitive to operations and 
maintenance cost followed by capital cost, interest rate and inflation rate in the decreasing 
order of sensitivity (Sanyal, 2004). This section of the literature review will give an insight to 
the cost affecting the profitability of geothermal power production, in order to give a 
background to the parameters and variables used in the model. 
 
3.3.1.1 Capital Cost 

The capital cost for geothermal power plants include both exploration costs, cost of land, 
drilling and the construction of the physical plant, and is thus a fixed cost.  Over the last decade 
there has been a considerable decrease of the capital cost as well as for operations and 
maintenance costs for geothermal power plants (Sanyal, 2004). Geothermal power plants are 
typically very capital intensive which makes conventional fossil fuel power plants more 
economical preferable initially, nevertheless fossil fuel plants incur fuel costs over the lifetime 
of the plant whereas geothermal power plants do not (REPP, 2003). The capital costs have been 
estimated to range between US$1375/kW to US$3600/kW and is increasingly proportional to 
the power capacity (Chamorro et al., 2011). 
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The process of exploration and construction of a power plant is a long process with many steps 
until the operations can take place. To be able to discount the cash flow associated with the 
exploration and construction of a power plant a time-plan has to be estimated for the work 
process.  
 
The geothermal energy consulting firm Hot Dry Rocks has made a model to summarize the 
exploration activities for geothermal power plants. The model is shown in Figure 12 and stretch 
over five years assuming the company is a “start-up”. The exploration and development of 
geothermal power plants in Australia differ from other countries in such manner that it is 
primarily driven by capital investment via public share issues, which means that the geothermal 
company raise money through selling shares on the Australian Security Exchange market. The 
exploration cycle starts off with a phase of early study and then continued with a stage of 
raising capital via Initial Public Offer. Step three and four aims to determine the reservoir 
characteristics by drilling moderate-to-deep wells. By the end of phase four, prior to raising 
money for full-scale development, the companies being successful in the exploration will 
establish a “proof-of-concept” generation system (Cooper et al., 2010).  
 

 

Figure 12: Exploration and development of a proof-of-concept power plant in Australia (Cooper et 
al., 2010)  

 
3.3.1.1.1 Exploration 

Exploration costs are in this report defined as the cost for the work needed to confirm that the 
sight and reservoir is suitable for commercial-scale geothermal power production and may 
therefore include license costs as well as exploration drilling of wells. The exploration 
expenditures can be extensive for geothermal power plants, although the variations of these 
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costs can be just as wide-ranging. Prior drilling for gas or oil in the explored area may for 
instance facilitate the investigation, while unexplored areas might need a heavy amount of 
resources and time to determine whether the site is appropriate for electricity production or not. 
Australia in particular needs extensive evaluation of potential sites since there are no surface 
manifestations of geothermal activity, therefore these costs are important for the overall capital 
cost. However, the exploration costs are small compared to the total investment cost of 
geothermal power plants larger than 5-10 MW (Stefansson, 2001). Today there are over 48 
companies in Australia performing exploratory work for geothermal resources, and 383 
exploration licenses have been granted or are under evaluation. The total cost for step one to 
the end of step four in the model presented in Figure 12 has been estimated to a total of AU$ 
6.8 million (Cooper et al., 2010). 
 
3.3.1.1.2 Drilling 

The drilling of enhanced geothermal systems (EGS) originated in the 1970s in Fenton Hill, 
New Mexico and has since then been developed through an abundance of projects all over the 
world (Kubik & Wilcox, 2006). In Australia there are a few projects undertaken with the 
ambition to improve the technology, for instance the great venture at Cooper Basin (Goldstein 
et al., 2008). The drilling of EGS is a very expensive and challenging process. The costs 
associated with drilling usually account for 30% of the total capital investment for high-
temperature resources and often more than 60% for low-temperature resources (Kubik & 
Wilcox, 2006). For high-temperature resources the drilling can be shallower and thus call for 
lower costs than low-temperature resources that require deeper drilling. Other estimates show 
that the costs can account for even 95% of total power plant cost (Tester et al., 1994). Drilling 
of EGS requires large diameters of the pipes, this together with the risk of corrosion makes 
EGS drilling more difficult than oil and gas drilling (Stefansson, 2001). The rock is also 
typically harder to drill and unwanted fractures are very common. However, the process is in a 
technological matter very similar to the process of drilling oil and gas wells. Consequently, it 
can be assumed that trends in oil and gas industry are applicable to geothermal well drilling 
(Kubik & Wilcox, 2006).  
 
Seeing that the cost related to well drilling is extensive, the economic forecasting needs to 
reliable. For the calculations of well drilling to be as accurate as possible parameters such as 
drilling angle, depth, production diameter etc. need to be considered. Because of the variation 
of characteristics for different geothermal resources, one might expect the cost of drilling a well 
to a certain depth would be highly variable at different geographical locations. There are 
however general trends, even though this is true to some extent. Perhaps the most important 
one is that the cost of drilling geothermal wells tends to scale exponentially with depth (Tester 
et al., 2005). 
 
WellCost Lite is a drilling cost model developed by Bill Livesay, Senior Vice-President of 
Technology at AltaRock Energy Inc. The model is based on historical geothermal well costs in 
addition to oil and gas well completion costs. The model take into consideration both the casing 
design, depth, diameter and geological environment as well as prospective improvements to the 
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technology. Basing the estimates on gas and oil well drilling from over thousands of wells per 
year, this model gives a good estimate to the cost of drilling geothermal wells. The model 
calculates the costs sequentially, which means the drilling is divided into intervals and thus 
taking into accounts the geological circumstances that vary with depth. Many companies use 
this model to evaluate the costs of geothermal power plants. For the results shown in Table 3 
the bottom-hole temperature is assumed to be 200˚C and the geology to be an interval of 
sedimentary overburden on top of hard granitic rock. The costs in Table 3 apply for both 
injection and production wells (Kubik & Wilcox, 2006).    

Table 3: Cost of drilling, estimations by the WellCost model (Kubik & Wilcox, 2006)  

Depth (m) Number of casing strings  Cost (million AU$) 
1500 4 3.8 
2500 4 5.7 
3000 4 6.7 
4000 4 8.7 
5000 4 11.7 
5000 5 13.8 
6000 5 16.2 
6000 6 20.5 
7500 6 24.0 
10000 6 33.3 

 

In Table 3 it can be noticed that the well cost is increasing steeply with the number of casing 
strings. For example, increasing the number of casing strings from five to six at 6000 m depth 
will increase the total cost with 24%. Casing strings are long sections of pipes that are lowered 
into a well and cemented. The strings are necessary in most geothermal reservoirs as they 
provide support and stability to the well. The well will for example have to endure high 
pressures and temperatures during the thermal expansion when the well is heated, as well as 
shrinkage because of the cold injection water. As shown in Table 3, the number of casing 
strings can be different for the same depth. The number of casing strings that needs to be used 
depends on the geological circumstances at the site. A new alternative to casing strings, called 
expandable tubulars could be used instead. These however need some further development and 
testing before they can be used in areas with high thermal expansion (Kubik & Wilcox, 2006). 
 

3.3.1.1.3 Power Plant and Surface Facilities 

The cost of the power plant and other surface facilities are significantly easier to estimate than 
the drilling costs. The same accuracy can be applied as for other surface constructions, such as 
buildings and other types of power plants. Due to economy of scale, it is justifiable to assume 
the surface costs to decline exponentially with augmentative plant capacity (Chamorro et al., 
2011).  
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3.3.1.2 Transmission Costs 

The sites most suitable for geothermal energy production are usually not located close to the 
transmission grid, and therefore the transmission lines need to be extended to reach the power 
plant. The cost of extending the infrastructure varies significantly for different geographical 
locations. The costs for example depend on terrain, voltage required and tee-in requirements 
(Hance, 2005). High voltage transmission lines from the power plants have to be extended and 
then connected to step-down transformers and transmission lines of the retailers. Extensions of 
transmission lines imply significant costs for the projects and therefore have to be accounted 
for when calculating the feasibility of geothermal power production (Repar, 2013).  
 
Transmission-extension costs are considered confidential in Australia, and therefore the costs 
available are not exact (Eghbal, 2013). Values presented in a report published by Australian 
Energy Market Operator (AEMO) indicate an average cost of AU$1.65 million/km depending 
on distance and circuit capacity (AEMO, 2011). Table 4 presents values obtained from AEMO 
for a 330 kV double circuit overhead transmission line. The transmission-extension cost based 
on AEMO’s estimations can be compared to values obtained from Dr. Mehdi Eghbal at 
Queensland University. Dr. Eghbal estimates the cost of transmission extensions to be AU$1.2 
million/km for a 330 kV double circuit line and up to AU$2.1 million/km for a 500kV double 
circuit (Eghbal, 2013). 
 

Table 4: Estimated cost of extension of transmission network for three distances (AEMO, 2011) 

Distance (km)  Average Total Cost (million AU$) 
100 160 
250 415 
500 850 

 
 
3.3.1.3 Operations and Maintenance Costs 

The operations and maintenance (O&M) costs include all the cost acquired during the 
operational phase of the power plant and these costs usually vary over time. Sanyal (2004) 
argues that the O&M costs could decline over time due to “learning curve”- effects, meaning 
that as an understanding of the resource characteristics and reservoir performance is gained the 
costs will be reduced. The O&M costs differ for different kind of geothermal power plants, for 
example are the O&M costs for binary plants lower than for those using steam technologies 
(Hance, 2005). This can be explained by the closed-loop technology of the binary power plants, 
which is minimizing the wear of the station. The O&M costs are also depending on the size of 
the facility and the geographical location. (IEA, 2010b). 
 
According to the study done by Cooper et al. (2010), conventional geothermal settings can have 
O&M costs exceeding 30% of the value of the revenues. These costs are to a large extent made 
up by chemical treatments (up to 15% of total O&M costs) and monitoring and maintenance of 
steam fields (up to 74%). However, it is highly unlikely that these factors will have a major 
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impact in Australia due to the differences between volcanic resources and hot rock resources. 
Hot rock resources do not need the same amount of monitoring and maintenance as steam 
fields. Also, closed-loop binary plants do not need a large amount of chemical treatments. 
Although it should not be forgotten that most O&M costs in Australia still are estimates and 
mostly unknown, while it in the US have been proved that actual costs often exceeds the 
estimated costs (Cooper et al., 2010). 
 
The O&M costs are divided into variable and fixed costs. Variable costs represent costs that 
vary depending on the level of generation. These include costs of supplies and consumables, 
which are proportional to generation, and are generally considered to be low. Costs of 
personnel, administration, insurance, maintenance of machines and equipment are examples of 
fixed O&M costs (Sanyal, 2004). In this model the so-called make-up drilling of the wells will 
not be included in the O&M cost. The O&M costs have in the recent decade dropped, together 
with the overall capital cost and are expected to continue to decrease in the near future 
(Geoscience Australia & ABARE, 2010; Sanyal, 2004). 
 
3.3.1.4 Make-up Well Drilling 

The make-up well drillings are re-drillings, which are essential after a few years since the 
well’s productivity naturally decreases over time. The reason for the decline is complex but 
basically can be referred to pressure and temperature drops in the reservoir. The make-up 
drilling costs are usually not included in the O&M costs when doing calculations since the 
costs depend on which year the re-drilling occurs as well as the number of wells drilled from 
the beginning (Sanyal, 2004).  According to a study done by Hance (2005), the annual cost for 
the re-drilling can be approximated to 5% of the initial drilling costs per well. 
 
3.3.2 Price of Electricity 

The price of electricity determines the revenues from selling the produced geothermal 
electricity, and is therefore of great interest when calculating the feasibility. A future high price 
of electricity would increase the revenues of the power plant. To be able to discuss the trends in 
electricity prices in Australia, a short introduction to the electricity market has to be made.  
 
Australia does not have an interconnected grid or electricity market, as can be seen in Figure 11 
in section 3.2.6. The largest coherent network is the National Electricity Market (NEM) located 
in eastern Australia and is a wholesale exchange market for electricity. The network was 
established in 1998 and today includes Queensland, New South Wales, Victoria, South 
Australia and Tasmania. Although the grid is continuous, the states have slightly different 
regulations. Therefore the price of electricity differs in the states. The other two 
states/territories of Australia, Northern Territory and Western Australia, are not included in the 
network because of the geographical distance. Western Australia has a physically separated 
market called South West Interconnected System (SWIS). There also exist larger systems 
where electricity is not traded, so-called non-market or off-grid systems (Department of 
Resources, Energy and Tourism [DRET], 2012).  
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The average wholesale prices for the states included in the National Energy Market (NEM) as 
well as the average electricity price in NEM are shown in Figure 13. In 2012 a carbon price 
was introduced and, as seen in the graph, the price of electricity sharply increased. However, 
recent data for average wholesale prices shows a decline in price during 2013, although the 
levels are still higher than before the introduction of a carbon price (AEMO, 2012a). It is 
estimated that the carbon price will result in a 10% cost increase by 2018. In spite of this, the 
growth rate in demand is predicted to decrease in the coming years, which will ease some of the 
price pressures (DRET, 2012).  
 
 

 

Figure 13: Average annual wholesale electricity prices for 2003-2013. (Australian Energy Market 
Operator [AEMO], 2013) 

 

The prices shown in Figure 13 are annual average wholesale prices and thus the price 
fluctuations during the course of a year cannot be seen in the graph. The large fluctuations in 
price over time are due to several factors. The price is affected by seasonal natural disasters 
such as flooding and bush fires, which might disrupt the supply. Although, it needs to be 
remembered that some cost fluctuations is not affecting the wholesale electricity price but only 
the price to the customers. Some places in Australia have experienced a 50% increase in retail 
electricity due to investments in infrastructure in recent years (Energy White Paper, 2012).  
 
Further costs in the future might emerge as a consequence of the change in energy resource mix 
as Australia moves towards a clean energy future. These changes are likely to produce a less 
predictable operational and investment environment in the near future (Energy White Paper, 
2012). The National Institute of Economic and Industry Research (NIEIR) (2012) has estimated 
that the electricity price will continue to rise in the future, despite the decrease in growth rate of 
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demand. The data provided by NIEIR is estimated based on five scenarios. The scenarios are 
based on different estimations regarding overall economic and demographic outlook, carbon 
price and fuel prices. All scerarios result in a increse of the wholesale electricity price. An 
explenation of the scenarios as well as a graph illustrating the predicted price is included in 
Appendix D. 
 
3.3.3 Discount Rate and Inflation 

In order to make an economic evaluation of a project the discount rate and inflation has to be 
determined. Discount rate is used in financial models to calculate the present value of future 
cash flows. As the risk of investing in geothermal energy is very high, the discount rate will 
consequently be high for a geothermal project. According to several studies, the most common 
discount rate to use for geothermal projects is around 10% (Cooper et al., 2010). However, the 
risk of the project is higher in the beginning of the project and other studies have therefore used 
different discount rates depending on the phase of the project. As the exploration phase and 
drilling is associated with a higher risk than the operation phase, the discount rate is 
consequently higher in this phase (Nathwani & Mines, 2013).  
 
The Reserve Bank of Australia determines the monetary policy of Australia, which includes 
withholding inflation in line with the inflation target of 2-3%. This is an average rate that 
serves as a guideline, but still allow for certain changes to give short-term stimulus of the 
market. The current inflation rate in Australia is 2.4% (April 20, 2013) (Reserve Bank of 
Australia, 2013).  
 
3.3.4 Economic Lifetime of Geothermal Projects 

Feasibility studies of geothermal projects usually use 20-30 years as the lifespan of the power 
plant (Barbier, 2002). However, the actual project lifetime is expected to be longer. Plants in 
New Zeeland and the US have been running for more than 50 years (IEA, 2010b). According to 
Sanyal (2004) operating power plants beyond 30 years would reduce the power costs 
significantly. However, it is only applicable for smaller power plants as the reduction of cost 
becomes insignificant for plants larger than 50 MW in capacity. A study done by Cooper et al. 
(2010) showed that when calculating LCOE the project lifetime has a significant impact on the 
cost outcome. A 25% increase in lifetime (from 20 to 25 years) resulted in a decrease of LCOE 
by 10%. As the costs of the initial exploration and drilling are distributed over longer time 
period, the cost per produced MWh of electricity gets lower.  
 
3.3.5 Funding of Geothermal Projects and Governmental Support 

The exceptionally high investment cost of a geothermal project negatively affects the ability to 
raise capital. Because of the high risk during the experimental drilling and exploration in the 
beginning of the project, few investors are willing to invest large amount of capital. The Allen 
Consulting Group (2011) reached the conclusion that stakeholders are not interested in 
investing money in to the sector until a demonstration plant has been running for up to two 
years. Another study has concluded that 92% of the capital for geothermal projects comes from 
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private sources, while the remaining 8% comes from public funding (Beardsmore & Hill, 
2010).  
 
One issue with raising funds from private investors is for geothermal companies to mediate the 
true potential of the resources being explored. The companies need to be able to demonstrate 
the value in the project’s stages without overstating the potential. In several cases the 
companies have had trouble fully developing their resources, which has led to reduced 
confidence for the geothermal sector. However, since there are no geothermal plants operating 
in large scale it is difficult to estimate an accurate potential of a resource (Allen Consulting 
Group, 2011).  
 
In recent years the governmental support to the sector has increased as several programs have 
been established. The purpose is to accelerate the development of the industry. The support 
includes direct financial assistance but also indirect support through policies and regulations 
(Geoscience Australia & ABARE, 2010). Australian Government established the AU$3.2 
billion Australian Renewable Energy Agency (ARENA) in 2011. The purpose of the agency is 
to improve the competitiveness of renewable energy resources. The government has also 
established Clean Energy Finance Corporation (CEFC) with the objective to identify projects 
and remove financial barriers for commercial investments (Clean Energy Future, 2013). 
 
The Australian government introduced the Large-scale Renewable Energy Target (LRET) and 
Large-scale generation Certificates (LGC) in 2011, with the aim to stimulate the development 
of the Australian renewable energy sector. LRET works by creating a financial incentive to 
produce electricity from sustainable resource. LGCs are created based on the amount of 
electricity produced from renewable energy resources, and can be sold or traded to liable 
entities (Activated Logic, 2012). One LGC represents one MWh of electricity from a renewable 
resource. However, only the amount of electricity produced over the power station’s baseline 
will be eligible for the LGC. Generally the baseline is the average amount of electricity 
generated in year 1994 to 1996. If the power station started generating electricity in 1997 or 
after, the baseline is zero and thus all electricity produced is eligible for the certificates. The 
average price for an LGC in 2013 where AU$38.7/MWh and in 2012 the average price was 
AU$35.24/MWh (Clean Energy Regulator, 2012). For geothermal power plants, that does not 
require any fuel in the process of generation, this LGC account for a significant part of the 
revenues for the power plant. 
 
3.4 Current Sites for Exploration and Development of EGS in Australia 

In this section, the major development and exploration sites for EGS systems in Australia will 
be presented. Figure 14 shows were the different sites are located in Australia. The grey circles 
represents places where exploration is currently being done. The two red dots, Birdsville and 
Innamincka, are places where power plant operation is taking place today.  
 
Specific data from the explorations sites are in many cases confidential, but general information 
have been obtained from the companies that are currently carrying out research in the areas. 
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The only geothermal power plant that is commercially operating is the Birdsville geothermal 
power plant. The reservoir is of HSA- type and draws water of 98˚C from 1.28 km depth. A 
binary power plant is generating 80 kW of electricity from the reservoir, enough to provide the 
150 inhabitants of Birdsville with 25% of their electricity (Ergon Energy, n.d.; Repar, 2013).  

 

Figure 14: Location of sites for EGS development and exploration  

 

3.4.1 Paralana (South Australia) 

The EGS-project in Paralana is located 600 kilometers north of Adelaide in South Australia. 
The project goal is to in the short-term build a 3.75 MW power plant to supply a local mine and 
in the long-term to build a 520 MW power plant for commercial sale through the national grid. 
By doing exploratory drilling the geothermal company Petratherm has detected a bottom-hole 
temperature of 170˚C at approximately 3600 m depth. The company is now in the process of 
drilling their second deep geothermal well in order to accomplish a fluid-circulating loop, with 
a target geothermal flow of 75 liters per second. The process of circulation testing that 
eventually will lead to the construction of the actual plant is however expected to be long 
(Petratherm, 2013).  
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3.4.2 Cooper Basin Area 

Cooper Basin is located in the northeast South Australia and some of the highest temperatures 
in granite rocks have been detected in this area (Geodynamics Ltd, n.d.). The Australian Bureau 
of Mineral Resources has reported temperatures of 300˚C at 5 km depth in the Cooper Basin 
(Bahadori, Zendehboudi & Zahedi, 2013). There have been a few projects trying to develop 
production wells in this place in the last years, but with varying success. Cooper Basin is 
expected to have potential to generate 5,000 to 10,000 MW in the future (Repar, 2013). 
Geodynamics is the company doing the most exhaustive research of EGS in the Cooper Basin 
at the moment, and the company has now drilled four wells in the area (Geodynamics Ltd, 
n.d.).  
 
In the end of April 2013 Geodynamics started a pilot project in the Cooper Basin close to 
Innamincka. The pilot plant will run to August and then be evaluated for further tests. The two 
wells, Habanero-1 (injection well) and Habanero-4 (production well) will together create a 
closed loop that will generate 1 MW. During the test period flow rates, fluid composition, 
corrosion and temperatures of the reservoir will be tested. Initial tests have shown that the flow 
rate can reach 35-38 kg/s and the temperature at 4.2 km depth is 241˚C. The temperature of the 
fluid at the surface is prospected to be 191˚C due to heat losses. These values are more 
favorable compared to the initial tests done for previous wells in the area. Habanero-2 achieved 
a flow rate of 25 kg/s and a temperature of 210˚C. Habanero-3 only had a slightly increased 
mass flow rate of 27 kg/s (Geodynamics Ltd, n.d.). However, the distance to the commercial 
grid will add costs to the project. The Innamincka pilot plant is located 490 km from the nearest 
grid connection point (Clarke, 2009).  
 
In 2008, Geodynamics set a goal to develop a power plant that would include nine wells (four 
injection wells and five production wells). The production wells were expected to yield 10 MW 
each and the whole plant would then produce 50 MW. The mass flow per well would be 120 
kg/s, which is significantly higher than what Geodynamics have achieved until now (Goldstein 
et al., 2008). In 2010 however, the company instead announced plans for a 25 MW commercial 
power plant to be in operation by December 2013. The Australian Government’s Renewable 
Energy Demonstration Program has supported the project with AU$90 million (Geoscience 
Australia & ABARE, 2010).  
 

3.4.3 Olympic Dam (South Australia) 

Green Rock Energy currently has a project in Olympic Dam, South Australia where they have 
found high heat flow rates. The advantage with a geothermal project in Olympic Dam is the 
distance to the commercial power grid, which is only 10 km away (GreenRock Energy, n.d.). 
   
3.4.4 Perth Basin (Western Australia) 

New World Energy is currently exploring the Perth Basin area located in Western Australia. 
High geothermal gradients suggest that the area has a potential for EGS  (New World Energy, 
2012). The connection to the grid would not be extensive in this area due to the short distance 
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to the city of Perth. However the research regarding geothermal electricity production in this 
area is to date very limited. Studies have reported temperatures of 150˚C at less than 4000 
meters depth in the northern areas of Perth Basin, but the research are for the moment more 
focused on direct-heat applications (GreenRock Energy, n.d.).  
 

3.4.5 Other sites with potential for EGS  

There are several other projects currently ongoing in Australia at varying degrees of progress. 
In South Australia, Upper Spencer Gulf is explored as a potential site for EGS along with 
projects close to Port Augusta (GreenRock Energy, n.d.) There are also a few projects in 
Victoria and Tasmania focused on EGS, however the potential have not yet been fully explored 
(Geoscience, 2013). Geodynamics are also exploring the possibilities in Hunter Valley in New 
South Wales. Estimates show that temperatures at 5 km depth are around 200˚C. The Northern 
Territory has also potential for EGS electricity production, but direct- heat applications are for 
now the main focus of the research (Geodynamics Ltd, n.d.).  
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4 MODEL 

4.1 Calculations 

This section will describe the equations and calculations used to determine the levelized cost of 
electricity (LCOE), the net present value (NPV) and the internal rate of return (IRR) for a 
geothermal power plant. In Figure 15 a flow chart for the process is presented in detail. The 
grey boxes represent input parameters and the white boxes are outputs from calculations. The 
flow chart gives an overall view of the model and illustrates how the different variables and 
parameters are depending on each other. The calculations for obtaining the LCOE, NPV and 
IRR will first be describes in this chapter, followed by an explanation of how the generated 
power of the plant have been calculated. Thereafter, the limitations and general assumptions 
will be presented, followed by the parameters and variables.  
 

 

Figure 15: Flow chart of model 

 
4.1.1 Levelized Cost of Electricity 

One of the purposes of the model is to calculate the levelized cost of electricity (LCOE) in 
order to compare this value with the LCOE for other renewable energy resources in Australia. 
LCOE is the price at which electricity from a geothermal resource need to be produced in order 
for the power station to break even over the lifetime of the project. This model will take into 
account a wide range of costs parameters for the power plant and discount these costs over the 
lifetime of the project. The sum is then divided by the discounted electricity generated from the 
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plant.  This is the standard method of estimating cost of energy, and the results for the LCOE 
can be compared to estimations from other countries and for other energy resources (Australian 
Geothermal Energy Association, 2011). The formula for calculating the LCOE is presented in 
Eq. 1 (BREE, 2012a). 
  

𝐿COE =   
𝐼𝑡+𝑀𝑡+𝐹𝑡
(1+𝑟)𝑡

𝑛
𝑡=1

𝐸𝑡
(1+𝑟)𝑡

𝑛
𝑡=1

     (Eq. 1) 

  

Where,  
LCOE = Levelized cost of electricity (AU$/kWh) 
n = Lifetime (years) 
r = Discount rate (%) 
It = Investment expenditures in year t (AU$)  
Mt = O&M expenditures in year t (AU$) (including make-up well drilling)  
Ft = Fuel expenditures in year t (AU$) 
Et = Electricity generation in year t (AU$) 
 
Investment costs are in this case the sum of the exploration cost, drilling cost, transmission cost 
and cost of construction of the power plant. Operations and maintenance cost include make-up 
well drilling. 
 
4.1.2 Net Present Value  

To evaluate the profitability of the investment, the net present value and internal rate of return 
will be calculated for the project. Internal rate of return will be covered in section 4.1.3 Internal 
Rate of Return. NPV is defined as the sum of the total discounted cash flows over the lifetime 
of a project. Consequently this method is comparing the present value of future cash flows with 
the cash flows of today. The NPV-method is considered the standard method for assessing the 
profitability of long-term projects. A NPV that is above the zero line means that the investment 
will add value to the firm, therefore companies seek to undertake projects with as high NPV as 
possible. For a company deciding on a project, the magnitude of the present value of course 
also influence the decision-making. If the project is very capital intensive and high risks are 
involved, the firm will require a higher return of the project and thus a higher NPV. The 
formula for calculating NPV for projects is presented in Eq. 2 (Berk & DeMarzo, 2011).  
 
𝑁𝑃𝑉 =    𝐶𝑡

(1+𝑟)𝑡
𝑛
𝑡=0      (Eq. 2) 

Where,  
NPV= Net present value (AU$) 
Ct = Cash flow in year t (AU$) 
r = Discount rate (%) 
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4.1.3 Internal Rate of Return 

The profitability of the project will also be determined by calculating the internal rate of return 
(IRR). Internal rate of return is used as an instrument to measure and compare the profitability 
of investments. IRR is defined as the annual effective compounded return rate that makes the 
net present value of an investment equal to zero. Hence the rate of return for which the project 
breaks even.  The higher the IRR, the more desirable is the project. In this model, using only 
nominal values the IRR has to exceed the inflation rate for the project to be profitable (see 
section 3.3.3). Compared to the net present value the IRR indicates the quality, efficiency and 
yield of an investment rather than then the magnitude. The IRR is therefore often used when 
comparing different investments to determine which should be undertaken.  In this model the 
IRR will be compared to other investments with similar risk to determine if this investment 
would be favorable. The formula for calculating the IRR is presented in Eq. 3 (Berk & 
DeMarzo, 2011).  
 
𝑁𝑃𝑉 =    𝐶𝑡

1+𝐼𝑅𝑅 𝑡
𝑛
𝑡=0   = 0    (Eq. 3) 

 
Where,  
NPV= Net present value (AU$) 
Ct = Cash flow in year t (AU$) 
IRR = Internal rate of return (%) 
 

4.1.4 Generated Electricity 

A key process of the model is the calculation of the generated electricity by the power plant. 
The amount of electricity produced determines how much electricity that can be sold and thus 
the revenues of the power plant. Since the production of electricity is dependent on the plant 
technology the process of calculating the generated electricity is different for different types of 
power plants. This model will be limited to concern only binary power plants. The process of 
calculating the generated electricity for geothermal binary plants can be divided in to three 
steps, which are presented below:   
 

(1) Calculating the available thermal power (ATP)  
(2) Calculating the net generated electric power (NEP) 
(3) Calculating the produced electricity 

 
(1) The available thermal power (ATP) is the amount of heat that can be extracted from the 
geothermal fluid to the secondary fluid in the binary power plant. During the heat exchange in 
the power plant, the working fluid is heated by the geothermal fluid, which in turn is cooled 
and pumped back into the ground. The formula for calculating the ATP is presented in Eq. 4 
(Walraven, Laenen & D’haeseleer, 2012).   
 
𝐴𝑇𝑃 = 𝑚 ∗   𝑐!   ∗ (𝑇!"#,!" − 𝑇!"#,!"#)    (Eq. 4)  
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Where,  
ATP = Available thermal power (kW) 
Tgeo, in = Temperature of incoming geothermal fluid (K) 
Tgeo, out = Temperature of outlet geothermal fluid (K) 
cp = Specific heat capacity of water (kJ/K*kg) 
𝑚 = mass flow (kg/s)  
 
ATP is used for the calculation of the net generated electric power (NEP) and is usually 
calculated for a geothermal outlet temperature of 50˚C when making feasibility studies. 
(Dickson & Fanelli, 2005). Equation 4 assumes that all energy recovered from the geothermal 
fluid is transferred to the working fluid and that no heat losses are present in the heat 
exchanger. However, the overall heat losses from the binary plant will be accounted for when 
calculating the net generated electricity in the next step of the model.  
 
(2) The net generated electric power (NEP), also referred to as installed capacity or installed 
power, is the electricity that the power plant would produce assuming it would run with full 
capacity for 24 hours every day. NEP does however account for heat losses from the binary 
power plant. Later on in this model the NEP will be used to calculate the cost for power plant 
construction, as the size of the power plant is depending on how much electricity that is 
intended to be produced.  
 
There are several ways to calculate the NEP for a binary power plant. This model will use two 
different approaches for calculating NEP. According to Dickson and Fanelli (2005), Eq. 5 is 
appropriate for feasibility study purposes, when adequate accuracy is required: 
 

𝑁𝐸𝑃 =
0.18∗𝑇𝑔𝑒𝑜,𝑖𝑛−10   ∗𝐴𝑇𝑃

278     (Eq. 5) 
 
Where,  
NEP = Net generated electric power (kW) 
Tgeo, in = Temperature of incoming geothermal fluid (K) 
ATP = Available thermal power (kW) 
 
The other way to calculate the NEP is by using the thermal efficiency of the binary power 
plant. Thermal efficiency is defined as the NEP divided by the ATP (DiPippo, 2012), and have 
been introduced in section 3.2.4 in the literature review. Eq. 6 demonstrates the formula for 
calculating the NEP from the ATP and thermal efficiency. 
 
𝑁𝐸𝑃 = 𝜂!! ∗ 𝐴𝑇𝑃     (Eq. 6) 
  
Where,  
ηth = thermal efficiency (%) 
 
(3) Geothermal power plants have a very high capacity factor compared to other renewable 
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energy resources, but the plant still has to be shut down for maintenance at times. This needs to 
be taken into consideration when calculating the plant revenues. Therefore the NEP is 
multiplied with the capacity factor to obtain the actual generated electric power, see Eq. 7. 
 
𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦   = 𝛼 ∗ 𝑁𝐸𝑃    (Eq. 7) 
    
Where,  
α = Capacity factor (%) 
 
These calculations are simplifications of a very complicated power production process, and 
therefore are not suitable for detailed and specific power plant calculations. However for the 
purpose of a feasibility study these estimations may be sufficient if kept in mind the uncertainty 
of the model. Since EGS power plants still are under development in Australia and the 
technology is not completely developed, there have to be general assumptions throughout this 
model. The sensitivity of the model therefore has to be thoroughly examined. 
 
 
4.2 Limitations 

4.2.1 Geothermal Resource 

There are potential for electricity generation from both HSA and EGS in Australia. However, 
this model will be limited to calculate the economic feasibility of EGS exclusively. The reason 
for this is that EGS makes it possible for electricity production in low temperature areas and 
therefore have a great potential to be developed in a wider range in Australia than HSA 
systems. The majority of the current explorations and research is also focused on EGS, making 
it a very up-to-date technology to investigate. Combined with binary power plants, the EGS 
technology has potential to provide Australia with clean renewable energy at a constant base-
load (Goldstein et al., 2008). Conventional geothermal systems utilize water as an extraction 
fluid, but as EGS has become more developed experiments have been made with carbon 
dioxide as an extraction fluid instead of water (Atrens, 2011). However, this model will be 
limited to calculations regarding water as the heat extraction fluid. 
 

4.2.2 Power Plant Technology 

Based on the technological research presented in the literature review the modeling will be 
made for a state-of-the art binary power plant. Binary plants have made it possible to generate 
electricity from geothermal resources with low temperatures at locations where geothermal 
power production was not possible before. Australia, not having any conventional 
hydrothermal resources relies on low temperature Hot Rock resources as well as Hot 
Sedimentary Aquifers. For these types of resources, binary power plants are commonly the 
most suitable power plant. The technique of geothermal binary power plants is not only suitable 
for Australian conditions, but increase the overall potential of geothermal exploitation 
worldwide, and is the worlds most fast-growing group of geothermal plants (IEA, 2011).  
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4.3 General Assumptions 

4.3.1 Greenfield Power Plants 

In the calculations of the total investment costs of the geothermal power plants it will be 
assumed that the construction is greenfield. Greenfield means that no power plant has been 
previously present at the site, and the project is not an expansion of an already existing power 
plant (IEA, 2010b). Consequently the model will not take into consideration already existing 
wells or power plant constructions for a certain site, but calculate the entire cost from the 
exploration of the site to the finalization of a commercial plant. In for example Texas, tapped 
oil and gas wells are expected to be used for geothermal power production. This requires some 
re-drilling and redesign but would reduce the costs significantly (State Energy Conservation 
Office, n.d.). To make this model more applicable to a wider range of projects, it will be 
assumed that no reusable drilling holes are present in the exploratory area. However, it will be 
assumed that exploration in the area has been made to some extent. Exploration costs are one of 
the most difficult factors to estimate and can vary significantly at different sites depending on 
geological conditions and rock permeability. The Australian Government is also often offering 
financial support in this state of exploration, which makes this cost even more difficult to 
estimate. The model therefore assumes that the site for exploration already have been 
determined as “suitable for exploration”, meaning that the risk of not being able to continue 
development after the exploration period is relatively small.  
 
4.3.2 Price of Electricity  

The price of electricity determines the price at which the geothermal power plant can sell the 
generated electricity and thus determines the plant revenues. As mentioned, the electricity price 
differs across the country since Australia does not have a common national grid. The largest 
market for wholesale electricity is the National Electricity Market (NEM) and the price of 
electricity in the model will therefore be determined as an average of the price for the five 
member states of NEM. This assumption is made as most geothermal projects are currently 
being developed in Copper Basin and South Australia, for which the electricity would be sold 
within NEM. It is also assumed in the calculations that the price of electricity is constant during 
the year. The yearly price change follows the fiscal year in Australia and consequently changes 
July 1st every year. Since the calculations will estimate the price for 30 years into the future, the 
yearly fluctuations will be negligible. Another assumption regarding the revenues of sold 
electricity is that all electricity produced will be sold for market price, not taking into 
consideration any transmission losses. 
 
4.3.3 Price of LGCs  

Since the large-scale renewable energy certificates where introduced in 2011 the future values 
of the certificates are very hard to predict, and no forecasts have been found. The LGC price 
will therefore be assumed to be constant over the entire lifetime of the project. This is very 
unlikely but considering the lack of information, this is the most justifiable estimation to be 
made. The price for an LGC will therefore be AU$39/MWh for the entire lifetime of the 
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project. The LGC baseline for the base case, being constructed after 1997, is set to zero and 
therefore all sold electricity is eligible for LCGs (Clean Energy Regulator, 2012). 
 
4.4 Parameters and variables 

Due to the great number of parameters and variables this section will be divided into 
technological and economical parameters in order to facilitate for the reader. These parameters 
will then be compiled to a base case scenario. The base case scenario will work as a reference 
scenario in the rest of the report and is based on the current exploratory progress in Australia. 
Since the most extensive EGS research and development are being made in the Cooper Basin, 
the values of parameters and variables will be based primary on research from this area. 
 
4.4.1 Technological Parameters 

4.4.1.1 Mass Flow Rate 

The geothermal mass flow is required to calculate the available thermal power of the plant. 
Previous studies of EGS have shown that the flow of the geothermal fluid has a large impact on 
the LCOE (Nathwani & Mines, 2013). The mass flow rates that today have been achieved for 
EGS-developments in Australia is around 35 kg/s, and this will therefore be the value of the 
mass flow for the base case scenario. However there are expectations of reaching up to 90 kg/s 
in the future (Tester et al., 2007). It is therefore of great interest to investigate the LCOE, NPV 
and IRR for an EGS binary power plant for different geothermal mass flows.  
 

4.4.1.2 Temperature of geothermal fluid and depth 

In order to calculate the ATP and NEP the temperature of the incoming geothermal fluid to the 
power plant need to be determined. The bottom-hole temperature of the geothermal reservoir is 
dependent on the depth and therefore these two variables will be presented together.  
 
The temperature in the hottest parts of Cooper Basin is estimated to be up to 300˚C. However, 
this temperature is detected at 4-5 km depth, and due to heat losses it is not possible to obtain 
this temperature when the fluid reaches the surface. Geodynamic’s well, Habanero-4 in Cooper 
basin has a bottom-hole temperature of 241˚C, when the fluid reaches the surface the 
temperature has decreased to 191˚C (Geodynamics Ltd, n.d.). The depth of the geothermal 
reservoir affects the cost of drilling the wells and will therefore affect the overall profitability 
of the geothermal power plant (Kubik & Wilcox, 2006). The main reason for deep drilling is to 
achieve as high temperatures as possible. Most EGS-projects in Australia today is aiming to 
drill wells between 4-5 km. However, to date there have not been any successful wells drilled 
to 5 km depth (Repar, 2013). For the base case the inlet temperature of the geothermal fluid has 
been selected to 170°C and the depth of the wells to 4000 meters. Even though higher 
temperatures have been found in Cooper Basin at these depths, 170°C is a representative 
geothermal temperature for Australia overall (see section 3.4). This is also the most suitable 
temperature for binary power plants (Luo et al., 2012). 
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The temperature of the geothermal fluid after passing through the heat exchange with the 
secondary fluid of the binary power plant is called geothermal outlet temperature or rejection 
temperature. Water is very scarce in Australia (Czapla, 2013), and the binary power plant is 
therefore assumed to be air-cooled. For an ideal air-cooled binary power plant, the working 
fluid would be cooled down to ambient air temperature. In the ideal heat exchanger the 
geothermal fluid outlet temperature would be equal to the working fluid temperature when 
entering the heat exchanger. Therefore, for ideal conditions the geothermal outlet temperature 
could be assumed to have the same temperature as the ambient air (Rowlands & Czapla, 2010). 
However, there are of course significant heat losses that need to be taken into consideration. 
According to Dickson and Fanelli (2005) a geothermal outlet temperature of 50°C is normally 
assumed, this temperature will be adopted in this model as well. At places where the ambient 
temperature fluctuates greatly over the course of a year these fluctuations in the ambient 
temperatures will have to be taken into consideration when calculating the generated electricity 
(Czapla, 2013). This model will not take into consideration these changes in temperature, 
although the influence of different geothermal outlet temperatures will be investigated as part 
of the results.  
 

4.4.1.3 Production and Injection Wells 

The injection-production well ratio determines the number of injection wells required for each 
production well. This ratio depends on the geological and geographical conditions at the 
exploratory area. For instance the required distance between wells can vary depending on 
permeability and porosity of the rock. In this model the ratio will be set to 1:3 meaning that for 
every injection well, three production wells will be drilled. This is in line with what Cooper et 
al. (2010) have suggested for the injection-production well ratio. How much electricity that is 
produced per well depends on the mass flow rate of the geothermal fluid. However a plant of 9 
production wells and a mass flow of 25kg/s is expected to produce approximately 9-10 MW, 
corresponding to an electricity production of approximately 1MW/well (Czapla, 2013). For the 
base case the number of production wells are set to 9.  
 
4.4.1.4 Capacity Factor 

The capacity factor for binary power plants is expected to be higher than 90%. According to the 
International Energy Agency (IEA) the capacity factor can be range between 75-95% for 
geothermal power plants (IEA, 2011). This model is based on state-of-the art binary plants and 
may therefore be assumed to have a high capacity factor. Consequently, for the base case the 
capacity factor will be set to 90%. However, the effect on the profitability by varying the 
capacity factor between 75% and 95% based on the IEA’s study (2011) will be evaluated as 
well. 
 
4.4.1.5 Thermal Efficiency 

The thermal efficiency is depending on both the temperature of the geothermal fluid as well as 
the working fluid of the binary power plant. The values from the table in Appendix A will be 
used in this model.  
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4.4.2 Economical Parameters 

4.4.2.1 Exploration Cost 

Since the model is developed for a greenfield-geothermal power plant, the Australian 
Geothermal Exploration Cycle described in section 3.3.1.1.1 will be appropriate to apply for 
the exploration cost. The total exploration cost will therefore be set to AU$7.1 million (2010) 
and the cash flows equally distributed over the three years of exploration for the base case. 
 
4.4.2.2 Drilling 

The drilling cost having a big affect on the overall capital cost for EGS has to be rigorously 
estimated. The drilling cost will be estimated by using the well-cost estimates calculated by the 
WellCost Lite model (Kubik & Wilcox, 2006). The values in Table 3 have been plotted for 4 
respectively 5 casing strings, the graphs can be found in Appendix C. Since drilling of EGS 
wells to a depth of 5000 meters have not yet been accomplished in Australia the values for 6 
casing strings have been omitted from this study. As discussed in the literature review the cost 
is increasing exponentially with depth (Tester et al., 2005), whereas an exponential correlation 
between drilling depth and cost has been developed for 4 and 5 casing strings, presented in Eq. 
8 and Eq. 9.  
 
For 4 casing strings the equation for the well cost yields:  
 
𝐶!"## =   2,5𝑒!.!!!"!      (Eq. 8)  
 
Where,  
Cwell = Cost of well drilling (AU$) 
Z = Depth (m)  
 
For 5 casing strings the equation yields:  
 
𝐶!"## =   6,2𝑒!.!!!"!     (Eq. 9)  

 
According to the Geothermal Energy Association, the drilling of a well generally takes between 
25 and 95 days, with an average of 45 days (Hance, 2005). The time required for each well will 
therefore be assumed to be 45 in this model.   
 

4.4.2.3 Power Plant and Surface Costs 

Surface cost are defined as the costs for plant equipment and construction. As stated in the 
literature review the surface cost for geothermal power plants are usually estimated to decrease 
exponentially with increased plant capacity due to economics of scale (Chamorro et al., 2011). 
In this model the surface costs will be estimated with the formula developed by Chamorro et al. 
(2011). The surface cost has been estimated to measure up to US$2000 per kW for a 5 MW 
plant and US$1000 per kW for a 150 MW plant. An exponential trend line has then been 



-52- 
 

plotted for these values to calculate the surface costs for power plants ranging between 5 MW 
and 150 MW. The same methodology will be used in this report. The values proposed by 
Chamorro et al. (2011) have been converted to AU$1947 for a 5 MW plant and AU$974 for a 
150MW plant. The formula resulting from these assumptions is presented in Eq. 10.   
 
𝐶!"#$%&' = 2753𝑒!!.!!"!"#    (Eq. 10) 
 
Where,  
Csurface = Surface cost per kW produced (AU$/kW)  
NEP = Net generated power (MW) 
 
Chamorro et al. have then used a correction factor to correct the surface cost for different types 
of geothermal power plants. As discussed in the literature review, the cost of the power plant 
increases with plant complexity. Since binary power plants are investigated in this study, and 
these being the most complex form of power plants, the correction factor used will be 130%. 
(Hettiarachchi et al., 2006) 
 
4.4.2.4 Transmission Costs 

The expansion of the transmission grid are a major expense and will affect the profitability of 
the power plant investments as the majority of the sites for geothermal energy exploration are 
located far from the commercial electricity network. However, there are a few exceptions. Perth 
Basin is located only a few miles from the closest network connection point, and Green Rock 
Energy are currently exploring the possibilities for EGS in Olympic Dam in South Australia 
that is located only 10 km from the nearest grid connection point (GreenRock Energy, n.d.). 
For Cooper Basin at the other hand the distances range between 850 and 1250 km to nearest 
state capital city. Since the necessary extension of transmission lines varies significantly for 
different exploration sites, the distance to the grid for the base case will be set to zero. Another 
reason for this assumption is that the cost of transmission line development is so high that if 
included in the base case scenario the feasibility of the power plant will be extremely low and 
the model will not be applicable for as many exploration sites. The affect on profitability of 
transmission costs is however examined separately in Chapter 5. 
 
4.4.2.5 AEMO service and connection costs 

Connection to a transmission grid implies further costs than the costs of expanding the current 
grid. The Australian Energy Market Operator (AEMO) inquires both service cost as well as 
connection costs to the grid. The service cost is an annual cost per MWh produced to the grid, 
whereas the connection cost is a fixed cost for electricity generators connecting to the grid for 
the first time. For power plants smaller than 30MW the connection cost is less than for larger 
plants. The average AEMO service and connection costs are presented in Table 5 and will be 
used in all calculations.  
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Table 5: Annual costs for connection to grid (AEMO, 2012b; AEMO, 2012c) 

Category of cost                    Size of plant 
 5MW to 30MW ≥30MW 
AEMO connection cost (AU$ thousand)  158 500 
Annual AEMO service cost(AU$/MWh) 9.08 9.08 

 
 
4.4.2.6 Operation and Maintenance Costs 

As stated in the literature review the O&M costs varies over time (section 3.3.1.3). In this 
model however, the annual O&M costs will be assumed to be constant over the entire lifetime 
of the project. The literature also discusses how the O&M costs for binary plants are expected 
to be lower than for other types of geothermal power plants. This will have to be accounted for 
when calculating the O&M costs for binary power plants. A formula for calculating the O&M 
costs for flash and dry steam power plants has been developed by Chamorro et al. (2011). This 
formula is based on values from the geothermal consulting and services firm GeothermEx and 
is presented in Eq. 11. Because of economics of scale, the O&M costs/kW will decrease 
exponentially with higher installed power (Chamorro et al., 2011; Sanyal, 2004). 
 
𝐶!&! = 23.9  𝑒!!.!!"!"#     (Eq. 11) 
 
Where,  
CO&M = Operation and Maintenance cost (AU$/MWh)  
NEP = installed power capacity (MW)  
 
To account for the smaller amount of O&M costs for binary power plants, the costs calculated 
in Eq. 11 will be reduced by approximately 30%. This number is derived from the distribution 
of activities for the O&M costs suggested by Hance (2005). 
 
4.4.2.7 Make-up Well Drilling 

As stated in the literature review the make-up well drilling cost is estimated to be 5% per year 
of the initial drilling cost per well. The cost of re-drillings will therefore be distributed on the 
entire lifetime of the project (Hance, 2005). The formula for the make-up well drilling cost-
component will be calculated from Eq. 12.  
 
𝐶!"!!"#$$#%& = 0.05 ∗ 𝐶!"##     (Eq. 12) 
 
Where, 
Cre-drill = Cost of make-up well drilling (AU$/year) 
Cwell = Cost of initial well drilling  (AU$/well) 
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4.4.2.8 Price of Electricity 

To calculate the future price of electricity, predictions made by the National Institute of 
Economic and Industry Research (NIEIR) will be used. Based on five scenarios they have 
developed a nominal price index with 2009-10 as a base year. The Australian Energy Market 
Operator (AEMO) provides information of average yearly prices for each state and year within 
NEM. The data is derived from the regional reference price, which is the wholesale pool price 
for a specific interval of trading, and then used to determine an annual average price for each 
fiscal year (AEMO, 2013). Using the index from NIEIR and the average annual price for 2009-
10 provided by AEMO, a yearly future price of electricity can be calculated. As NIEIR only 
provides a future estimate until the year 2034-35, the years following will be assumed to have 
the same annual growth as the average of the previous five years (2029-30 - 2034-35). The 
electricity prices for the base case, derived from these indices are presented in Appendix B. 
 
As mentioned, the index is based on different scenarios and the specifications for each scenario 
are presented in Appendix D. Development of global economics, demographics and carbon and 
fuel prices are the factors that separate the scenarios. The MCO5 scenario will be used for the 
base case, as it is the “most likely” future scenario with medium growth rates and a stable price 
for fuel. The two HCO-scenarios are built on the assumption of high growth rates of the 
economy and aggressive carbon dioxide emission reduction targets. Stable or falling fuel prices 
and low economic growth are the features of the LCO-cases. A schematic summary of these 
can be found in Appendix D, together with a graph showing the future electricity price 
according to each scenario.   
 
4.4.2.9 Discount Rate and Inflation 

The risk of investing in EGS is very high as the there are still no actual proof of the 
technology’s viability in Australia. As the risk is considered higher during exploration than 
when the plant is operating, different discount rates will be used for the phases. These rates are 
presented in Table 6 and are based on research done by Nathwani and Mines (2013). By using 
different discount rates, some of the risk is accounted for. 
 

Table 6: Discount rates for the different phases of the project (Nathwani & Mines, 2013) 

Phase  Discount Rate (%) 
Exploration 30 
Plant construction 15 
Operation 7 

 
The inflation rate will be used to adjust costs to the right price level in the model. The current 
inflation rate in Australia is 2.4% (April 20, 2013) and will be used throughout this model 
(Reserve Bank of Australia, 2013).  
 
4.4.2.10 Economic Lifetime 

According to the literature review (section 3.3.4) most calculations are done with a lifetime 
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expectancy of around 30 years. In the following calculations this project lifetime will be 
assumed as well.   
 
4.4.3 Summary of Base Case 

The base case represents a scenario that is based on the current exploratory progress in 
Australia. Since the most extensive EGS research and development are being made in the 
Cooper Basin, the values of parameters and variables will be based primary on research from 
this area. It is however important to keep in mind that no successful EGS power plant has been 
constructed to date in this area. Whether the current projects will be able to construct a 
commercial EGS systems that successfully are able to operate with these parameters are not 
certain. These calculations are therefore generalized estimations of how the feasibility of the 
power plants could be. The parameters used in the base case summarized in Table 7. 
 

Table 7: Parameters for Base Case 

Parameter  Base Case 
Number of production wells  9 
Production-injection well ratio 0.3 
Depth of wells (m) 4000 
Casing strings 4 
Capacity factor (%) 90 
Flow of geothermal fluid (kg/s) 35 
Temperature of incoming geothermal fluid (°C) 170 
Temperature of rejected geothermal fluid (°C) 40 
Distance to grid (m) 0 
Discount rate (%) 
             Year 1-2 
             Year 3-5 
             Year 6-35 

 
30 
15 
7 

Inflation rate (%) 2.4 
Price of LGC (AU$/MWh) 39 
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5 RESULTS AND DISCUSSION 

To facilitate for the reader and make the thesis more foreseeable the results and discussion will 
be presented together. The first section of this chapter will discuss the results of base case 
scenario thoroughly. The base case will then be used as a reference case in subsequent 
calculations. In section 5.2 an alternative formula (Eq. 6) for calculating the net generated 
power has been used and will be compared to the results derived from the formula used in the 
base case calculations (Eq. 5). As discussed in the literature review the feasibility of geothermal 
electricity production relies heavily on some specific parameters. The influence of these 
parameters on project feasibility has been evaluated and will be discussed in section 5.3. The 
parameters that will be particularly discussed are the geothermal mass flow, temperature of 
geothermal fluid, drilling depth, number of production wells, plant capacity, transmission cost, 
electricity price and LGC price. Since the influence of each of these parameters on plant 
performance will be thoroughly analyzed the sensitivity of the model for variations in 
parameters will be evaluated.   

 

5.1 Base Case 

5.1.1 Generated Electricity 

Resulting costs and revenues for the base case power plant is presented in Table 8. For the base 
case Eq. 5 has been used to calculate the net generated electricity. The available thermal power 
can be divided by the net generated power to calculate the thermal efficiency of the power 
plant. For the base case the thermal efficiency yields 6,7 %. This may seem like a very small 
number, but for geothermal power plant this is in the expected range. According to DiPippo 
(2012) the thermal efficiency for a binary power plant usually range between 5-15%. A thermal 
efficiency of 6.7% is therefore considered realistic and indicates that the formula for calculating 
NEP has a sufficient accuracy for this study. Thermal efficiencies for coal power stations are 
considerably higher, and usually range between 35-50% (IEA, 2010a).  
 

Table 8: Generated electricity for Base Case 

Generated Electricity Value 
Available Thermal Power (ATP) (MW) 158.4 
Net Generated Electric Power (NEP) (MW) 10.6 
Annual produced electricity (MWh/year) 92500 

 
The high-energy output from coal power plant is a limiting factor in the transition to renewable 
energy resources for Australia, seeing that the country possesses a large amount of coal 
resources. The high capacity factor of geothermal power plants (in this case 90%) is however 
much higher than for coal power plants, usually having a capacity factor of around 25% 
(Department of Energy and Climate Change, 2010). The reason for the large difference in plant 
capacity for binary power plants compared to coal power plants and other renewable energy 
resources is the small amount of O&M-activities that needs to be executed for geothermal 
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binary power plants (Bahadori, Zendehboudi & Zahedi, 2013). The stable power production 
achieved by geothermal power plants is also a great advantage with the technology, not having 
to depend on wind speed, solar insolation or coal availability for example. 
 
The base case operating with 9 production wells and 3 injection wells, produces a net generated 
power of 10.6 MW, equaling 1.2 MW/well. The power produced is highly dependent on the 
mass flow rate and will be discussed further in section 5.3.1. Estimations of power production 
per well usually range between 1-5 MW depending on the mass flow of the geothermal fluid. 5 
MW wells usually have a mass flow rate as high as 100 kg/s, while 1 MW wells have mass 
flows closer to 20kg/s for a geothermal resource temperature around 150-170°C (Czapla, 2013; 
Sanyal, 2004). Thus the calculation of generated power for the base case with a mass flow of 
35kg/s lies within the expected range.  
 
The temperature of the geothermal resource also has a great affect on plant performance and 
will be discussed in section 5.3.2. The net power output of the base case power plant (10.6 
MW) can be compared to the geothermal power plant at Birdsville, Queensland. Birdsville 
geothermal power plant is generating 0,08 MW and provides 25% of the electricity for the 
small town of 115 people (Repar, 2013). Relative to this power plant the base case power plant 
is rather big and would be considered a commercial scale development. There are however 
much larger geothermal power plants in operation in the world today. One of the most 
developed geothermal fields in the world is the Geysers in California where 15 power plants 
are generating 725 MW, consequently 48 MW per power plant (Calpine, 2013). 
 
5.1.2 Costs 

The relatively low exploration costs are due to the assumption that some level of exploration 
already has been made in the area (see section 4.3.1). Table 9 presents the costs for the Base 
Case scenario. The initial drilling cost of AU$66.5 million is a major cost driver for the power 
plant and stands for almost 70% of the initial investment. This is in line with the Kubix & 
Wilcox (2006) and Tester et al. (1994) that estimate the drilling cost to be 60% and 95% of the 
initial investment, respectively. The power plant and surface facilities also represent a large 
portion of the investment costs.  
 

Table 9: Costs for Base Case 

Costs  Value (AU$million) 
Exploration costs 5.7 
Total drilling costs  66.5 
Power plant and surface facilities  23.0 
Transmission extension cost  - 
AEMO connection cost 0.1 
AEMO service cost  11.0 
Operation and Maintenance  21.5 
Make-up well drilling  5.4 
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The base case supposes that no extensions to the current transmission grid have to be done, 
whereas the transmission extension cost is zero. The effect of transmission costs on plant 
feasibility will instead be evaluated in section 5.3.6. AEMO connection costs are almost 
negligible in this context. The cost of service activities performed by AEMO on the other hand 
is half the size the operation and maintenance costs. It can also be noted that the cost for make-
up well drilling is approximately one fifth of the operation and maintenance costs and 
consequently has a great affect on the overall plant feasibility.   
 

5.1.3 Revenues 

Sold electricity represents the vast majority of the revenues of the power plant, as seen in Table 
10. Revenues from large-scale renewable generation certificates represent almost 40% of the 
total revenues and the assumption regarding future LGC price therefore is a major limitation of 
this model. In order for the research regarding renewable energy resources in Australia to be as 
accurate as possible, forecasts regarding the future value of LGC has to be made. The 
sensitivity of the model to LGC price will be further examined in section 5.3.8. 
 

Table 10: Revenues for Base Case 

Revenues Value (AU$million) 
Revenues from electricity production  77.5 
LGC revenues  46.9 

 

5.1.4 Net Present Value 

The results from the financial calculations are presented in Table 11. For the base case the NPV 
of the investment is negative (-AU$8.8 million) and thus undertaking the project would lead to 
a loss for the investor. Because of the large cash flows associated with this investment a NPV 
of -AU$ 8.8 million is regarded as a very negative result for the power plant. It is important to 
keep in mind that the base case does not include costs for extending the transmission network. 
If the transmission costs were to be accounted for, the NPV would decrease even further. The 
result of including transmission costs in the base case will be presented in section 5.3.6. The 
result of the base case regarding NPV, IRR and LCOE are therefore slightly misguiding 
regarding the actual profitability of geothermal EGS in Australia. However, the purpose of the 
base case is to give such a fair estimation as possible of the feasibility of EGS binary power 
plants in Australia, and to serve as a starting point when discussing the factors affecting the 
profitability of EGS binary power plants.  
 

Table 11: Results for Base Case 

Result Value 
Net Present Value (NPV) (AU$ million) -8.8 
Internal Rate of Return (IRR) (%) 4.5 
Levelized Cost of Electricity (LCOE) (AU$/MWh) 163 
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Cooper & Beardsmore (2008) argues that a negative NPV not directly should lead to a rejection 
of the project due to the high uncertainty in the parameters for geothermal projects in Australia. 
The technology is constantly improved and attempts to reach higher mass flows and 
temperatures are constantly being made (Cooper & Beardsmore, 2008). This however also 
makes the planning and investment calculations for a potential EGS project even more 
uncertain. To investigate the profitability of a technology that still is under development and 
constantly is evolving is difficult, and to account for the benefits of learning-by-doing is 
problematic.  
 

5.1.5 Internal Rate of Return 

The IRR for the base case is 4.5%, which is low in comparison to what would be expected with 
respect to the high risk of the project. Since the cost of capital is higher than 4.5% throughout 
the project lifetime, the investment is not profitable. However, the most important reason for 
calculating the IRR for the investment is to see how this project can be compared to other 
projects with the respect to the level of risk involved.  
 
The rate of return for a 15-years Australian government bond, considered a highly secure 
investment, is currently 3.4% (Bloomberg, 2013). Comparing the rate of the return for this risk 
free investment with the very high-risk project of the EGS binary power plant clearly shows 
how low the rate of return is for the power plant. Since the technology still is under 
development in Australia and the investments involved are significant, the risk of the project is 
substantial, and a higher rate of return is required for the project to be competitive.  
 
The internal rate of return for the base case can also be compared to oil and gas projects. 
According to Goldman Sachs large oil and gas projects typically yields an IRR of 16% 
(Petroleum Economist, 2009). Even though EGS projects follow a similar series of 
development steps to oil and gas projects, the EGS developments are highly uncertain and 
require more exploratory costs than gas and oil projects (Long, 2008). Therefore the IRR for 
EGS projects should be even higher than for gas and oil projects. The base case IRR of 4.5% is 
thus extremely low and distinctively demonstrates the poor quality of the investment. 
According to studies made for hydrothermal resources the IRR of a 50MW plant yields an IRR 
of approximately 11% (Long, 2008). Since the hydrothermal power plants are way more 
developed worldwide compared to EGS power plants, this is to be expected. The comparison of 
IRR to other power projects provides an idea of how high the IRR has to be for EGS to be 
competitive and at what stage in the development of becoming commercially viable the 
technology currently is.  
 
5.1.6 Levelized Cost of Electricity 

The LCOE for the base case derived from the model is 163AU$/MWh. Values for the LCOE 
for EGS collected from other reports are presented in Table 12. From the values in Table 12 it 
can be concluded that the LCOE estimations varies significantly between different studies. The 
reason is that different studies often define which costs that are included in the LCOE 
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differently. Technological as well as macroeconomic assumptions may also differ considerably 
between studies. Therefore it is not always legit to compare LCOE values from different 
sources with one another.  However, it can be concluded that the value obtained for the base 
case scenario lies within the range of what can be expected for geothermal EGS power plants 
based on the values presented in Table 12. The base case LCOE of 163AU$/MWh will be used 
as a reference value for the LCOE in subsequent analysis.  
 

Table 12: Estimations of LCOE for EGS by other reports 

Author/Report LCOE (AU$/MWh) 
BREE (2012a)  208 – 229  
Cooper et al. (2010) 92 – 110  
IEA (2010b) 100 – 300  

 
Values of LCOE for different types of energy resources, including geothermal EGS have been 
calculated by the Bureau of Resources and Energy Economics (BREE), and are presented in 
Appendix E. Two different values of the LCOE have been calculated by BREE, the first one is 
including the carbon prices that have been introduced in Australia and the other one is not. 
Even though the carbon price does not have any affect on the LCOE for geothermal power 
plants the carbon prices are increasing the LCOE significantly for coal and other high-emission 
resources. Compared to other renewable energy resources the LCOE for EGS according to 
BREE is high. This, together with the high risk of investing in EGS today demonstrates the 
importance of improving the present EGS technology and continues further research and 
development to accomplish more viable power plants (BREE, 2012a).  
 

5.2 Alternative Method for Calculating NEP 

In section 4.1.4 two different formulas for calculating the net generated power were presented. 
For the base case calculations Eq. 5 has been used. It is of interest to compare these different 
formulas to see how the results are affected. The base case scenario has therefore been 
calculated using Eq. 6 as well. Eq. 6 calculates the NEP by multiplying ATP with the thermal 
efficiency of the power plant. The thermal efficiency of the power plant depends on the 
temperature and chemical properties of the secondary fluid. The calculations have been made 
for three organic working fluids, R123a, R600a and R152a, which thermal efficiencies are 
presented in Appendix A. The results from the calculations are presented in Table 13.  
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Table 13: Results for two different methods of calculating NEP 

 NEP:  
Base Case  

NEP: By using thermal efficiency for 
working fluid 

R123a R600a R152a 
Thermal efficiency (%) 6.7 10 9.5 9 
NEP (MW) 10.6 14.2 13.5 12.8 
NPV (AU$ million) -8.8 16.1 11.7 6.7 
IRR (%) 4.5 6.1 5.8 5.5 
LCOE (AU$/MWh) 163 137 141 145 

 

Equation 5 suggested by Dickson and Fanelli (2005) does not take into account the working 
fluid properties but the authors argue that the formula have adequate accuracy for feasibility 
studies. However, the formula suggested by Dickson and Fanelli is resulting in a thermal 
efficiency 3.3 percentages points lower than the highest thermal efficiency achieved with the 
alternative formula and this have some effect on the plant performance and feasibility. When 
calculating NEP with the thermal efficiencies for R123a, R600a and R152a the net present 
value of the project is positive and ranges between AU$ 6.7 and AU$ 16.1 million. However, 
the transmission costs are still not accounted for in this case, and the very high risk of the 
investment and the large capital investment makes the margin of AU$ 16.1 million very small. 
For instance, if the drilling of one well were unsuccessful, the drilling of a new well would cost 
an additional AU$ 8.3 million, making the NPV of the investment close to zero.  
 
The values for thermal efficiency for R123a, R600a and R152a have been obtained through 
experiments performed on a binary power plant in China. (Luo et al., 2102) As noted in the 
literature review the net generated power depends on the outlet temperature of the geothermal 
fluid and thus the ambient temperature of the geothermal power plant, given that the power 
plant is air-cooled. The chemical properties of the geothermal fluid also influences the amount 
of power generated. For the binary power plant in China the cooling- temperature is 
significantly lower than what is expected to be achieved in Australia where the average 
temperatures are very high. (Luo et al., 2012) The chemical properties of the geothermal fluid 
may also influence the performance of the plant and contribute to the differences in the 
calculations.  
 
The formula suggested by Dickson and Fanelli (2005) offers an easy way to estimate the 
generated power. The user is allowed to vary the inlet temperature of the geothermal fluid 
freely, and also adjusting the geothermal outlet temperature depending on cooling systems and 
ambient temperature. Since these calculations to a large extent is based on estimations and 
general assumptions the formula suggested by Dickson and Fanelli works as an adequate tool in 
calculating the feasibility and has therefore been used in the following calculations as well.  
 
The fluids for which the NEP has been calculated are all organic working fluids. The different 
chemical properties of the fluids affect the thermal efficiency of the power plant. In Figure 16 
the NEP for the three working fluids for different temperatures have been presented with the 
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purpose of examining how the net generated power for the different fluids at various 
temperatures changes.    
 

 
Figure 16: NEP for different working fluids and temperatures 

As Figure 16 shows, the difference in NEP for the different working fluids is more significant 
for higher geothermal inlet temperatures. Considering a working fluid temperature of 80°C, the 
difference between R123a and R152a is 0.2 MW. While for a geothermal inlet temperature of 
180°C the equivalent value is 1.7 MW. Which working fluid that is used in binary power plants 
is therefore more important for high temperatures of the geothermal fluid. However, as 
mentioned in the literature review (section 3.2.4) the properties of the working fluids have other 
effects on the power plant that is not considered in the model used for this thesis. The working 
fluid will, for example, affect the critical temperature as well as the pressure of the power 
cycle, which is not taken into account in these calculations.  
 

5.3 Key Parameters Effect on Profitability 

5.3.1 Geothermal Mass Flow 

In the literature review the impact of mass flow rate on plant performance was discussed. 
Developments of geothermal electricity production in Australia has reached mass flows that are 
in the range of 20-38 kg/s but mass flows over 100 kg/s are expected to be reached in the 
future. It is therefore interesting to see how the feasibility of the power plant would be affected 
for different values of the mass flow. Net present value, internal rate of return and levelized 
cost of electricity has been calculated for the base case scenario with mass flows ranging 
between 20-100 kg/s. The results are shown in Figure 17 and Figure 18.  
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Figure 17: NPV and IRR as a function of mass flow 

 
The results in Figure 17 illustrate how the NPV of the investment is increasing linearly with 
mass flow. For a mass flow of 39 kg/s the NPV of the project is zero and for a mass flow of 80 
kg/s the NPV is AU$88 million, demonstrating the immense effect of geothermal flow rate on 
plant profitability. Compared to the base case scenario with a mass flow of 35 kg/s and an IRR 
of 4.5%, the IRR of an EGS with a mass flow of 95 kg/s is 10.3%. This value of IRR is much 
more inline with what would be required for such a high-risk project. It can be noted that an 
increase in the mass flow from 35 kg/s to 45 kg/s increases the NPV with AU$ 21 million, 
equalling an increase of the IRR from 4.5% to 11.9%. The mass flow is thus playing a 
significant role for the profitability of an EGS power plant. This is consistent with what 
Nathwani & Mines (2013) found when analyzing enhanced geothermal systems.   
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Figure 18: LCOE as a function of mass flow 

Figure 18 demonstrates how the LCOE is decreasing with increased mass flow. For the LCOE 
of EGS systems to be competitive with other energy resources today, the mass flow will have 
to be increased significantly. When the mass flow reaches 90 kg/s the LCOE will have a value 
of AU$99/MWh. A change in mass flow of 14% from base case value, will reduce the LCOE 
by approximately 8%, which will have to be considered a lot in this context. However, mass 
flows of around 90% is far higher than the mass flows achieved in Australia to date and much 
further exploration and development has to be executed in order to achieve these high mass 
flows. This is of great importance in order to be able to develop large–scale generation of 
electricity from EGS resources in Australia.  
 

5.3.2 Geothermal Fluid Temperature 

5.3.2.1 Inlet Temperature 

The bottom-hole temperature of the geothermal reservoir and thus the incoming temperature of 
the geothermal fluid can vary significantly at different geographical sites. In Australia, the 
temperature at 5 km depth can vary between 50- 360°C (Bahadori, Zendehboudi & Zahedi, 
2013). Although exploratory drilling may have detected high geothermal temperatures, it might 
not be possible to extract as high temperatures at a commercial scale. There are also high hopes 
of being able to generate electricity from even lower temperatures than those found to date in 
Australia. It is therefore of great importance to investigate how different geothermal 
temperatures affect the feasibility of the project.  
 
The net present value and levelized cost of electricity have been calculated for geothermal 
temperatures between 80-200°C and for 5 different mass flows ranging between 25-95 kg/s. 
The reason for using different mass flows is the high effect this parameter has on feasibility 
(see section 5.3.1). Remaining parameters are set to base case values, however the drilling 
depth have been adjusted to the geothermal temperature by assuming a constant temperature 
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gradient based on base case conditions. Calculations for the internal rate of return will not be 
presented in this section, and focus will be on determining when the project is feasible and how 
much the electricity approximately can be sold for at this point, rather than the risk of the 
investment.  
 

 
Figure 19: NPV as a function of geothermal fluid inlet temperature for 5 different mass flows 

Figure 19 illustrates the close correlation between geothermal temperature and plant-feasibility. 
This chart also demonstrates the significance of the mass flow, and gives the value of the 
geothermal inlet temperature that is needed to obtain a positive NPV-value for the base case 
scenario. The base case scenario having a mass flow of 35 kg/s will have a positive NPV for 
temperatures higher than 182°C. For a temperature of 200°C the NPV would be AU$16.6 
million, a very low marginal in this context. Higher geothermal inlet temperatures than 200°C 
is unlikely to be obtained in Australia without drilling deeper into the ground, incurring much 
higher drilling costs. However, if the mass flow was to be increased, way more financially 
viable projects could be obtained. For a mass flow of 95 kg/s a positive NPV can be achieved 
for the base case if the geothermal fluid inlet temperature is above 117°C, making it possible to 
use much shallower wells. If the mass flow rate is as low as 25 kg/s it is not possible to achieve 
a profitable project. It is however important to keep in mind that none of these calculations 
include the transmission cost.  
 
The effect of the transmission costs will be thoroughly examined in section 5.3.6. When 
developing an EGS-system it is important to look in to the present geological conditions and 
balance the drilling depth, temperature and mass flow in order to construct a system that is 
most suitable for that specific site.  
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Figure 20: LCOE as a function of geothermal fluid inlet temperature for different mass flows 

As seen in Figure 20, the LCOE declines steeply when the geothermal inlet temperature is 
increased from 80°C to 120°C. For a geothermal temperature higher than 120 degrees the 
LCOE is slowly stabilizing. For a mass flow of 95 kg/s and a geothermal temperature for 
200°C a LCOE of AU$84/MWh can be obtained. This value for LCOE would make 
geothermal electricity from EGS very competitive in Australia. However, with a mass flow of 
35 kg/s (base case) the LCOE would be AU$135/MWh, which is still a high value of the LCOE 
considering that the transmission costs are not included.   
 

5.3.2.2 Outlet Temperature 

The outlet temperature of the geothermal fluid is as discussed in the literature review, highly 
dependent on the ambient air temperature for air-cooled binary power plant. Since no 
fluctuations in air-temperature have been taken into consideration in the model, it is necessary 
to evaluate how changes in this temperature affect the plant performance. All the base case 
parameters have been kept constant except the rejection temperature for these calculations. For 
systems using CO2 as a working fluid, outlet temperatures as low as 25°C has been achieved 
(Atrens, 2011). For water, rejection temperatures of both 40°C and 70°C have been 
accomplished for binary power plants (Rowlands & Czapla, 2010). The rejection temperature 
has therefore been varied between 25°C and 70°C and the results from the calculations are 
presented in Figure 21.  
 

0 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

70 90 110 130 150 170 190 210 

L
C

O
E

 (A
U

$/
M

W
h)

 
 

Geothermal fluid inlet temperature (°C) 

Mass flow = 25kg/s 

Mass flow = 35kg/s 

Mass flow = 55kg/s 

Mass flow = 75kg/s 

Mass flow = 95kg/s 



-67- 
 

  
Figure 21: NPV and NEP as a function of geothermal fluid outlet temperature 

For the net power output to be as high as possible the difference between the geothermal inlet 
and outlet temperature need to be as large as possible, and thus the temperature of the outlet 
geothermal fluid as low as possible. Figure 21 illustrates how the NEP and NPV are decreasing 
with higher rejection temperatures. Decreasing the outlet temperature from 40°C to 35°C 
results in an increase of NPV with AU$3 million, equivalent to a decrease of the LCOE with 
2%. Consequently the impact of the geothermal outlet temperature on profitability is 
significant.  
 

5.3.3 Drilling Depth 

Since the drilling technology of EGS in Australia is still under development, it is possible that 
the required drilling depth to achieve a certain temperature will decrease in the future. Due to 
seismic and geological conditions varying widely in Australia, there may also be necessary to 
drill further down the crust to obtain high enough temperatures. To evaluate how these 
variations may influence the feasibility of the potential power plants, the drilling depth for the 
base case have been varied from 3000-5000 meters. The temperature and mass flow will thus 
be constant. When drilling to 5000 meters depth it may be necessary to use 5 casing strings, 
this will increase the cost of the drilling significantly but may be necessary for the geological 
conditions.  
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Figure 22: NPV and drilling cost per well as a function of depth, for 4 and 5 casing strings 

Figure 22 demonstrates how an increase in drilling depth by 500 meters would increase the 
drilling cost/well with AU$ 1.3 million. Which in this context may not appear as a large 
amount, but as the number of wells increases this will have significant impact on the overall 
profitability. The risks are also increasing with depth making it less likely to for the well to be 
successfully drilled. The figure also clearly shows the great increase in costs that one additional 
casing string at 5000 meters would imply. Prior to the start of an EGS project, there have to be 
significant research done in order to determine what drilling depths are necessary and how high 
these costs will be, as the drilling costs account for such a large part of the initial investment. 
 

5.3.4 Number of Production Wells 

The model is designed for a relatively small plant with 9 production wells. The exploration, 
drilling and construction time periods of the model have been optimized to suit a plant of this 
size. Increasing the number of wells would imply higher exploration costs as well as longer 
time periods for drilling and construction, and thus making the model less viable. The amount 
of land needed would also be much greater due to the fact that wells often need to be placed at 
a large distance to each other. When the distances and the number of production wells become 
higher it may be necessary to build several binary power plants because of the great heat losses 
when transporting the hot geothermal fluid (Bahadori, Zendehboudi & Zahedi, 2013). However 
it is still of interest to see how a small increase and decrease in number of production wells 
would affect the feasibility and LCOE of the power plant, due to economics of scale.  
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Table 14: Results for different number of production wells 

Mass flow 
(kg/s) 

Number of 
production 
wells 

NEP (MW) NPV 
(mAU$) 

IRR (%) LCOE 
(AU$) 

35 6 7 -10.5 4 171 
9 11.7 -8.8 4.5 163 
12 14.1 -6.7 4.7 158 

55 6 11.1 16.8 6.5 132 
9 16.6 33.1 7.0 126 
12 22.1 50.9 7.3 122 

75 6 15.1 44.6 8.3 114 
9 22.6 76.7 8.8 108 
12 30.2 111.4 9.3 104 

 
The results from the calculations are presented in Table 14. As the number of wells increase, 
the LCOE becomes more competitive. However, it is not until the mass flow is raised to 75 
kg/s that the LCOE is comparable with coal and renewable energy resources. For a mass flow 
of 35 kg/s there is no financial gain in increasing the numbers of wells to 12 production wells, 
the project will still be unprofitable. When increasing the number of wells and thus the size of 
the power plants, benefits from economics of scale can be obtained. In Table 14 the values of 
the LCOE demonstrates how the LCOE is decreasing for increased number of wells.  
 

5.3.5 Capacity Factor 

A capacity factor of 90% was used in the base case. To determine the effect of the capacity 
factor on the profitability the factor has been varied between 75% and 95% for the base case. 
The results from this analysis are presented in Table 15  
 

Table 15: Results for different capacity factors 

Capacity Factor (%) NEP (MW) NPV 
(mAU$) 

IRR (%) LCOE 
(AU$) 

75 8.8 -27.9 2.9 193 
80 9.4 -21.6 3.5 182 
85 10.0 -15.3 4.0 172 
90 10.6 -8.8 4.5 163 
95 11.1 -2.7 4.9 155 

 

The results in Table 15 show how a decrease in capacity factor would result in a much less 
profitable project. Increasing the capacity factor from 75% to 90%, corresponding to an 
increasing of the capacity factor with 20%, would increase the IRR with 1.6 percentage points. 
This is equivalent to an increase of NPV with AU$19.1 million. To further increase the 
capacity factor from 90% to 95% will give an 0.4 percentage points increase in IRR, or a 
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AU$6.1 million increase in NPV. For a capacity factor of 75% the LCOE is AU$193/MWh for 
the base case scenario. Increasing the capacity factor to 95% would yield a LCOE of 
AU$155/MWh, corresponding to an 20% reduction of the LCOE. The conclusion can be made 
that it is important to maintain a high capacity factor as it highly influences the generated 
electric power and thus the profitability of the power plant.  
 

5.3.6 Transmission Cost 

The transmission costs have been excluded from the calculations to this stage of the report. The 
reason for this is the extremely high costs the extension of transmission lines would imply for 
EGS in Australia. For Cooper Basin in particular with far distances to the closest transmission 
grid, this is a significant holdback in the development of large-scale electricity production. The 
cost of extending the transmission lines have been calculated for distances between 10 and 600 
km and are presented in Table 16 for a double circuit 330 kV transmission line and in Table 17 
for a double circuit 550 kV transmission line.  
 

Table 16: Results for transmission line, double circuit 330 kV 

 Net Present Value (mAU$) for 330 kV line 
Distance to grid (km) mflow: 35 kg/s mflow: 55 kg/s mflow: 75 kg/s 
10 -16 30 70 
100 -80 -38 5 
250 -187 -145 -102 
500 -365 -323 -280 
600 -437 -397 -351 

 
Table 17: Result for transmission line, double circuit 500 kV 

 Net Present Value (mAU$) for 500 kV line 
Distance to grid (km) mflow: 35 kg/s mflow: 55 kg/s mflow: 75 kg/s 
10 -21 21 64 
100 -134 -92 -48 
250 -321 -279 -235 
500 -633 -591 -547 
600 -758 -716 -672 

 
A higher mass flow results in a higher generation of electricity, consequently for a higher mass 
flow, the cost of extending the transmission grid will not be as significant compared to the 
revenues from the electricity production. However, even though the mass flow is increased to 
75 kg/s the grid can only be extended 100 km and still generate a positive NPV (if the less 
expensive 330kV-transmission line is used). For the base case, represented by a mass flow of 
35 kg/s, the added transmission costs would make the project even less profitable. As discussed 
in the literature review, most potential sites for geothermal energy are located more than 100 
km away from a connection point. If the extension of the transmission grid is not subsidized or 
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shared among producers it will not be feasible to build the power plant, according to the model. 
As the resulting NPVs of the calculation are reaching such extreme negative values, the IRR 
and LCOE will not be discussed.  
 

5.3.7 Price of Electricity 

As mentioned in the literature review the price of electricity differs between the states, and 
therefore an average wholesale price for the National Electricity Market (NEM), the largest 
market for electricity in Australia, have been used in the model. The profitability of the base 
case power plant for the different electricity price scenarios, presented in Appendix D, has been 
determined. The NPV, IRR and LCOE for the different scenarios are presented in Table 18.  
 

Table 18: Results for scenarios of price of electricity 

Scenario NPV (mAU$) IRR (%) LCOE (AU$) 
LCO0 -16 3.8 163 
LCO5 -7.2 4.6 163 
MCO5 (Base Case) -8.8 4.5 163 
HCO5 -4.5 4.8 163 
HCO25 13.7 6.1 163 

 
The MCO5-scenario is equivalent to the base case. The LCO-scenarios represent a slower 
growth of the electricity price, it can therefore seem out of place that the LCO5-case gives a 
slightly higher IRR and a less negative NPV. By looking at the figure in Appendix D it can be 
seen that the price is higher for the LCO5-scenario compared to the MCO5 scenario until year 
2039-40. After this year the price for the MCO5-scenario is higher than the LCO5-scenario. 
Since the net present value method values future cash flows less, the effect of the price change 
after 2039-40 cannot be seen in the results. The HCO-scenarios represent a higher growth of 
the electricity price and as a result the project is more feasible as the revenues increases. The 
overall affect of the electricity price on plant profitability may be regarded as relatively high. 
As the difference between NPV for the LCO0-scenario and the HCO25 scenario is almost 
AU$30 million. The future electricity price is therefore important in determining the 
profitability of EGS. As can be seen in Table 18, the LCOE does not change. The reason is that 
the change in electricity price does not affect the costs of the project or the produced electricity, 
which are used to calculate LCOE.  
 

5.3.8 Price of LGC 

The revenues from selling Large-scale renewable energy certificates represent almost 2/5 of the 
total power plant revenues, and the future LGC prices are therefore to a great extent 
determining the profitability of the plant. Since the LGCs were introduced in Australia in 2011, 
there is not much information on how these certificates affects the production of renewable 
electricity. It has been assumed in the model that the price will be constant for the entire 
lifetime of the project, which is of course, very unlikely. But since no forecasts have been made 
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this is the most justifiable assumption to be made at this point in time. The power plant 
performance will therefore be analyzed for four different scenarios, representing four different 
annual decreases/increases in LGC price. The purpose is to investigate the sensitivity of the 
results of the model related to the LGCs. The results are outlined in Table 19  
 

Table 19: Results for sensitivity analysis of LGC 

Annual change in LGC price NPV (mAU$) IRR (%) 
2% 3.7 5.5 
1% -3.1 4.9 
0% -8.8 4.5 
-1% -13.7 4 
-2% -17.9 3.6 

 
The results presented in Table 19, show that an annual decrease in LGC price by 1% increase 
the NPV and IRR by 56% and 11%, respectively. This illustrates the great sensitivity of the 
model to LGC price. Therefore prognosis of future LGC prices is crucial when determining the 
feasibility of an EGS power plant.  
 

5.4 Limitations and Sources of Error 

As been discussed throughout this thesis, all parameters used have a certain degree of 
uncertainty. Since there are only two geothermal power plants in operation today in Australia, 
of which one is only a pilot plant, the parameters and variables used in this model are derived 
from studies estimating what hypothetical power plants could cost and produce if built today. 
These studies have mostly used research done in other parts of the world and adapted these to 
fit the circumstances in Australia. The uncertainty of the parameters is thus an important source 
of error in the model. To compensate for this uncertainty, the key parameters have been 
especially evaluated and varied to determine the sensitivity of the model. The variation of 
conditions within Australia is another limitation. It is not possible to account for all the local 
conditions and variations for the geothermal resources. Extending the sensitivity analysis to 
incorporate a wider range of parameters and variables has made the study more applicable to a 
wider range of site conditions.   
 
Another aspect that needs to be acknowledged is that some of the researchers and companies 
from which reports and studies have been received, may not be considered objective.  As their 
objective of the studies is to present the potentials of the resource and raise investments to the 
industry, some aspects might have been overestimated. An example of this is the company 
Geodynamics Ltd, who just a few years ago announced that a 25 MW power plant would 
operate in Cooper Basin in 2013. Currently the company has only achieved a 1MW pilot plant 
(Geodynamics, 2009). Consequently, some of the parameters used might be to optimistic for 
today’s geothermal progress. 
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An additional limitation of the model is that it is only suitable for power plants with an installed 
capacity of around 10MW. For larger power plants, the exploration costs and the time frames 
of the development would have to be altered, in order to obtain sufficient estimations. For 
much larger power plants, an extensive area needs to be tested and explored to make sure that it 
have the qualifications needed, which would require more time and add costs to the project. A 
larger plant would also require a higher number of wells. As the time frame for well drilling is 
fix in the model, it would be unrealistic to add to many wells.  
 
The technology of EGS binary power plants is under constant development and it is very 
difficult to estimate the profitability of such projects. The effect of learning-by-doing, which 
would most likely increase the profitability of the project, is not accounted for. Although, the 
limitations of the model and sources of errors are many, the results give an idea of the 
profitability of EGS binary power plants in Australia today. The results also imply how the 
different parameters are related to each other, and how they affect the plant performance.  
 

5.5 Sustainability Analysis 

The objective of developing electricity production through geothermal energy is to make the 
Australian energy industry more sustainable. As mentioned in the literature review, most of the 
Australian energy production is based on coal and thus generates large amounts of green gas 
emissions. A closed loop binary plant would not release any harmful emissions during 
operation and is thus sustainable in an ecological sense. Another aspect is that the power plants 
are expected to have a lifetime of more than 30 years without exploiting the resource to a large 
extent. The heat that is extracted to operate the turbine cannot cease, because of the great 
radioactive decay and conductivity of the earths crust. However, the plant requires large 
amounts of water for the process. As Australia has a shortage of ground water, extensive water 
use is a problem. Although, the water issue is not socially sustainable, the reliable electricity 
geothermal energy offer is of great advantage. Geothermal energy could supply base-load 
electricity at any time and is not dependent on external factors as the wind or the sun. However, 
geothermal energy is presently not economically sustainable, according to the results of this 
thesis.  
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6 CONCLUSION AND FURTHER RESEARCH 

6.1 Conclusion 

Based on this study, the following key conclusions can be made regarding the prerequisites for 
geothermal electricity production in Australia:  
 

• The state-of-the-art technology for geothermal power production is enhanced 
geothermal systems (EGS) using binary power plants. This technology makes it 
possible to extract heat from low-temperature hot rock resources, and thus have an 
enormous potential to enhance geothermal power production worldwide.  

 
• Development of enhanced geothermal systems in Australia does not rely on any major 

technological-breakthroughs. Instead it is a matter of a trial-and-error process to adapt 
the technologies to the special conditions in Australia.  

 
• Due to the large uncertainty of the technology and the lack of research that has been 

made to date, the economical prerequisites for geothermal power production in 
Australia are hard to determine. Feasibility studies therefore have to rely heavily on 
estimations and general assumptions.  

 
• Based on the exploratory progress in Australia to date, the results obtained in the model 

show that generation of electricity from EGS by binary power plants are not profitable. 
For the base case scenario, which reflects the current status of progress in Australia, the 
results of the net present value and internal rate of return demonstrates the poor quality 
and magnitude of the investment, respectively. Considering the high risk involved in 
developing EGS power stations a much higher return would be expected.   

 
• Compared to other energy resources, including both renewable and non-renewable, the 

levelized cost of electricity for geothermal EGS in Australia is high.  
 

• There are many cost drivers identified for the profitability of EGS power plants. 
Regarding the technological aspects of the power plant, the mass flow, geothermal inlet 
and outlet temperature as well as the drilling depth are crucial for plant capacity and 
feasibility. These factors are expected to be improved as the exploration of EGS 
progresses. The feasibility is also sensitive to the capacity factor of the power plant; 
however ,the capacity factor is not expected to improve significantly in the future. 
Regarding external factors, the LGC and electricity price highly influence the 
profitability of the plant.  

 
• Due to the high costs and low returns of an EGS investment, governmental subsidies 

may be necessary to overcome the obstacles for commercial-scale development in 
Australia.  
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• Extending current transmission lines in Australia to reach areas of exploration would 
require very high costs for EGS projects, making the profitability of the project 
extremely poor. To extend the transmission network in Australia is critical for EGS 
projects to operate at commercial-scale, and subsidies as well as sharing costs among 
producers may be necessary.   

 
• If the current obstacles are overcome for EGS development in Australia, the potential 

for electricity production from these resources are substantial. To continue and enhance 
the research in this area is of great interest for the country.   

 

 

6.2 Suggestion for Further Research 

Enhanced geothermal systems are still a fairly new technology in Australia and the potential 
areas for further studies are substantial. Many of these areas are linked to the limitations of this 
model, which opens up to interesting areas of research. The mass flow being of such great 
importance to the feasibility of EGS, is for example important to examine further. The 
techniques used to increase the mass flows between geothermal wells could be additionally 
explored, as potential improvements to this technique would facilitate significantly in the 
creating of EGS wells. If higher mass flows are achieved it is also relevant to look into the 
profitability of even larger power plants than those examined in this model, which is primary 
developed for power plants with an installed capacity of around 10MW.  
 
Another interesting area of further research is the Large Scale Renewable Energy Certificates 
(LGC). Since the LGCs have a large affect on the profitability of geothermal power plants, it is 
of great interest to forecast the future price of LGC to evaluate how fluctuations would affect 
the EGS profitability.  In addition, the future LGC price for which an investment in EGS would 
break even could be determined.  
 
Provided that EGS power production in the future becomes widely used, the potential areas of 
reusing geothermal wells could be explored. It is also of great interest to see how old gas and 
oil wells in Australia could be used to create EGS power systems, in order to reduce the drilling 
cost. This has been done in Texas, and led to significant reductions in well costs. Since the 
water supply in Australia is scarce and enhanced geothermal systems require a high amount of 
water to operate, potential solutions for this problem needs to be investigated. For example the 
utilization of alternative geothermal fluids is highly relevant. Scientist at the University of 
Queensland has for example made extensive research in using CO2 as geothermal extraction 
fluid instead of water (Atrens, 2011). There may also be possibilities to reuse the water by 
chemical treatments.  
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APPENDICES 

Appendix A: Thermal Efficiency for Different Working Fluids1 
 

Geothermal temperature (°C) Working fluid Thermal efficiency, η t 
(%) 

80 R123a 4.6 
80 R600a 4.6 
80 R152a 4.0 
100 R123a 6.0 
100 R600a 6.0 
100 R152a 5.8 
120 R123a 7.3 
120  R600a 7.2 
120 R152a 6.9 
140  R123a 8.4 
140  R600a 8.2 
140  R152a 7.9 
160 R123a 9.5 
160 R600a 9.1 
160  R152a 8.7 
180  R123a 10.4 
180 R600a 9.9 
180 R152a 9.3 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
1 The values of thermal efficiency are only applicable for binary power plants.  
2 Price of electricity for scenario MCO5, as predicted by National Institute of Economic and Industry Research. 
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Appendix B: Price of Electricity2 
 

 
Year  

State (price in AU$/MWh) 

QLD NSW&ACT SA VIC TAS NEM3 
2011/12 40.0 55.2 73.0 46.8 37.6 50.5 
2012/13 44.0 60.5 79.1 50.4 40.8 55.0 
2013/14 45.3 62.7 81.3 51.5 41.7 56.5 
2014/15 47.0 65.4 84.6 49.7 43.5 58.0 
2015/16 49.3 68.5 87.9 51.9 45.5 60.6 
2016/17 51.3 71.1 91.3 54.1 47.6 63.1 
2017/18 53.3 73.8 94.6 55.9 49.3 65.4 
2018/19 54.9 76.4 97.3 57.3 50.8 67.4 
2019/20 56.3 78.2 99.6 58.8 52.3 69.0 
2020/21 57.9 80.4 102.3 60.6 53.7 71.0 
2021/22 59.9 83.1 105.6 62.4 55.8 73.4 
2022/23 62.3 86.6 109.5 64.6 57.9 76.2 
2023/24 64.3 89.3 112.8 66.4 59.6 78.5 
2024/25 66.9 92.8 117.3 68.9 62.3 81.6 
2025/26 69.9 96.8 121.7 71.8 64.6 85.0 
2026/27 72.3 99.9 125.6 74.0 67.0 87.7 
2027/28 74.3 102.5 128.9 75.8 68.7 90.0 
2028/29 76.3 105.6 132.2 78.0 70.8 92.6 
2029/30 77.3 107.4 134.4 79.1 71.7 94.0 
2030/31 79.3 110.0 137.7 80.9 73.4 96.3 
2031/32 81.3 112.7 140.5 82.7 75.5 98.5 
2032/33 84.2 116.7 145.5 85.6 78.1 102.0 
2033/34 87.9 121.5 151.5 89.2 81.6 106.4 
2034/35 91.6 126.8 157.6 92.9 84.9 110.8 
2035/36 94.9 131.4 163.0 96.1 88.0 114.7 
2036/37 98.4 136.2 168.6 99.5 91.3 118.8 
2037/38 102.1 141.1 174.4 103.0 94.6 123.0 
2038/39 105.8 146.2 180.4 106.6 98.1 127.4 
2039/40 109.7 151.5 186.6 110.4 101.7 132.0 
2040/41 113.7 156.9 193.0 114.2 105.5 136.7 
2041/42 117.9 162.6 199.7 118.2 109.4 141.6 
2042/43 122.3 168.5 206.5 122.4 113.4 146.6 
2043/44 126.8 174.6 213.6 126.7 117.6 151.8 
2044/45 131.4 180.9 220.9 131.1 122.0 157.3 
2045/46 136.3 187.4 228.5 135.7 126.5 162.9 
2046/47 141.3 194.2 236.4 140.5 131.1 168.7 
2047/48 146.5 201.2 244.5 145.4 136.0 174.7 

                                                
2 Price of electricity for scenario MCO5, as predicted by National Institute of Economic and Industry Research. 
(2012).  
3 Average price of the five states included in NEM. 
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Appendix C: Drilling Cost4 

 

 
 

 
 

 

 

 

 

                                                
4 The figures illustrate Equation 8 and Equation 9 from section 4.4.2.2 for relevant drilling depths.  
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Appendix D: Scenario Modeling of Future Electricity Price 
The table shows a summary of the five scenarios as developed by National Institute of 
Economic and Industry Research (2012).5 The graph represents the future predicted price of 
electricity based on the scenarios. 

 

 
Category 

Scenario 
MCO5 HCO25 HCO5 LCO0 LCO5 

Global 
economy 
outlook 

National and 
global economic 
growth 

Medium High High Low Low 

Demographic 
assumptions 

Population growth Medium High High Low Low 

Carbon price 
assumptions 

CO2 emissions 
reduction target by 
2020 

5% 25% 5% 5% 5% 

 CO2 emissions 
reduction target by 
2050 

80% 80% 80% 80% 80% 

Fuel prices International coal 
prices 

Stable Increasing Stable Falling Stable 

 
 
 

 
 

                                                
5 It should be noted that the price from NEIER data only is predicted to 2034/35. The years after 2034/35 are 
assumed to have the same growth rate as the average growth rate between 2029/30 and 2034/35. 

0 

50 

100 

150 

200 

250 

300 

2009/10 2014/15 2019/20 2024/25 2029/30 2034/35 2039/40 2044/45 

Pr
ic

e 
(A

U
$)

 

Year 

LCO0 

LCO5 

MCO5 

HCO5 

HCO25 



-86- 
 

Appendix E: LCOE for Different Energy Resources6 

 
Resource LCOE (AU$/MWh) 

including CO2 price 
LCOE (AU$/MWh) 
excluding CO2 price 

Black Coal  176 -189 125-136 
Black Coal with Carbon Capture and 

Storage 
193 - 253 183-143 

Supercritical Pulverized Brown Coal 162 95 
Combined Cycle Gas Turbine 96-108 81 - 93 
Solar Thermal 330 – 402 330 – 402 
Solar Photovoltaic 212 – 268 212 – 268 
Wind 111 – 122 111 – 122 
Nuclear 94 – 99 94 – 99 
Geothermal HSA 150 - 163 150 - 163 
Geothermal EGS 208 - 229 208-229 

 
 
 
 
 
 

                                                
6 The values are retrieved from the Bureau of Resources and Energy Economics (BREE, 2012a). 


