























































































































INSTALLED CAPACITY AND GENERATION FROM GEOTHERMAL SOURCES BY 2020

Australia's Pure Energy Scheme, which allows consumers to nominate a percentage of
their electricity (25%, 50%, 75% or 100%) to come from renewable sources.

e Contribution-based schemes, in which consumers contribute to a fund administered
by a retailer to support renewable energy generation.

For the calendar year 2007, there were over 724,000 Australian customers who had opted
for Green Power from their retailer, and a total of 1,137 GWh of Green Power was
purchased. Green Power has had an impact on encouraging development in renewable
energy, and in 2007 it contributed to renewable energy sales above the MRET target.

Green Power schemes originated in New South Wales through the work of the Sustainable
Energy Development Authority (SEDA). SEDA had taken on the role of accrediting Green
Power generators and auditing retailers to ensure that all Green Power sold is actually
generated by an accredited generator. The functions of SEDA are now undertaken by the
NSW Department of Water and Energy.

The introduction of the REC scheme has complicated the Green Power scheme and there
was considerable uncertainty as to whether generation could be accredited for both, and
therefore gain two additional revenue streams. This confusion has been resolved through
new Green Power accreditation rules that essentially mean that renewable generation may
be either used for RECs or sold as Green Power, but not both. The decision a generator
must make, therefore, is whether there is more value in the RECs or from Green Power
sales.

It is difficult to predict the market outlook for Green Power as it is a voluntary scheme and
is entirely dependent on consumer demand. Although sales under Green Power have
been growing strongly in recent years, the volumes of renewable energy are still small
compared to other schemes such as MRET.

Growing concern about the environment and climate change may encourage more
consumers to purchase Green Power. For example, the South Australian Government has
recently announced that it will purchase 20% of its energy needs from Green Power. This
will result in a reduction of the government’s greenhouse gas emissions by 107,741 tonnes
per year. Assuming an emission intensity coefficient of 0.9t CO2e/MWh for electricity
consumption, the Green Power purchase for the South Australian Government is
120 GWh.

The forecast market for renewable generation under the expanded MRET scheme and
under Green Power sales is shown in Figure 10.
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Figure 10 - Renewable generation required to meet expanded MRET target and Green
Power sales

m Expanded MRET Target m Green Power Sales

50,000

45,000

40,000

35,000

%)
=)
1=}
S
S

Generation required, GWh
[} N
S &
=} =3
3 S
S =]

15,000

10,000

5,000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Despite the considerable investments in renewable energy under government programs,
very little of the investment has gone to geothermal technologies. Only a small proportion
of projects have received funding, and that has mainly been in the form of R&D grants. To
date, geothermal has not been able to exploit the potential market under MRET or any
other deployment support program. This probably reflects its stage of development, a
negative attitude towards the technology, and cost reductions achieved in more mature
technologies such as wind generation.

Despite the support from government programs, renewable energy generation is still
more expensive than fossil fuel generation options. It is only in stand-alone electricity
supply systems that renewable generation has been able to compete with fossil fuel
alternatives, and only when small scale systems using PV or wind have been used. To
date, there has been no single renewable energy project in Australia of the scale that is
envisaged for geothermal generation.

5.3 Role and benefits of geothermal power

Geothermal power production is controllable and has a lower short-run marginal cost of
production.’2 If the high capital cost can be recovered in a carbon constrained world, due
to higher energy prices, geothermal generation will be developed and operated as a base
load resource. This will displace coal fired generation when it is exposed to a high carbon
cost above $20/tCOe. Large amounts of wind power are problematic due to the hour to
hour and day to day variability of output which does not correspond to the pattern of

12 Short-run marginal costs are the costs incurred only as a consequence of plant operating. They exclude, therefore, capital
and fixed operating costs. As there are no fuel costs and, in future, will be no carbon costs, this provides a significant
advantage to geothermal, solar and wind technologies.
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electricity demand. Typically the minimum demand for electricity is at least half the peak
demand and about 70% of the electricity consumption is base load and is required
continuously. Therefore, there is unlikely to be a technical limit on the amount of
geothermal power that can be absorbed into the grid. There only remains an economic
limit that depends on its cost and reliability. To the extent that geothermal power may
have slightly higher short-run marginal costs than wind power, some of it might be
displaced into intermediate duty if and when there were large amounts of wind and
geothermal power developed in some regions, such as South Australia. However, the
prospect for any displacement of geothermal power seems a long way off in the future
and would only occur after substantial development of geothermal power. The NEM is
well able to absorb geothermal power on a spot or contract basis, provided that
transmission capacity is provided in a timely manner, consistent with supply and demand

requirements on a local and regional basis.

There is a high concentration of potential wind and geothermal projects in South
Australia. It is likely that for the full potential of renewable generation to be realised in the
long term, the net flow of electricity will need to be outward from South Australia, rather
than inwards as is now the case. It will, furthermore, likely exceed the capacity of the
current interconnections. The remoteness of some projects raises additional issues. The
current regulatory regime, if not modified, is not conducive to the development of remote
projects, as they are treated individually even if the first project in a given region
facilitates subsequent projects.
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6 BACKGROUND INFORMATION ON GEOTHERMAL
TENEMENTS

This section provides background information on the geothermal tenements of the
companies which participated in this study, under the headings of:

e The tenements

e Number of existing wells and planned drilling
e Models of development

e Water requirements

e Experience in managing similar projects

e Gaps in intellectual property

e Sources of finance to data and for the next five years.

6.1 The tenements

The tenements are scattered across Australia, which reflects the widespread potential for
geothermal energy, as shown in the map prepared by Geoscience Australia in Figure 11.13

13 Budd, A.R. 2007. Australian radiogenic granite and sedimentary basin geothermal hot rock potential map (preliminary edition)
1:5 000 000 scale, Geoscience Australia, Canberra
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Figure 11 - Map of hot rock potential
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The tenements ranged in size from less than 100 km? to almost 20,000 km2, with an
average size of 1,900 kma2.

For the 38 tenements for which data was provided, the participants held exploration
licences for 79% of them, and an additional 5% had been named as the preferred tenderer
subject to the Native Title process.

For the same 38 tenements, exploration results were available for fourteen tenements
(37%), partial results were available for four (11%) and no exploration data was available
for 20 (53%).

The proponents had applied for and held retention licences in only two tenements, but
several noted that their tenements could be held for up to 10 years without renewal.

Table 5 shows the responses to the question about whether or not the geothermal resource
had been modelled. It shows that in 27 (73%) of the tenements, no modelling had
occurred. Some level of modelling had occurred for nine (24%) of the tenements. Only two
of the respondents had conducted stimulation or fracture testing.
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Table 5 - Modelling of the thermal resource

Has the geothermal play been modelled? Number % of tenements
No 27 73%

Yes 9 24%

In progress 1 3%
Total 37

The quality of the data held for 40 tenements is described in Table 6. Reserve definition at
P50 was anticipated by the end of 2008 in one tenement, at probable reserve for four
tenements, and a third had a number of wells, two dimensional seismic data and historic
fluid information. Twenty-three others had inferred, exploratory or desk-top quality data,
indicating that they were in the early stages of defining the extractable geothermal energy.
No response was provided for a further 11 tenements, suggesting that no data were
available for them.

Table 6 - Level of information by tenement

What level of information is held for this tenement? Number Percentage of
tenements

P50 Reserves (by end 2008) 1 3%
Probable reserve 4 10%

11 wells, 50km 2D seismic data, historic fluid information 1 3%
Inferred resource 2 5%
Exploration results 11 28%
Preliminary desk top work 10 25%

No response 11 28%
Total 40

6.2 Number of existing wells and planned drilling

Table 7 summarises the responses to the questions about the number of existing wells
from which geothermal data were available in each tenement and their deepest depth.
Two had deep wells over 4,000 metres, six had wells 3,000 metre or deeper, and two had
wells of 2,000 metres.
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Table 7 - Number of existing wells and deepest depth

Number of wells from which geothermal data is available Greatest depth (m)
2 deep wells 4,400
1 deep well 4,300
56 3,500
27 3,500
7 3,500
6 3,500
Numerous wells 3,500
11 3,000
2 x 2,000 m, plus 6 x shallow minerals wells 2,000
2 2,000
1 well into heat source 1,935
1 1,809
13 913
3 812
7 750
3 400

Table 8 summarises the number of proposed wells, and the maximum depth of the
proposed wells. Based on these responses, 149 holes are planned and the total length of
just the proposed deepest hole in each case represents a cumulative depth in excess of
48,000 metres. The total aggregate depth will be many times this figure.
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Table 8 - Number of planned wells and deepest depth

How many wells do What is the maximum proposed depth
you expect to drill by of these wells? (m)
the end of 2010?
27 deep
20 5,700
1 5,000
2 5,000
7 5,000
25 5,000
1 4,000
4 4,000
2 3,500
1 3,500
7 3,000
1 2,000
1 2,000
2 1,500
40 1,500
2 500
3 500
5 300

Figure 12 shows the distribution of respondents’ answer to the question about the
expected expenditure on drilling all of their proposed additional wells. The results are
shown on a log scale because of the range between the highest and lowest estimates of
expenditure. The median expected expenditure was $10 million, and the average expected
expenditure was $28 million, which illustrates the effects of several very high estimates of
expected expenditure, which in turn were affected by plans to drill more and deeper
wells. The anticipated total expenditure on drilling was $500 million.
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Figure 12 - Anticipated expenditure on drilling wells
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The following three figures show three waves of drilling, which are roughly synchronised.
The first wave, for the proof of concept drilling, falls mostly between 2008 and 2012, as
shown in Figure 13.

Figure 13 - Timing of proof of concept stage drilling
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The second wave, of drilling for the demonstration stage ,falls mainly between 2009 and
2014, as shown in Figure 14.

Figure 14 - Timing of demonstration stage drilling
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The third wave, for commercial stage drilling, falls between 2011 and 2020, as shown in
Figure 15.

Figure 15 - Timing of commercial stage drilling
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Combining the data on expected starting and finishing dates for the three stages shows
clearly that the proponents will be synchronising their competition for drilling rigs and
other development services providers. It also shows that they will be moving into the
commercial production stage at about the same time, with the potential to oversupply the
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electricity market. Opinion about competition over drilling rigs was mixed, as illustrated
by the following comments.

“Availability of rigs is a preoccupation [and government money has been offered for
drilling], but availability is not an issue.”

“The shortage of land based rigs has peaked. They will be more available now and in the

future.”

Other participants felt that there was a shortage of smaller rigs for the exploratory stage
because of competition with the development of coal seam methane.

Figure 16 - Timing of all three stages
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Table 9 summarises the details of the drilling programs for proof of concept,
demonstration and commercial stages. The average number of holes for proof of concept
was two, rising to seven for demonstration, and rising to 67 for the commercial stage. The
diameter of the holes was effectively the same for all three stages, at around 190 mm. The
depths, power of rigs, and distance drilled per day were also similar, at around 4,500
metres, 2,000 kW and 80 metres per day respectively. The respondents expected to require
two rigs for the demonstration stage, and four rigs in the commercial stage. The cost of
drilling rose from $27 million for proof of concept, to $91 million for demonstration, to
$640 million for the commercial stage.
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Table 9 - Details of drilling programs

Average of: Number Diameter Depth  Power Metres Number Cost
of holes of holes (metres) of rig per of rigs ($ million)
(mm) (kW)  day
Proof of concept 2 195 4,425 1,762 71 27
Demonstration 7 185 4,500 2,058 85 2 91
Commercial 67 185 4,500 1,838 76 4 640

Given the magnitude of the expected level of drilling activity, the answers to the question
about what arrangements have been made for drilling rigs come as a surprise. No
arrangements had been made for 70% of the tenements, as shown in Table 10.
Arrangements had been made to drill at least one well for 19% of the tenements, a
consortium was being arranged which would cover another 8% of the tenements, and 3%
were covered by a drill owned by the proponent.

Table 10 - Arrangements for drilling

What arrangements have been made for drilling rigs? Percentage of tenements
(N=37)

None 70%

Have made arrangements (for at least one well) 19%

Negotiating consortium with other companies 8%

Have own drill, plus option of second rig 3%

6.3 Models of development

Most proponents stressed that there were a range of models for geothermal development,
ranging from very deep, very hot plays to less deep, lower temperature plays. Most felt
that one company with a very deep, very hot play had captured the attention of
politicians, the media and the share market, to the detriment of other types of plays which
did not face the same R&D, financial and distance hurdles.

“There is a perception that Australia is hot dry rocks ... therefore you don’t attract investors
like normal [volcanic] geothermal projects.”

“[Brokers] do not understand that wet rocks are different to dry rocks.”
“The rest of Australia will be dormant for some time ... because you can’t raise money.”
“Scepticism is needed of the folk law that has been built up by corporate, government and

bureaucratic effort.”

6.4 Water requirements

All of the proponents believed that water was available within their tenement for use as a
transfer medium to bring heat to the surface.
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Estimates of the volume of water that they would need during the commercial stage were
provided for three tenements, and their estimates ranged from 630 megalitres per year to
8,900 mealtimes per year. Scaling problems were anticipated in three of the tenements,
and the proponents were not sure if scaling would be a problem in a number of other
tenements.

No problems were anticipated with the discharge of used water because it was to be
reinjected in closed loop systems.

6.5 Experience in managing similar projects

A background in minerals development was the most commonly mentioned experience
cited by proponents (in-house, seven mentions, via joint venture partner, one mention), as
shown in Table 11. Four proponents mentioned experience in volcanic geothermal projects
and two with a non-volcanic geothermal play. Two proponents mentioned experience in
energy and one mentioned electricity generation. These results suggest that while the
proponents tend to have strong backgrounds in minerals exploration and development,
they have less experience in generating and selling electricity.

Table 11 - Expertise in managing similar projects

Experience In-house Via joint Total
(mentions) venture (mentions)
partner
(mentions)
Exploration, drilling, mineral development, 7 1 8
extraction

Volcanic geothermal
Non-volcanic geothermal
Energy

Electricity generation

m O NN
© R R, o o
N I C RN

Electricity retailing

6.6 Gaps in intellectual property
The participants mentioned the following gaps in the intellectual property that they will

require:

e reservoir engineering and fracture stimulation (3 mentions)

e electricity generator construction and operation (1 mention)

e wear on pipe work and casings (scaling and corrosion) (1 mention)
e pumps (1 mention)

e licensing Kalina cycle turbine technology (1 mention).
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6.7 Sources of finance to date and for the next five years

Participants mentioned the sources of finance shown in Table 12. Private equity was the
most commonly mentioned source of finance to date (7 mentions), followed by
government grants (3 mentions). In contrast, the expected sources of finance for the next
five years were dominated by joint ventures (8 mentions), equity raising via the ASX
(5 mentions) and debt (4 mentions).

Table 12 - Sources of finance

Source of finance To date Next five years
(mentions) (mentions)
Private equity 7 3
Government grants 3 3
Joint venture partner 1 8
Equity raising via ASX 2 5
Institutional investors 0 1
Debt 0 4
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7 UNCERTAINTIES AND IMPEDIMENTS

This section summarises the uncertainties and impediments that were described by
participants under the headings of:

e Uncertainties of an immature industry
e Uncertainties surrounding legislation
e Uncertainties surrounding connection costs

e Uncertainties surrounding drilling activities.

7.1 Uncertainties of an immature industry

The following quotes illustrate the uncertainties which participants spoke about.
“It is an immature industry that does not have an open file technical record.”
“[The geothermal] industry is seven years old ... not a lot of experience yet.”

“The petroleum industry is taking a defensive position in geothermal and will play gas off
against geothermal.”

“If you were predicting coal seam methane ten years ago, how much would you have
predicted? Not very much. The idea was novel and the resource was unknown.”

“There’s not much data ... the rest is hypotheses until you collect some facts.”

7.2 Uncertainties surrounding regulation and legislation
Several participants described perceived difficulties with regulation, as illustrated by the

following comment.

“The biggest problem is the bureaucracy created overnight for geothermal ... it takes six
months to get permission under the geothermal acts in South Australia ... which is
something we do every day for minerals [plays]. Victoria is the worst of all places to work. ...
[To drill a] geothermal hole to 500 m ... you have to lodge copious documents to get
permission from all sorts of people ... Under the mining act, one bit of paper [is all that is
required] for five year’s work ... [bureaucracy] kills everything and blows the cost out.”

The uncertainties surrounding legislation are summarised in this section under the

headings:

e  Queensland

e South Australia

e  Western Australia

e Northern Territory
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e Ministerial Council on Energy.

721 Queensland

Queensland has a Geothermal Exploration Act and is preparing a Geothermal Act to cover
geothermal energy production.’* The first Exploration Permit was announced on
1 May 2008. It was awarded to Granite Power Ltd for a permit to explore in the Gladstone
area. Two other companies, KUTh Exploration Pty Ltd and Clean Energy Australasia Pty
Ltd had commenced the native title process, the final step before the granting of their
exploration permits.

On 21 May 2008, the Queensland Mines and Energy Minister announced the preferred
tenders for eleven additional exploration areas.’®> The tenders will have to undertake a
native title process before exploration permits can be granted.

Queensland appears to be the only jurisdiction that has questioned whether geothermal
was covered by the concept of mining in existing legislation. As a result, there has been
some concern among proponents about the application of native title.

As acknowledged by the Minister for Mines and Energy of Queensland, there has been
some uncertainty about the application of the federal Native Title Act to geothermal
exploration in Queensland.’® However, the Queensland government has raised the issue
with the federal government in the hope of finding a nationally consistent interpretation.

Queensland has no geothermal production legislation yet, and it is probably more than a

year away.

7.2.2 South Australia

While some proponents were critical of the legislative and regulatory framework in South
Australia, as illustrated in the following quotes, a representative of a company which
facilitates licensing described South Australia as “much easier to go through [than
Queensland], so fantastic to work with.”

“State governments are only interested in collecting taxes ... [more geothermal exploration
licence applications which means more revenue] ... In South Australia, they say they have so
many GELs, but it doesn’t mean anything, just collecting fees.”

“The block sizes [in South Australia] are so small, therefore you have multiple application
fees ... therefore there is no prospecting in unknown areas. Sometimes the feature [of
interest] covers a bigger area than the exploration unit, and you need to drill further afield to
model the resource.”

14 Minister for Mines and Energy, Queensland. 2008. First geothermal permit issued in Queensland. Press release. Source:
http:/ /www.cabinet.qld.gov.au/ MMS/ StatementDisplaySingle.aspx?id=57830. Last accessed: 2 May 2008.

15 Minister for Mines and Energy, Queensland. 2008. Preferred tenders for geothermal exploration areas announced. Media
release, 21 May 2008.

16 Minister for Mines and Energy, Queensland. 2008. First geothermal permit issued in Queensland. Press release. Source:
http:/ /www.cabinet.qld.gov.au/ MMS/ StatementDisplaySingle.aspx?id=57830. Last accessed: 2 May 2008.
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7.2.3 Western Australia

Only one comment was received about working in Western Australia, and it concerned
the size of the exploration tenements and the fees.

“The application fee for a 10" by 10" block is $4,000. Therefore unless you know exactly
where you want, it would cost $400,000 to apply for a reasonable area.”17

7.24 Northern Territory

The Northern Territory does not have legislation covering geothermal energy yet, but it is
expected soon.

7.2.5 Ministerial Council on Energy

The primary clearing house for inter-jurisdictional issues is the Ministerial Council on
Energy. Its mandate does not currently include geothermal energy, but it could be
extended to cover it.

7.2.6  Uncertainties surrounding generation

While the above ground generation infrastructure is mature technology, there has been
little experience in operating turbines in Australia in the conditions that are anticipated,
that is, extremely high ambient temperatures in summer and high dust levels at times.

7.2.7 Uncertainties surrounding connection costs

Uncertainties surrounding connection costs are influenced by:

e lengthy time requirements

e voltage, distance and type of connection point

e output of the generator

e regulated costs of providing a connection point

e unregulated costs of providing a line from the generator to the connection point
e the expected life of the generator.

Each of these points is discussed in the following paragraphs.

The process of connecting a generator to the transmission network is time consuming,
typically taking up to three years. Part of this process is the negotiation for the easement
which can take several years. Until the easement is arranged, the constructor cannot begin
work, although planning and other preparations can occur.

17" Geothermal resource exploration permits in Western Australia are for areas up to 160 graticular blocks, and one
graticulat block is 80 km?. This is smaller than the 400 graticular blocks covered by a petroleum exploration permit.
Source:
http:/ /www.parliament.wa.gov.au/hansard /hans35.nsf/ (Lookup+by+Page) /20071608074215b?opendocument. Last
accessed: 4 August 2008.
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The cost of connection to the network is variable, depending on the voltage, type of
connection and the distance to a suitable connection point. Some geothermal proponents
have expressed a hope that they can use a connection method called a T-connection,
which is popular with generators because it requires less engineering and results in lower
costs. While a T-connection can be beneficial in some areas because it reinforces the
supply to the network, it creates complexity for the transmission network manager, and
may not necessarily be the preferred option. They are only suitable for aggregate
generation levels up to about 400 MW on the grid above 220 kV. Larger scale requires
dedicated switching and multiple circuits to manage the sudden disconnection of
generation from the loss of one transmission element.

For small generators in the 1 MW to 3 MW range, it may be feasible to connect to a 33 kV
or 66 kV distribution line at relatively low cost.

Information provided by Powerlink suggests that the cost of connecting a generator of less
than 50 MW to the high voltage transmission system is likely to be uneconomic. However,
the increase in cost from a 50 MW connection to a 100 MW connection is small. Therefore
there are advantages for proponents who can develop a significant concentration of
output in one location.

Because the first connection to network will be for the exclusive benefit of the first
generator, it is likely to be sized accordingly with little capacity to be upgraded. This will
reduce the capital cost and have the second order effect of keeping competitors out.
Although Powerlink includes a clause in its agreements that triggers discussions if a third
party seeks access, there is no obligation on either Powerlink or the first generator to
facilitate access for the third party.

In view of the potential size of the renewable energy market and the fact that any one
player will be a small part of it, optimisation of transmission connections over longer
distances to produce lower costs for current and potential new entrants in a locality has
the potential to yield competitive advantage of greater value than that obtained by
keeping out some local competitors. Having to contribute to the initial cost of a scheme is
itself a barrier to entry that can be reduced by co-ordinated planning and sharing of new
transmission resources to achieve economies of scale.

Powerlink also emphasised that there are two elements to the connection of a new
geothermal generator. The first element is the provision of a connection to the network at
a suitable substation, which is priced under the National Electricity Rules. The second
element is the line between the substation and the generator, which is not regulated, and
must be paid for by the proponent. For some geothermal generators, these lines may be
hundreds of kilometres long. These unregulated lines can be built by any organisation, but
the network service provider has no obligation to build or maintain them.

High voltage network assets have an economic working life of 50 to 60 years, over which
the initial capital cost is recouped. If a proponent's geothermal generator has a much
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shorter life expectancy, for example 15 years, then the sunk capital cost has to be recouped
over a much shorter period.

7.2.8 Uncertainties surrounding drilling activities

Uncertainties surrounding drilling activities include:

e Availability of small rigs and crews for exploratory drilling
e Availability of suitable large rigs and crews for deep drilling
e Time required for drilling

e Cost of drilling.

7.2.81 Awvailability of small rigs and crews for exploratory drilling

Proponents were concerned about the availability of small rigs capable of drilling down to
several hundred metres for exploratory work on rock types and heat flow rates. In
particular, they expressed concern that coal seam methane work was likely to compete
with their needs.

7.2.8.2 Awvailability of suitable large rigs and crews for deep drilling

As discussed in the section 6.2 titled Number of existing wells and planned drilling on page
35, proponents were aware that their plays were likely to be requiring large rigs for
several years and that their periods of peak requirements were likely to coincide.
However, the long-term effect of this is unclear. It could result in higher costs because of
competition for drilling rigs and crews to operate them. On the other hand, it could result
in the construction of drilling rigs designed specifically for geothermal work, which could
reduce drilling costs. In addition, the large number of holes anticipated by proponents
could mean that rigs could be contracted to work in one area for a longer period of time,

reducing the time taken to erect and dismantle rigs as they move to new sites.

7.2.8.3 Time required for drilling

Recently published data on the depth of holes and time required to drill them shows that
there is a large degree of uncertainty surrounding the time required for drilling and the
rate of drilling per day.8

Figure 17 shows the depth of drilling and the number of days taken for 43 holes. Note that
deeper wells, where more powerful and larger drilling rigs are used, tended to cover more
metres per day than shallower holes. The R?, which describes the proportion of the
variance of this distribution that is explained by the linear regression, is only 0.1,
indicating that only 10% of the variance is explained.

18 Primary Industry and Resources South Australia. 2007. Tenement activity - petroleum and geothermal. MESA journal.
Number 46. Source: http:/ /www.pir.sa.gov.au/__data/assets/pdf file/0011/58925/M]J46_tenement_activity.
petroleum_geothermal.pdf. Last accessed: 2 May 2008.
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Figure 17 - Depth of drilling and days taken
50
45 + u

40 -

2

>

Z 257 y =0.0037x + 7.1
R?=0.10

0 T T T T T T 1
- 500 1,000 1,500 2,000 2,500 3,000 3,500
Depth (metres)

Figure 18 shows the metres drilled per day by the depth of drilling. While this figure does
show that the more powerful drilling rigs used for deeper drilling can average more
metres per day, there is a high level of variance in the distribution. The R2shows that only
14% of the variance is explained by the linear regression. Taken together, the data for the
number of days and the metres per day show that there is a large degree of uncertainty in
forecasting the speed at which proponents will be able to sink shallow exploratory and
deeper proof of concept, demonstration and production holes.

Ref: J1610 AGEA 49 McLennan Magasanik Associates



INSTALLED CAPACITY AND GENERATION FROM GEOTHERMAL SOURCES BY 2020

Figure 18 - Depth of drilling by metres per day
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7.2.84 Cost of drilling

The cost of drilling is an issue for the proponents who are searching for higher
temperatures at deeper depths. One proponent suggested that the cost of drilling to 4,500
metres was four times the cost of drilling to 3,000 metres. While it was technically feasible
to drill to these depths, or even deeper, the oil and gas industry was not geared up to

provide drilling to these depths as a routine service.

Figure 19 shows the cumulative cost of drilling up to the proof of concept stage, using
data from a presentation by Barry Goldstein of PIRSA.1® The range between minimum and

maximum estimates of costs is very large compared to the minimum estimates.

The Australian Geothermal Energy Group is currently compiling recent historical
information on geothermal drilling costs.2? This will provide data which will allow better
estimates of drilling costs, which will reduce the level of uncertainty surrounding

estimates for future drilling.

19 Goldstein, B. 2007. Australia's energy needs - investing for the future, a focus on peak oil and hot rock energy. Source:
http:/ /www.asx.com.au/investor/ pdf/energy_needs_barry_goldstein_2007.pdf. Last accessed: 28 May 2008.
20 Source: http:/ /www.pir.sa.gov.au/ geothermal/ageg/geothermal_basics/potential_use. Last accessed: 28 May 2008.
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Figure 19 - Cost of drilling to proof of concept stage
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7.2.9 Uncertainties surrounding connection to the grid

Even the most basic form of connection to high voltage transmission lines, a T connection,
is likely to cost $20 million for the transformer, circuit breakers and switchgear. However,
this up-front cost can be reduced if the proponent is prepared to use a second-hand
transformer. However, the trade-off is the potential for lower reliability, and the

knowledge that the transformer will have to be replaced sooner.

A representative of a company which carries out high level feasibility studies for the
connection of generators, such as wind farms, to the grid felt that none of the geothermal

proponents ...

“had a real appreciation of the connection issues ... the connection process, particularly the
delays. The industry needs to get NEMMCO, Electranet and ESCOSA to understand their
process in bringing this generation to the grid ...[in South Australia], the logical way
forward is for the geothermal operators to get together to fund a transmission line that they
share. [In Victoria], it is hard to find connection points because of the level of activity. You
can use either an existing or a new substation ... but it’s the distance to the connection
point, rather than the distance to the transmission line, that matters.

It takes two years to get an offer to connect in New South Wales.

In more remote areas, the barriers to entry are more substantial because of the uncertainty
about long term development plans. The establishment of the National Transmission
Planner by AEMC is intended to improve the planning of new network developments that
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do not depend on a single proponent. This will be very important for geothermal and
solar thermal resources in central Australia which will depend on the new high voltage,
large capacity transmission lines that would be needed if renewable energy from this area
is prospective for large scale development.

7.3 Where will the cost reductions come from?

Generating electricity from geothermal energy requires a marriage of mature and
innovative technologies, and this is reflected in the potential for cost reductions in the
different components. While the development of underground heat exchangers is
innovative, once the hot water reaches the surface, its conversion to electrical energy and
the transmission of that energy to the end-users is mature technology.

For convenience, we have grouped the areas of potential cost savings under headings that
reflect the life cycle of a geothermal project, that is, exploration, proof of concept,
demonstration and commercialisation.

7.3.1 Exploration

Potential areas of cost reductions in the exploration stage include:

a better knowledge of resources across Australia from work by Geoscience Australia,
state geoscience organisations and proponents

e improved data collection and dissemination by some state geoscience agencies
e university courses which focus on geothermal

e improved modelling of heat reservoirs

e refinements in measuring down hole temperatures and heat flows

e slimline drilling of shallow exploration holes.

7.3.2  Proof of concept

Potential areas of cost reductions in the proof of concept stage include:

e greater experience in fracturing

e specialised drillings rigs for geothermal, rather than using rigs optimised for
petroleum drilling

e optimisation of bore diameter.

7.3.3 Demonstration

Potential areas of cost reductions in the demonstration stage include:

e greater experience with installing the above ground facilities, including turbines and
transmission lines
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e greater knowledge of the behaviour of underground heat exchangers
e ability to pump fluids in the range of 180° C to 230° C
e well design, drilling experience (thus time and cost reductions)

e fracture stimulation techniques in the relevant geological setting.

7.34 Experience with installing the above ground facilities

There are a number of companies in Australia with experience in installing the heat
exchangers, turbines and electrical equipment, but proponents do not typically have this
experience in-house. Proponents expected the cost of installing demonstration scale
facilities to improve with experience, and with the evolution of modular demonstration
scale plants.

7.3.5 Knowledge of the behaviour of underground heat exchangers

Very little is known about the behaviour of underground heat exchangers or about the
long-term effects of stimulating these heat exchangers to increase flow rates. Stimulation,
which involves fracturing the rock mass, has been likened to creating 1,000 miniature

earthquakes.
Little is know about flow rates over time after stimulation.

One participant in this study had calculated the flow rates that some projects are
anticipating, and said that they seemed very high when compared to the flow rates from

oil and gas production wells.

7.3.6  Ability to pump water between 180° C and 230° C

In order to extract energy from Australia’s non-volcanic geothermal sources, it will be
necessary to pump water down through injection wells, through cracks in the rocks and

back up to the surface via a production well.

The drilling technologies and pumps developed for the petroleum industry are effective
up to 180° C. Above 180° C, the elevated temperatures and captivation render these
pumps ineffective, although we were told by one proponent that a trial of a pump
designed for 200° C was scheduled in the EU this year.

Above 230° C, a geothermal well will be self-flowing.
Handling fluids in the 180° C to 230" C range will require an R&D breakthrough.

Pumping constraints are one of the reasons that some proponents are currently targeting
rocks that are below 180° C.
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7.4 Commercialisation

Potential areas of cost reductions in the commercialisation stage include:

e proponents buying their own drilling rigs rather than using drilling services providers

e drilling rigs powered by electric motors from nearby geothermal generators rather
than diesel engines (Note that the Lightning rig currently used by Geodynamics is
powered by an AC motor)2

e achieving economies of scale in long distance transmission, including integration of
power transfer requirements with solar thermal resources

e lower cost of capital with increased confidence in the viability of the project.

21 Wilkinson, R. 2007. The Australian. 14 April 2007. Source: http:/ /www.theaustralian.news.com.au/story/
0,20867,21475768-12829,00.html. Last accessed: 28 May 2008.
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10 APPENDIX 1, SUMMARY OF RESOURCE AND
RESERVE CLASSIFICATION

This appendix is based on the work of the Australian Geothermal Energy Group,
Geothermal Code Committee. 2008. Code for geothermal resources and reserves
reporting. Draft version 2.0, February 2008. Page 26.
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11 APPENDIX 2, REVISED WORKBOOK FOR THE
EXPECTED CAPACITY AND ELECTRICAL OUTPUT OF
GEOTHERMAL POWER STATIONS IN 2020

11.1.1 Introduction to the revised workbook

Following feedback on the original workbook, we have revised some of the questions to
improve their clarity, as follows:

e 14 - this question refers to the number of wells drilled by the END of 2010

e 20 - this question about heat recovery rates has been split into two questions, 20a
and 20b

e 25 - this question about the number of proposed wells has been split into two
questions, 25a and 25b

o 42,43, 44 - these questions about the commissioning of the commercial plant have
been superseded by questions in the supplementary question module.

The Australian Geothermal Energy Association (AGEA) has commissioned McLennan
Magasanik Associates (MMA) to provide an independent analysis of the development
plans and forecasts of the capacity and the electricity output of each of the geothermal
energy companies. MMA will use this information to estimate the total installed capacity
and output by 2020 and the likely cost of electricity delivered from geothermal sources.
This information will assist the AGEA to present a credible case when it is seeking
support for the development of Australia’s geothermal energy industry.

Energy used for purposes other than electricity generation is outside the scope of this
assignment.

This workbook is designed to collect information on each company’s operations, which
MMA will analyse to build up a picture of the potential installed capacity and generation
from geothermal sources in 2020.

Any information that you provide will be treated as confidential. The data will be
de-identified as early as possible in the analysis.22 The analysis will aggregate the data in
ways that protect your confidential data.

For the sake of clarity, we ask that you use the abbreviations and acronyms listed at the
start of this workbook. If you need to use additional abbreviations, please explain their
meaning the first time that you use them.

2 MMA operates under the Market and Social Research Privacy Principles.
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We realise that preparing this information will be a time-consuming task. However, the
better the quality of the information, the better the final report will be. We thank you in
advance for your assistance in helping us build a composite, credible picture of the
potential of electricity generation from geothermal sources by 2020.

%Mm

Susan Jeanes
Chief Executive, Australian Geothermal Energy Association

11.1.2 Data workbook

The format for the data is described in this section. You can complete this document and
return it via fax to (03) 9690 9881, or complete the alternative spreadsheet in Microsoft
Excel and email it to Kate Brook at MMA at k.brook@mmassociates.com.au.

The data workbook covers information on the tenements held by your company, financial
issues, general issues and company details.

If your company has more than three tenements, please duplicate the pages. However, if
your company does have more than three tenements, you may find it easier to use the
Microsoft Excel version of the workbook.

If an item is not relevant to your company, please mark it NA for Not applicable. Please
show dollar amounts in current Australian dollars, that is, 2008 dollars. Please add any
additional information that you feel is necessary for us to understand your company’s
estimates of electrical output.

If you have any questions about the items in the workbook, please contact Jim Stockton on
(03) 9674 4718 or via email on j.stockton@mmassociates.com.au.
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11.1.3 Tenements
Table 13 - Data workbook

Tenement identification
designation

State

Locality name

Geological province

Area of tenement (hectares)

Has your company applied
for an exploration licence for
this tenement?

Does your company hold an
exploration licence for this
tenement?

Does your company have
exploration results for this
tenement?

Has your company applied
for a retention licence for this
tenement?

Does your company hold a
retention licence for this
tenement?

10

Has the thermal play been
modelled?

11

What level of information is
held for this tenement? Is it
exploration results, an
inferred resource, a probable
resource, a proven resource, a
probable reserve or a proven
reserve?

12

Number of wells from which
geothermal data is available
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Tenement identification
designation

13

What is the greatest depths of
the wells (m)

14

How many wells do you
expect to drill by the end of
2010?

15

What is the maximum
proposed depth of these
wells? (m)

16

What is the expected cost of
these wells? ($M)

17

Has stimulation testing been
conducted?

18

What is the proposed heat
recovery technology?

19

What is the area of proposed
heat recovery? (hectares)

20a

What is the expected flow
rate? (litres/ minute)

20b

What is the expected
temperature? (°C)

21

What is the distance from the
proposed generator to nearest
electricity transmission line?
(km)

22

What is the voltage of nearest
transmission line? (V)

23

What is the expected
transmission loss factor
between the generator and
the transmission line? (%)
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Tenement identification
designation

24

What is the expected
transmission loss factor
between the connection point
and the end user? (%) (The
grid can also be an end user)

Demonstration phase

25a

How many injection wells are
proposed in the
demonstration phase for this
tenement?

25b

How many extraction wells
are proposed in the
demonstration phase for this
tenement?

26

What are the proposed depths
of these demonstration wells?

27

What arrangements have
been made for drilling rigs?

28

What is the anticipated cost of
drilling for the demonstration
phase? ($ 2008)

29

What is the proposed
methodology for conversion
to electrical energy in the
demonstration phase? 23

30

What is the total installed
capacity of the demonstration
modules?

2 Likely conversion technologies include non-condensing steam turbines which vent to the atmosphere, condensing
steam turbines, binary or Rankine cycle plants, the Kalina system, combined cycle plants, hybrid plants and thermo-
electrical systems. For further information on these technologies, see the report titled Geothermal industry development

framework. workshop 1 issues paper by Sinclair Knight Mertz. Source:
http:/ /www.pir.sa.gov.au/__data/assets/pdf file/0018/60408/

LawlessAGEG_DP_GeothermalResourcesDefinition_2007.pdf.
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Tenement identification
designation

31

When will the first module of
the demonstration plant be
commissioned?

32

When will the last module of
the demonstration plant be
commissioned?

33

How many modules are
planned in the demonstration
phase?

34

What is the expected net
electrical output per year in

the demonstration phase?
(MWh/yr)

35

What is the anticipated cost of
generation during the
demonstration phase?
(8/MWh)

36

What arrangements do you
expect to make for
transmission to a user or the
grid?

Commercial phase

37

How many wells are
proposed in the commercial
phase for this tenement?

38

What are the proposed depths
of these commercial wells?

39

What arrangements have
been made for drilling rigs?

40

What is the anticipated cost of
drilling for the commercial
phase? ($ 2008)
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Tenement identification
designation

41

What is the proposed
methodology for conversion
to electrical energy in the
commercial phase?

42

Deleted

43

Deleted

44

Deleted

45

How many modules are
planned in the commercial

phase?

46

What is the expected net
electrical output per year in

the commercial phase?

(MWh/yr)

47

What is the anticipated long
run marginal cost of
generation during the
commercial phase? ($/ MWh)

48

What arrangements do you
expect to make for
transmission to a user or the
grid?

49

What is the anticipated long
run marginal cost of
transmission during the
commercial phase? ($/ MWh)

50

Do you have any prospects
for further installed capacity
beyond the first commercial
phase at this tenement?

51

Please describe what you plan
to do after 2020?
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11.1.4 Financial issues

Please describe the assumptions that your company is using for the following financial
parameters.

Table 14 - Financial assumptions

Parameter Units Assumption

1 | Size of the commercial MW
development generator
modules

2 | Life expectancy of commercial | Years

generator
3 | Capacity factor of generator %
4 | Real pre-tax WACC %

5 | Capital cost of drilling in 2008 | $/kW
dollars

6 | Capital cost of generation in $/kW
2008 dollars

7 | Capital cost of transmission in | $/kW

2008 dollars

8 | Interest during construction %

9 | Capital cost reduction (per %
year from 2008)

10 | O&M fixed costs in 2008 $/ MW
dollars

11 | O&M variable costs in 2008 $/MWh
dollars

12 | Transmission costs in 2008 $/MWh
dollars

11.1.5 General issues

1. Please describe your company’s experience in managing similar projects.
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2. Please describe the aspects of your company’s project for which your company does not
currently have access to the required intellectual property.

3. How has your company arranged financing to date?

4. How does your company propose to arrange financing in the next five years?

5. Does your company foresee any regulatory issues that could affect the viability of your
project?

6. What is the probability that these regulatory issues will affect your project?

7. What is the probability that these regulatory issues will make your project not viable?
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11.1.6 Company details

Please provide the following information on your company.

Table 15 - Company details

1 | Name of company

2 | Company address

3 | Name of contact person

4 | Contact person’s job title

5 | Contact person’s telephone number

6 | Contact person’s mobile telephone
number

7 | Contact person’s email address

Thank you for providing this information. Please return your workbook to MMA by fax to
(03) 9690 9881 or via email to

k.brook@mmassociates.com.au.
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12 APPENDIX 3, SUPPLEMENTARY QUESTIONS ON WATER
AND DRILLING FOR GEOTHERMAL POWER

12.1.1 Introduction to the supplement

The Australian Geothermal Energy Association (AGEA) has commissioned McLennan
Magasanik Associates (MMA) to provide an independent analysis of the development
plans and forecasts of the capacity and the electricity output of each of the geothermal
energy companies. During discussions with companies, a number of new topics were
raised and these have been synthesised in this supplement to the workbook.

As described for the main workbook, any information that you provide will be treated as
confidential. The data will be de-identified as early as possible in the analysis.2* The
analysis will aggregate the data in ways that protect your confidential data.

%Mm

Susan Jeanes
Chief Executive, Australian Geothermal Energy Association

12.1.2 Data workbook supplement

If your company has more than three tenements, please duplicate the pages or you may
prefer to use the Microsoft Excel version of the workbook.

If an item is not relevant to your company, please mark it NA for Not applicable. Please
show dollar amounts in current Australian dollars, that is, 2008 dollars. Please add any
additional information that you feel is necessary for us to understand your company’s

activities.

If you have any questions about the items in the workbook, please contact Jim Stockton on
(03) 9674 4718 or via email on j.stockton@mmassociates.com.au.

24 MMA operates under the Market and Social Research Privacy Principles.
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14 APPENDIX 5, METHODOLOGY

We contacted 22 companies which have an interest in geothermal energy. Two to these
companies were developing direct heat applications and one was surrendering its
tenement, so they have been excluded from the study. Two more companies said that they
were not sufficiently advanced to provide reasonable data. Seven companies did not
provide data; based on our discussions with them, only one appeared to be likely to be
generating electricity by 2015. Therefore, we conclude that out of the eleven companies
that were approached and are likely to be generating by 2015, ten (91%) provided data.
Table 21 summaries the results.

Table 21 - Response rate

Category Full sample N=22 Likely to be generating by
2015 N=11
Provided data 10 10

Minor players or not advanced enough

2
No data provided 7 1
Direct heat applications 2

1

Surrendering tenements

This response rate identified fewer companies than expected, but it does provide a
snapshot of the geothermal industry in 2008. There are a couple of relatively advanced
players, a couple of moderately advanced players, and a number of start-up companies. In
the words of the company that was surrendering its exploration tenement, “It is not an
industry that can be monetised quickly”. This company was returning to its core business of
oil and gas exploration. All the participants in this study agreed that investing in

geothermal energy was a long term investment.

14.1 The sample

Ten companies completed workbooks covering 40 tenements in the states shown in Table
22. South Australia and New South Wales dominated in terms of the number of
tenements, but there were some from every jurisdiction except the Northern Territory and
the ACT.

Table 22 - Location of tenements

State Number % of tenements
NSW 10 25%
Qld 5 13%
SA 13 33%
Tas, Vic, WA 12 30%
Total 36

The most commonly named location was in or adjacent to the Cooper Basin.
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