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Important Notices
Please read this section carefully.

This review has been prepared by Activated Logic for general information purposes only and shall not be relied on
for any specific or general purposes, under any circumstances.
Confidentiality
All information contained in this review is provided on a confidential basis to the recipient solely for the purposes of providing general
information in relation to the Australian geothermal industry. This review may contain confidential information regarding certain
elements of the Australian geothermal industry.
By accepting a copy of this review the recipient agrees, for itself and its related bodies corporate and each of their management,
officers, employees, agents, representatives and advisers, to maintain the confidentiality of this information. Subject to maintaining
confidentiality, any reproduction or distribution of this review, in whole or in part, or any disclosure of its contents, or use of any
information contained in this review for any purpose other than a general introduction to the Australian geothermal industry, is
strictly prohibited.
Aspects of this review may contain proprietary intellectual property including but not limited to al-BOSSTM, al-SIAMTM, al-I&PITM and
al-GCAMTM developed by Activated Logic Pty Limited and utilised for the purposes of examining the Australian geothermal industry.
All aspects of these methodologies, including their existence and application should be treated as commercial in confidence at
all times and should not be disclosed to any third parties under any circumstances. All sections of this review are considered
confidential, including any supplementary materials.

Status of Review
The information contained in this review or subsequently provided to the recipient whether orally or in writing by, or on behalf of
Activated Logic, or any of their respective management, officers, employees, agents, representatives and advisers is provided to the
recipient on the terms and conditions set out in this notice.
The information contained in this Australian Geothermal Review 2012 (the “review”) has been furnished by Activated Logic and
other sources deemed reliable but no assurance can be given by the Activated Logic as to the accuracy or completeness of this
information.
To the full extent permitted by law:
(a)

no representation or warranty (express or implied) is given; and

(b)

no responsibility or liability (including in negligence) is accepted,

by Activated Logic as to the truth, accuracy or completeness of any statement, opinion, forecast, information or other matter
(whether express or implied) contained in this review or its appendices or as to any other matter concerning them.
To the full extent permitted by law, no responsibility or liability (including in negligence) is accepted by the Activated Logic:
(a)

for, or in connection with any act or omission, directly or indirectly in reliance upon; and

(b)

for any cost, expense, loss or other liability, directly or indirectly, arising from, or in connection with, any omission from or

defects in, or any failure to correct any information, in this review or any other communication (oral or written) about or concerning
them.
The delivery of this review does not under any circumstances imply that the affairs or prospects of any third party, project, industry
or since the date at which the information is expressed to be applicable. No responsibility or liability (including in negligence)
is assumed by Activated Logic for updating any such information or to inform the recipient of any new information of which
Activated Logic may become aware.
• Recipients of this review are cautioned that the australian geothermal industry is at an early stage of development and that any
investment in theindustry whether by way of investment into any aspect of the industry including any Company OR its Projects carries
potentially significant risks.
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or any information affecting them have been fully or correctly stated in this review or have not changed since the date of this review

Forward Looking Statements
This review contains forecasts and other forward-looking statements concerning the Australian geothermal industry. These
statements are based on a number of assumptions, expectations and estimates developed by Activated Logic and their associates
that, while considered reasonable by Activated Logic, are inherently subject to significant uncertainties and contingencies, many
of which are beyond the control of Activated Logic or reflect future developments which are subject to change.
Recipients of this review are advised that any forecasts included in this review are forward-looking statements and therefore are inherently
speculative. Due to the subjective judgements and inherent uncertainties of statements about future events, there can be no assurance
that the development of the Australian geothermal industry, any specific projects and/or the actual future results, or subsequent forecasts,
will not vary significantly from any forecasts and other forward-looking statements set out in this review. The inclusion of the forwardlooking statements set out in the review should not be regarded as a representation or warranty with respect to their accuracy or the
accuracy of the underlying assumptions or that Australian geothermal industry, or any specific company or its projects will achieve or is
likely to achieve any particular results.

Restrictions & Disclosure Notice
The provision of this review is not and should not be considered an offer for securities, or as a recommendation in relation to an
investment in any company or their projects or that any investment in any company or their projects is a suitable investment for
the recipient.
The publisher of this review, Activated Logic Pty Limited ABN 62 134 740 293 (“Activated Logic”), its directors, officers, staff and their associates
from time to time may hold investments in any securities mentioned in this publication and as a result may benefit from any change in
price of any relevant securities. Activated Logic and its advisers may earn brokerage, fees, commissions, other benefits or advantages as
a result of any transaction/s arising from any research or opinions mentioned in this publication and distributed to existing and potential
clients. Activated Logic may have provided corporate advice within the past and may continue to provide corporate advice to companies
(or related parties) concerned, for which Activated Logic may have received gross fees and/or continue to receive fees.
Activated Logic operates within the Australian Securities and Investment Commission Class Order CO/273 “Business introduction or
matching services” which provides various exemptions from the obligations and requirements of Paragraphs 283GA(1)(a), 992B(1)(a) and
1020F(1)(a) of the Corporations Act (Cth).
• THIS REVIEW DOES NOT CONSTITUTE INVESTMENT ADVICE OR AN OFFER FOR SECURITIES.
• ACTIVATED LOGIC CONFIRMS AND REPRESENTS THAT IT IS NOT A LICENSED SECURITIES DEALER AND THAT THIS REVIEW IS NOT INTENDED FOR ANY PURPOSE RELATING
TO BUYING, SELLING OR TRADING SECURITIES OR OTHER FINANCIAL INSTRUMENTS.

Not Suitable for Investment Research
This review does not purport to provide any information which the recipient may require in order to evaluate any potential investment
in the Australian geothermal industry, any company or their projects. Recipients should make their own enquiries and evaluations they
consider appropriate to verify any information contained in this review and to determine the suitability of any potential investment
(including regarding their investment objectives, financial situation, and particular needs) and should seek all necessary financial,
legal, tax and investment advice.

Contact Details
For additional information or to clarify specific elements of this review, please contact Activated Logic and disclose how and when
you obtained a copy of this review.
Activated Logic
Ph:
Email:

+61 (0)7 5561 7282
geothermal@activatedlogic.com

R

Restricted Circulation
The provision and circulation of this review may be restricted in certain jurisdictions by local and federal laws and regulations. Activated
Logic requires recipients to observe such laws and regulations and provides no representations and takes no responsibility in relation
to whether the provision and circulation of this review is legal in any particular jurisdiction. The sale of this review is not permitted.
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Project Development Platform
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Geothermal Connect™ - Project Development Platform
Activated Logic’s recently launched geothermal development platform.

About Geothermal Connect™

Project Development Platform

Welcome to Geothermal Connect™, a unique project
development platform created specifically for key market
participants in the global geothermal sector. Geothermal
Connect™ provides an innovative platform for bringing
together geothermal project developers, operators, investors,
service providers and other participants.

The Geothermal Connect™ project development platform

Activated Logic’s deep knowledge of the global geothermal
sector and unique insights gained from extensive experience
across the entire sector, guarantee the relevance and ultimately
ensure the success of Geothermal Connect™.

value to a portfolio of global geothermal project development

Geothermal Connect™ leverages Activated Logic’s capabilities in
the geothermal sector and enables our clients to not just observe
industry trends but rapidly analyse the impacts of dynamic
industry developments and develop strategies to confidently
capture new opportunities in the fast-moving energy sector.

development opportunities. Many of the exciting opportunities

Role of Geothermal Connect™

Capturing the Opportunities

The traditional project development pathway for geothermal
projects is simplistically referred to by many industry researchers
and analysts as the geothermal supply chain. This definition
however implies a typically linear development path which is
divided into several discrete and static steps - in contrast reallife geothermal development involves more dynamic decisionmaking to address the predictable complexities associated
with geothermal project development. Whilst most projects
have generally overcome a series of technical challenges by the
time they reach the final design phase; it is generally the pathto-market and similar commercial uncertainties which make
it difficult for poorly planned projects to successfully reach the
project sanction (financial close) stage.

At Activated Logic we take an outside-the-box view of the
geothermal industry to develop effective strategies to create
long-term sustainable value across what we prefer to call the
geothermal value chain. We understand the challenges early
stage geothermal exploration companies face whilst attempting
to delineate sufficient geothermal resources. Our experience has
revealed that many smaller companies generally operate with
poor strategic planning and with outdated business models
generally adapted from the mining or petroleum sectors.

>> For additional information refer to:
    -    Capturing the Opportunities
    -    Geothermal Project Opportunities
    -    Get Involved
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provides access to a portfolio of global geothermal project
development and participation opportunities. Geothermal
Connect™ brings together geothermal industry participants
including project developers, operators, investors, service
providers and other participants to identify, secure and add
opportunities.
Through Geothermal Connect™, Activated Logic provides
access to a diverse portfolio of global geothermal project
available through Geothermal Connect™ have only been made
possible through the involvement of Activated Logic during
the project development phases and are therefore exclusive to
Activated Logic.

Similarly, larger and more established geothermal companies
typically operate with more conventional business models
typically derived from risk-averse independent power producer
or utility environments, however are not sufficiently flexible
to respond to a changing business environment. This is where
Geothermal Connect™ can really assist.
At the core of Geothermal Connect™ is the unwavering objective
of creating maximum value for our clients by aligning the
interests of all stakeholders to overcome traditional barriers-todevelopment in the geothermal industry.

Geothermal Project Opportunities

Get Involved

The Geothermal Connect™ project development platform
provides access to a portfolio of global geothermal project
development and participation opportunities. Geothermal
Connect™ brings together geothermal industry participants
including project developers, operators, investors, service
providers and other participants to identify, secure and add
value to a portfolio of global geothermal project development
opportunities.

Successful geothermal project development requires an in-depth,
strategic and current understanding of the geothermal industry
and market dynamics in the broader context of renewable power
generation infrastructure development.

Through Geothermal Connect™, Activated Logic provides
access to a diverse portfolio of global geothermal project
development opportunities. Many of the exciting opportunities
available through Geothermal Connect™ have only been made
possible through the involvement of Activated Logic during
the project development phases and are therefore exclusive to
Activated Logic.

Through Activated Logic and our established network of partners,
Geothermal Connect™ provides a systematic service for improving
project performance for our clients across the geothermal value
chain. Some of the key geothermal industry participants we work
with to achieve successful outcomes include:

Geothermal Connect™ provides access to a portfolio of
global geothermal project development opportunities,
from early stage projects right through to operating
power plants with additional expansion opportunities.
Key regions with current project interests include:
• Australia
• Chile
• Germany
• Iceland

Geothermal Connect™ provides an innovative platform for
bringing together geothermal project developers, operators,
investors, service providers and other participants to identify and
establish highly value accretive and synergistic relationships.

Upstream - Geothermal Project Developers
• Exploration - prior to resource definition
• Appraisal - delineated resources being evaluated
• Reserves – proven geothermal reserves confirmed
Downstream - Geothermal Project Developers
•
•
•
•
•

Conceptual - project development plan
Detailed Design – including front-end engineering design
Feasibility Study - bankable feasibility study
Financial Close – debt and equity financing finalised
Construct & Commission – execution phase

Geothermal Operators

• Indonesia

• Pure-play Greenfield Operator
• Established Portfolio Manager
• Diversified Generation Utility

• Japan
• Kenya
• New Zealand

Geothermal Investors & Financiers

• Turkey
• United States
And many other regions in Europe, South America and across
Central & South East Asia.

•
•
•
•

Debt & Equity Investors
Strategic Investors
Mezzanine & Hybrid Providers
CER/CDM Monetisation

Geothermal Service Providers
>> For additional project opportunities including:
    -    Public tender processes
    -    New leases by application only
    -    Partnership opportunities
Contact Activated Logic.

Geothermal
Project Development Platform
CONNECT

TM

GEOTHERMAL PROJECT
DEVELOPMENT OPPORTUNITIES >>> Click to READ MORE.

•
•
•
•
•
•
•

Exploration Services
Drilling Contractors
Insurers of Geological Risks
Power Plant Engineering
Technology Integration Partners
Advisers to Manage PPA/EPC/OEM
Construction & Commission Contractors

To learn more about how we are helping our clients identify
geothermal project development opportunities and working with
them to take these projects from the very early stages right through
the development cycle, contact us today.

Intl:
+61 7 5561 7282
Email: geothermal@activatedlogic.com

activatedlogic.com
activated logic - privated client research I australian geothermal review 2012 I
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1. Australia’s Energy Resources
From an energy resources perspective, Australia is very fortunate as the continent is endowed with a vast abundance
of both indigenous fossil fuel and renewable energy resources. As Australia has the world’s largest uranium resources,
as well as a large proportion of the world’s coal and gas resources, the production and export of Australia’s energy
resources is of global importance and represents 2.4% of world energy production (ABARES, 2011).
1.1.

Introduction

As one of the world’s largest exporters of uranium and liquefied
natural gas (LNG) and as the world’s largest exporter of coal,
Australia is an integral supplier of energy resources for the global
energy industry. The increased demand for Australia’s energy
resources, particularly for coal in recent years has resulted in
sharp increases in Australia’s annual energy export earnings
with exports during 2008-09 generating export revenues of
$77.9 billion (figure 2).
Australia’s ability to successfully grow its energy exports at a
time of increasing energy consumption (figure 1) is a result
of Australia’s abundance of both indigenous fossil fuel and
renewable energy resources. The major conventional energy
resources in Australia include the extensive brown and black
coal deposits of the eastern seaboard, the enormous uranium
deposit at Olympic Dam in South Australia and conventional gas
resources of the North West Shelf (figure 4). The less developed,
but similarly extensive renewable energy resources include
significant wind and wave energy potential predominantly in
Southern Australia and solar energy potential across most of
the continent.
There is potential for naturally occurring geothermal resources
in key geological basins, however to date for various reasons
Australia remains relatively unexplored.
>> For additional information on the geothermal sector:

1.2.

Growth in Energy Production

The sustained economic development of Australia combined with
the increased demands from industry and a growing population
have resulted in increased demand for energy, with the primary
energy consumption of Australia approximately doubling in the
last three decades (figure 3). Whilst the rate of growth in primary
energy consumption is significant, the growth in overall energy
production during the same period is even more impressive with
a quadrupling in annual energy production (figure 1) driven by
sustained growth in energy exports.
The growth in energy production has traditionally been driven
by exports of fossil fuels, however changes to the legislative
landscape, in particular the mandated Large-scale Renewable
Energy Target (LRET), and the proposed carbon tax legislation,
are expected to result in a transition to more renewable and less
carbon intensive sources of energy in the future.

Australia’s Annual Energy Production (PJ’s)

Figure 1
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- refer to Chapters 4 & 5.
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Source: Activated Logic, 2011. Adapted from, ABARES, 2011.

Australia’s Annual Energy Exports ($billions)

Figure 2
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Source: Activated Logic, 2011. Adapted from, ABARES, 2011.
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Source: Activated Logic, 2011. Adapted from, ABARES, 2011.
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1.3.

Electricity Generation by Fuel Source

1.4.

Renewable Energy

Electricity generation accounts for approximately 30% of all
primary energy consumption in Australia. During 2008-09, just
under 77% of power generation in Australia was produced from
coal fired power plants, highlighting the relatively high carbon
intensity of power generation in Australia.

Despite Australia’s abundant renewable energy resource,
renewable energy based power generation has only recently
started increasing in Australia. The major sources of renewable
power generation in Australia include hydropower and wind
contributing 4.7% and 1.5% respectively, in 2008-09.

Australia is also a global leader in the production of less carbon
intensive fuels including LNG and uranium and has the resources to
develop a strong domestic renewable electricity generation capacity.

Other renewable power generation technologies such as solar
are increasingly being considered. One advantage of geothermal
is that it is capable of baseload power generation.

>> For additional information on the Aust. electricity market:

>> For additional information on renewable electricity:

- refer to Chapter 2.

Figure 4

- refer to Chapter 3.

Map of Australia’s Major Energy Resources (Excluding hydro and bioenergy)
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2. Australia’s Electricity Market
The National Electricity Market (NEM) is a network of integrated electricity generation, transmission and distribution
infrastructure along the eastern seaboard from Queensland to Victoria, extending west into South Australia and a link
from Victoria to Tasmania through Basslink. The NEM connects major population centres (with the exception of Perth &
Darwin) to electricity generation infrastructure typically located in regions with significant energy resources.
Overview

2.1.

The Australian electricity market operates under two fundamentally
distinct arrangements. The National Electricity Market (NEM) services
the eastern seaboard (figure 5), whilst separate networks service
the Western Australian and Northern Territory markets. The NEM
operates as a wholesale spot market managed and coordinated

Figure 5

by the Australian Energy Market Operator (AEMO) (figure 6) which
schedules and dispatches electricity supply to meet market demands.
The South West Interconnected System (covering the South West
of Western Australia including the Mid West region and Perth) is
managed and coordinated by the WA Independent Market Operator.

Major Electricity Infrastructure Map (Australia)
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Figure 6

Australia’s Electricity Market Structure (National Electricity Market)
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electricity
payments

2.2.

Electricity Generation

During the last decade the demand for electricity in Australia
has been steadily increasing (figure 9) with the exception of
the 2009-10 period as a result of global financial crisis and the
associated slow down in economic activity.

The majority of baseload electricity generation (77%) is derived
from black and brown coal (figures 8 -10) generation capacity
and is supplemented during periods of peak demand with
“peaking” power plants typically operating with a gas fuel.

Australia’s current peak electricity demand is approximately
33,000 MW (figure 7) and is supplied from an installed electricity
generation asset base of 53,465 MW made up of 42,600 MW
of thermal electricity generation and 10,865 MW of renewable
power generation (figures 10 & 11).

Generation from renewable energy sources in Australia (figure
11) predominantly consists of hydroelectric generation (4.7%)
which includes significant installed capacity in Tasmania and the
Snowy River project across New South Wales and Victoria. Wind
is also a growing source of renewable electricity generation
across the southern states, particularly South Australia and
Victoria.

Figure
Peak
Electricity Demand (MW)
Figure 711.2: Australian
National energy
demand
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“The Australian electricity generation sector is heavily
dependent on fossil fuels, particularly brown and black

”

coal for providing baseload power generation.
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Source: AustralianEnergy Regulator 2010,State of the Energy Market 2010
and www.aer.gov.au/content/index.
phtml/tag/MarketSnapshotLongTermAnalysis.

Source: Activated Logic, 2011. Adapted from, Garnaut, 2011.

Australian electricity generation

Figure
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2008–09 Electricity Generation (by fuel, 2008-09)
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3. Renewable Electricity Generation
The Australian energy industry faces major challenges in reducing its carbon intensity, particularly in the transport
and electricity generation sectors. The Australian electricity generation sector is undergoing significant structural
change which is being driven by stronger regulatory requirements to reduce carbon intensity and economic realities
which are resulting in a transformation of the sector, creating opportunities for more sustainable technologies.
3.1.

Carbon Intensity

As a result of Australia’s historical dependence on fossil fuels
(oil derivatives for transport and coal for power generation)
Australia has amongst the highest (per capita) carbon dioxide
emissions intensity levels in the world (figure 12).

The rising costs of fossil fuels in recent years and concerns on the
impacts of carbon dioxide (CO2) emissions on global warming
are providing impetus for phasing out carbon intensive forms of
electricity generation and adopting more sustainable solutions.

CO2 Emissions in 2002
Figure 12 CO
Emissions Intensity by Country (Tonnes per capita, per annum)
2
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3.2.

Emissions Reductions

In 2007 the Australian federal, state and territory governments
commissioned Professor Ross Garnaut to conduct an independent
study on the impacts of climate change on the Australian economy.
In September 2008, Prof. Garnaut presented the landmark study,
Climate Change Review to the Australian Prime Minister.

of a carbon tax which is intended to eventually transition to a
national Emissions Trading Scheme (ETS) based on a cap and trade
mechanism. The establishment of a market to place a price on CO2
emissions (initially $23/ton) is intended to create an incentive to
reduce the level of carbon dioxide emissions and is likely to further
improve the appeal of renewable energy technologies.

On the 31st of May 2011, Prof. Garnaut released an update to the
study titled, The Garnaut Review - Australia in the Global Response
to Climate Change. In light of recent global developments and in
reference to emissions intensity, Prof. Garnaut stated:

3.3.

The Mandatory Renewable Energy Target

The Australian Government’s Mandatory Renewable Energy
Target (MRET) was established on the 1st of April 2001, with a
target of achieving 9,500 GWh of renewable energy generation
per year by 2010. According to the Office of the Renewable
Energy Regulator (ORER, 2009), the MRET was set to “encourage
additional generation of electricity from renewable energy
sources and achieve reductions in greenhouse gases”.

“Australia’s unusually emissions-intensive electricity sector
is the main reason why Australia’s emissions per person are
exceptionally large. The transformation of the electricity sector
has to be at the centre of Australia’s transition to a low-emissions
economy for this reason, and also because the lowest-cost path
to reducing emissions in the transport, industrial and household
sectors involves greater use of low-emissions electricity.”

The MRET has stimulated the development of the Australian
renewable energy industry through the establishment of a
Renewable Energy Certificate (REC) market for both the supply
and demand of REC’s. In January 2011, the MRET and REC’s were
replaced with a Large-scale Renewable Energy Target (LRET) and
Large-scale Generation Certificates (LGCs).

The comments from Prof. Garnaut reinforce the pivotal role
sustainable electricity generation is expected to play in the future
of Australia. As Australia seeks to embrace more sustainable
sources of electricity generation, state and federal governments
are proposing and implementing a range of regulatory initiatives
to assist the transition to a low carbon economy.

>> For additional information on LRET:
- refer to Section 3.4.

The key objective of both the regulatory and sustainable energy
initiatives is to reduce the amount of carbon dioxide emissions
being released into the atmosphere. In recent years Australia’s
carbon dioxide emissions have continued to increase (figure
13), however the current challenge is to adopt mechanisms to
prevent further increases and to agree on a suitable reduction
(abatement) level for emissions moving forward.

“By ensuring wholesale electricity customers are required
by law to purchase a percentage of their electricity from
renewable energy sources, the LRET provides geothermal

”

project developers with a potential market.

The federal government is currently pursuing the introduction

ACTIVATED LOGIC - January 2012

Figure 13 Australia’s CO2 Emissions Trends (1990 - 2020)
Figure 2.3: Australia’s emissions trends, 1990 to 2020
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3.4.

Large-scale Renewable Energy Target

This section has been adapted from a ORER publication (ORER, 2011).

The Large-scale Renewable Energy Target (figure 15) creates
a financial incentive for the establishment and growth of
renewable energy power stations from eligible technologies,

“The development of geothermal electricity generation

such as wind, geothermal and solar farms. It does this by

infrastructure has exciting potential to generate

legislating demand for Large-scale Generation Certificates

electricity and help address Australia’s carbon dioxide

(LGC’s). These LGCs are created based on the amount of eligible
renewable electricity produced by the power stations. LGCs
can be sold or traded to liable entities, in addition to the power

emissions reduction challenges, particularly given the

”

potential scale of Australia’s geothermal resources.

station’s sale of electricity to the grid (figure 14). Liable entities

ACTIVATED LOGIC - January 2012

have a legal obligation to buy LGCs and surrender them to
ORER on an annual basis.
Eligibility

Figure
15 Targets
Large-scale
Renewable Energy Target (2011-30)
Annual
2011-2030*

Power stations must generate their electricity from approved
sources such as solar energy, wind, ocean waves and the tide,
geothermal aquifers, wood waste, agricultural waste, bagasse
(sugar cane waste), black liquor (a by-product of the papermaking process), or landfill gas.
• A full list of eligible renewable energy sources is included
in Section 17 of the Renewable Energy (Electricity) Act
2000. There are currently more than 15 different types
of renewable energy sources being used in accredited
power stations.
• Electricity generated from fossil fuels, or waste products
derived from fossil fuels, is not eligible for LGCs.

Year

Target (GWh)

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020-2030

10,400
16,338
18,238
16,100
18,000
20,581
25,181
29,781
34,381
41,000

Source: Activated Logic, 2011. Adapted from, ORER, 2011.

Large-scale
generation
certificate
Figure 14 Large-scale Generation
Certificate Market
(LGC Market)
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Eligible Parties
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power stations
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Creation/sale

LGC Market
(REC Registry)
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Any registered owner of LGCs

Source: Activated Logic, 2011. Adapted from, ORER, 2011.
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Purchase

• Wholesale electricity retailers

Surrender

• Some generators

Supply PEC

Emissions-Intensive
Trade-Exposed Entities

3.5.

Renewable Electricity Generation for LRET

3.6.

The implementation of the LRET and the establishment of the
LGC market (figure 14) combined with the proposed ETS (refer to
Section 3.2) provide a regulatory framework which is conducive
to the development of renewable electricity generation
infrastructure in Australia.
In addition to the regulatory framework, there are two additional
market drivers essential for the increased adoption of renewable
electricity generation technologies in Australia. These are:
• The maturity of a renewable energy technology
• The generation cost of a renewable energy technology

Maturity of Renewable Energy Technologies

As outlined in Chapter 3, Australia has vast renewable energy
resources (figure 4). Hydro potential is largely exploited. There is
also close to 2,000 MW of onshore wind installed cumulatively
under the MRET scheme created in 2001. The LRET, put it place
in 2011, is expected to drive further uptake of onshore wind and
potentially other technologies.
Conventional geothermal energy has the potential to make a
significant contribution to Australia’s renewable energy slate.
The technology is mature, having seen some 10,000 MW of
global deployment over the last four decades.
Whilst the technology for developing enhanced geothermal
systems (EGS) is at the demonstration stage, conventional
geothermal technology is mature (figure 16).

>> For additional information on the maturity of 		
renewable energy technology:
- refer to Section 3.6.
>> For additional information on generation cost of
renewable energy technology:
- refer to Section 3.7.

Anticipated cost of full-scale application

Figure 16 Maturity of Renewable Energy Technology (Power Generation Technologies, Estimates by EPRI)
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>> For additional information on EGS Geothermal:
Figure 2.21 Grubb curve for a range of renewable energy technologies
- refer to Section
4.3. status
Source: EPRI
technology
data,
2010
>> For additional information on Conventional Geothermal:
- refer to Section 4.3.

Source: Activated Logic, 2011. Adapted from EPRI 2010 Data accessed from ABARE Resource Estimate, 2011.
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3.7.

Cost of Renewable Energy Technologies

The other major driver influencing the adoption of renewable
electricity generation technologies is the levelised cost of
electricity generation (LCOE). The LCOE takes into account the
cost of electricity generation across the expected life of the plant
(lifecycle costs) and takes into consideration such factors as fuel

and maintenance costs, which are often disregarded in simple
installed cost comparisons. The majority of renewable energy
technologies have high installation costs compared to fossil
fuel based generation (figures 17 & 18), however the renewable
technologies generally have low operating costs.

Figure 17 Levelised Cost of Electricity Generation (Estimate for 2015 by EPRI, Electric Power Research Institute)
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3.8.

Geothermal - A Viable Generation Technology

As outlined in previous sections, the adoption of renewable
electricity generation technologies is determined by a range of
key drivers.
A summary of these key adoption drivers is outlined below.

Very low carbon dioxide intensity
Electricity generation by geothermal plants generally release
much less carbon dioxide than fossil fuel derived electricity
generation.

“Geothermal electricity generation generally operates

Ability to provide baseload

at very high capacity factors ensuring generation

Geothermal electricity generation plants operate at high capacity
factors, typically around 90% (figure 19).

infrastructure is able to be operated in a baseload

”

capacity.

Low cost of electricity generation
As illustrated by the EPRI forecasts (figures 17 & 19), the
levelised cost of conventional geothermal power generation
is forecast to be competitive with many other forms of power
generation.

ACTIVATED LOGIC - January 2012

Figure 19 Typical Capacity Factors (various generation technologies)
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3.9.

Transformation of the Electricity Sector

Adapted from Australian Government Treasury publication
titled, Strong Growth, Low Pollution - Modelling a Carbon Price,
released on 10 July 2011.
A carbon price as proposed by the federal government is intended
to drive significant changes in the mix of technologies and fuels
used in the electricity generation sector. A carbon price makes
gas and renewable energy sources more competitive relative to
coal, leading to a progressive transition away from conventional
coal-fired generation (figure 20). However, coal continues to play
an important role in electricity generation, particularly following
the adoption of carbon capture and storage.
According to Treasury modelling, a high carbon price scenario
is expected to drive a far quicker transformation of the
electricity generation sector, with gas and renewables together
contributing over 75 per cent of the generation mix by 2050.
Transforming the fuel and technology mix reduces the emission
intensity of electricity supply. While electricity demand falls
in the Treasury scenarios compared with the global action
scenarios, most emission reductions are through reduced
emission intensity over the longer term. Across the policy
scenarios, emission intensity is projected to improve by over 75
per cent by 2050.

3.10.

Forecast Role of Geothermal in Electricity Sector

The forecast transformation of the Australian electricity sector
is characterised by a significant increase in the adoption of all
major renewable energy technologies (figures 21 & 22) with
geothermal expected to contribute a large proportion of the
new renewable electricity generation capacity.
As the cost of carbon is increasingly factored into the price of
power generation, the average wholesale electricity price (figure
23) in Australia is expected to increase sharply in the next 3 - 5
years, with a steady increase out to 2050.
>> For additional information on the Cost of Renewable
Energy Technologies:
- refer to Section 3.7.
As renewable generation technologies mature, the relative cost
of these technologies compared to the predominantly fossil-fuel
based generation will improve and encourage the adoption of
renewable technologies, including geothermal.
>> For additional information on the Maturity of 		
Renewable Energy Technologies:
- refer to Section 3.6.
At present wind and hydro are the dominant renewable
electricity generation technologies in Australia (figure 11),
however , treasury modelling indicates that by 2030 geothermal
is expected to make a major contribution and by 2050 is
expected to dominate (figure 22).
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Figure 20 Forecast Electricity Generation Mix (2011-50)
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Figure 21 Changes in Electricity Generation by Fuel
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Figure 22 Renewable Electricity Generation Mix (2011-2050)
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Figure 23 Average Wholesale Electricity Prices (2011-2050)
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Source: Australian Government - Treasury, 2011. Based on average data from SKM MMA and ROAM, with illustration adapted by Activated Logic, 2011.

“Geothermal projects being developed in Australia are
forecast to be online during a period of rapidly increasing
power prices in a carbon constrained world, potentially
providing attractive opportunities to scale-up installed

”

generation capacity.
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Figure 24 Australian Electricity Generation Mix (Core Policy Scenario)

Chart 1.5: Electricity generation mix, core policy scenario
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4. Geothermal Energy
In its purest form, geothermal energy refers to the energy contained within the earth’s crust, mantle and super-hot
core, with estimates that the temperature at earth’s core may be as hot as 7,000 oC . The utilisation of the energy
within the earth for electricity generation, or other direct energy uses is commonly referred to as geothermal
energy, and has been increasingly exploited during the last century.
4.1.

Introduction

4.2.

Distribution of Geothermal Resources

Geothermal energy is described as the naturally occurring thermal Conventional geothermal resources are characterised by high
energy (heat) in the earth’s crust (figure 26). By drilling into the earth resource temperatures at relatively shallow depths (figure
to depths generally in the 0.5 - 4.0 km range (figure 27), in certain 27) and are generally associated with recent volcanic activity.
circumstances hot geothermal fluids may be recovered to the surface. The distribution of most existing conventional geothermal
The temperature of the earth’s core is interpreted to be greater than resources (figure 25) is strongly correlated with continental
7,000 oC (figure 26), therefore the deeper that geothermal exploration plate boundaries, particularly around the “Pacific ring of fire”.
wells are drilled, the higher the temperatures that can be expected
to be encountered. One of the major challenges during geothermal
Figure 26 Earth’s Crustal Temperature Profile (Various)
exploration is to identify regions where very high temperatures can
be intersected at relatively shallow depths (figure 27). Depending
on the temperature of the geothermal fluids, sometimes referred
to as geothermal brines, the geothermal resource may be suitable
for electricity generation or a range of residential, recreational or
industrial applications.
The highest value utilisation of geothermal resources involves
the generation of renewable electricity, provided the geothermal
fluids are of a sufficiently high temperature, typically above 120
o
C. In the higher enthalpy range, generally above 200 oC, the
most common process of generating electricity from geothermal
resources involves the extraction of steam which is then utilised
to turn a turbine and generate power. For projects with lower
temperature geothermal resources typically in the range of 120 200 oC (temperatures insufficient to generate high pressure steam),
binary power plant technologies are in common use. (Section 4.4).

Source: Activated Logic, 2011. Adapted from Examiner, 2009.

Figure 25 Conventional Geothermal Resources (Global Distribution)

Regions with proven
conventional geothermal
resources.
Source: Adapted by Activated Logic 2011, from proprietary and EER, 2010.
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4.3.
Figure 27 Geothermal Temperature Gradient
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Major Types of Geothermal Energy Systems

Whilst the distribution of conventional geothermal resources
(figures 25 & 28) is generally characterised by in-situ sources
of hot geothermal fluids, the theory of enhanced geothermal
systems is that these geothermal resources could potentially be
created artificially by pumping water into hot but dry reservoirs.
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Enhanced Geothermal Systems - involve the creation of an
artificial reservoir typically in granite rocks, and the addition
of water. EGS projects are largely at the experimental stage of
development, however Australia is considered a world leader.
Volcanic - geothermal systems are typically high temperature
and shallow resources presenting attractive development
opportunities, however are not present in Australia.
Hot Sedimentary Aquifer - geothermal systems are
characterised by the presence of moderately hot-water,
typically hosted in permeable sandstones at intermediate
depths and present in Australia.

Source: Activated Logic, 2010. Adapted from Examiner, 2009.

Figure 28 Geothermal Energy Systems (Overview)
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4.4.

Geothermal Electricity Generation Technologies
Figure 29 Geothermal Technology Market (Global - 2011)
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Figure 30 Segmented Geothermal Market (By Technology - Global)
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Source: Activated Logic, 2011. Adapted from Emerging Energy Research, 2009.

Figure 31 Segmented Geothermal Market (By Technology Maturity - Global)
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Dry Steam
Many of the early geothermal fields
developed, particularly in the United
States and Italy consist of dry steam
reservoirs, where the steam is used
directly to turn a turbine for power
generation.
Although dry-steam
geothermal fields present attractive
development opportunities, the presence
of these types of fields is becoming more
limited and many of the identified fields
have already been developed.
Flash Systems
The primary advantage of flash systems
is the large capacity of turbines which
can be utilised (>50 MW) resulting in
low per megawatt installation costs. A
number of flash plant variations exist,
including dual-flash systems where
the same configuration incorporates
both a high-temperature and a lower
Hybrid
temperature7% bottoming cycle to
Binarypower generation capacity.
optimise
9%
Dry Steam
25%

Binary Cycle Systems
Dual Flash
Binary
cycle technology provides
14%
10,676 MW
developers with
the option to be able to
extract energy from lower temperature
geothermal resources. Binary systems
Single Flash
are increasingly 45%
being used in either
bottoming cycles or even in higher
temperature applications where the
geothermal fluids contain impurities
including silicates resulting in scaling and
may also result in damage to power plant
equipment.

4.5.

Evaluation of Geothermal Energy Projects

The successful development of geothermal energy requires a
source of extractable thermal energy, the presence of a suitable
reservoir, water to extract and transport the thermal energy
and a location amenable to the development and utilisation, or
transmission of geothermal electricity.
The basic requirement for establishing the viability of geothermal
resources, involves determining whether prospective geothermal
resources are both technically and commercially feasible (figure
32) and therefore suitable for development. Generally, the
deeper a geothermal resource is, the greater the technical and

economic challenges are in developing these resources as the
price of drilling increases exponentially, with increased depth.
Other important factors in determining the feasibility of developing
geothermal electricity generation projects involves identifying
quality geothermal reservoirs (temperature and flow rate) in
attractive operating environments (close to high value markets).

Figure 32 Activated Logic - Geothermal Commerciality Assessment Matrix™ (AL-GCAM™)
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Source: Developed by Activated Logic 2009 - 2012.

Increasing Value of Geothermal Electricity

Assuming a geothermal project is technically feasible and in
close proximity to electricity transmission infrastructure, one of
the most important factors determining the ultimate economic
viability of a project is the price received for electricity
generation.
Recent electricity price trends from the United States (figure 33)
provide evidence that geothermal projects can generally be
expected to receive a premium price for any electricity sales,
due to capacity credits associated with the baseload nature
of geothermal power generation. In addition geothermal
generation in Australia is eligible for Large-scale Generation
Credits (LGC’s)
>> For additional information on LGC’s:
- refer to Section 3.4.

Figure 33 Geothermal Electricity Prices in the U.S.
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Source: Bloomberg-New Energy Finance, 2011. Adapted by Activated Logic 2011.
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4.7.

Installed Global Geothermal Capacity

Following 40 years of consistent growth in the global geothermal
sector, the currently installed electricity generation capacity is
approximately 11,000 MW with a large pipeline of development
projects at various stages of development. The majority of new
geothermal capacity (figure 34) in the 1970’s was installed in the
western United States, with a significant increase in the latter

part of that decade again in the United States, and also in the
Philippines in response to the energy crisis. During the 1990’s
the majority of growth came from the Asia Pacific, specifically
the Philippines and Indonesia (figure 35). During the last decade
Europe has made a more significant contribution, although still
only represents a small proportion of the global market.

Figure 34 Installed Geothermal Electricity Generation Capacity (Global)
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Source: Activated Logic, 2011. Adapted from Emerging Energy Research, 2009

Key market drivers are the location of geothermal expertise and
the types of geothermal resources available for development. The
current and forecast geothermal capacity can be divided into three
primary categories (figure 35). The near term growth in geothermal
capacity is projected by EER to come from countries with geothermal

expertise such as New Zealand, followed by countries with high
quality but relatively under-exploited conventional geothermal
resources such as Chile. Australia can be considered a mediumterm market for low temperature conventional geothermal and a
longer term market segment in respect of EGS.
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1

1.2

4.8.

Forecast Global Geothermal Capacity

The global geothermal industry is currently experiencing strong
growth, where the magnitude of the current development
pipeline is similar in size to all of the existing installed geothermal
electricity generation capacity (figure 36). The near term growth is
expected to come from countries with significant existing capacity.

The conservative industry growth estimates for the development of
the global geothermal electricity generation sector are for an almost
tripling of installed capacity to 30,000 MW over the next decade,
with an optimistic target of 40,000 MW (figure 37), expected to be
mostly derived from conventional geothermal resources (figure 28).

Figure 36 Geothermal Development Pipeline (By Country)
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Figure 37 Forecast Geothermal Capacity (Global)
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5. Geothermal Energy in Australia
The Australian continent does not host conventional shallow depth, high temperature volcanic geothermal
resources commonly exploited in other parts of the world, however there is a growing realisation that Australia
has nationally significant hot sedimentary aquifer resources, powered by thermally anomalous radiogenic
granite, that have the potential to support the development of an entirely new geothermal market.
5.1.

Introduction

The geological setting in Australia is quite different from
countries with established geothermal markets. The active
continental plate margins (figure 25) which give rise to volcanic
events and also host geothermal resources in regions where
magmatic intrusions are in contact with water near the surface,
are not present in Australia. Australia does however host some
of the hottest high heat producing (HHP) radiogenic granites
in the world and in the right geological setting, particularly
when covered by sediments with insulating properties, present
attractive targets for enhanced geothermal systems, (figure 28).
The conventional geothermal systems being targeted for
exploration and development in Australia are typically of the
hot sedimentary aquifer type (figure 28) which have trapped
heat at depth, in naturally occurring reservoirs.

5.2.

Identification of Geothermal Resources

A combination of geochemical, geophysical and other
geological techniques including direct measurement of
temperatures from deep geothermal or petroleum exploration
(or production) wells have been used by public research
and private companies to identify and quantify geothermal
prospectivity. The development of Australian temperature and
heat flow maps (figures 38 & 39) provide some indication of the
distribution of geothermal resources.

Figure 38 Australian Crustal Temperature Map (Est Temperature oC, at 5km depth)

Source: Activated Logic, 2010. Adapted from Chopra & Holgate, 2005.
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5.3.

Geothermal Heat Flow & Temperature

During 2009, a geothermal evaluation team led by Dr Graeme
Beardsmore from Hot Dry Rocks Pty Ltd compiled heat flow
measurements from a number of regional datasets to compile
a surface heat flow map for Australia (figure 39). The map is a
useful guide in highlighting potential regions of interest for
geothermal exploration, however is severely limited in many
regions due to the scarcity of local heat flow data. An earlier
version of the heat flow map was developed (figure 38) in 2007
from data obtained from Geoscience Australia up until 2005,
and was used to make estimates of subsurface temperatures
at a depth of 5,000m across Australia. The crustal temperature
map suffers from similar data limitations of the heat flow map.

5.4.

Currently Installed Geothermal Capacity

The only installed and operating geothermal electricity asset
in Australia is a small 120 kW (gross) binary geothermal power
plant (figure 40) in the regional Queensland township of
Birdsville, operated by Ergon Energy. The energy source for the
geothermal power plant is the geothermal fluid pumped from
the Great Artesian Basin from a depth of 1230 m which is at a
temperature of approximately 98oC before it enters the power
plant to generate electricity.

Figure 40 Birdsville Geothermal Plant (Queensland)

Notwithstanding the limitations of these geothermal maps,
when combined with specific project reservoir data they
support the prospectivity of many regional geothermal projects.

Source: Ergon Energy, 2010.

Figure 39 Australian Surface Heat Flow Map (mW/m2)

Source: Activated Logic, 2010. Adapted from HDRPL, 2009.
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5.5.

Geothermal Exploration Licences

5.6.

Geothermal companies pursuing the exploration of geothermal
resources in Australia have been applying for geothermal
exploration licences (permits in some states, including Western
Australia) since the beginning of last decade, with greater than
400 licences granted across Australia (figure 41).

Geothermal Exploration Activity

The exploration effort for identifying geothermal resources
in Australia is spearheaded by approximately 50 companies
holding approximately 400 geothermal exploration licences
(figure 41). The companies which are in the process of exploring,
evaluating and developing geothermal resources in Australia
consist of a collection of pureplay
geothermal companies, oil and gas
companies and other diversified
energy companies.

Figure 41 Geothermal Exploration Activity in Australia

Since the year 2000 when the first
geothermal exploration Licences
were issued in South Australia,
geothermal activity has grown
rapidly, with annual investment
into the Australia geothermal
sector reaching almost $200
million in 2009 (figure 42). As a
number of major geothermal
projects reach more advanced
stages of appraisal, the rate of
investment is forecast to accelerate
further.
The Australian geothermal sector
is supported by various public
institutions including various state
and federal resource and energy
departments as well as a number
of university affiliated - Centres of
Excellence.

Source: Activated Logic, 2011. Adapted from HDRPL Online Database, 2011.

Figure 42 Australian Geothermal Exploration Licences
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Australian geothermal companies
have been recognised as world
leaders in terms of exploration
for EGS resources. The interest in
EGS has indirectly led to the more
recent realisation that the same
thermally anomalous granite may
also create favourable conditions
to
develop
conventional
geothermal energy in Australia,
particularly in sedimentary basins.

5.7.

Geothermal Market Development in Australia

Introduction
The development of the Australian geothermal energy sector
is influenced by a supportive regulatory environment. Despite
the significant potential, the Australian geothermal industry
is considered an emerging industry with major risks. The size
of the Australian geothermal sector, as determined by the
collective market value of Australian Securities Exchange (ASX)
listed pureplay geothermal companies is under $200 million.
Regulatory Environment
The key market mechanism for supporting the large scale
adoption of renewable energy in Australia is the Large-scale
Renewable Energy Target (LRET) set by the Federal Government.
In addition, the government is pressing ahead with a proposed
carbon emissions tax with an emissions trading scheme at the
heart of the plan.

Renewable Energy Investment
Investment in the renewable energy sector continues to be
under-pinned by a strong regulatory environment, subsidies
by numerous governments and a price premium being paid
for renewable energy generation (figure 33) in the form of
renewable energy certificates, LGC’s under the Large-scale
Renewable Energy Target (Section 3.4). Continued concern for
global warming as a result of greenhouse gas emissions, and
the continued volatility in oil and gas prices is expected to
continue to support investment into renewable energy.
>> For additional information on LRET:
- refer to Section 3.4.

Figure 43 Thargomindah Hot-Water Bore in the Great Artesian Basin

Source: Kdliss, 2007.
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Birdsville Geothermal Power Plant
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Abbreviations & Definitions
“ACC” means Air Cooled Condenser, a device used for
cooling in geothermal power plants in regions where large
amounts of water is not available for cooling purposes;
“Activated Logic” means Activated Logic Pty Limited, the
company which has published this report;
“AEMC” means Australian Energy Market Commission;
“AEMO” means Australian Energy Market Operator;
“AGEA” means Australian Geothermal Energy Association;
“AGEG” means Australian Geothermal Energy Group;
“AGRCC” means the Australian Geothermal Reporting
Code Committee;
“AL-GCAM™” means Activated Logic - Geothermal

“GITR” means Geothermal Industry Technology Roadmap;
“GRI” means Geological Risk Insurance;
“GRL” means Geothermal Retention Licence;
“HDRPL” means the geothermal
company, Hot Dry Rocks Pty Ltd;

energy

consulting

“HSA” means Hot Sedimentary Aquifer type of geothermal
system;
“IPP” means Independent Power Producer;
“IRR” means Internal Rate of Return;
“ITC” means Investment Tax Credit;
“LCOE” means Levelised Cost of Electricity generation;

Commerciality Assessment Matrix™;

“LGC” means Large-scale Generation Certificate;

“ASIC” means the Australian Securities & Investment

“LRET” means Large-scale Renewable Energy Target;

Commission;
“ASX” means the Australian Securities Exchange Limited;

“MRET” means Mandatory Renewable Energy Target;

“CDM” means Clean Development Mechanism;

“MT” means Magnetotellurics;

“CDP” means Commercial Demonstration Plant;

“NEM” means the National Electricity Market;

“CO2” means Carbon Dioxide;
“CPRS” means Carbon Pollution Reduction Scheme;
“Couplet”

means

two

geothermal

wells,

generally

consisting of one injection well and one production well;
“Dollars” and “$” and “A$” means the lawful currency of
Australia;
“DRET” means Department of Resources Energy & Tourism;
“EGS” means Engineered Geothermal System;
“EPC” means Engineering, Procurement and Construction;
“EPRI” means Electric Power Research Institute;
“ESIPC” means Energy Supply Industry Planning Council;
“ETS” means Emissions Trading Scheme;

“GEL” means Geothermal Exploration Licence;
“GEP” means Geothermal Exploration Permit;
Industry

“O&M” means Operating & Maintenance Costs;
“ORC” means Organic Rankine Cycle, a binary technology
capable of converting thermal energy into electricity in
certain circumstances;
“ORER” means Office of the Renewable Energy Regulator;
“PI” means Productivity Index;
“PIRSA” means Primary Industries & Resources South
Australia;
“PPA” means Power Purchase Agreement;
“R&D” means Research and Development;

“REDI” means Renewable Energy Development Initiative;

“FID” means Final Investment Decision;

Geothermal

“NPV” means Net Present Value;

“REC” means Renewable Energy Certificate;

“ESP” means Electric Submersible Pump;

“GIDF” means
Framework;

“LRMC” means the Long Run Marginal Costs;

Development

“REDP” means Renewable Energy Development Program;
“REF” means Renewable Energy Fund;
“USD” and “US$” means United States Dollar; and
“WACC” means Weighted Average Cost of Capital.
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