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1. BACKGROUND
Indonesia has very significant reserves of geothermal energy. Estimates by Indonesian scientists
range up to 27,500 MW to 30,000 MW. This places Indonesia at the top of worldwide estimates,
with only such countries as the United States, Philippines, Kenya, Ethiopia, Mexico, Chile and
Japan even approaching those numbers. The Government of Indonesia has exhibited varying
degrees of interest over the years in the development of its vast geothermal potential. Periods of
incentives and enthusiasm have alternated with periods in which attention was directed
elsewhere, major economic problems surfaced, and the importance of geothermal energy was
effectively downgraded.
The cost and risk of exploration and development of geothermal energy has been an issue in
determining the future of geothermal energy in Indonesia, as these are seen by private investors
to have a major impact on price of geothermal electricity. The price of geothermal electricity has
been an issue continuously. The following pages examine the nature of geothermal resources,
and the strategies and costs involved in exploration and development, and provide an overview
of methods of mitigating risk.
Following that is a review of the history of geothermal exploration and development in
Indonesia, along with a commentary on the treatment of resource and related risks as seen by
private developers. The final sections review in detail the risk mitigation measures adopted by
the governments of various geothermal nations, along with recommendations regarding possible
continued private investment in the development of Indonesia’s geothermal energy reserves.
1.1 The Nature of Geothermal Systems
Geothermal resources vary widely in characteristics. Some fields produce essentially steam at
what is known as a vapor-dominated system. Pressures in these fields are distinctly subhydrostatic, whereas temperature is constant at around 240°C. The majority of geothermal
systems, however, are water-dominated; such systems are usually referred to as “hot-water
systems” if they contain water only, or “two-phase systems” if they exhibit some steam content
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coexisting with water. Water temperatures suitable for power generation range from a low of
about 100°C to over 360°C. System pressure typically approaches hydrostatic. A number of
fields exhibit a “steam cap” above a hot water reservoir, with behavior in the steam cap typical of
vapor-dominated systems, and typical of hot-water systems in the underlying zones. All these
types are present in Indonesia.
Highest temperature usually is associated with currently active or young volcanism, typically of
highly silicic rhyolite-dacite composition. However, not all volcanoes have commercially useful
geothermal systems. This is true of most basalt volcanism, and occasionally with volcanoes
having a higher percentage of silica. Lower temperature, but still commercial, resources, usually
are found in non-volcanic terrain, or in areas with minimal youthful volcanic activity. These
occur where the “geothermal gradient” is high because the Earth’s crust has been thinned by
expansion; in such areas ground-water can circulate to several kilometers in depth and be heated
by the Earth’s geothermal gradient. Both the youthful volcanic type and the non-volcanic type of
resource is present in Indonesia. The Central Sumatra Basin is an example of the latter.
Additionally, in some fields wells are more prolific than elsewhere, this being a function of
reservoir permeability, well design, and other factors. The most frequent level of well
productivity worldwide is about 5 to 7 MW per well. However, individual wells can reach 40 to
50 MW in initial output. Well output often declines with time as its flow rate and/or enthalpy
declines. As shown in Section 3.2.3, well capacity in Indonesia generally exceeds 7 MW.
Fluid quality also can vary widely. At wellhead, the geothermal fluid may contain entrained
solids, dissolved solids, and non-condensable gases (NCG). These are treated to minimize
erosion, corrosion or scaling in the well, the surface pipelines and separators, and the turbine.
Non-condensable gases, mostly CO2 with minor H2S and other gases, usually are released into
the atmosphere. CO2 concentration typically is between 0.1 and 1.0 % by weight. However, at
some fields, such as Dieng in Central Java, the NCG locally exceed 5 % by weight. Precipitation
of calcite (CaCO3) and silica (SiO2) scale, or strong acidity of the fluid, are avoided or
minimized by chemical treatment in the wellbore.
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In places where permeability is less than required for commercial development it is theoretically
possible to enhance permeability by fracturing of the reservoir. This process, known as
enhanced geothermal systems (EGS) or hot dry rock (HDR), has not yet been shown to be
technologically and economically effective. To date there has been no need for this process in
Indonesia because of the abundance of high-temperature volcanic vapor-dominated, two-phase
and hot-water systems.
1.2 Exploration Methodology and Cost
Not surprisingly, the methods of exploration used, and the cost involved, will vary with the type
of resource. Complicating this are such factors as prospect size, location, accessibility and
availability of support facilities. However, in light of experience to date in Indonesia, a pro
forma programme is used herein for further analysis.
Surface exploration can be divided into reconnaissance and detailed phases. These may be
followed by exploratory drilling, and if successful, by calculation of reserves and well
productivity, and then by development drilling. Drilling will include both production wells and
disposal (injection) wells. At some point in the operation of a commercial geothermal field,
additional wells will need to be drilled, to replace those that have been damaged during
operations, or undergone declines in output in response to flow rate or enthalpy declines, or
chemical degradation in the field. All of these must be accounted for in the calculation of cost of
geothermal energy, and the price to be obtained for geothermal electricity.
Reconnaissance exploration may be targeted to a small area, a single province or the entire
nation. Quite commonly, an agency of national or regional government begins the process, and
may provide sufficient information to eliminate the need for private reconnaissance efforts. The
reconnaissance involves: literature review and data compilation; and field visits to identify areas
and types of youthful volcanism, thermal springs or wells, natural steam discharges (fumaroles),
and other attractive indicators. The latter include: mercury and antimony mineralization;
epithermal gold and silver mineralization; bentonitic or kaolinitic hydrothermal alteration; high
concentrations of lithium, potassium, boron and silica in cool ground waters; certain
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characteristic geologic structures; CO2 and H2S gas seeps; and fracture patterns extending
outward from known thermal areas. To be useful, this information must be published or made
available to inquiry by private entities.
The cost for a province-wide or regional reconnaissance, but excluding a national
reconnaissance, will be typically between US$ 250,000 and 500,000. As this most commonly is
undertaken by government, there is no risk to private entities.
Detailed surface exploration may be undertaken by government or by private entities. In
Indonesia, Pertamina and the Volcanological Survey of Indonesia (VSI) have done much of this
work, augmented by aid programmes of the governments of New Zealand, Japan, and to a lesser
extent the United States and France. This work typically begins with the sampling of springs and
well waters and gases from fumaroles for chemical analysis, and from this the calculation of
probable subsurface temperature (using geochemical geothermometry), definition of the fluid
flow path and fluid state and relationship (if any) to active magmatism. Geochemistry is
followed or accompanied by detailed geologic mapping, to determine probable heat source,
structures controlling or limiting the geothermal system, and nature of and possible depth to the
geothermal reservoir.
Geophysical exploration may take several forms:
x

gravimetry, to provide more control on the definition of faults and other geologic
structures that either bound the reservoir or act as flow conduits in the reservoir, and to
allow better estimation of the thickness of basins;

x

magnetic surveys, from the air or on the ground, to search for zones of hydrothermal
alteration, buried intrusive bodies, and possible magma bodies;

x

geoelectrical surveys, both Schlumberger soundings and magnetotelluric surveys, to
measure variations in the Earth’s electrical field, as a guide to zones of low resistivity
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(high conductivity) at depth, which in turn may indicate the presence of – and depth to –
a geothermal reservoir;
x

active seismic profiling, through the analysis of seismic wave forms and travel time, to
refine the understanding of subsurface structure, especially deep basins and fault patterns;
and

x

passive seismic surveys, to identify micro-earthquake swarms, and travel time delays, as
possible indicators of the location of the geothermal reservoir and the depth to a zone of
very hot, plastically deformed rock.

It is rare for all of these to be done at a single prospect unless an aid project provides
supplementary funding. Depending upon terrain and accessibility, prospect size and complexity,
and the funding source, cost for a typical detailed exploration lies between US$1,000,000 and
1,500,000. Where this is undertaken at the risk of a private entity, cost may be kept to the lower
end of this range.
However, it is increasingly probable that shallow, narrow-diameter holes (slim holes, also called
temperature-gradient holes) will be drilled as the final part of the detailed exploration process.
The number and depth of holes will depend on the prospect and on the clarity of information
obtained in the exploration process. The holes typically are between 100 and 500 meters in
depth, and are designed for the measurement of subsurface temperature and the calculation of
temperature gradient. Fluid samples may be collected for additional geochemical analysis.
Temperature-gradient drilling is typically found to cost between US$ 500 and 800 per meter, for
a cost of US$ 100,000 to 400,000 per hole. For a set of 3 to 5 holes this becomes US$ 300,000
(200 meter depth) to US$ 2,000,000 (500 meter depth). At the upper end, this exceeds the cost
of detailed surface exploration.
In at least 23 Indonesian geothermal prospects, Pertamina has performed such temperaturegradient drilling, with financial support in about one-third of these from the Government of New
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Zealand or Japan, and in one case from the government of the United States. However, in cases
where there has been no prior drilling, or where a private entity has chosen to supplement the
available drillhole data, the private entity has borne the entire risk.
The drilling of deep exploratory holes (typically 1.5 to 3 kilometers in depth in Indonesia)
depends upon favorable results from the earlier stages. Cost per meter has increased enormously
over the past three years, but most recently (2009) has either been stationary or has declined by
up to 10% from its highs. Cost per meter is therefore expected to range from US$ 1,500 to
$2,500, inclusive of the cost of the drilling rig movement between well pads, but exclusive of
initial mobilization charges. Assuming mobilization of the rig to the field to cost from
US$250,000 to 500,000, an initial 3-well exploratory programme would cost between US$ 7 and
23 million.
Comprehensive testing of wells, followed by an assessment of field size, characteristics and
long-term behavior, to determine recoverable reserves and long-term drilling requirements is the
next step. This is done prior to the decision whether to develop the field commercially and to
pursue financing for the development. Cost is about US$ 500,000 to 1,000,000, with the ultimate
product being a ‘bankable’ report based on all of the above.
Here again, Pertamina, and in one case PLN, in a few cases with assistance from the Government
of New Zealand, has borne the cost for at least one deep exploratory well at 19 prospects in
Java, Sumatra, Sulawesi, Flores and Bali. Multiple deep holes were drilled by them at a dozen of
these fields. This represents a total expenditure in today’s Dollars on the order of US$ 100
million dollars. This has proven to be a very significant element of risk mitigation for the private
entities that subsequently continued with field development at the Darajat, Dieng, Sibayak and
Wayang Windu fields. It also allows less-risky investment in several other fields that have not
yet been developed for electricity.
Thus the total costs range from slightly over US$ 7 million for a one-hole programme (perhaps
ending in abandonment of the prospect), to US$ 23 million for a successful programme
involving the drilling of 3 wells. Table 1.1 summarizes the costs of such an exploration project
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conducted from initial regional reconnaissance through to the drilling of discovery wells and
confirmation of the commercial nature of the discovery by well testing and resource assessment.
However, when a private developer calculates the total cost, the sunk cost of unsuccessful
projects inevitably will be considered when determining the internal rate of return (IRR), and
therefore the price demanded for electricity.
Additionally, no cost estimate is given for the necessary and time-consuming work of
establishing a private company, permitting the project, negotiating (in the case of Indonesia) a
Joint Operating Contract (JOC) or a similar required agreement with Pertamina and an Energy
Sales Contract (ESC) with PLN, and performing all necessary environmental surveys and
designing any environmental impact mitigation measures, as well as company overhead for
maintaining a local office, and home-office overhead.
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1.3 Wellfield Development
It should be noted that a 3-well drilling programme may typically yield one successful (future
production) well, one failure, and one that may be converted into a disposal well depending upon
its location within or adjacent to the field, its design, and the downhole permeability. Assuming
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the higher total cost (US$ 28 million) for all exploration plus the 3-well programme, and with
one well yielding 7 MW, the maximum cost per MW is approximately US$4 million.
With development drilling, the success rate rises to as high as 90%. Cost per well decreases with
experience in a given field to an average of about US$ 4 million. However, there is the
additional requirement that one disposal well be drilled for each two or three production wells.
The ratio would be more favorable for vapor-dominated systems, reaching one injection well per
8 to 10 production wells. There is also the necessity of having perhaps 110% of initial steam
demand available at wellhead, to allow for pressure declines in the first few years of commercial
operation, or unexpected well failure. Because of the higher success rate, the total cost, and the
cost per MW will drop markedly in the development stage.
Assuming the initial power plant to be 20 MW, again with 7 MW per production well, at an
average cost of US$ 4 million for remaining wells, cost per MW for an 6 to 8 well total
programme (exploration, production, injection and unsuccessful wells) varies between US$ 2.05
and 3.12 million (see Table 1.1 for details).
For a 50 MW power plant, involving the drilling of perhaps 12 or 15 wells in total, at an average
cost of US$ 4 million for the development wells, cost per MW has dropped, to approximately
US$ 1.38-1.80 million.
If development proceeds rapidly to 100 MW, involving a total of 21 to 25 wells in total, again at
an average cost of US$ 4 million per development well, the cost per MW is still lower, ranging
between 1.09 and 1.35 million
This exemplifies the economy of scale at larger geothermal fields. It helps to explain why
developers of smaller geothermal fields require a higher price per kWh for electricity under the
ESC.
1.4 Design, Manufacture, and Erection of Surface Facilities
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Power plant design options – and their cost – are not unique to geothermal resources. Still, it
must be noted that recent quotations from major turbine-generator manufacturers and EPC
contractors have been in the range of US$ 2 to 3 million per MW. For a 20 MW power plant,
this is US$ 40 to 60 million. For a 50 MW power plant, the cost per MW is slightly lower, at
about US$ 2.0 to 2.8 million, or US$ 100 to 140 million.
For comparison, the recently announced price for a 50 MW development by PLN at Patuha
geothermal field is US$ 143 million. However, this excludes the cost of prior surface exploration
and exploratory drilling (17 temperature-gradient holes and 13 deep wells), the effect of which
was to remove resource risk almost entirely for PLN.
1.5 Operation and Maintenance
Resource risk is reduced very significantly in the course of development. However, new issues
may arise that add to development and operating cost and/or reduce developable power.
Power plant risk specific to geothermal resources include:
x

erosion, scaling and corrosion occurring on the turbine blades and within the pipelines
supplying steam to the turbine.

The effect may be greater at a geothermal plant than for power plants that use essentially pure
water in their boilers to generate steam. This additional risk can result in more frequent
shutdowns to inspect and replace blades or other facilities.
Resource risk can include both fluid-handling and reservoir issues:
x

corrosion from acidic fluids

x

increases in gas content in the produced fluid

x

scaling within wells, wellheads or steam separators
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x

reduction in permeability in disposal wells

x

excessive pressure drop in the reservoir

x

drop in temperature of the produced fluid resulting from breakthrough of injected fluid.

All of these have the potential to add to cost, and thus impact the price required for geothermal
electricity.
Additionally, there are environmental and societal risks that are unique to a geothermal field:
x

operations near an active volcano, leading to fear of induced volcanic eruptions

x

production-caused interference with hot springs and fumaroles

x

production-caused ground subsidence;

x

injection-induced seismicity

All of these have the potential, real or perceived, to interfere with life in local communities,
leading to popular resistance to a project. This can lead to increased cost for mitigation, or even
to abandonment of a project.
Country risk is present in any development project. However, for geothermal projects there is a
long lead-time necessary for exploration, drilling and power plant construction before power can
be generated, with no revenue to the project for several years. During that lengthy period, many
factors can interrupt the project or cause it to be cancelled. Additionally, the need to provide
several years’ worth of “fuel” in wells prior to completion of a power plant (pre-paying for fuel)
adds to financial exposure and vulnerability to country risk.
Each of these factors can – and usually does – increase the difficulty and cost of borrowing
money, and may even lead to an upward renegotiation of financing cost or the stoppage of
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financing. Therefore, there is a financing risk specific to geothermal resource development and
utilization.
These factors are blended into an average O&M cost for geothermal wellfield and power plant
operations, based on studies at several geothermal fields worldwide: US$ 2 to 3 per MWh.
1.6 Assignment of Risk Versus Cost
The resource risks most likely to be borne by government or by some entity other than the
private developer are, in decreasing order of likelihood:
x

reconnaissance evaluation

x

detailed surface exploration

x

drilling of shallow temperature-gradient holes

x

drilling of deep exploratory wells

x

long-term testing, conceptual modeling, reserve estimation, and numerical modeling
(‘bankable’ report)

x

drilling of development wells

However, as shown in Table 1.1, the likelihood of government support to reduce risk is inversely
proportional to the cost of each stage. Regional reconnaissance and detailed surface exploration
represent from 2 to 6% of total cost, depending on the ultimate size of the development in MW.
Adding the cost of drilling temperature-gradient holes increases the percentage to between 5 and
9%. In those cases where the government has drilled deep exploratory wells, the total rises to 7
to 15%. This highlights the importance in risk and cost reduction of government-sponsored or
cost-shared programmes of exploration drilling. The countries that have sponsored such
programmes are discussed in the third section of this report, along with the two cases where a
national entity has paid the entire cost of drilling development wells.
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Therefore, whereas the lesser cost – but high risk – burdens of exploration often are borne by
government, the major cost burden of wellfield development, with its accompanying but lesser
risks, usually is borne by the field developer. Although resource risk is significantly reduced by
the stage of wellfield development, environmental, societal, financial and country risk remain in
varying degree, and can reduce profitability or even derail a project in the extreme case.
There is very little government support for reducing resource risk for an operating geothermal
field. Resource risk during field operation, as noted above, can involve such critical activities as
fluid handling and wellfield management, production/injection strategy, and response to
seismicity induced by fluid injection. Such support as exists usually has come through a
combination of institutional research – sometimes sponsored by the private field operator – and
shared government-industry demonstration projects.
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2. INTERNATIONAL EXPERIENCE IN IDENTIFICATION AND MITIGATION OF
GEOTHERMAL DEVELOPMENT RISKS
2.1 Introduction
Geothermal fields have been developed for power generation in 23 countries, ranging from
approximately 3,000 MW in the United States and 2,000 MW in the Philippines, to
demonstration plants or isolated stations (less than one to 3 MW) in Thailand, Germany and
Australia. The present total installed generating capacity is over 10,000 MW and, worldwide,
development is accelerating, both by private entities and national governments. At least another
1,000 MW either is under construction or has funds committed for construction, in such
countries as Australia, Costa Rica, Iceland, Italy, Kenya, Mexico, New Zealand, Nicaragua, the
Philippines, Turkey, and the United States, as well as in Indonesia.
However, there has been no single model for development of geothermal resources. Even within
a single country, various development models have been adopted, either consecutively
nationwide, or at the same time in different fields. The models fall into 7 broad categories, with
varying degree of reduction in resource risk. The 7 development models are:
x

A single national entity performs the entire range of exploration, drilling, wellfield
development, power plant design and construction, and operation of the wellfield and
power plant. This is financed either by the national treasury, or by treasury in conjunction
with grants from donor nations and loans from international lenders. In this model, risk
is borne almost entirely by the national government, through its treasury or by sovereign
guarantees of loans. The only exceptions are revenues earned from sale of electricity,
and grants from donor nations. This model has been used successfully in Costa Rica,
Kenya, Mexico, and Italy, to name 4 major geothermal nations, and with somewhat less
success in El Salvador and Portugal (the Azores).
2-1

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

x

One national entity performs the exploration, drilling and wellfield development, whereas
another national entity constructs and operates the power plant. Financing of the
exploration and drilling is done by the national treasury, supplemented in part or entirely
by revenues earned from sale of steam or from other activities of that entity. The national
entity constructing the power plant receives financing from treasury or (more likely) from
international lenders protected by sovereign guarantees. Risk is borne by the national
government to the extent that revenues from the sale of electricity may not cover cost.
This usually depends upon national government energy policy. This model has been used
with varying levels of success in the Philippines, New Zealand and France (Guadeloupe),
and less successfully in Turkey and Ethiopia, Kenya has now switched to this two-entity
model. Results in Djibouti, Greece and Bolivia have been completely negative, there
being no geothermal generation.

x

Several entities of national and local government independently explore, drill and
develop geothermal wellfields, and finance, construct and operate power plants.
Electricity is sold within their respective service districts or administrative areas, usually
covering all costs. Risk is borne entirely by these local and national government entities.
This has been done successfully in Iceland.

x

One or more government entities performs exploration, drilling and wellfield
development, and sells steam to an IPP, who converts the steam to electricity in a power
plant that it has financed and constructed. This may take the form of a BOT, usually with
a 15-year term. Electricity is then sold either to the entity selling steam (Costa Rica), or
to a national electric utility (the Philippines). Resource risk is borne entirely by the
national entity. Financial and economic risk is borne by the IPP. The national electric
utility may purchase electricity from the IPP at market price, and then sell it to consumers
at below cost, receiving financial support from the national treasury.
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x

A national entity explores and drills discovery wells, and then offers the discovered field
to private developers by competitive bid. The private entity develops the wellfield,
finances and builds and operates the power plant, and sells electricity either to the
national electric company or into the national grid. The national entity bears the high risk
and relatively low cost of discovering the field, financed usually by the national treasury.
The private developer bears the lesser resource risk but greater financial risk and cost of
building and operating the power plant. This has been done successfully in Kenya,
Turkey and Guatemala.

x

Government entities finance all or a large part of surface exploration and, through grants
or cost-sharing with private entities, finance at least the initial phase of exploratory
drilling. The private entity develops the wellfield and finances and constructs the power
plant, selling electricity into a competitive market. Risk for initial exploration is borne by
the government; risk for initial drilling either is borne by the government or shared with
the private entity. Risk for wellfield development, and financing and constructing the
power plant is borne by the private entity, except in limited cases where a demonstration
grant is given by the government, usually to prove a new concept. This has been done in
Japan and the United States and is being done now in Australia.

x

Government entities perform limited exploration, the data being in the public domain and
accessible by developers. Government entities, privatized, partly privatized or
autonomous government entities, and private companies independently and competitively
continue to explore, drill wells, and if successful build and operate power plants, selling
electricity either within a service district or competitively into a national grid. Electricity
is sold at market price. Revenues are expected to cover all expenses and yield a profit.
Risk is borne separately by the private companies and the government entities, the latter
being supported by the national treasury. This has been done successfully in the United
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States, somewhat successfully in Nicaragua and Russia, and is just underway in New
Zealand and Iceland.
There are additionally individual fields where the mode of operation changed as government
policy changed. Government entities have been privatized, private investors have been invited to
share in further development of developed fields, and service contracts have been issued to
private entities to perform specific stages of exploration, drilling or steam supply. However,
even allowing for mid-stream changes, essentially all activity can be fitted into these 7 models.
Table 2.1 attempts to summarize the efforts at reduction in resource risk achieved through these
various models. It can be seen that for approximately half the countries there has been no effort
to attract or favor private investors. Two of those countries have had extensive support for
exploration from international assistance programmes (China, Ethiopia). In two others (Bolivia
and Djibouti), impressive geothermal fields have been discovered as a result of international
assistance, but there has been no resulting development of geothermal electricity. In some
countries (Chile, Guatemala, Kenya, Nicaragua, and to a lesser degree Turkey) private investors
have become the beneficiaries of international assistance projects involving regional
reconnaissance, detailed exploration, and drilling of wells. Only in 6 countries – Australia,
Germany, Japan, the United States, Turkey and Indonesia – has there been significant reduction
in resource risk to the benefit of private entities as a result of a government programme not
related to international assistance.
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2.2 International Case Histories
Experience in the mitigation of resource risk is discussed in detail for 6 countries. For 5 other
countries, only brief summaries are provided.
2.2.1 Australia
The geothermal resources of Australia are owned by the nation, and are administered in various
ways by both the Federal government and the governments of the several States. Until now there
has been only one geothermal power plant, of less than 1 MW capacity, built by an agency of the
State of Queensland as a demonstration of the feasibility of using low-temperature (90°C)
geothermal waters for power generation. However, interest in the development of Enhanced
Geothermal Systems (EGS, also known as hot dry rock or HDR) has become intense over the
past several years. (EGS involves drilling deep wells into hot but impermeable rock, fracturing
the rock, and flushing it with water to extract the heat for power generation.)
Electricity produced from various sources is sold by the country’s 260 generators (IPPs) on a
competitive basis through the National Electricity Market (NEM), and then resold to consumers
by distribution companies. Australia relies on coal-fired generation for approximately 80% of its
electricity. Partly as a result of this, Australia has the highest per capita emission of CO2 in the
world. Efforts by the present government to reduce emissions and develop low-pollution sources
have led to public expenditure on geothermal exploration. It is the stated policy of the Federal
Government, as passed into legislation by the Australian Senate in August 2009, to have 20% of
electric power generation come from ‘renewable sources’ by the year 2020. This includes
geothermal power.
However, Australia lacks high temperature active volcanic systems, such as are present in
Indonesia or Japan. Therefore, emphasis has been placed on extracting heat from deeply buried
(3 to 5 km) crystalline rocks beneath a sedimentary overburden. These crystalline rocks locally
are enriched in certain isotopes of potassium, thorium and uranium that release heat as they
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decay radiologically. Because the crystalline rocks usually exhibit very low permeability, the
EGS method of heat extraction is considered necessary. A 2007 report by Geoscience Australia,
the Federal agency most closely involved with geothermal energy, has estimated conservatively
that development of just 1% of the energy in EGS to 5 km depth and at a minimum temperature
of 150°C would supply some 144 MW of power generation at 90% probability, and 3,795 MW
at 50% probability. Other estimates of reserves by government and private industry have been
significantly higher. One private company, Panax, has estimated that proven energy reserves on
its licensed areas alone are equal to 1,400 MW.
One private developer has estimated that the wholesale price of geothermal electricity in
Australia will decline as new facilities are added, benefitting from the economy of scale, to as
low as US$ 45/MWh in 2012 or 2013, which they state is 47% less expensive than coal-fired
generation, and 25% less than wind power. There is no independent confirmation of these
claims. By contrast, a projection of costs published without attribution by Reuters news service
stated that geothermal power in Australia would require a price of approximately US$
100/MWh, with solar power at US$150/MWh and wave-power at US$ 225/MWh. In
comparison, base-load power sold to the NEM is now US$ 30 to 50/MWh. This highlights the
uphill struggle faced by the renewables.
The areas of greatest interest, as indicated by licenses and applications for licenses, are in the
State of South Australia, followed by the States of Victoria and Western Australia. Lesser
interest has been shown in Tasmania, New South Wales and Queensland. Presently, nearly
360,000 square km are under license or application. Under the system of licensing of
exploration managed by the various States, more than 40 Australian companies have applied for
at least 383 licenses (as of early 2009). Most licenses have been issued by the State of South
Australia, in part because it was the first State to enact enabling geothermal legislation, and in
part because it was the first to offer cash grants for exploration. Typically, a license allows an
exclusive right to explore for two years, in which time at least one hole to a minimum of 400
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meters is to be drilled. Variances from this are allowed. As described below, several companies
have drilled wells to 2 km or deeper in pursuit of a suitable EGS or sedimentary basin project.
Encouragement for this has taken the form of State and Federal legislation, policies, and
programs to (a) stimulate EGS exploration, (b) define and conduct proof-of-concept studies, and
(c) define and conduct demonstration projects.
Beginning in 2000 and continuing to mid-2009, Federal and State governments have committed
more than US$ 91 million (A$ 114 million) in grants to support up to half the costs of
exploration activities. Of this amount, US$ 40 million (A$ 65 million) is now allocated to the
Geothermal Drilling Program (GDF) on a matching dollar-for-dollar basis, to a maximum grant
of US$ 5.6 million (A$ 7 million) for a single project. Total government expenditures to date
represent approximately 13% of the industry investment in geothermal projects (US$ 260 million
or A$ 325 million) for 2000-2009 period. Government financial support – both in total dollars
and in percentage of total project costs – is to increase as projects enter the proof-of-concept and
demonstration phases.
The Australian Ministry of Resources and Energy launched the first round of bidding for grants
under the GDF early in 2009. Two Australian companies were successful applicants in the first
round, as discussed below. Applications were received in June 2009 for the second round of
grants, but results are not yet available.
The State of Western Australia has established the Co-Funded Government-Industry Drilling
Program to provide grants over a 5-year period from a US$ 16.5 million (A$ 20 million)
allocation. Of this, US$ 2.3 million (A$3 million) is authorized for years 2009-2010. Not as
generous as the Federal fund, the maximum grant is US$ 100,000 (A$ 150,000).
Notwithstanding, several applications have been received.
These expenditures exclude an additional US$ 470 million (A$ 587 million) available in support
of all sustainable energy and non-polluting energy development projects, including geothermal
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energy (the Renewable Energy Demonstration Program). Grant funding for ‘meritorious’
geothermal, ocean energy and biofuel programs (a separate program exists for solar projects) is
to be on a $1 for each $2 spent basis for approved activities.
The State of Queensland recently released the Geothermal Energy Bill 2009, which is intended
to supersede activities under the more complex and less effective Geothermal Exploration Act of
2004. The 2009 bill provides for the granting of exploration and production licenses for
geothermal energy, and the creation of a regulatory system for carrying out geothermal-related
activities. The new bill seeks to abolish the practice of obtaining exploration permits only by
submitting a tender for land specifically released for competitive tender, thus allowing the
exploration of previously unavailable lands.
Specific changes related to the exploration of geothermal resources under the 2009 bill include:
x Increasing the maximum exploration permit area from 600 km2 to 3750 km2;
x Increasing the maximum exploration permit term from 8 years to 15 years;
x Introducing a requirement to relinquish 33.33% of the permit area every five years; and
x Introducing the ability to retain permits by declaring a potential commercial area if the
resource is not yet commercially viable for production..
In November 2009, the Queensland Government announced an investment of A$15 million (US$
13.7 million) over a period of five years in the Queensland Geothermal Energy Centre of
Excellence, in partnership with the University of Queensland. The Centre will be the biggest of
its type in Australia and is aimed at making Queensland and Australia leading technology
providers in the growing geothermal energy sector.
Federal and several State governments have invested several million dollars in basic and applied
research into:
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x

geologic conditions favorable to EGS, including identifying areas of higher crustal heat
flow,

x

methods of heat extraction and conversion to electricity,

x

methods of reducing development costs for geothermal electricity,

x

anticipated future demand for electricity,

x

the capacity of the power transmission grid to handle generation from geothermal sites;
and

x

environmental issues associated with EGS development.

One result of this enormous level of research and grant funding has been the drilling (as of June
2009) of 65 temperature gradient and exploratory wells by 8 companies, to depths between 500
meters and 5 km. The most advanced of these companies, and their present status, are:
x

Geodynamics: 5 wells drilled, to depths between 3.7 and 4.9 km, with maximum
temperatures of about 250°C. As a result of drilling and well testing, Geodynamics is
constructing a 1 MW proof-of-concept facility. To date, they have received grants of
US$ 480,000 (A$ 560,000) from the State of South Australia, and US$ 8 million (A$ 10
million) from the State of New South Wales for exploratory drilling and toward
construction of a transmission line. They also have applied to compete for a US$ 72
million (A$ 90 million) grant to help fund up to one-half of the cost of a demonstration
power plant. Major private investors in Geodynamics include Tata Power, India’s largest
non-government electric utility, and Australian natural gas supplier, Origin Energy.

x

Geothermal Resources Ltd.: Has drilled 4 holes to 500 meters in depth. It is planning to
drill to nearly 2 km in the next stage of exploration.
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x

Green Rock Energy: A well was drilled to nearly 2 km as an initial stage of exploration.
Deeper drilling is planned, beginning in year 2010.

x

Panax Geothermal Ltd.: Has drilled, logged and tested 3 wells to shallow depths.
Drilling of a 4 km exploratory hole is to begin in October 2009. It was a successful
applicant in the first round of the Federal government’s GDF, and received a grant of
US$ 5.6 million (A$ 7 million) toward drilling costs.

x

Petratherm: Via its subsidiary MNGI Pty Ltd., has conducted shallow drilling (to 600
meters). It was a successful applicant in the first round of the GDF of the Federal
government, and received a grant of US$ 5.6 million (A$ 7 million) toward deep drilling
operations. It is also an applicant for funding under the Renewable Energy
Demonstration Program. The Hong Kong firm CLP Holdings has invested US$ 46
million (A$ 57 million) in Petratherm.

x

Torrens Energy: Has drilled 14 shallow holes for measurement of heat flow. Twenty
more shallow holes are planned through year 2010.

Several other companies have re-entered oil and gas wells and mineral exploration holes, to
determine heat flow and to test for permeability, or have announced plans to conduct drilling of
heat flow holes.
Interestingly, three of the companies have entered into geothermal exploration and development
agreements outside of Australia: Greenearth Energy Limited has joined an Indonesian
consortium to explore unspecified prospects. Green Rock Energy has signed an agreement with
a state entity in Hungary to develop geothermal electricity there, and has bid successfully on
geothermal prospects being offered for development by the Philippine Department of Energy. It
also is involved in geothermal ventures in Slovakia and India. Petratherm is involved in a
venture to provide geothermal space heating to an area in Spain. If nothing else, this shows the
strength of private financing available for geothermal companies in Australia.
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Reasons for this strength are: the financial support given by the Federal and State governments
via grants for exploratory drilling; basic research performed by government agencies into the
nature and extent of the EGS resource; research funded by Federal and State governments into
energy conversion methodology; and the stated policy of reducing dependence on coal-fired
generation. Taken together, these actions have greatly reduced the risk associated with
geothermal exploration and development by private entities.
2.2.2 Japan
The geothermal resources of Japan are owned by the nation, but are regulated by local and
regional government. This has included issuing – and in some cases denying – licenses to
develop geothermal electricity. Spa owners have drilled wells in thermal areas, and their rights
are considered to override those of the developers of geothermal electricity. Because there is no
national law regulating this process, and because of the resulting uncertainty, potential offshore
investors have in the past been deterred from applying for licenses. These include Chevron and
Union Oil Company (Unocal – now owned by Chevron).
Many of Japan’s Quaternary volcanic centers are within national parks. Commercial operations
are allowed within zones considered less vulnerable to disruption. As a result, two geothermal
power plants have been developed within national parks, but under strict regulation regarding
size and location.
Japan has had an off-and-on approach to geothermal power development. Research and
exploration began in the 1920s, involving government and university scientists. Exploration and
related research ceased during the Great Depression and World War II, and did not resume until
the mid-1950s. Private companies, including a major private electric utility, were the leaders in
commercial development of geothermal fields in the 1960s. The first geothermal power plants
came on-line in 1966 at Matsukawa and in 1967 at Otake. The former was developed by a

2-12

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

private industrial entity, with geothermal steam sold to a regional electric utility at a negotiated
price. The latter was developed by an electric utility to supply its own service area.
The impetus for large-scale development came as a result of the rapid increase in oil prices
beginning in 1973 and accelerating through the later ‘70s and early ‘80s. The Agency of
Industrial Science and Technology (AIST) sponsored the Sunshine Project beginning in 1974, to
reduce dependence on imported oil. This began the process of systematic investigation of
Japan’s geothermal resources under the aegis of the Government of Japan (GoJ). AIST’s Basic
Survey of Geothermal Resources began in Fiscal 1973. Work performed in the initial 3 years of
activity included: measurement of heat discharge, a survey of hydrothermal alteration areas;
geochemical surveys; gravimetric surveys; geological mapping; photogeology; seismic profiling;
and electrical resistivity surveys – the major elements of surface exploration, and therefore of
risk reduction, all sponsored financially by the Government of Japan.
In 1980, responsibility for continued work was assigned to the newly created New Energy
Development Organization (NEDO). NEDO established a ‘Development Promotion Survey’ to
accomplish the aims of stimulating geothermal development by reducing resource risk. Together
with AIST, NEDO funded an extensive, multi-year program of research. Work progressed from
regional to detailed surveys, leading to projects to demonstrate effectiveness, at which point the
prospects were turned over to private firms for development and construction of power plants.
In addition to surface exploration, the programme included research into power generation,
materials and processes to be used in geothermal operations, environmental assays, and the
drilling of numerous test holes. All of this work was carried out by private entities under
contract to NEDO.
Some of these contractors were assigned those work areas as sites for future development of
geothermal electricity. The cost of drilling exploratory wells was shared equally between the
GoJ, via NEDO, and the private developer. Drilling operations for years 1978 and 1980 show
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that individual exploratory wells went as deep as 1.7 km. In addition, beginning in 1986, NEDO
undertook to pay 25% of the cost of drilling development and injection wells. Together, AIST
and NEDO jointly funded or co-funded over 250 holes, ranging in depth from 80 meters to
approximately 3 kilometers, and with an average depth over 550 meters.
In the 15-year period 1980-1995 at least 55 geothermal prospects were evaluated. The process
under which individual areas were then awarded to developers is not fully transparent. At least
two of these areas (Sumikawa and Takigami) now have commercial geothermal power plants in
operation, and several others are in advanced stage of development planning, awaiting power
purchase agreements before construction can begin. However, issues raised by spa operators
have prevented at least one field from being developed commercially.
This great expenditure of public funds for geothermal surface exploration and drilling was
accompanied initially by construction of a demonstration plant of 1 MW size, used to test
materials and fluid handling.
Various additional financial incentives also were offered by the GoJ. These included loans and
loan guarantees to private developers (Annual Reports of JGEA), partial exemption from
national and local taxes, and assistance with mitigation of environmental issues. As mentioned
above, exploratory wells received a 50% grant, and development and injection wells received a
25% grant. This level of effort to stimulate development of geothermal fields is unprecedented –
and indeed never equaled – elsewhere. The total expenditure by NEDO can only be guessed,
because budgets are not made public in sufficient detail for careful analysis. Clearly, the Yen
equivalent of several hundred million US Dollars was allocated.
However, even with such subsidies, the price for geothermal electricity rarely was competitive
with Japanese hydroelectric and nuclear power. Electric utilities owning and operating
geothermal wellfields and power plants, such as Kyushu Electric Power Company, were able to
more easily incorporate geothermal electricity into their systems than those utilities that would
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purchase steam or electricity from another entity. This factor, along with stabilization of oil
prices, coupled with the decade-long recession in Japan in the 1990s, resulted in a slowdown,
and then a temporary termination, of the Japanese stimulus programme for geothermal power.
However, the past year has seen a renewal of interest by NEDO in funding future programmes.
This is in response to the abrupt rise in oil prices, growing resistance by the Japanese public to
nuclear power development, and Japan’s need to comply with its agreements under the Kyoto
Treaty. The details of a new program are anticipated shortly. It probably will involve surface
exploration of greenfield prospects by private entities under contract to NEDO, followed by costsharing of exploratory wells. Many of the remaining unexplored prospects are within national
parks. Therefore, it remains to be determined to what degree exploration and drilling will be
allowed.
The research, surface exploration, drilling, demonstration projects, and financial subsidies
provided by the GoJ via AIST and NEDO greatly reduced resource and financial risk for the
private entities involved in Japan’s geothermal industry. Indeed, all commercial development
has been by private entities – electric utilities, industrial firms, mining companies and oil
companies. Evidence of the success of this incentive and risk-mitigation programme is seen in
the rate of growth of Japan’s installed geothermal generating capacity. As a generalization, there
is a 5- to 8-year lead time from the drilling and testing of the initial discovery wells until the
commissioning of a power plant. Therefore, the impact of the AIST-NEDO programmes should
be seen first around the year 1983, and continue until nearly the year 2000.
There was 139 MW installed in 1976, as the program got underway; 214 MW in 1985 as the
programme came into full fruition, a more-than 50% increase; and 504 MW in 1994, when the
program effectively came to an end, another 145% increase! For comparison, in the 12 years
following the end of the programme, installed generation capacity increased only by 31 MW, or
barely 7%, to 533. This is shown on Figure 2.1.
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The combination of mitigation of resource risk and financial incentives allowed development of
a resource that otherwise would not have been able to compete against other energy sources in
Japan. It stands as an example for other countries.
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2.2.3 Kenya
The Kenyan nation owns the geothermal resources. The possible existence of high-temperature
resources in the zone of youthful volcanism within the Rift Valley had been recognized during
the British colonial administration. Serious exploration of the resource began in 1970 under
terms of an agreement between the Government of Kenya (GoK), acting through its wholly
owned East African Power and Lighting Company (EAPL), and the United Nations
Development Programme (UNDP). UNDP and EAPL co-financed the project, with EAPL
providing technical and support personnel, facilities, supplies, and in-country travel as its share
of the cost. These costs were covered by revenues from system-wide sale of electricity,
supplemented by allocations from the national budget of the GoK. Ultimately, the GoK carried
the risk of repayment if the project were unsuccessful.
The first set of deep exploratory wells was drilled beginning in 1972. The second well of the set
was successful and is known as the discovery well of the Olkaria geothermal field. However, the
UNDP ceased to support the project thereafter, stating informally that its mission statement no
longer encouraged funding of the high-risk stage of exploratory or confirmation drilling.
Thereafter, the World Bank became the principal co-financier of the Olkaria geothermal project.
Bank Credits were negotiated with the GoK for a range of energy-related projects. These
included continued drilling of geothermal exploration and development wells, and construction
of power plants at Olkaria geothermal field. However, surface exploration and exploratory
drilling extended beyond the original Olkaria field boundaries, and included the Eburru prospect,
some 30 km distant. Therefore, the WB financed the riskiest elements of exploratory drilling,
covered by a sovereign guarantee from the GoK.
World Bank Credits were at concessionary interest rates with an initial grace period and long
repayment times. In 1983, EAPL had been renamed Kenya Power & Lighting Company
(KPLC). Funds were on-lent to KPLC by the GoK at a near-commercial rate of interest. The
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GoK assumed all risk for the project, with the option to recover its possible losses through rates
charged to consumers of electricity. As a part of risk mitigation, the World Bank required that
KPLC hire a reputable and experienced consulting firm to advise and partially manage the
exploration and drilling operations, at both Olkaria and Eburru. The Bank also sent periodic
supervisory missions to evaluate progress and conformity to terms of the Credit.
Under a series of Credits from 1978 to 1993, the Olkaria wellfield was developed and 3 x 15
MW power plants were constructed. Exploration elsewhere in Kenya’s Rift Valley resulted in
the preparation of a catalogue of prospects for future drilling. An estimate of up to 4,000 MW of
geothermal power potential was made in a report by US AID, based on Kenyan work. However,
the drilling of 6 exploratory wells at Eburru yielded ambiguous results, such that it remains
unclear whether the field can support more than a 15 MW power plant. No other prospect has
been drilled since that time, although sites have been prepared at Menengai and Longonot
prospects, and development budgets and timetables prepared for the Ministry of Energy (MoE).
In 1989, the Bank began to require that projects prepare environmental impact reports. It can be
argued that this reduced project risk by identifying, and mitigating, issues that could delay or
prevent the project’s completion. However, it delayed the construction of a 60 MW power plant
at Olkaria for more than one year, adding to project cost and therefore increasing economic risk.
By 1993, the World Bank declined to serve as principal financier for expansion of the Olkaria
field, or for further activities at the Menengai and Longonot prospects. The Bank requested that
the GoK find additional financiers if they wished to continue the development of Olkaria, or that
preferably private investors be invited to develop those areas. It was even suggested by the Bank
that Olkaria field be turned over to one or more private developers (an IPP), who would finance
expansion and sell power to KPLC. The Bank declined to negotiate a new Credit until action
was taken. The issue of corruption within the GoK, along with the unexplained murder of the
Foreign Minister, raised concerns among would-be international donors and lenders. As a result,
the geothermal project was further delayed.
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After intense negotiations between the World Bank and the MoE, it was agreed to divide the
Olkaria field into two parts. Usually it is considered unwise to have two developers operating in
a single field, because of competing demands on the reservoir (see comments on Costa Rica,
below, for an example of this). However, at Olkaria, a natural hydraulic barrier to cross-flow
between the eastern and western halves of the volcanic-geothermal structure had been identified.
This, in effect, allowed the two areas to be developed with very little interference – possibly
none – between them.
The eastern half, containing both the 3 x 15 MW plants and the wellfield for the proposed 60
MW addition (known also as Olkaria I and II areas), was retained by KPLC. The western half,
in which 3 successful wells had been drilled previously by KPLC under World Bank Credits,
was offered for competitive bidding by IPPs. Possibly because of perceived country risk, only
two bids were received. A winner (Orpower) was selected in 1996. That entity, the subsidiary
of an offshore private company, has drilled additional exploration and development wells at its
own risk, and has constructed and operates 48 MW of geothermal power plants in western
Olkaria (also known as Olkaria III). The initial 8 MW plant was self-financed by the IPP. Its
decision to do so partly was based on the data from the existing discovery wells, and partly on
their obtaining a highly attractive power purchase agreement. The price for electricity was
widely reported to be almost US$ 110/MWh, to be renegotiated downward after an unspecified
period. Partly also the decision to self-finance reflected the difficulty of obtaining commercial
loans for projects in Kenya.
The IPP obtained financing for the subsequent 36 MW power plant at Olkaria III from a
consortium of German banks led by Kreditanstalt für Wiederaufbau (KfW). Their decision to
finance was based on the successful operation of the 8 MW station by the IPP, plus the results of
numerical simulation of the greater Olkaria geothermal area by independent consultants. The
simulation confirmed that reserves are more than sufficient for the existing Olkaria I and II
facilities and the proposed developments in the Olkaria II and III areas.
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There had always been other donors and lenders to Kenya’s geothermal project. Under a grant to
the GoK in the mid-1980s, the UNDP and Government of Italy co-financed surface exploration
of an area that included Suswa, Longonot and Menengai prospects. The Japanese International
Cooperation Agency (JICA) earlier (1980-81) had performed limited surface exploration at the
Eburru site. Other international aid groups had financed lower-risk elements, such as
construction of switching yards and power transmission lines, and preparing technical and
economic assessments of the resource. None of these included the high-risk stage of exploratory
drilling. However, more recently (2007-09), the KfW of Germany has co-funded, with the GoK
the drilling of a limited number of step-out wells at an eastern extension of the Olkaria field
known as Olkaria Domes (also called Olkaria IV).
In 1997, KPLC was split into two entities, one being partially privatized. KPLC became the
distributor of electricity throughout Kenya, whereas the other entity, Kenya Power Generating
Company (KenGen), now 30% in private hands, owns and operates the power generation
facilities previous owned by KPLC. This includes the 115 MW eastern Olkaria field (Olkaria I
and II). KenGen also owns development rights to Olkaria IV, as well as to Eburru, Longonot and
Menengai prospects. KenGen sells power to KPLC in competition with the IPP that operates the
Olkaria III field, and against other non-geothermal IPPs. However, the pressing need for
electricity in Kenya assures a market for both KenGen and the IPPs. As evidence of this, in
August 2009, the GoK declared rationing of electricity in Kenyan cities during peak hours of
consumption.
At least one additional IPP has undertaken a review of one or more prospects previously
explored (but not drilled) by KenGen or its predecessors. However, no power purchase
agreements have been signed by them, and no drilling is foreseen in 2009 or early 2010.
According to government documents, KenGen’s geothermal division has been separated into a
new company, Geothermal Development Company Limited (GDC), which is to remain owned
100% by the GoK. GDC will receive its annual budget from the GoK via the MoE. GDC will
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perform surface exploration and exploratory drilling at any prospect not currently under
development by KenGen or IPPs. Steam from successful drilling and testing operations will be
offered for sale to KenGen (first right of refusal). If KenGen declines, steam is to be offered to
IPPs. It remains unclear what will be done if no purchaser is found, although GDC has legal
authority to construct power plants and generate electricity. This process is designed to meet the
growing national needs for electricity, projected at over 7% per annum, as well as to ensure that
private investors in KenGen are shielded against the high risk of exploratory drilling in new
fields. It remains unresolved whether GDC will at some later date be allowed to accept private
investment. If so, it may end up in competition with KenGen. GDC is to begin drilling at
Menengai prospect early in 2010.
Plans have been drawn for the sale by the GoK of an additional 19% of KenGen, to make a total
of 49% in private hands. This may be done in 2010, depending upon market conditions. The
GoK attempts to mitigate its resource and development risk by enlisting a board of geothermal
consultants to offer advice on every step of exploration, wellfield development, and power plant
construction and operation. KenGen also employs consulting firms to advise on optimization of
continued field development.
In summary, to date, the GoK has borne almost all of the risk of surface exploration, exploratory
drilling, wellfield development, obtaining financing and constructing geothermal power plants.
The exceptions have been the well drilling and power plant construction at Olkaria III by an IPP,
and grants by donors that covered lower-risk elements elsewhere. At Olkaria III, the IPP has
obtained commercial loans based on prior operational results and on the findings of an
independent numerical simulation of reserves. As an aid in the continuing process of
privatization, KenGen has been removed from all resource risk. KenGen continues, of course, to
carry the financial and economic risk associated with geothermal projects. The success of this
strategy will depend upon the continued willingness and financial capability of the GoK to fund
the newly created GDC year after year in the high-risk stage of exploratory drilling. Despite the
critical need for electricity in Kenya, country risk remains an important factor in attracting IPPs.
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2.2.4 The Philippines
The geothermal resources of the Philippines belong to the nation. The exception to this is that in
tribal areas, free and informed consent of the tribes is required by law before a geothermal
project can be considered for approval. Given that a certain degree of lawlessness and corruption
is present, this is not always a free or an informed consent.
Initial research and surface exploration was conducted by the national Volcanological Institute of
the Philippines at several sites in the volcanically active archipelago. This included shallow
drilling at one site (Tiwi) in the 1960s. However, by 1970, a joint venture combining an offshore
private company (Union Oil Company of California, or Unocal) and the Philippine National
Power Corporation (NaPoCor) had begun further exploration at that site, leading in 1971 to the
drilling of deep exploratory wells. NaPoCor and Unocal established a joint operating committee
with a joint annual budget, covering Tiwi and the Makiling-Banahaw (MakBan) prospect, both
concessions being on Luzon. Drilling began at MakBan in 1974.
The authority for this is vague, as no there was no provision in Philippine law allowing private
development of the geothermal resource. To get around this, the private developer was
considered to be a contractor to NaPoCor. However, the Service Contract system for geothermal
projects was not established until 1978 by Presidential Decree 1442. The Service Contract
provided an exclusive right to explore for 5 years, with a 2-year extension allowed, followed by a
25-year right to develop and produce steam or electricity, extendable for 18 years. This comes to
a total of 50 years for a successful project.
Successful drilling at Tiwi led to the decision by 1973 to develop the field and build power
plants. Three years later, a similar decision was made for MakBan. Under their agreement,
Unocal assumed the responsibility and the risk for drilling and wellfield development and
operation, which was financed from their on-going oil and gas operations. This was typical of
the practice followed by other large, mostly North American oil companies (Chevron, Shell, Sun,
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Arco) in geothermal operations in the United States. NaPoCor assumed the responsibility for
financing and constructing power plants. This was done via loans from international
development banks, with a sovereign guarantee. Thus, despite their joint operating committee,
each entity financed its share of operations separately.
Power plants totaling 330 MW were built at Tiwi and 425 MW at MakBan. Unocal in effect
sold steam to NaPoCor. NaPoCor built and operated the power plants and sold electricity
through the grid. The contract for sale of steam included clauses for bonus payments to Unocal
for exceeding requirements and penalty payments against NaPoCor for failure to purchase or pay
promptly (‘take-or-pay’ clauses). Independent consultants were employed to review decisions
and to run numerical simulations for continued field operations and further development. This
agreement, with modifications to reflect Philippine legal and fiscal conditions, remained in effect
into the 1990s.
The Philippine National Oil Company (PNOC) was created by Presidential Decree 334 in 1976.
PNOC established a subsidiary, Energy Development Corporation (PNOC-EDC) specifically to
explore and develop the Tongonan prospect on the island of Leyte. Government-owned PNOCEDC received its budget from parent PNOC, which in turn obtained revenue from on-going
operations. In 1980 an agreement was signed with the Government of New Zealand (GoNZ)
regarding Tongonan. Under its terms, GoNZ provided at its expense and risk the services of a
private contractor to supply technical expertise in exploration and exploratory drilling, and
training to PNOC-EDC staff.
Drilling of the initial 3 wells encountered a highly productive geothermal reservoir. Using
Credits from the World Bank, NaPoCor committed to build a geothermal power plant at
Tongonan, and subsequently at other fields (Palimpinon on Negros Island, and Bacon-Manito or
Mak-Ban on Luzon) that had been explored and drilled by PNOC-EDC. All resource risk was
borne by PNOC-EDC, and thus by the Government of the Philippines (GoP). Later, an interisland submarine cable was financed and constructed by NaPoCor under WB Credit, connecting
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Tongonan to the major electricity market of Luzon. A sovereign guarantee placed all
construction risk on the GoP. PNOC-EDC continued to sell steam to NaPoCor, and the latter
generated and sold electricity through the grid.
However, by the mid-1980s, NaPoCor was under financial pressure. For years, NaPoCor, under
government order, had sold electricity at less than cost, as a means of spurring economic
development nationally. IPPs were invited to build and operate power plants under BOT terms
and conditions at the Tongonan and Mt Apo geothermal fields, selling power to NaPoCor. An
exemption from import duties was granted to the IPPs for imported items, and capital investment
was allowed a 10-year depreciation. The BOT contracts included guarantees by PNOC-EDC
against failure to supply steam of required quantity and quality, and by NaPoCor against failure
to accept or pay for electricity. These were not sovereign guarantees, but instead were backed by
each state-owned entity based on revenues from sale of oil products and electricity. Despite this,
NaPoCor was occasionally late in making payments for electricity to the IPPs.
Geothermal development slowed in the 1990s, although power demand increased and often
could not be met by NaPoCor. By the year 2000, the situation had become critical. NaPoCor
was behind in payments to PNOC-EDC for steam supplied at Tongonan and other fields, and
faced insolvency. In response, the Philippine Congress in 2001 passed the Electric power
Industry Reform Act (EPIRA), with the aim of restructuring the entire power sector.
EPIRA had, among other aims, “to enhance the inflow of private capital and broaden the
ownership of the power generation, transmission and distribution sectors”. To accomplish this,
EPIRA established the Public Sector Assets and Liabilities Management Corporation (PSALM).
PSALM is charged with privatizing at least 70% of NaPoCor’s generation assets, including Tiwi,
MakBan, Palimpinon, BacMan, Tongonan and Mt. Apo geothermal facilities. In the sale of
geothermal assets by competitive bid, the ‘steam field and generating plants shall not be sold
separately.” Although speed was urged, PSALM was given a maximum of 8 years to
accomplish this. Existing IPP contracts were to be reviewed, to eliminate all “unjust” terms.
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Likewise, the PNOC-EDC contracts with NaPoCor were to be reviewed to eliminate “hidden
costs.”
Private Philippine entities have bought the geothermal wellfields and power plants at what
appear to be very high prices, especially considering that these are mature fields, in some cases
experiencing pressure declines. The private entities sell electricity to the national marketing
board under the terms of new tariff schedules. No specific risk mitigation measures have been
adopted, apparently because each field is a proven entity with significant power generation
capacity. No new power plant construction has been announced. Where wellfield rehabilitation
is needed, or where modifications to power plants are required, the risk and cost is to be borne by
the IPPs. This apparently will be covered by the sale of electricity, augmented where needed by
in-house corporate funding. No applications for commercial funding for such activities have
been announced.
Beginning in 2006, the EDC also was privatized and sold to a private Philippine entity. That
entity is also the major purchaser of NaPoCor’s geothermal assets. Therefore, the nowprivatized EDC has remained one of the largest participants in the Philippine geothermal
industry, with ownership of wellfield and power plants at Tongonan, BacMan, Palimpinon, Mt.
Apo and North Negros. At Tiwi and MakBan, Chevron, the successor-in-interest to Unocal,
operates the wellfield and supplies steam to the power plants under a Service Contract. Resource
risk associated with drilling of any new wells is, as mentioned in the preceding paragraph, the
responsibility of the IPP (in this case, the privatized EDC).
PNOC has since established a new geothermal division, called PNOC Renewable Energy, and
has discussed plans to obtain permits from the Department of Energy (PDoE) to explore and
develop geothermal prospects. This would renew the government’s involvement – and risk – in
the resource side of the geothermal industry. At least 3 other Philippine and offshore investor
groups have obtained permits for specific geothermal prospects from PDoE. Some of these areas
had previously been drilled by the original PNOC-EDC, but were not considered ready for
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development. One other area was explored and drilled to shallow depth (375 meters) by a
private entity in the early 1980s, under a permit issued by the former Bureau of Energy
Development (BED). A permit to develop that prospect has been granted by the PDoE to a
private Philippine entity, but that permit is being challenged legally by others under the claim
that no free and informed consent was obtained from local tribal groups.
The Renewable Energy Act passed in December 2008 provides specific and attractive benefits to
companies involved in geothermal exploration and development. Terms include a 7-year tax
holiday on capital goods; reduction in corporate income tax from 30% to 10%; exemption from
VAT; and reduction in royalty to be paid the GoP on sale of electricity from 6% to 1%.
Although not specifically designed to reduce exploration risk, the incentives have spurred EDC
to declare its intention to perform surface exploration and drill exploratory wells at its own risk
with the aim of developing up to 350 MW of geothermal electricity.
In February 2010, the Department of Energy (PDoE) signed in a $1.5 billion investment for 112
renewable energy project contracts, including 68 mini-hydroelectric, 5 geothermal and 17 wind
energy projects with total estimated investment of US$ 1 billion, with the remaining US$ 500
million going to biomass projects, under the Renewable Energy Service Contracts (RESCs). The
PDoE noted the significance this investment holds for the continued confidence of both local and
foreign investors on the emerging renewable energy (RE) industry.
To summarize, the Philippines has seen several widely differing approaches to geothermal
exploration and development. The placement of responsibility for wellfield with one
government entity, and for power generation with another, eventually failed, as has been the case
in several other countries. Privatization has now unified surface exploration, exploratory
drilling, wellfield development, power plant design and construction, and operation of wellfield
and power plant in the hands of individual private entities. Financial incentives offered under
recent Philippine legislation appear to be a spur for further high-risk efforts in exploration and
drilling.
2-26

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

2.2.5 Turkey
Ownership of Turkey’s geothermal resources belongs to the nation. Administration of the
geothermal resource has been divided between the national and provincial governments. Serious
exploration began in 1962, by the national General Administration of Mineral Research and
Exploration (Maden Tetkik ve Arama, or MTA). Because Turkey does not have major zones of
Quaternary volcanism, exploration concentrated on extensive areas of thermal springs in western
– especially southwestern – Turkey. These springs apparently reflect very deep circulation of
meteoric water along east-west-trending faults.
Beginning about 1967, exploration focused on Kızıldere. This was done under terms of a loan
from the UNDP to the Government of Turkey (GoT), via the MTA. GoT assumed all project
risk, including the risk associated with exploratory drilling. To partially mitigate the risk,
international experts were contracted to manage surface exploration and drilling of exploratory
wells. A discovery well was drilled at Kızıldere in 1968. The MTA was able to convince the
government-owned electric power monopoly, Turkish Electricity Authority (Türkiye Elektrik
Kurumu or TEK) to build a power plant at Kızıldere. A 20 MW geothermal power plant was
constructed and commissioned in 1984.
MTA retained the responsibility for operation and maintenance of the wellfield and power plant
on behalf of the successor of TEK, Turkish Electricity Generation-Transmission Corporation
(Türkiye Elektrik Iletim Üretim, or Teas). Costs for the project were to be repaid through
revenue from sale of electricity.
However, for various technical reasons, the Kızıldere plant never operated at full capacity. It is
now understood that the original wells did not enter the main geothermal reservoir. Pressures
quickly declined; calcium carbonate scaling became a maintenance problem. Sustained
production of electricity dropped as low as 10 MW in the year 2000. Efforts by MTA to restore
full production, through drilling to greater depth and by reconditioning existing wells,
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subsequently have achieved a maximum sustained output of slightly over 17 MW. At various
times, MTA attempted to interest IPPs in taking over operations at Kızıldere, but was prevented
from doing so by the lack of a law allowing private investment in the production and sale of
geothermal electricity.
Over the intervening years, MTA continued exploration of numerous prospects in western
Turkey, and to a lesser degree in central and eastern parts of the country. This included geologic
mapping, geochemical sampling of selected thermal springs and wells, geophysical surveys in
the major east-west fault zones, and the drilling of more than 300 wells to depths of 300 to over
2,000 meters. Data for all this work are presented by MTA in Türkiye Jeotermal Kaynaklari
Envanteri, the inventory of Turkish geothermal waters, published in 2005.
MTA financed the surface exploration from its annual budgets, and provided 18% of the total
cost of drilling. However the administration (Genel Müdürlügü) of the Provinces and
Municipalities in which drilling took place funded nearly 70% of the cost of drilling. The
remaining expenditure was financed either by other national agencies or by private companies
seeking hot water for use in spas and hospitals, or for use in district heating, heating of
greenhouses, and other direct applications. This was accomplished through agreements between
MTA and the various regional and local governments and private companies. In effect, MTA
served as a service contractor. Risk was borne entirely by the entity financing the drilling.
Most of the drill sites were in areas known to have thermal springs, or to be structural extensions
of known zones of thermal water. Perhaps a dozen encountered temperatures suitable for power
generation. However, this extensive inventory provided the necessary knowledge for subsequent
commercial development of geothermal power in Turkey.
At one site drilled successfully in 1982, Germencik, MTA briefly entered into an agreement with
an IPP to construct a power plant. However, because of a lack of legal authority for this, the
agreement lapsed.
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In 1994 and 1997, legislation was passed by the Turkish Parliament to allow IPPs to buildoperate-transfer (BOT) and build-operate-own (BOO) power plants, with electricity to be sold to
TEAS. However, this did not specifically allow private development of geothermal resources for
power generation. In 2004, the GoT issued a decree that effectively privatized the state-owned
generating companies. TEAS was replaced by the Electricity Generating Company (EUAS), and
stripped of its authority to distribute electricity. This decree has been interpreted as allowing
private investment in the development of geothermal resources for power generation, under
license from either the MTA or the Provinces and Municipalities.
A Turkish IPP thereupon entered into a licensing agreement with MTA for Germencik, and
proceeded rapidly to drill development wells and construct a 46 MW power plant. Prior drilling
by MTA had encountered a reservoir at over 230°C, thereby showing the existence of a
commercial resource, and eliminating the major element of resource risk. The Turkish IPP
assumed the risk of developing the commercial wellfield, along with constructing the power
plant, and operating wellfield and power plant. To further reduce resource risk, in order to
obtain commercial financing the lender required that a conceptual model be made of the field,
and numerical simulation be made of reserves, by an independent expert.
Another Turkish IPP has taken licenses at Salavatlı (also called Sultanhisar). This area had been
drilled by MTA in 1987 with results that were encouraging, although not definitely commercial.
The IPP has proceeded to drill additional wells and to construct 2 x 8 MW power plants in the
licensed area. The resource risk here was significantly greater than at Germencik, because of
lower temperature (172°C), necessitating the use of binary cycle generation, and fewer
exploratory wells on which to base a development plan. The risk was assumed entirely by the
IPP. The Kızıldere wellfield and power plant were sold in 2008 to another Turkish IPP. The IPP
has the responsibility – and has assumed the risk – for bringing the field back to its nominal 20
MW capacity, and for drilling additional production wells to a greater depth than the original
wellfield, in order to expand generation. Activities at Salavatlı and Kızıldere are financed by the
IPPs with commercial loans from Turkish banks.
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MTA subsequently has held competitive auctions for licenses in areas that it has reserved for
itself. These include the Alaşehir, Salihli and Yilmazköy prospects, in which drilling has
encountered potential reservoirs at temperatures of 146° to 213°C. These have a reduced – but
not eliminated – resource risk. By contrast, several IPPs have purchased licenses from the
Provinces and Municipalities on a first-come, first-served basis. Not surprisingly, those areas
that had been drilled by MTA have been taken under license in great numbers. For some of
these, the resource risk has been reduced because subsurface temperatures range upward from
about 100°C, a minimum for possible binary cycle generation. Even for those prospects,
resource risk remains significant.
However, many ‘greenfield’ areas have been taken in license by would-be developers. These
either have never been drilled, or have had discouraging results in drilling. Still, some of these
greenfield areas have had significant surface exploration – geologic mapping, electrical
resistivity surveys, possibly seismic reflection surveys – but most are chosen solely on the basis
of location within a few kilometers of a thermal spring. Over one thousand licenses, of irregular
shape and size, have been issued, in what can best be described as a geothermal land rush.
Licenses from the Provinces cost approximately US$ 20,000, which in some cases is greater than
the money received by MTA from the auction of low-temperature prospects, not suitable for
generation of electricity. Resource risk for greenfield prospects is borne entirely by would-be
developers.
The question arises why would-be developers are rushing to license so many greenfield
prospects. The answer may be that under recently drafted legislation currently before the
Turkish Parliament, electricity generated from ‘renewable’ sources – including geothermal
energy – will receive a premium price between € 0.07 and € 0.25 (equal to US$ 0.09 and $ 0.33)
per kWh. The average price increase is nearly double the standard off-peak price paid to ‘nonrenewable’ generators. Additionally, the draft law provides for a pool to be managed by the
Market Financial Settlement Center (PMUM), into which all suppliers of electricity must pay,
and from which renewable energy generators will more easily collect their revenues, thereby
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enforcing an offtake-guarantee for the sale of the electricity at a fixed price currently higher than
the current legislation mandates. These incentives appear to be sufficient to encourage licensing
of high risk prospects.
It remains to be seen how many of these will be drilled, and with what result. It appears that
some prospective IPPs are simply holding licenses (3 years exclusive exploration rights, with a
fourth year allowed by application) with the hope of selling them for a profit. Licenses not
resulting in the drilling of a confirmed discovery well are void after the fourth year.
In past years, the GoT (via MTA and TEK/TEAS) and the Provinces and Municipalities have
borne the entire risk associated with geothermal projects. IPPs taking license are now assuming
these risks, although resource risk in many cases has been reduced by previous surface
exploration and drilling of test wells by MTA. The premium price available for electricity from
‘renewable’ sources appears to be driving the rush to license greenfield areas.
2.2.6 United States
The geothermal resource is owned variously by the Federal government, individual States, Indian
tribes, and private entities; however, a private entity may or may not have ownership of the land
surface. That is, surface and mineral estates have been severed in many sales transactions.
Rights to develop the geothermal resource must be obtained from the party or parties owning it.
If surface and mineral estates have been severed, right to trespass must be obtained from the
surface owner. Regulatory authority likewise is vested with various Federal, State and local
government agencies.
Any entity receiving the appropriate legal authorization is allowed to generate and sell
electricity. This may involve several agencies for such matters as water rights or water quality,
environment, and preservation of historic or religious sites, as well as public convenience and
necessity for the project. Sale of electricity largely is controlled by market conditions, usually
reflecting arms-length agreement between the buyer and the seller. More recently, there have
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been legislative mandates in various jurisdictions that set aside a portion of the market for
‘renewable’ energy sources. Over the past several decades there have been entities that sold
steam to power plant operators, entities that generated electricity from steam and sold it to
franchised electric utilities, and entities that generated geothermal electricity and distributed it
within their service area.
Although exploration and exploratory drilling began in the 1920s, it was not until 1960 that the
first geothermal power plant began operating at The Geysers field in California. The wellfield
operators (Thermal Power Company) sold steam to the regional electric utility, Pacific Gas and
Electric Company (PG&E). Drilling and wellfield development was entirely at the risk of the
steam supplier. PG&E’s concern that steam supply would not be sufficient was mitigated to a
large degree by assessment of the resource, and forecasts of reserves, by independent experts.
PG&E paid the steam supplier (Unocal replaced Thermal Power) in US cents per kWh generated
rather than per ton of steam supplied. This arrangement did not encourage the electric utility to
increase the efficiency of conversion of steam to electricity. In effect, it allowed wastage of the
resource, while reducing risk to the utility. The developer, in effect, had to drill additional wells
at its cost and risk, to make up for the wastage of steam.
This practice continued until the late 1970s, when another electric utility (Northern California
Power Agency, or NCPA) acquired part of the field from a risk-taking oil company (Shell Oil)
that had successfully drilled step-out wells beyond the area previously developed. Field
development after that date was based on sale of electricity rather than of steam. With that
change, the required steam rate per MW generation at new power plants was brought down,
increasing conversion efficiency by more than 30%. This directly reduced resource risk, because
fewer wells were needed for each new power plant.
Ultimately, 19 power plants were built at The Geysers, with installed generating capacity in
excess of 2,000 MW. Four electric utilities either generated electricity for their own use or

2-32

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

bought electricity from field operators. However, because the 6 wellfield operators did not share
data, and had no reservoir unitization agreement, the field was overdeveloped, and production
dropped sharply after 1989. Thus, the large number of wellfield operators and the lack of
agreements between them resulted in increased resource risk: too many wells were drilled,
wellfield pressure dropped precipitously, and still more wells were needed to supply enough
steam at the required pressure.
In 1973, the leasing of Federal land for geothermal development began for the first time. This, in
effect, opened large areas of the western United States to geothermal exploration. Federal and
State agencies and individual university researchers conducted and published work on the nature
and extent of the geothermal resource, exploration methodology, drilling technology, energy
conversion technology and related matters. In a few instances, State and Federal agencies drilled
exploratory wells into greenfield prospects and published the results. These wells were financed
as part of the budgets of the various agencies. Examples include: drilling of exploratory wells to
1,500 meters at Raft River, Idaho with funding from the Department of Energy (DOE); drilling
into the crater of Kilauea volcano, Hawaii, by the U.S. Geological Survey; drilling of a 600meter-deep hole at Mt. Hood volcano, Oregon, by the DOE; and the drilling of a 600-meter-deep
hole in Imperial Valley, California, by the California Department of Water Resources. By
improving the understanding of various geologic environments, wells such as these helped
reduce resource risk elsewhere.
The Public Utility Regulatory Practices Act (PURPA) was passed in 1979 by the Federal
Congress in response to the energy price increases of the 1970s, as part of the process to reduce
dependence on imported oil. It established significantly higher prices for geothermal energy.
This was the so-called ‘avoided cost’ requirement. That is, the geothermal power supplier would
receive a price, converted into US cents per kWh, equal to what an electric utility would
otherwise spend if it were to construct a new power plant. The rapid inflation of the late 1970s
and early 1980s, coupled with the liquidity shortage, resulted in a very high cost for loans. This
raised the cost of new power plant construction sharply, which was translated into avoided costs
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of up to US 5 cents per kWh as base load. Very attractive PURPA Standard Offer contracts were
available for a limited period, generally 10 years, after which the price per kWh would revert to
the utility system’s average price per kWh.
In effect, PURPA stimulated the drilling of geothermal wells in greenfield areas as well as in
developed or previously discovered fields. Resource risk was borne by the developer, in part
lessened by the availability in the public domain of the results of prior exploration. Basically,
however, it was the sudden opening of the market under PURPA that encouraged risk-taking.
More than 50 prospects were drilled by private entities in the years 1979-1985, with hole depth
varying from 300 meters to over 3 km. This resulted in the discovery of major geothermal fields
in Imperial Valley, Medicine Lake, Coso and Long Valley, all in California; Puna, Hawaii;
Cove Fort, Utah; Dixie Valley, Steamboat Springs, Desert Peak, Beowawe, Soda Lake,
Stillwater, Wabuska and Empire, Nevada; and Dutch Harbor, Alaska. At all but two of these,
power plants have been constructed.
Between 1980 and 1982, Federal legislation and regulatory decisions provided several additional
and significant risk-mitigation measures. The Federal government agreed to guarantee up to
80% of the value of loans taken by private geothermal companies for wellfield development and
power plant construction at discovered fields. This increased the ability of geothermal
developers to raise money via commercial loans, while reducing borrowing costs. Seven loan
guarantees were issued; few defaulted. The Federal government also promoted a scheme of
reservoir insurance, whereby a would-be developer was insured against failure of the resource to
satisfy requirements under a power purchase agreement. However, because of the steep cost of
premiums – equal to between 2 and 5% per annum of the face value of the policy – the concept
failed to take off commercially.
The DOE also established a data-purchase program, in which companies could sell the
information gained by drilling to the Federal government. In most States, data from holes drilled
on private land is not released to the public unless authorized by the company that owns the
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project. Under this program, the government bought data on geology, temperature, and other
factors, and in turn released the information into the public domain, where it could be used by
other companies, as well as by academic researchers, to improve understanding of geothermal
systems, and to evaluate specific geothermal prospects. Payments were on a per-foot-drilled and
logged basis, and limited to one-half of the approved costs. In effect, this was a plan for costsharing of drilling between the DOE and private developers.
In this way, data were acquired from 14 deep exploratory wells. As one example, a 3-km-deep
hole was drilled at Ontario, Oregon under an agreement between a major private landowner and
the DOE.
The DOE also sponsored research at several universities and laboratories toward improving the
state-of-the-art of various aspects of geothermal technology. DOE also sponsored demonstration
projects, to improve well productivity by hydraulic fracturing, and to test fluid handling and
power generation concepts.
One of the most important of these was the work at Fenton Hill, New Mexico. This represented
the initial work on the concept of enhanced geothermal systems (EGS). Over a period of a dozen
years, 2 wells were drilled to over 3 km depth, and the region between them was fractured
hydraulically and tested. This allowed the measurement of fluid movement between the two
wells, and the calculation of heat transfer from otherwise impermeable rock suites. In excess of
US$ 40 million was spent in the process. Similar projects were undertaken subsequently in the
U.K., Japan and France, with funding from national sources in those countries. The results from
Fenton Hill and the other demonstration projects now form the basis for the on-going
commercial development of EGS in Australia.
However, most surface exploration and drilling was done by private entities at their own risk and
expense, and results were not made available to the public. This resulted in some duplication
and waste of effort, as has been described for The Geysers. Risk money either came from
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operating budgets of large oil, gas and mining companies and electric utilities; or from stock
offerings and private placements by smaller entities. There was relatively little debt financing of
exploration. It was considered reasonable to risk venture money under the price incentive and
market opening provided under PURPA.
In the early to mid-1980s, the process of binary-cycle power generation was commercialized for
use in geothermal fields, principally by The Ben Holt Company and the Israeli-American
company Ormat. This allowed the use of fluids previously considered too low temperature for
efficient power generation. The effect of this was to mitigate resource risk enormously. Several
previously drilled fields were recognized as having the ability to sustain electric power
generation, and power plants were installed at places where subsurface temperature ranged
between 105° and 180°C.
In 1975, the first year of federal incentives, installed geothermal generating capacity in the
United States was 396 MW, entirely at The Geysers field. By 1989, 21 geothermal fields had
been developed commercially in 4 States (California, Nevada, Hawaii and Utah), and
exploratory drilling had taken place in 5 others (Oregon, New Mexico, Alaska, Idaho, Arizona
and Colorado). At its peak in the late 1980s, over 3,000 MW of geothermal generating capacity
had been installed.
The increase seen in between 1975 and 1989 can be attributed to 4 factors described above:
x

Sharply increased prices for geothermal electricity under PURPA Standard Offer
contracts

x

Other Federal and State programs to reduce risk through development incentives, in part
under the Federal government’s Energy Independence program

x

Commercialization of the binary cycle generation process, thus increasing the success
rate of geothermal well drilling and in the process reducing resource risk
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x

The change from steam-sales to power-sales contracts, thereby encouraging moreefficient use of produced steam, reducing the number of wells needed per MW, and thus
reducing drilling risk

However, by the early 1990s, the situation had changed. An abundance of natural gas, and the
decline in international prices for oil, along with a sharp drop in the cost of commercial loans,
led to a decrease in avoided cost for most electric utilities, reducing the price offered under
Standard Offer contracts. The time period of most PURPA Standard Offer contracts ran out and
contracts were not renewed. The other Federal and State programs ended as well, the rationale
being that geothermal energy was now an established industry not needing public support.
Although pressure declines were becoming severe at The Geysers and at certain smaller fields,
the cost of make-up drilling could not be recovered sufficiently to justify drilling relatively lowrisk make-up wells, risky step-out drilling, or drilling to greater depth.
Exploration of new fields essentially stopped. As an anecdotal example of this, the Munger
Oilgram, a drilling scouting service, ceased to report geothermal drilling activities, for the simple
reason that there was almost nothing to report. Production dropped at The Geysers and at a few
other fields. At The Geysers, Units 1 through 4 power plants were decommissioned, eliminating
over 120 MW of generating capacity. Total power capacity declined from 2,000 MW to just
over 1,000 MW.
It was not until the renewed increases in oil and gas prices after 2002, coupled with concerns
about CO2 emissions and global warming, that Federal and State programs were revisited. The
Renewable Energy Act of 2005 made geothermal energy eligible for benefits. The incentives and
benefits for the ‘renewables’ have included:
x

Mandatory set-aside requirements for new electric power generation, between 5% and
15%, varying by States, with compliance beginning as soon as 2012, and reaching 20%
by year 2020 in California
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x

Federal cost-sharing grants, up to US$ 5 million per grant, for development projects
involving new techniques for exploration or power generation

x

Federal tax credits for purchases of capital goods used in power generation

x

Accelerated write-off of the tangible and intangible costs of drilling

x

Federal and State production tax credits for sale of electricity

x

Bond-issuing authority to State and local governments to support private power
generation projects

x

Accelerated one-stop permitting procedures in certain State jurisdictions

x

Accelerated and more frequent geothermal lease sales by Federal and State agencies, via
public auctions

x

Grants by various States to support aspects of research into drilling, fluid handling, heat
transfer, as well as for demonstration projects, and for the preparation of project
feasibility reports

x

Loan Guaranty Program by the U.S. Government

As a result of these incentives, and especially as the price of electricity has risen sharply, over 45
new geothermal exploration, drilling and development projects were announced in the United
States between the years 2006 and the present. Three new projects, with a combined 83 MW
have come on line, in California, Idaho and Utah, a 35 MW power plant is being constructed at
The Geysers, and a 45 MW power plant is under construction in Nevada. Resource risk-taking is
seen in these results to be proportional to the incentives offered – cost-sharing, demonstration
grants, market set-asides, and especially premium pricing – there being little doubt of the
industry’s sensitivity to these factors.
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This can be seen in attitudes even in the slow period back in 1990: A study was performed in
that year by GeothermEx, Inc. on behalf of Bonneville Power Administration, a governmentsponsored company that serves as a power generator and distributor in the northwestern United
States. Bonneville wished to determine the feasibility and cost of acquiring an option to
purchase geothermal electricity from potential future IPPs. The process involved identifying
potential developers of geothermal energy within its service district, estimating cost for various
exploration and development steps, and then attempting to determine: (a) the levels of risk and
cost of risk reduction in each step; and (b) what levels of risk reduction would be required to
encourage developers to grant an option to purchase.
Bonneville evaluated the potential power generation capacity, and the status of exploration for
each prospect, and then assessed the cost-effectiveness of various options. The options were: (a)
cash incentives for performance (‘milestone payments’); (b) guarantee of a market for
geothermal electricity produced under the option plan; (c) assistance with resolving regulatory
and technical matters; and (d) an option for Bonneville to purchase equity in the project. For
greenfield prospects and those having one or more discovery wells, cash payments and a
guarantee of market share stated by IPPs to be the most desirable, and therefore the most
effective.
By exploring the elements of cost versus risk, and risk versus benefit, it was seen that the value
of ‘milestone payments’ decreases with the level of existing development, replaced in value by
guaranteed access to market. Market guarantee includes access at a price sufficient to provide a
satisfactory IRR to the developer.
Nothing was done to effectuate this pre-purchase option. However, in 2009, an agreement was
signed between a private geothermal developer and a large Southern California municipality,
under the terms of which the municipality pre-paid for 10 years of 100 MW of geothermal power
to be supplied over that period of time from fields undergoing development drilling. This may
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be the first such arrangement. It was not disclosed what recourse – if any – the municipality
would have if electricity was not supplied as promised.
2.2.7 Other Countries
Under terms of the 1840 Treaty of Waitangi, the indigenous Maori people of New Zealand were
recognized as the owner of certain lands and natural resources. Legal judgments in 1987 and
subsequent negotiations have confirmed their ownership of the nation’s geothermal resources,
recognizing their prior use of thermal waters, except where those rights had been sold. Thus, the
geothermal resources of New Zealand are owned in part by Maori tribal groups (‘Iwi’), in part by
the Crown, and to a very small degree by entities that had purchased land from Iwi. However,
since all water is still treated under Common Law in New Zealand, some degree of management
by the government is still required.
The generation and distribution of electricity was a government monopoly from its inception.
Exploration and development of the geothermal resource began in the years immediately after
World War II. Three government entities performed the work, and the national government
assumed all risk. The Department of Scientific and Industrial Research (DSIR) conducted the
exploration, the Ministry of Works performed the design and construction of field facilities, and
the Electricity Department developed the stations and facilities for the transmission and
distribution of electricity. Despite the deliberateness and care taken in the process, both the
Waikarei field (193 MW power plant commissioned 1958) and the Ohaaki field (114 MW power
plant commissioned 1989) were found from outset to be unable to sustain production at rated
capacity, and were downgraded respectively to 167 and 66 MW.
Despite state control of electricity generation, the privately owned Tasman Pulp and Paper
Company obtained the rights to drill wells at Kawerau at its own risk, and to use the steam for
the processing of timber pulp. A 10 MW power plant was commissioned in 1966 to supply the
power needs of the factory.
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The Electricity Department had been reorganized as the state-owned Electricity Corporation of
New Zealand (ECNZ) in 1987. During the later 1980s and early 1990s, several changes were
made in legislation regarding electricity generation and sales, with the aim of deregulation.
Contact Energy Ltd. was established as a state-owned entity in 1996, in competition with ECNZ.
Contact was given the Wairakei and Ohaaki geothermal power plants as part of its portfolio. The
Electricity Industry Reform Act of 1998 privatized Contact Energy, and split ECNZ into 3 stateowned entities. ECNZ was abolished the following year.
One of the successor state entities, Mighty River Power Ltd., initially produced electricity from
hydropower stations. However, Mighty River soon entered the geothermal development
business by signing an agreement with Maori Trusts at Kawerau and Rotokawa to drill wells and
build power plants. Thus the Government of New Zealand (GoNZ) once again assumed the risk
of exploration and drilling geothermal wells. At Mokai, the GoNZ had drilled a series of
geothermal wells before the court decision that awarded the field back to the Maori Iwi. The
latter formed the Tuaropaki Power Company, and continued the development of 111 MW of
wellfield and power plant. Mighty River operates the plant and has become a minority
shareholder. Electricity is sold into the market.
State-owned Mighty River also has continued exploration and development at other sites in New
Zealand; and in 2008 entered into an agreement with a state entity in Chile to jointly perform
exploration, drilling and development at various sites in that country. Each continues to produce
and sell geothermal electricity, financing operations through revenues.
Privately owned Contact Energy has actively managed the Wairakei and Ohaaki fields to
maintain generation with renewed consents, and has undertaken exploration and development in
adjoining areas and elsewhere. In 2004, a majority interest in the company was obtained by
Origin Energy of Australia. In February 2010, Contact Energy and the proprietors of geothermal
company Taheke 8C and Adjoining Blocks agreed to jointly appraise and develop the Taheke
geothermal field near Rotorua.
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In March 2010, regional government councils Environment Bay of Plenty and Environment
Waikato signed a memorandum of understanding (MoU) to explore collaborative management of
the bulk of New Zealand’s geothermal resources. The Resource Management Act requires
councils to balance the competing demands of development, tourism, conservation and the
cultural values of a resource. The MoU is intended to align both regional councils’ policies,
monitoring and, in the longer term, their resource consent and compliance processes for
managing national geothermal resources, in order to more accurately and efficiently deal with
items such as risk assessment, re-injection effects, downstream impacts and impacts on
groundwater.
Much of the initial risk for present-day development was borne by the GoNZ through surface
exploration, drilling of exploratory wells, and resource assessment made by DSIR and Ministry
of Works in the decades of the 1950s through early 1980s. This includes work done at Wairakei,
Kawerau, Mokai, Ohaaki, Ngawha and Rotokawa fields, all of which now produce geothermal
electricity. Subsequently, risk has been borne both by state corporation Mighty River, including
work done at Kawerau, and by private entity Contact Energy.
Maori Trusts at Rotokawa, Mokai, Ngawha and Kawerau have been the beneficiaries of the
government activities. The transfer of the government’s Wairakei and Ohaaki assets to Contact
Energy in 1996 has been the major factor in the success of private development. Of equal
significance has been the deregulation of the energy market, allowing energy to be sold by
competing power producers at market rates, free of governmental control. Without the work
done by GoNZ agencies and without the deregulation of the electricity market, it is unlikely that
there would be private development on a significant scale.
In Iceland, ownership of the geothermal resource is vested with the surface land owner.
Because of its sparse population, most land is owned by the national or municipal governments.
Despite this, there are many privately owned hot water wells, mostly in rural areas, which are
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used for space heating or bathing. The individuals or groups of individuals who own these hot
water wells have assumed the risk for drilling and operating their personal heating systems.
Regarding the generation of electricity in Iceland, until very recently this was the exclusive right
of government entities. For the first several decades of the 20th Century, electricity production
came almost entirely from hydroelectric stations, supplemented to a very slight degree by coalfired and diesel generation. Utilization of the geothermal resource for power generation began as
an adjunct to geothermal district heating. The latter involves the piping of geothermal waters to
consumers via one or more central stations, for use in space heating operations. This was done
by agencies of municipal government. Municipal governments thus assumed all resource risk.
Over the past 30 years there has been a slow shift away from near-total dependence on
hydroelectric power. Still, as late as 2001, the direct utilization of geothermal waters and the
generation of electricity from hydro stations, each involved approximately 5 times the amount of
energy (expressed as GWh/year) as came from geothermal power generation. Geothermal
district heating systems (2008) continue to supply almost 92% of all structures.
Power generation from geothermal sources began in 1969 at Namafjall in north-central Iceland,
with a municipally owned 3 MW facility whose output went for industrial use at a diatomite
processing plant. The regional government assumed risk and responsibility for drilling and
construction of the power plant, whereas the privately owned diatomite facility paid a low bulk
rate for electricity. The production of geothermal electricity for municipal as well as industrial
use began in 1977. It has increased slowly through the years, now being approximately 670
MW. By comparison, the total installed generating capacity is approximately 1,500 MW, and
the national the potential for geothermal energy has been estimated variously as 5,800 and 7,375
MW.
Industrial and commercial users of geothermal electricity now exceed domestic users in total
MWh consumed. The aluminum industry has chosen Iceland with its abundant and low-cost
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hydro and geothermal electricity as a preferred location for smelters. Three aluminum smelters
are in operation, with a fourth committed for construction. These industrial users pay a much
lower price (average 1.25 Icelandic Kronor) than domestic users (average about 8 Kronor – years
2001-2005). The municipalities still carry all risk for exploration and drilling. Because of the
heavy industrial use of electricity, Iceland shares with Norway the place as top per capita
consumer of electricity.
With the onset of geothermal power generation for municipal use in the late 1970s, new
municipal entities were formed, combining space heating and power generation. One example is
Orkuveita Reykjavikur (Reykjavik Energy), formed in 1999 by the merger of pre-existing
Reykjavik Electricity and Reykjavik District Heating. Since its establishment, Reykjavik Energy
has absorbed several smaller district heating entities. Another example is the municipally owned
company Norđurorka, which in the year 2000 combined Akureyri Heating and Water Districts
with Akureyri Electricity to serve the northwestern region of Iceland. In each of these cases, the
municipality has taken on all risk and responsibility for drilling, financing, construction and
operation.
The National Energy Authority, Örkustofnun, created by legislation in 1967, was given
responsibility for regulation of all energy development and utilization. The Electricity Act of
2003 changed that, and began the process of deregulation the Icelandic electric system, with the
stated goal of establishing a “competitive environment for the generation and sale of electricity”.
Örkustofnun retained some supervisorial authority, and the various municipal utilities were
allowed to maintain distribution rights within their service areas. However, as of 1 January 2007,
competition was allowed in the generation and sale of electricity for the first time. Under this
plan, risk for exploration, drilling, wellfield development and construction and operation of
power plants was placed with would-be private developers.
One example may suffice. The government-owned corporation Landsvirkjun was established in
1967 to supply electricity to the Alusuisse aluminum smelter, using hydroelectricity. The
2-44

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

company initially was owned equally by the national government and the municipality of
Reykjavik. However, in 1983, the municipality of Akureyri acquired a 5% equity, and in 1986
Landsvirkjun purchased the Krafla geothermal power plant from the national government. In
2007, the national government acquired the shares held by Akureyri and Reykjvaik, turning
Landsvirkjun into a state-owned corporation. Landsvirkjun has maintained all responsibility and
risk for continued development at Krafla, as well as for the development of another field (Bakki),
north of Krafla. The latter is to supply electricity to the aluminum producer Alcoa.
Thus, privatization has not significantly affected the Icelandic geothermal industry. The national
government and municipal utilities continue to own and operate the geothermal power stations,
and to absorb whatever risk is involved in continued drilling and development. The only change
is that these government entities are expected to be self-financing through revenues from the sale
of electricity.
Germany is not blessed with high-temperature geothermal resources. However, as part of
Federal and State programs to reduce dependence on imported oil and nuclear power, and to
reduce CO2 emissions, a program of subsidies has been emplaced to assist the development of
geothermal electricity. Presently, 8 MW of geothermal generation has been installed at 3 power
stations. These plants utilize relatively low temperature waters (100° to 130°C) from wells at
depths of 2.5 to 4 km, converted to electricity via a binary cycle process. Efficiency of power
generation is very low at these temperatures. Development is proceeding at 3 other locations,
with the aim of increasing output to 20 MW by 2011.
Geothermal hot water has long been used at spas and for district heating. However, under
conditions of an unregulated and unsubsidized market, there would be no utilization of
geothermal fluids for power generation because of very high cost per kWh. However, the Federal
Bundestag had concluded that the development of Germany’s low-temperature geothermal
resources should have high priority. Under a renewable energy act passed in 2004, the base-load
price for geothermal electricity is set at €0.15 per kWh (US$ 230/MWh). This is the highest
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known base-load price for geothermal electricity anywhere in the world. Additionally, sale of
carbon credits under the Clean Development Mechanism is foreseen for all future geothermal
power plants as an additional inducement.
Most recently, in March 2009, the Federal Ministry for the Environment, along with KfW
Bankengruppe and Munich Re have established a new credit program for the expansion of
geothermal power in Germany, funded with €60 million (US$ 82 million). (KfW is owned by
the Federal and State governments, whereas Munich Re is owned by private shareholders.) The
program is designed to reduce the risk associated with the drilling of deep geothermal wells,
where individual wells to 3 or 4 km depth can cost as much as € 10 million (US$ 14 million).
Specifically, KfW will guarantee up to 80% of qualifying items under a commercial loan for
exploratory drilling to several km in depth. If the well is unsuccessful – that is, the well does not
encounter large flows of hot water at sufficiently high temperature for use in power generation,
as determined by comprehensive well testing – the outstanding loan balance is to be waived. To
minimize risk to the KfW group, project feasibility will be determined, at borrower’s expense, by
an independent expert prior to agreement to guarantee the loan.
There is also a program of resource insurance available to developers from commercial insurance
firms. Munich Re provided resource insurance, with a requirement for independent assessment
similar to that described for the loan guarantee program, for wells drilled to support the 3.8 MW
geothermal power plant at Unterhaching.
Given such inducements, the reward-to-risk ratio becomes favorable even for drilling to 3 or 4
km depth. Resource risk largely (to 80% of drilling cost) is eliminated, although insurance
premiums and loan application fees are not waived, and any unused money from the loan must
be repaid to the lenders.
The Bundestag’s TAB (the Bureau for Assessment of the Impact of Technology) has concluded
that with continued price supports, loan guarantees, and resource insurance, geothermal power
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could eventually supply the entire base load electricity requirements of the country. The rationale
presented to the German public is that they will benefit from reduced hazards of pollution, a
cleaner – and therefore safer – environment, less need to indefinitely keep Germany’s aging
nuclear power plants in operation, and freedom from fluctuations in the price of hydrocarbon
fuels. The cost of these subsidies, the Bundestag TAB believes, eventually will be recovered
through savings in expenditures related to health and the environment.
The nation of Costa Rica owns the extensive geothermal resources associated with its chain of
Quaternary volcanoes. The responsibility for development of the resource was given by the
national legislature in 1973 to the Instituto Costarricense de Electricidád (ICE), the national
electric agency. In 1974, ICE entered into a loan agreement with the Inter-American
Development Bank (IDB), aimed specifically at exploration and development of geothermal
electricity. ICE guaranteed repayment of the loan from system revenues. Thus, an autonomous
agency of the republic assumed the entire project risk, with the ultimate option of passing losses
on to the rate-paying public via electricity tariffs.
In 1975, ICE selected a private contractor to manage exploration, plan and direct exploratory
drilling, assess the resource, and train ICE staff. The first exploratory wells were drilled in 19781979. These were successful in discovering the Miravalles geothermal field.
Thereupon, IDB arranged another loan to ICE, to allow development of the Miravalles field, plus
exploration and drilling at other geothermal prospects within the volcanic cordillera. The
original loan was rolled forward into this second loan. Regardless of degree of success or
failure, ICE was obligated to repay the entire sum out of system revenues. All resource risk thus
was borne by ICE.
The initial 60 MW power plant was installed at Miravalles in 1993, 14 years after the existence
and sustainability of the resource had been confirmed by independent experts. The lengthy delay
reflected the higher cost of geothermal power compared with the nation’s hydropower-based
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generating system. The cost of the wellfield (essentially, fuel pre-purchased) was borne by ICE
during those years.
In the mid-1980s, the Costa Rican legislature passed a law allowing private investment in power
generation projects by independent power producers (IPPs). The size of an IPP project,
however, was limited to 20 MW. In 1998, an IPP proposed to construct a second power plant, 20
MW in size, adjacent to ICE’s 60 MW station at Miravalles. Because the resource is owned by
the nation and cannot be transferred to private hands, the IPP was not allowed to drill wells or
extract steam from the reservoir. Instead, ICE agreed to sell steam from wells that it drilled.
These wells were designated as supply sources for the IPP’s power plant. In return, ICE agreed
to purchase electricity from the IPP at a set price. After 14 years of operation, ownership of the
power plant is to revert to ICE (a build-own-transfer, or BOT, agreement.)
Another of the terms of the ICE-IPP agreement specified the quality of steam to be delivered to
the IPP’s power plant by ICE. Since that time, the new wells dedicated to supply the IPP have
encountered non-condensable gases (NCG) above the limit specified by the IPP contract. (The
ejection and disposal of the NCG consumes energy that otherwise would be sold by the IPP.)
Therefore, ICE has had to reorient its steam delivery system to honor the contract. ICE now uses
the higher-NCG steam for its own power plants, while delivering cleaner steam to the IPP. ICE
has borne the entire resource risk of the BOT agreement, and in the process has had to use more
steam per kWh generated.
Since that time, ICE has drilled exploratory wells in at least 3 additional areas, financed by IDB
and other lenders. Only one of these areas appears to be suitable for power generation, based on
the results of drilling and well testing. Plans are being drawn for the development of that one
field (Las Pailas), and a February 2010 press release by ICE confirms that the new power plant is
55% complete. To help mitigate resource risk, IDB has required that ICE use the services of a
panel of independent consultants for advice on each step of operations.
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Another IPP recently has signed an agreement with ICE to build a 20 MW power plant at Las
Pailas, with financing to be obtained from BCIE, the Central American Bank for Economic
Integration (Banco Centroamericano de Integración Económico). ICE will drill, manage and
own the wellfield, and sell steam to the IPP. The IPP will own the power plant and will, in turn,
sell electricity to ICE. Despite its prior experience with NCG at Miravalles, ICE is willing to
take on all resource-related risk at Las Pailas.
Resource risk, therefore, has been borne entirely by the Costa Rican autonomous agency ICE.
The IPPs have carried the risk of financing, constructing and operating the power plants, but
have been able to rely entirely on ICE in resource-related matters. Because the Miravalles and
Las Pailas projects have been successful in finding and producing geothermal resources, ICE and
the people of Costa Rica have benefitted. Climate change and ICE’s need to diversify away
from hydroelectric power have helped to stimulate private investment in geothermal BOT power
plants. Additionally, a recent statement by the new president of Costa Rica, announcing a goal
of reaching complete power self-sufficiency through geothermal and solar by 2021, may help to
further geothermal development with continued governmental support.
The geothermal resources of Chile belong to the nation. Exploration began in 1967, under terms
of an agreement between the Government of Chile (GoC) and the United Nations Development
Programme (UNDP). Drilling of 7 wells in the El Tatio area in the high Andes (4 km elevation)
resulted in discovery of a sizeable geothermal field. It was not developed because of its
remoteness, plus the plentiful availability of natural gas from Argentina. Recently, as a result of
concern over global warming, the recent rise and fluctuation in energy prices, and the probably
curtailment of natural gas supplies from Argentina, there has been a renewed interest in
geothermal energy. A government estimate is that Chile has about 2,000 MW of developable
geothermal energy.
A Law Governing Geothermal Energy Concessions (Ley Sobre Concesiones de Energía
Geotérmica) was enacted in the year 2000. It defined the granting of concessions for the
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exploration and exploitation of Chile’s geothermal resources. Extensive revisions to that law
have been proposed and are pending before the Chilean legislature which would reduce the
amount of time it takes to obtain a concession by around 40%. Additionally, Chile’s state
development agency Corfo together with the national energy commission CNE have established
a fund in order to reduce the risk and share the costs developers for exploration and transmission
lines with renewable-energy. An initial fund in the amount of US$400 million was established.
The Ministry of Mining and Energy (Ministerio de Minería y Energía, or MME) has been given
the responsibility for assessing Chile’s geothermal resources and issuing concessions to explore
and develop those resources. The MME has utilized the technical capabilities of
SERNAGEOMIN (Servicio Nacional de Geología y Minas) to collect and compile data on the
resource.
Concessions are offered on a non-competitive basis in the event that there is no other applicant
within 45 days; or on a competitive bid basis where there are multiple applications; except that
all areas showing ‘thermal manifestations’ (‘fuentes probables’) must be offered by competitive
bid. The maximum size of an exploration concession is set at 100,000 hectares. An exploitation
permit is limited to maximum of 20,000 hectares. The length of time allowed for exploration is
2 years, with variances allowed. There is a required minimum capitalization of US$ 250,000,
and an expenditure requirement of about US$ 450,000 for surface exploration. However, the
requirements for conversion to an exploitation permit remain unclear, and reportedly are among
the topics under review for legislative revision.
The basic General Law on Electrical Services (Ley General Sobre Servicios Eléctricos) of 1982
was amended in 2008 to establish a reserved market for non-conventional sources of energy.
This includes geothermal energy. In essence, electric power companies with over 200 MW of
generating capacity must provide a minimum of 10% from these non-conventional sources. By
2010, 5% is to be achieved, with incremental additions to achieve the required minimum by year
2024. These ‘set-asides’ are a major element in attracting private investment and reducing
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market risk. Non-conventional power plants of less than 20 MW may be exempted from part or
all of transmission ‘wheeling’ charges, under terms of a complex formula.
In August 2009, US$2 million was allotted for a renewable energy center as part of the initiative
Chile recently passed requiring 10% of produced power be supplied by renewable sources by
2024.
The national law on foreign investments guarantees that once an investment agreement has been
ratified by the national Foreign Investment Committee, no changes may be made unilaterally by
the GoC. Freedom for offshore investors to repatriate capital and profits are guaranteed, as is
free access to foreign exchange markets. For countries having a Free Trade Agreement with
Chile, a waiver of the 6% customs duty on capital goods may be obtained.
Chile’s national oil company ENAP (Empresa Nacional de Petróleo) has entered into an
agreement with the Italian electric utility ENEL to explore and develop geothermal prospects.
The new entity is 51% owned by ENEL. More recently, ENAP entered into another agreement
with a major mining company based on its 49% ownership of the venture with ENEL, thereby
creating an awkward tri-partite entity with somewhat differing objectives. The mining company
is interested solely in obtaining a source of electricity for its copper mines, and hopes to utilize
the previously discovered El Tatio field as its main source. However, in January 2010 the senate
approved a measure to declare the geysers at El Tatio a natural monument, in order to preclude
geothermal development in the area. This was done after there was an uncontrolled 60-meter
eruption of steam at El Tatio during geothermal exploration late last year. The new President
still must approve the act.
The autonomous University of Chile, through its Earth Sciences school, also has taken
geothermal concessions, which it has sold under terms not publically available to a private
Canadian entity. Various other private groups, representing Chilean, Canadian, Australian,
American and New Zealand interests, and possibly others, either have been awarded concessions
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or are in the process of bidding. The August 2009 bidding process attracted offers from 9
entities. As mentioned earlier, GeoGlobal LLC, a private company backed in part by New
Zealand state-owned electric utility Mighty River, is one of the participants. Thus, there is the
situation in which wholly government-owned Chilean and New Zealand companies, and a
partially privatized Italian electric utility, are participants in the geothermal industry of Chile
along with private entities from several countries.
Although exploration is underway at several prospects, there has been no drilling of deep
exploration wells to date. Only at El Tatio has resource risk been reduced significantly through
the original UNDP-GoC project. The resource risk elsewhere remains significant. The rush to
take concessions therefore can be explained best by a combination of several factors: First, there
is the perception that Chile has abundant geothermal resources, based on results from El Tatio
and limited assessment elsewhere. Second, the combination of market set-asides for geothermal
energy and the other non-conventional sources, and favorable treatment given to offshore
investment, is highly attractive to investors. Third, the assurance of fair treatment, as evidenced
by Chile’s ranking in the World Bank report on Governance, is highly reassuring to investors.
Together, these appear to justify the resource risk.
The geothermal resources of Mexico are part of the national patrimony, and may not be sold or
leased (‘alienated’). Similarly, all generation of electricity, including from geothermal sources,
is reserved to the national monopoly, Comisión Federal de Electricidad, CFE. Therefore, the
Government of Mexico (GoM) has taken on all responsibility for the development of its
geothermal resources. Serious exploration began in the 1950s, and initially focused on the Cerro
Prieto area of northern Baja California. CFE has successfully developed several hundred
megawatts at Cerro Prieto and other fields during the subsequent decades, such that Mexico
ranks in the top 5 world producers of geothermal electricity.
This has been accomplished with occasional use of service contractors to manage drilling, assess
resource areas, perform numerical simulation of reserves, and solve problems relating to resource
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utilization. Funding has come from the national treasury and the revenues earned by CFE from
the sale of electricity. Unlike Costa Rica, Italy, Kenya, New Zealand, Nicaragua, the Philippines
and Turkey, where government entities have been privatized, or where private investors have
been allowed to build geothermal power plants, Mexico remains the prime example of a
successful of a totally government-run geothermal operation. The government, through CFE,
continues to absorb all resource and other risk.
In El Salvador, the geothermal resources belong to the nation. The initial development, 95 MW
at Ahuachapan, was conducted by the national electric utility CEL (Comisión Hidroeléctrico del
Río Lempa) as a joint project of the Government of El Salvador (GoES) and the UNDP.
Subsequent exploration efforts in other parts of the country were in part financed by grants from
the Government of Italy, and loans from the Interamerican Development Bank. However, all
resource risk ultimately was borne by the GoES. The Ahuachapan project encountered resource
problems, possibly because UNDP consultants recommended that residual geothermal fluid not
be injected back into the reservoir, but instead disposed via a canal to the Pacific ocean.
Resulting drops in field pressure caused a severe cut-back in power output. Civil war in the
1980s prevented any serious attempt to remedy the situation at Ahuachapan.
Starting in the mid-1990s, several steps have been taken to privatize CEL. Initially a wholly
government-owned corporation was created, with responsibility to be self-supporting through
revenues from sale of electricity. In 1998, the government-owned generating facilities were sold
to private entities, mostly foreign. Among the latter, ENEL of Italy purchased a minority
shareholding in CEL, in the process forming the jointly held operating Company LAGEO.
LAGEO, with technical support form ENEL, has been successful in refurbishing the Ahuachapan
field, such that power generation is returning to rated capacity. LAGEO now owns and operates
the Ahuachapan and Berlín geothermal fields (151 MW total installed capacity), and has the
rights to explore and develop certain other prospects, with the exploration efforts at Chinameca
entering the second phase in mid 2009 . LAGEO also owns a drilling company – acquired in the
process of privatization of CEL – that provides services on a fee basis.
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In 2001, the Israeli-American company Ormat was awarded the rights to explore, drill, and
construct and operate a power plant at the San Vicente geothermal prospect. Although
exploration had been conducted at San Vicente under an earlier grant from the Government of
Italy, resource risk remains high. Other private companies have obtained rights to develop other
geothermal prospects, but eventually relinquished those rights.
Since decentralization, electricity is sold competitively to a central purchasing agency that in turn
sells the power to distribution companies. No specific market set-aside or price support is
offered to geothermal electricity. Rapid growth in demand has in effect supported the purchase
of power from all geothermal fields.
The GoES initially bore all resource risk. Since privatization and sale to ENEL, resource risk is
shared between the partially privatized ENEL and the partially privatized CEL. Thus, the
governments of Italy and El Salvador with the numerous private investors in ENEL and CEL,
and the private company Ormat, bear resource risks at the several fields.
National law in Guatemala gave all rights to explore, develop and produce electricity from
geothermal fields to the national electric utility INDE (Instituto Nacional de Electricidad).
Surface exploration and exploratory drilling began in the early 1970s, at Moyuta, under a grant
from the Government of Italy. The project was unsuccessful and abandoned. Subsequently,
attention shifted to Zunil, where loans from the several international development banks, and
grants from the Government of Japan and other donors, financed surface exploration and
exploratory drilling. The project was successful in that a high-temperature (300°C) resource was
discovered. The Government of Guatemala (GoG) had borne essentially all of the resource risk
at Zunil.
In 1997, the electricity market was deregulated, thereby allowing private companies to generate
and sell electricity. After the Zunil field was tested and declared suitable for commercial
development, the GoG entered into an agreement with a foreign private company to build, own,
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operate and transfer to INDE after 20 years (BOT) a 24 MW power plant using steam supplied
by INDE from the government-owned wells. Power production began in 1999. This effectively
freed the private entity from all resource risk.
INDE had conducted surface exploration at the Amatitlán geothermal prospect in the late 1980s
and early 1990s. Two very shallow holes encountered high flows of hot water. This reduced
resource risk considerably. After deregulation of the electricity market, another private
company, at its own risk, drilled 5 shallow (<500 m) wells at Amatitlán, encountering a hightemperature resource there also. The private company built a very small power plant (1.6 MW)
to supply electricity to a manufacturing facility that it owned and operated. In 1998, INDE
erected a 5 MW mobile power plant at Amatitlán, supplied by another well that it drilled there.
By that time, resource risk essentially had been eliminated.
Subsequent to that, INDE entered into a second agreement with the private company holding the
BOT at Zunil. The second agreement allowed that private entity to drill additional wells at
Amatitlán, at its own risk, and to build and operate a 23 MW power plant there. INDE, in turn,
retired its 5 MW plant.
Government Decree 52-2003, effective January 2004, provides 10 years of income tax
exemption, and exemption from duties on the import of capital goods, to producers of
‘renewable’ energy. Geothermal power is considered to be a renewable energy. Therefore,
resource risk has been shared between the GoG and two private entities at Amatitlán, with the
GoG having borne essentially all of the resource risk at Zunil field. The market for electricity
remains open, although competitive, and is foreseen to increase at 5 to 7% per year. The
lessened resource risk, along with the open market and the tax incentives, have spurred
geothermal power development. INDE remains a government-owned entity. No direct
privatization of INDE is foreseen.
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In Djibouti, Bolivia, St. Lucia, and Panama there has been significant expenditure of
international aid money and government funds, including the high risk element of drilling
exploratory wells. In each of these, drilling encountered a high temperature geothermal system
with potential for the generation of geothermal electricity. However, in none of these countries
has there been the completion of a geothermal power generation project. This has not been from
a perceived lack of resource. It reflects the inability of national government to arrive at an
agreement among its various governmental agencies whether to develop the resource, or in some
cases how to proceed with development. Thus, although there has been significant reduction in
resource risk, this hasn’t led to any useful result.
In Ethiopia, drilling financed by international lenders and donors led to the discovery of two
important geothermal fields, and the identification of numerous attractive prospects. One field,
Langano, was developed with international funding and a 7 MW power plant constructed.
However, the national electric utility until very recently preferred to base generation almost
solely on hydroelectricity. The wellfield and power plant were allowed to deteriorate. There has
been no development of the second field, Tendaho. In July of 2009, Ethiopia and Japan signed a
memorandum of understanding (MoU) to survey the Aluto-Langano geothermal area for further
power generation. An overall geothermal potential of 5,000 megawatts was estimated for
Ethiopia, as reported by the Minister of Mines and Energy, with 10 of the potential areas for
geothermal in the country having also been reportedly identified. This includes theAlutoLangano area.
In Greece, public opposition led to the abandonment of a geothermal project after extensive
surface exploration and the drilling of high-temperature geothermal wells.
In all 6 of these countries, the national government bore the resource risk. In only one case,
there has been development of the discovered geothermal resource, with no private participation.

2-56

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

2.3 Generalizations from the Worldwide Survey
Certain generalizations can be made from this worldwide survey, and certain trends observed:
x

There is a trend to less government control. Several national electric utilities that have
responsibility for geothermal development have been privatized, or at least partially
privatized: PNOC and NaPoCor of the Philippines, ECNZ of New Zealand, ENEL of
Italy, KenGen of Kenya, CEL of El Salvador, even EdeF of France. The presence of
private investors serves to require that these privatized entities earn a profit on operations.
This, in turn, puts upward pressure on the price of electricity. Either the government
allows unsubsidized and competitive market pricing, as in New Zealand and the
Philippines, or the national treasury continues to subsidize geothermal power.

x

Total government control of the entire process from initial exploration to power plant
construction has worked well in certain markets, both large and small: Italy (preprivatization of ENEL), Mexico, Kenya (through 2008), Costa Rica, Iceland (on the
municipal level). However, in those successful cases, there has been a single government
entity in charge of the entire process, either nationally or, in the case of Iceland, for its
specific service district. Where there have been two (or more) government entities, with
divided responsibilities, one for wellfield development and another for power generation,
progress has been slow, interrupted, and generally inefficient. Ethiopia, formerly Turkey,
and to a lesser degree the Philippines have experienced this. Failures to develop
discovered geothermal fields in Bolivia, Djibouti and Greece can be in large part
attributed to this. For those countries, in essence, either the electric utility has been
unwilling to build geothermal power plants because of steam price or scheduling
conflicts, or the electric utility cannot pay for what it has contracted because of
government controls on the price of electricity.
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x

The BOT process has worked well in the Philippines, in a situation where the nearly
bankrupt national electric utility, NaPoCor, was unable to finance and construct power
plants to meet the development schedule of the steam supplier, PNOC, or to pay promptly
for purchased steam. In Costa Rica, the BOT process has been more of a nuisance than a
valuable addition to the national electricity supply. This, in part, is due to the high degree
of competence shown by ICE in its operations, and in part to the size restriction placed on
BOT generation (20 MW) by the national government.

x

Uncertainties and increases in the price of oil and natural gas, and concern over effects of
climate change, are providing a stimulus for massive government support for the
‘renewable’ energy sources, including geothermal power. This is seen in the form of cash
grants, tax holidays or reductions, higher prices for electricity, and market set-asides for
private developments. In various forms, it is happening now in Australia, the United
States and Japan (after a lapse of several years in the latter two countries when oil prices
were low), and especially in Germany. These, in general, are wealthy and industrialized
countries. But even in poorer nations, such as the Philippines, Chile and Turkey, a series
of support measures (tax reductions and holidays, market set-asides, government
sponsored exploration) have been put in place. Even in Eastern Europe and the Caucasus,
funds from government and donor nations are being used to support beginning efforts by
private entities in the development of geothermal electricity.

x

Private investment today is flowing into geothermal projects in such countries as Chile
and Turkey, as well as the United States, Australia, Japan and Germany. These are
countries with widely differing types and quantities of geothermal resources, and vastly
different levels of geothermal development. They differ also in the degree of risk
assumed by the national government. What they have in common is their receptiveness
to geothermal investment, adequate pricing for electricity (extraordinarily high in the case
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of Germany), a ready market for sale of electricity, and a popular perception of good
governance.
x

Resource risk has been reduced in various ways. As mentioned there have been cash
grants and cost-sharing by government in Japan, Australia, the United States; reservoir
insurance in Germany; and government-sponsored exploration and exploratory drilling in
several countries. However, reduction in resource risk does not appear to be as powerful
an incentive for development of geothermal electricity as are following: unrestricted
access to markets for electricity; subsidies in the form of market set-asides; preferential
pricing; loan guarantees; and freedom from governmental restrictions and interference.
Where there is no open market, or where governmental restrictions and interference are
severe, would-be investors respond by setting an IRR hurdle rate so high that geothermal
energy becomes uncompetitive.

x

To elaborate on measures to reduce resource risk,
o It is essential that there be a complete and accurate catalogue of geothermal
prospects. Others may be discovered as time progresses, but without a
comprehensive list, investors will be attracted elsewhere.
o If the regulatory issues associated with obtaining geothermal licenses, leases or
concessions are expensive and complex, investors will be drawn elsewhere. A
‘single-stop’ regulator is best. Similarly, charging unrealistically high prices for
permits, or setting unrealistic terms for compliance, will send investors away.
Prices for permits should be set very low to encourage the risky step of
exploratory drilling.
o Efforts by government agencies to explore, and especially to drill exploratory
wells, are extremely important, but only if the government agency does not
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reserve the areas with the best results to itself. This will be easily perceived by
investors as an attempt to lure them into second-rate prospects.
o Based on GeothermEx’s experience worldwide, much of the resource risk can be
eliminated by drilling of a few successful exploratory wells. Therefore, cash
grants for demonstrating that a commercial resource is present at a prospect are
very valuable.
o Even if initial drilling cannot prove commerciality, cost-sharing of drilling is
perhaps the most effective means of getting investors to drill exploratory wells; a
50% share has been used effectively in several countries, but cost sharing of as
little as 25% will help in the effort to reduce resource risk.
o Because even after a commercial discovery has been made, some risk remains, a
program of loan guarantees and reservoir insurance is valuable. The former must
carry a sovereign guarantee in case of default, and the latter must be subsidized at
less than commercial rates to be effective.
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3. GEOTHERMAL PROJECT RISK IN INDONESIA
3.1 A Brief History of Geothermal Exploration and Development in Indonesia
3.1.1 Earliest Exploration
Serious exploration of Indonesia’s geothermal systems began at Kawah Kamojang, West Java, in
the 1920s under auspices of the colonial-era Geological Survey of Indonesia. Several shallow
holes encountered flows of steam and hot water. At Dieng, on the 2-kilometer-elevation
volcanic plateau in Central Java, a shallow hole was drilled into a fumarolic area. There appears
to have been no attempt at commercial development of either of these areas for electric power.
Nothing of further significance was done until the early 1970s. The first 5-year development
plan (PELITA) of independent Indonesia included an inventory of geothermal areas in Sumatra
and certain other islands by the Volcanological Survey of Indonesia (VSI). This was completed
in 1974.
3.1.2 Early Development Activities
In 1974, under Presidential Decree (PD) 16/1974, responsibility for exploration and development
of geothermal resources in Java and Bali was assigned to the national oil company, Pertamina.
Bilateral assistance projects had been granted a few years earlier by the Governments of France
and the United States for the further exploration of Dieng. This included drilling of a hightemperature well in 1977.
A New Zealand assistance project begun in 1971, developed into a bilateral agreement between
the Indonesian and New Zealand governments, under terms and conditions outlined in the
Colombo Plan. New Zealand and Indonesian scientists, the latter from the Volcanological
Survey of Indonesia (VSI), jointly evaluated and ranked 5 geothermal prospects on Bali and
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Java. The prioritized list for further detailed exploration placed Kamojang as the top-ranked
prospect, followed by Darajat, Salak, and Cisolok, all in West Java, and Bedugul in Bali.
Pertamina thereupon became an active participant in exploration. A series of deep exploration
wells was drilled at Kamojang beginning in 1974. A high-temperature (~240°C) vapordominated system was encountered, with strong flows of steam (averaging ~60 tons/hr per well)
from a reservoir exhibiting a pressure of ~35 bars. At that time, vapor-dominated or dry steam
reservoirs, as opposed to hot-water systems, were known only at Larderello, Italy; The Geysers,
United States; and Matsukawa, Japan.
The decision was made in 1978 to install a small (<1 MW) power plant at Kamojang. In 1979,
the decision was taken to build a 30 MW power plant at Kamojang. Pertamina entered into a
Steam Sales Agreement (SSA) with the national electric utility, PLN (Perusahaan Listrik
Negara). The latter built and owned the plant (Kamojang Unit 1) in part with funding from the
New Zealand government.
After systematic exploration at Darajat, the first well was drilled in 1976. The second well
encountered another vapor-dominated system. Pertamina, expanding the range of its activities,
conducted surface exploration at Cisolok, Salak and Banten (also in West Java). The VSI, by
itself and variously with Pertamina, and New Zealand and Japanese aid groups, explored the
Bedugul prospect on Bali, and a number of prospects in Sumatra and Sulawesi. Shallow holes
were drilled into several of these prospects. Many of the prospects explored during that period
were later the sites of intense activity, drilling of deep wells, and in at least one case, Lahendong
in northern Sulawesi, power plant installation.
The program thus had successfully identified 4 fields that at present have geothermal power
generation, Kamojang, Salak, Darajat and Lahendong, out of 7 prospects initially given high
priority for exploration and assessment. A fifth of these, Bedugul, has been drilled successfully,
and is expected to be developed commercially in the next few years. Risk for this effective
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program was borne by foreign donors, especially the governments of New Zealand (GoNZ) and
Japan (GoJ), and by the Government of Indonesia (GoI) acting through Pertamina, VSI and PLN.
PD 20/1981 authorized Pertamina to enter into joint ventures (Joint Operating Contracts, or JOC)
to develop geothermal fields. Construction and ownership of power plants was still reserved to
PLN. At a conference in Jakarta in 1981, the GoI offered 5 areas for joint venture: Banten,
Cisolok, Darajat, Dieng and Salak. Because of its prior expression of interest, Salak was
awarded (1982) to Union Oil Company of California (subsequently renamed Unocal). Amoseas
Indonesia Inc., a joint subsidiary of Chevron Oil Company and The Texas Company (Texaco),
entered into a JOC for Darajat (1984). Limited interest was expressed about Dieng, although no
JOC was requested. There was no expression of interest regarding Banten or Cisolok.
Steam Sales Agreements (SSA) were negotiated between Unocal Geothermal Indonesia (UGI)
and Pertamina, and between Amoseas and Pertamina. Pertamina in turn agreed to sell steam to
PLN, who would build and operate the power plants. PLN reportedly was under instruction from
the GoI to sell electricity at cost, or even at below cost, as a social service to stimulate economic
growth and job creation; therefore the price set for geothermal electricity was artificially low.
As mentioned above, all exploration risk had been borne by international aid agencies or by the
GoI, acting through Pertamina and VSI. However, beginning in 1982 at Salak and 1984 at
Darajat, private developers began to share the resource risk. Both Salak and Darajat have proven
to be highly productive fields, as is Kamojang. This has been true for most of the fields explored
initially by Pertamina or VSI, whether subsequently developed by Pertamina or by private
entities under JOC with Pertamina.
In the 1981 tendering of prospects, no special consideration was given to Amoseas or UGI in
return for their investment. Even the documents giving details of prior exploration at the areas
being tendered had to be purchased, at an aggregate cost of approximately US$ 75,000. Bidders
also were asked to provide training for Indonesian staff at the bidders’ cost, and to co-fund
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various local development projects. Although minor, these issues are considered to be part of the
risk of doing business in Indonesia.
Indonesia’s first commercial power plant (30 MW) went on-line at Kamojang early in 1983,
partly financed by PLN and partly by New Zealand and other international lenders and donors.
Drilling of additional wells continued. The decision was taken in 1984 to add two 55 MW units,
and these (Kamojang Units 2 and 3) were constructed by PLN and commissioned by late 1987.
Total installed generating capacity had reached 140 MW.
Under terms of the JOC, UGI and Amoseas immediately began detailed exploration and
exploratory drilling at their respective areas. By 1985, UGI had decided that the Salak field was
suitable for commercial development. A 110 MW power plant was recommended to PLN.
However, PLN delayed construction of the plant, and it was not completed until 1994. Delays in
part reflected the need by PLN to keep the cost of electricity at or below 4 US cents/kWh. This,
in turn, pressured the JOC to accept a low cost for steam.
At Darajat, Amoseas had also continued with exploration drilling. By 1988, together with
Pertamina in the JOC, it was decided to recommend construction of a 55 MW power plant by
PLN. Here, again, PLN deferred construction. Price, along with a continued preference for coalfired generation, contributed to the delay. Darajat Unit 1, the 55 MW power plant, finally was
commissioned in 1994.
Pertamina had continued exploratory drilling at Dieng, but had encountered problems with noncondensable gases (NCG) and a phreatic (steam) eruption at one well, raising concerns about
environmental hazards. Indeed, a CO2 eruption at a nearby crater killed several people. An
application in 1983 by PLN for a loan from the Asian Development Bank to construct a power
plant at Dieng was withdrawn after these and other issues emerged regarding the project.
The delays and uncertainties were costly for all parties at Salak, Darajat and Dieng. Large sums
had been spent in surface exploration, drilling wells and constructing associated surface
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facilities, which added to the economic risk of the project. Therefore, urged by private
developers and by national entities, late in 1991 the GoI issued PD 45/1991. It allowed the JOCs
to build and operate power plants and sell electricity to PLN. This included geothermal power.
However, emphasis was given to coal-fired generation. PD 49/1991 provided implementation
measures for PD 45/1991. Private IPPs were also allowed to construct power plants of 10 MW
or lesser capacity, and to sell power directly to local purchasers at negotiated prices.
These decrees were intended to reduce uncertainty, and therefore to reduce risk. They also
removed some of the financial stress facing an increasingly insolvent PLN by allowing the
financially stronger Pertamina, Unocal and Chevron to arrange financing for power plants.
Exploration of other prospects in Java, Sumatra, Bali and Sulawesi by Pertamina had continued
throughout the decade of the 1980s, with mixed results. Highly attractive results were obtained
from surface exploration, largely utilizing geothermometry based on chemical analysis of spring
and well waters and fumarole gases, and electrical resistivity methods, and occasionally the
drilling of shallow temperature gradient holes. Areas with significant results included: Wayang
Windu, Patuha (including the small Cibuni area at the western side) and Karaha, all in West
Java, Lahendong and Tompaso in Sulawesi, Bedugul in Bali, Sibayak and the broad Sarulla area
in North Sumatra, and Ulubelu, Kunyit-Lempur, Hululais, Sekincau-Suoh, and Lumutbalai in
southern Sumatra.
Deep exploration wells were drilled in many of these areas in the late 1980s and early 1990s. In
addition to Dieng, one of the original 5 targets for development, there has been construction of a
geothermal power plant at Wayang Windu, Sibayak and Lahendong. Projects are in advanced
stages of activity at Sarulla, Patuha, Bedugul, Lumutbalai and Ulubelu. This shows the
effectiveness of state-supported programs of surface exploration and drilling of discovery wells.
Less attractive results were obtained at Banten, Cisolok, Ungaran, Gunung Wilis (also called
Ngebel), all in Java, and at various places in Sumatra. Although the results were essentially
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negative, they are significant in that future attention and expenditure could be directed to more
attractive areas. This, in effect, reduced risk for private investors.
During this period, the only private company conducting geothermal exploration in Indonesia to
any significant degree was Unocal. Its efforts centered on the zone of intense fumarolic activity
extending southward from Lake Toba. This is the greater Sarulla area, including Namora-iLangit, Silangkitang and Sibualbuali. In 1992 Unocal negotiated a JOC for Sarulla with
Pertamina. Negotiation for an ESC was begun.
Through its subsidiary, Unocal North Sumatra Geothermal Ltd. (UNGS), Unocal conducted
further surface exploration and the drilling of several deep exploratory wells. A hightemperature hot-water system (to 310°C) was encountered, with attractive flow characteristics
(averaging 130 tons/hour mass flow per well). However, acidic subsurface conditions and higher
than desired NCG (2 to 3 % by weight) also were found. These were expected to increase the
cost of field development.
Under the terms of an aid project supported by the GoNZ, exploration was carried out by a
mixed New Zealand-Indonesia team at Ulumbu on the island of Flores. Highly encouraging
results were obtained by drilling of three wells. Continuation of wellfield development and
construction of a power plant was assigned to PLN. However, there has been no significant
activity subsequent to the mid-1990s.
Risk of surface exploration at these prospects, in several cases including exploratory drilling of
shallow and even deep holes, had been borne by the GoI via Pertamina, and to lesser extent VSI
and PLN. Some of this risk was supported by international donor agencies, principally from
Japan and New Zealand. Further exploration and drilling of development wells would be at the
risk of the participants in the JOCs. Very little incentive was offered by the GoI.
3.1.3 Expanded Private Participation in Geothermal Development
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By 1997, Pertamina had catalogued or assessed some 250 geothermal prospects, of which about
70 were considered to have potential for generation of geothermal electricity. An estimate by
Pertamina made in 1999 (see Table 3.1) shows ‘only’ 19,658 MW potential. Fields and
prospects listed in columns headed ‘Installed’ and ‘Reserves Proven’ essentially are those where
Pertamina had made its greatest exploration efforts. Of these areas, Pertamina had entered into
JOCs with 7 private geothermal developers, in 10 separate prospects or fields (see Table 3.1).
These include:
BEDUGUL: Bali Energy Ltd. (BEL), a jointly held subsidiary of CalEnergy International Ltd.
and Indonesian private entity PT Pandanwangi Sekartaji. CalEnergy International Ltd.
was itself a wholly-owned subsidiary of CalEnergy Co., a US-based private entity now
renamed Mid-American Energy Holding Co. Subsequent to 1998, the project changed
operational control several times.
CIBUNI: Indonesian private entity PT Yala Teknosa Geothermal.
DARAJAT: Chevron Geothermal Inc. (CGI), a successor-in-interest to Amoseas Indonesia Inc.,
a joint venture of Chevron Oil Company and The Texas Company (Texaco). After
Chevron acquired Texaco, the project temporarily was renamed ChevronTexaco Energy
Indonesia Ltd. before becoming CGI.
DIENG: Himpurna California Energy Ltd., a joint venture between the Indonesia non-profit
entity PT Himpurna Enersdindo Abadi and US-based private entity CalEnergy Co.
CalEnergy later was renamed Mid-American Energy Holding Co. The project was
cancelled by the GoI in 1988, and now is operated by PT Geodipa Enerji, a joint
subsidiary of PLN and Pertamina.
WAYANG WINDU: Mandala Nusantara BV, an Indonesia private entity. The New Zealand
private entity Brierley Investments Ltd. acquired controlling interest, via its subsidiary
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Asia Power Ltd. in 1995. The project went into default, but In 2004 PT Star Energy, a
Indonesian private entity, acquired the interests of all parties, establishing a whollyowned subsidiary Magma Nusantara Ltd. (MNL) as project operator.
KARAHA: Karaha Bodas Co., a joint venture of American private entities Caithness Corp. and
Florida Power and Light Co. It is presently in legal limbo as result of arbitration and
lawsuits.
PATUHA: Patuha Power Ltd., a joint venture between CalEnergy Co., and an Indonesian private
entity Mahaka Energy. CalEnergy later was renamed Mid-American Energy Holding Co.
Now operated by PT Geodipa Enerji, a joint subsidiary of PLN and Pertamina.
SALAK: Unocal Geothermal Indonesia (UGI), a subsidiary of US-based private entity Unocal
Corp. In 2005, Unocal was acquired by Chevron, the operating company becoming
Chevron Geothermal Salak Ltd. (CGS).
SARULLA: Unocal North Sumatra Geothermal Ltd. (UNSG), a subsidiary of US-based private
entity Unocal Corp. In 2003, after severe disagreement over the price for electricity,
Unocal sold its equity to PLN. PLN at first awarded the development to PT Geodipa
Enerji, but in 2006 the ESC for Sarulla was awarded to the private Indonesian entity PT
Medco Energi internasional, in a consortium with the private Japanese trading company
Itochu Corp., and US-based private entity Ormat Technologies Inc. In 2007, Kyushu
Electric Power Co acquired a participation in the consortium.
SIBAYAK: PT Dizamatra Powerindo, a private Indonesian entity.
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Table 3.1: Expenditures and power prices, privately developed geothermal power plants

In addition, Pertamina retained sole control of development at Lahendong and Kamojang.
Exploration continued at such important areas as Ulubelu and Lumutbalai. Under an aid
agreement with New Zealand, PLN became responsible for commercial development of the
Ulumbu prospect on the island of Flores.
PLN, purchasing steam from wellfield operators, had by 1991 constructed only 140 MW of
geothermal power plants (at Kamojang). Another 220 MW were under construction (110 each at
Salak and Darajat). These came on-line in 1994. Thereafter, almost all geothermal power plant
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construction was financed and managed by the Independent Power Producers (IPPs) working
under JOCs with Pertamina. The exceptions were Unit 3 (55 MW) at Salak in 1997, previously
under contract for construction by PLN, and a 20 MW plant at Lahendong, begun by PLN in
1999 and commissioned in 2001.
During the years 1993-1996, ESCs were signed between PLN and Pertamina and its JOC
partners for the construction of power plants at the following locations: Bedugul, Cibuni,
Darajat, Dieng, Karaha, Salak, Sarulla, Sibayak, Patuha and Wayang Windu. By itself,
Pertamina entered into ESCs for the further development of Kamojang and Lahendong. Actual
construction and commissioning by 2002 included:
x

Unit 2 (90 MW) at Darajat

x

Unit 1 (60 MW) at Dieng

x

Unit 1 (110 MW) at Wayang Windu

x

Units 4 through 6 (3 x 55 MW) at Salak

x

Unit 1 (2 MW) at Sibayak.

This brought total installed generating capacity to 807 MW, of which 317 MW were the result of
ESCs between Pertamina and JOC partners with PLN.
3.1.4 International Market Crisis and Resulting Industry Decline
The Asian financial crisis of 1997-1998 had a major impact on Indonesia’s geothermal industry.
The Rupiah plummeted from about 2,500 per US$ 1 to nearly Rp 10,000 per US$ 1 over a short
period of time. PLN was plunged in weak financial condition and the pricing of geothermal
electricity became an issue difficult to resolve.
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ESCs for privately operated geothermal projects typically are denominated in US Dollars. The
initial selling price for electricity from these fields varied from about 6.9 US cents/kWh for
Cibuni and Darajat, to over 9 US cents/kWh at Dieng, for the initial 14 years, and with an
average of almost 8 US cent/ kWh (Table 3.1). This range was significantly higher than the
approximately 4 US cents/kWh cost for coal-fired power. However, the price at several
geothermal fields was ‘front-end loaded,’ and was to decline significantly beginning in the 15th
year, presumably after capital investment had been recovered completely. This had as its
implied reason the concern over country risk, and the need to meet the high ‘hurdle rate’ for
investment. As an example, in 1993 Unocal signed an agreement with PLN to construct power
plants at Sarulla (which later was cancelled by mutual agreement). Price was to be 7.6 US cents
for the first 14 years, 5.75 US cents for years 15 to 22, and 5.21 US cents thereafter until year 30.
The ESC also included a ‘take-or-pay’ clause and various bonus and penalty clauses.
PLN stated that they could not pay the agreed prices in Dollars; this resulted in discord. Several
projects either went into default (Wayang Windu) or shut down at least temporarily.
Late in 1997, the GoI issued PD 39/1997. It cancelled various energy projects, including
geothermal projects “…that are not yet in progress and the implementation of which can be
postponed at this time…” The cancellation excluded those “…projects in which construction is
underway…according to the original schedule…” Seven geothermal projects were suspended
indefinitely. Salak Unit 6 (55 MW) had come on-line that year, and Dieng Unit 1 was completed
and ready for commissioning by mid-1998. Construction was underway at Darajat and Wayang
Windu, and loan agreements and various contracts had been entered into at Patuha, Bedugul and
Karaha. After initial negotiations, legal action began, leading ultimately to demands for
arbitration under international rules.
Lawsuits were brought in Indonesian courts, and arbitration was conducted in Geneva.
Arbitration resulted in a ruling that Pertamina and PLN were to pay Karaha Bodas US$ 261.1
million, plus interest at 4% per annum starting from January 2001. This represented US$ 111
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million expended by Karaha Bodas plus US$ 150 million for lost profit. Pertamina filed an
appeal. The issue apparently remains unresolved. An international arbitration panel also
awarded Mid-American Energy Holding Co., the successor-in-interest of Himpurna California
Energy Ltd., US$ 575 million for expenditures and lost income. In November 1999, the
Overseas Private Insurance Corporation (OPIC) of the United States paid Mid- American Energy
Holding Co. US$ 290 million under the terms of policies covering Dieng and Patuha.
Ultimately, OPIC negotiated an agreement with the GoI under which the Dieng and Patuha
wellfields and the Dieng power plant were turned over to the Indonesian government.
Table 3.2 shows that despite negotiated prices for the sale of electricity to PLN, and despite
enormous investment by private entities, only 5 of the original 10 ESCs came to fruition. Of the
5, one has ended up in government ownership, another experienced a significant drop in the price
paid for electricity after renegotiation demanded by PLN, one went into receivership and had to
be reorganized, and one has had very limited commercial development. This happened despite
the prior exploration activity by Pertamina, which as noted elsewhere had the effect of reducing
resource risk. Therefore, resource risk was not the cause of this crisis.
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Indonesia became isolated in the financial world. Loans were almost unobtainable, and there
were no new private investors in geothermal energy. Even long-term investors Unocal and
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Chevron were hesitant to continue in the climate of uncertainty and risk. PD 76/2000, designed
to encourage private investment, did not have an immediate impact. Its terms included
cancelling Pertamina’s monopoly on geothermal field development (but not voiding previous
signed JOCs). It also delegated to regional governments the authority to issue licenses, to
supervise geothermal operations, and to extend beyond 30 years the term granted for
development. However, there was initial confusion regarding implementation, and this has
continued to the present. Law 22/2001 began the restructuring of the energy industry. These
acts spelled out the role of Pertamina, and stated the nation‘s interest in continued geothermal
development.
3.1.5 Going Forward Again
This was followed in years 2002 and 2003 by a series of major changes. PD 15/2002 revoked
PD 5/1998, the decree that had suspended geothermal power development at 7 fields. Pertamina
and PLN were reconstituted as government-owned Limited Liability Companies (PERSERO),
respectively PT Pertamina (PERSERO) and PT PLN (PERSERO). In July 2002, Pertamina and
PLN established a jointly owned subsidiary, PT Geodipa Enerji, with authority to explore and
develop geothermal fields and build and operate power plants in competition with private
entities. Specifically, Geodipa was placed in charge of Dieng, with its 60 MW power plant, and
Patuha with authorization to proceed with development. PLN was given about 35% ownership
of Geodipa, whereas Pertamina received slightly over 65%. Under Government Regulation
31/2003, PT Pertamina (PERSERO) established a geothermal subsidiary, PT Pertamina
Geothermal Energy (PGE).
The GoI was a signatory in 1992 to the United Nations Framework Convention on Climate
Change. It went into effect in Indonesia in 1994 after ratification by Parliament. In 1998, the
GoI signed the Kyoto Protocol. It, too, went into effect after ratification by Parliament, in 2005.
Under Kyoto’s Clean Development Mechanism, UGI and PGE announced the first Indonesian
sale of credits for reduction in ‘greenhouse gases’, from Units 4 through 6 of the Salak
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geothermal field. Salak emits some 2.6 million tons per year less CO2 than a coal-fired plant of
comparable size. This action helped improve the economics of the Salak project. Although only
indirectly related to risk mitigation, it served to draw attention of potential private investors.
The National Energy Policy of 2003 and the subsequent Geothermal Law (27/2003) have placed
geothermal energy in the spotlight. It was decreed that some 10,000 MW of new ‘renewable’
generation is to be installed by 2025, exclusive of prior commitment to coal-fired plants, of
which approximately 6,800, or 68%, is to be geothermal power.
The Geothermal Law emphasized the sanctity of contracts, and pledged transparency and a ‘level
playing field’ in future energy decisions. Authority for regulating geothermal development had
previously been delegated to the provinces and regions, although the regulations apparently still
are far from uniform or easily applicable. As noted, this delegation has had the unfortunate and
serious effect of causing duplication of effort by national and local agencies, each claiming
authority, with corresponding lengthy delays and legal uncertainties in tendering, permitting and
in satisfying other regulatory requirements. This has emerged as a major impediment to
continued private investment.
Construction of power plants by PGE and PLN has been renewed, with Unit 4 at Kamojang (60
MW) coming on line at the end of year 2008, followed quickly by Lahendong Unit 2 (20 MW)
and construction of a 10 MW unit at Sibayak. At Wayang Windu, private entity Star Energy has
constructed Unit 2 of 117 MW, and has announced plans for further development to a total of
perhaps 400 MW. The very high yield per well at Wayang Windu (one well has a 40 MW
output) gives encouragement to this. Pertamina’s Unit 5 and 6 at Kamojang are in various stages
of development, with funding pledged or under consideration by several international lenders
(World Bank, JICA of Japan and Germany’s KfW). Pertamina is progressing with plans for
power plants at Lahendong (Units 5 and 6, of 20 MW each), at Ulubelu (2 x 55 MW) and at
Lumutbalai (also 2 x 55 MW). Even a long-delayed 55 MW development at Patuha is being
financed.
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Fifteen additional geothermal prospects are to be offered for bid by private entities, with interest
expressed by Australian, American and Dutch companies as well as those from Iceland, the
Philippines and Japan. Agreements have been entered into between the GoI and the
governments of the Philippines and Iceland, and Icelandic and Philippine companies have
expressed interest in participating with PGE or Geodipa in geothermal projects. However, there
has been no investment to date.
Slightly over 1,100 MW is now on-line at 7 fields. As mentioned, additions are underway at
Kamojang and Sibayak, and are planned at Wayang Windu and Lahendong. Construction is
planned at 4 other fields, 3 by PGE and PT Geodipa: Patuha, Ulubelu, Lumutbalai; and one by a
private entity at Sarulla. Development at Bedugul is under renewed consideration by a private
company. Plans for development of Karaha remain in limbo as a result of unresolved legal
issues. There are no current plans for development of Ulumbu field on the island of Flores. Of
the 1,100 MW of geothermal power, private developers have participated (via JOCs with
Pertamina) in 872 MW. 597 MW of this total have been under ESCs, wherein the developer
assumes the risk and responsibility for financing and constructing the power plant; and 275 MW
under SSAs, wherein PLN has financed and constructed the power plant. Pertamina by itself has
participated in 242 MW, selling steam to PLN.
These totals, although impressive, represent the investment efforts of 3 private offshore entities,
all from the United States (Unocal, Chevron and CalEnergy). Two other private entities either
no longer remain active (Karaha Bodas) or are stalemated in negotiations over price (Medco
group). Now that Chevron has acquired Unocal, and CalEnergy is no longer active, there remain
only two private investors with geothermal generation in Indonesia. If the Medco group, led by
Indonesia’s largest private oil and gas company, is successful in completing the Sarulla project, it
will still leave only two significant offshore investor companies. This is disappointing for a
country with the world’s largest estimated reserves of geothermal energy, especially as so much
prior exploration risk has been undertaken by state-owned Pertamina. It suggests that resource
risk is not the controlling determinant.
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It remains unclear whether the GoI is committed to the policy in which PGE (or some other
government entity) will conduct surface exploration, identify attractive prospects and drill
exploratory wells at those prospects before offering them for private development via a bidding
process. There are about a dozen fields in the readily developable category, but dozens others
are in need of exploratory drilling. Developers have indicated a clear preference for owning a
project through financing and construction of a power plant. This requires access to international
financial markets, which in turn is influenced strongly by perceived risk. The GoI has offered
exemption from customs duties on imported capital good and certain consumables. As
mentioned, the sale of ‘carbon credits’ may be an inducement. Other financial incentives to
mitigate risk have been discussed, including loan guarantees for private developers, but no action
has been taken.
Demand for electricity has never been fully served in Indonesia. Growth in demand over the
past decade has averaged about 7% per annum. Whereas growth is expected to drop to 6% or
even less in the present recession, a long-term rate of 7% is still used as the basis for planning
power plant and transmission line construction. Coal-fired and oil-fired electricity is and will
remain the backbone of Indonesia’s electricity, ‘Renewables’ today comprise about 4.5% of
Indonesia’s total 25,000 MW installed generating capacity. Some 10,000 MW of additional
coal-fired generation is planned or being developed (largely with Chinese export credits). Plans
call for 10,000 MW of ‘renewable’ energy by year 2025. This is expected to raise ‘renewables’
to approximately 17% of total installed capacity, if indeed all 10,000 MW are completed.
Notwithstanding the plan to add thousands of MW of geothermal energy, the availability and
price of coal-fired electricity will influence – and possibly control – the price of geothermal
electricity, and therefore the rate at which geothermal energy is developed.
The present worldwide economic recession can be expected to slow or even shelve some of these
ambitious development plans. The memory of the 1997-1998 crisis remains fresh, despite the
efforts of the GoI to restore and enhance investor confidence. Promises of Icelandic involvement
largely have evaporated in light of the economic meltdown of that country. There remains an
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unsettled negotiation with Medco over the long-term price of electricity to be generated at
Sarulla. Legal issues continue to prevent development of Karaha field. Jurisdictional disputes
between national agencies, and between national and provincial agencies, continue to pose an
obstacle. Perhaps as a result of the foregoing, a large number of attractive prospects still have no
confirmed developer.
3.2 Geothermal Resource Risk in Indonesia
3.2.1 Introduction
There is a perception among geothermal developers that the resource related risk in geothermal
development in Indonesia is substantial. Yet, there has been no statistical evaluation of this
assertion, even though there are some 100 known geothermal fields and prospects in the country,
and about 300 deep wells have been drilled. The developers and operators of the existing power
projects in Indonesia do not appear to consider the resource-related risks particularly high or
unusual. In this section we analyze the resource risk elements in Indonesia in a quantitative way
and compare them to the same resource risk elements in other countries with existing or
imminent geothermal development.
There are at least four fundamental requirements that must be satisfied for any commercial
geothermal development project; these are:
(a) adequate resource base;
(b) adequate well productivity;
(c) acceptable drilling cost per well; and
(d) benign fluid chemistry.
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We will analyze the uncertainty associated with these four requirements in Indonesia compared
to that in other countries.
3.2.2 Adequacy of Resource Base
Before acquiring a geothermal development concession in a country, a developer needs to have a
reasonable understanding of the resource base available at the site. In many countries this
information is not available, whereas in Indonesia, Pertamina had systematically explored most
of the prospective areas, drilled wells in many fields and assessed the proved, probable and
possible resource base in nearly all prospects. Table 3.3 shows the resource base in the three
categories in all prospects as assessed by Pertamina. Figure 3.1 presents a histogram of the total
resource base (proved + probable + possible) in Indonesian fields; the resource base displays a
wide range from 10 MW to nearly 800 MW.
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Table 3.3: Indonesia’s geothermal potential MW, 1999 estimate
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Table 3.3 (Continued)
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As expected in any nationwide assessment of this type, the histogram indicates the occurrence of
progressively more fields with smaller reserves, that is, an approximately log-normal distribution
of resource base. To verify this outcome, in Figure 3.2 we have plotted the logarithm of the total
resource base as a function of the frequency of occurrence on a normal probability scale. A clear
linear trend of data points on this plot establishes that the distribution of the resource base is lognormal. Therefore, Pertamina’s assessment of resource base values appears consistent, and
therefore, the information base in Table 3.3 has significant value for developers looking for
project sites in the country. Such a consistent national inventory of resource base is available
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from relatively few countries trying to attract geothermal developers.

Figure 3.3 is a plot of the cumulative frequency of resource base as a function of the MW
capacity in Indonesian fields. This figure indicates that there is 50% cumulative probability that
a geothermal field will have a reserve base exceeding 100 MW; which is an attractively large
scale of development for commercial development. It is unlikely that a foreign developer would
be interested in developing a field unless it offered the prospect for developing at least 50 MW;
Figure 3.3 shows that more than 70% of the Indonesian fields (more than 50 fields) exceed this
threshold. The occurrences of this many potentially available commercial project sites in a
country is rare. We believe that further exploration and drilling will reveal even more
exploitable geothermal sites and increase the inventory of the resource base estimated today.
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3.2.3 Adequacy of Well Capacity
We have accumulated statistics on 215 deep geothermal wells in Indonesia, which represent
about 80% of all geothermal wells in the country; most of the individual well data remain
confidential to the developer. This is an adequate database for analyzing the well capacity risk;
to our knowledge no such database has been available previously. Figure 3.4 presents a
histogram of per-well MW capacity in Indonesia based on the data from the 215 wells. A well
capacity of less than 2 MW, and in some cases 3 MW, is considered an unsuccessful or noncommercial well and is usually turned into an injection well or observation well, or is
abandoned. Figure 3.4 indicates that about 38% of wells are less than 2 MW in capacity, and as
such, non-commercial. Therefore, the drilling success rate in Indonesia to date is about 62%.
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However, this database includes exploration wells, confirmation wells, development wells and
make-up wells; the drilling success rate is generally higher as a project moves from exploration
through the confirmation, development and operational stages in succession. As will be shown
later in this report, the well success rate in the development and operational stages of the
Kamojang field in Indonesia was about 73% (Figure 3.19). This level of development drilling
success is typical in most countries with geothermal potential.
Figure 3.5 presents a histogram of MW capacity of all “successful” wells, which are defined here
as wells with a capacity of at least 3 MW. Figure 3.5 indicates an approximately log-normal
distribution. This distribution is quite different from the histogram of the average MW capacity
per well for 12 power plants in Japan presented in the January 2009 study by West Japan
Engineering Consultants, Inc. for Japan International Cooperation Agency and the Ministry of
Finance of the Republic of Indonesia (WestJEC, 2009); that histogram is reproduced here as
Figure 3.6. Figure 3.6 shows a clear peak (at 4 to 5 MW) while Figure 3.5 does not.
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Comparing the last two figures makes it difficult to estimate what the MW capacity of a typical
well in Indonesia truly is, except that the wells are likely to be of higher capacity than in Japan.
Figure 3.7 shows a plot of the cumulative frequency versus MW capacity of the commercial
wells (defined here as at least 3 MW in capacity) in Indonesia.
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Figure 3.7 shows that the commercial wells in Indonesia vary in capacity from 3 MW to nearly
50 MW, with a median value of 9 MW. This is a remarkably wide range vis-á-vis what is seen
in Japan or in other countries. For example, Table 3.4 lists the average output (as of 1999) of
commercial wells (defined as at least 2 MW in capacity) from 14 fields in 8 countries, the total
number of wells involved being 418; Figure 3.8 is a histogram of MW capacity of these 418
wells.
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Figure 3.8 also has a clear peak (at 4 to 6 MW). Therefore, it is worthwhile investigating the
reason for this difference between the well capacity distribution in Indonesia and most other
countries.
Geothermal wells have been drilled in Indonesia continuously since the 1970s. Given that over
the last few decades the state-of-the-art and experience of geothermal well drilling and field
development have improved worldwide, let us consider the statistics of wells drilled in Indonesia
only since 1990, when the pace of drilling activity accelerated in Indonesia. A histogram of the
MW capacity of all wells in Indonesia since 1990 that are at least 3 MW in capacity is shown in
Figure 3.9.
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This figure reveals that when the pre-1990 wells are ignored, the histogram of well productivity
is no longer log-normal but has multiple modes:
Mode 1:

3 to 5 MW

Mode 2:

7 to 9 MW

Mode 3:

15 to 19 MW

Mode 4:

27 to 31 MW

This multi-modal distribution can be explained by referring to the several classes of geothermal
fields discovered over the last two decades in Indonesia. Mode 1 represents “tight,” marginal
wells that can randomly occur in any geothermal system, and as such, are not unique to
Indonesia. Mode 2 (7 to 9 MW) wells are often referred to as the “most likely” in Indonesia. For
example, the WestJEC (2009) study refers to 8 MW as the typical capacity for wells in
Indonesia. Mode 2 wells represent those producing from typical high-temperature liquiddominated wells, as found in many countries. However, given that the Mode 3 and Mode 4 wells
have much higher commercial value, the assumption of an 8 MW well capacity for the analysis
of the resource risk in Indonesia significantly overestimates this risk. Let us examine what
underlying resource conditions the Modes 3 and 4 wells may represent.
Figure 3.10 is a plot of the MW capacity versus temperature of all 215 wells. This figure
indicates two clusters of wells, one in the 230°C to 250°C range and the other in the 300°C to
340°C range. It can be shown that most of the Mode 3 wells fall in the 230°C to 250°C range,
typically representing wells producing from a 100% saturated steam reservoir, and the Mode 4
wells fall in the 300°C to 340°C range, representing ultra-high temperature liquid-dominated
wells, sometimes producing from a steam cap. Mode 3 and Mode 4 wells occur in relatively few
countries besides Indonesia (such as, the Philippines).
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This diversity in the MW characteristics of wells in Indonesia makes the assessment of the
resource risk more challenging. For example, Figure 3.11 is a histogram of the temperatures of
the 215 wells; this figure shows only two modes rather than 4 as seen in Figure 3.9, but similar to
what is seen in Figure 3.10.
Figures 3.9 and 3.10 imply that Modes 3 and 4 are uniquely defined and represent well capacities
more attractive than are found in all but a few countries, whereas Mode 2 represents wells with a
very broad range of temperatures and productivity found in many countries, and Mode 1
represents generally tight and/or relatively low temperature wells. Given that the Mode 3 and
Mode 4 wells together represent nearly 40% of the 215 wells, we conclude that on a nationwide
basis, Indonesia represents an unusually high occurrence of commercially attractive wells.
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3.2.4 Well Depth and Cost Issues
Depth is the main determinant of the drilling cost of a geothermal well. For example, Figure
3.12 is a correlation of the drilling cost with depth of wells from several countries as of 2008; it
shows a nearly exponential increase in drilling cost with depth. Therefore, the depth distribution
of wells in Indonesia is an important issue in the assessment of resource risk in the country.
Figure 3.13 shows a histogram of the depths of the 215 wells indicating that geothermal well
depth in Indonesia ranges from about 1,000 to 2,800 m, which is typical of the range found in
most countries with geothermal fields (for example, see Figure 3.12).
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Figure 3.12: Correlation of Drilling Cost vs. Well Depth
as of 2008 (updated from GeothermEx, 2004)
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Although there are no detailed statistics, we know that drilling cost in Indonesia is somewhat
lower than indicated by the correlation in Figure 3.12. We have already shown that drilling
success rate in Indonesia is comparable to that in other countries. Given that (a) the well depth
and drilling success rate in Indonesia are comparable to those in other countries, (b) the drilling
cost per meter is somewhat lower in Indonesia than seen in other countries, and (c) that well
capacity is generally higher in Indonesia than in other countries, we conclude that the cost per
MW of well capacity in Indonesia is statistically less than encountered elsewhere.
Figure 3.14 presents a plot of the MW capacity versus depth of the 215 wells. It shows two
clusters. The points clustered around a depth of 1,500 m represent mostly Mode 3 wells while
the points clustered around 2,500 m depth represent Mode 4 wells. Figure 3.15 is a histogram of
the drilling cost per MW of successful wells in Indonesia, based on the correlation in Figure 3.12
and the MW capacity versus depth data in Figure 3.14. This figure shows that the drilling cost
per MW well capacity in Indonesia ranges from US$100,000 to US$1,100,000; this is
significantly lower than in most other countries.
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3.2.5 Fluid Chemistry Issues
High-temperature geothermal fields sometimes have either corrosive fluids or high concentration
of non-condensable gases, neither of which is desirable for commercial projects. Fortunately,
very few of the known geothermal fields in Indonesia have encountered serious fluid chemistry
issues. As such, we do not believe Indonesian geothermal fields have any more fluid chemistry
risk compared to similar temperature geothermal resources in other countries.
3.2.6 The Learning Curve Effect on Resource Risk
Geothermal resource development has been going on in Indonesia for more than three decades.
Over this long period the risk may have been lessened by improvements in technology and/or
experience gained in avoiding or mitigating such risk. Therefore, we examine to what extent the
learning curve effect may have positively influenced some elements of resource risk in
Indonesia. Figure 3.16 is a plot of the average drilling success versus the number of wells drilled
(not including some 20% of the wells on which we have no data) in Indonesia.
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Clearly, the success rate in drilling has fluctuated but steadily increased as more wells have been
drilled, until a stable average success rate of about 62% was reached (after about 90 wells), when
the learning curve effect reached a plateau. As mentioned before, the database in Figure 3.16
includes wells in all stages of geothermal projects. Since the average drilling success rate
progressively increases through the exploration, confirmation, development and operational
stages of a project, a drilling success rate of 62% is an underestimate for the development and
operational stages, when the majority of the wells are drilled in a project.
Figure 3.17 is a plot of the average production capacity of all wells drilled and the average
production capacity of only the successful wells drilled in Indonesia as a function of the total
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number of wells drilled. Figure 3.17 shows that the average capacity of the successful wells
reached a plateau of 9.8 MW after about 200 wells were drilled. Figure 3.16 shows that the
drilling success rate plateaued at 62% after 200 wells were drilled. Therefore, the average
capacity of all wells drilled should have stabilized at 9.8 x 0.62, that is, 6.1 MW after 200 wells;
this is confirmed by the lower curve in Figure 3.17, implying that the statistics on the learning
curve effect are internally consistent.

Figure 3.17 shows that, the capacity per well increased until it reached a plateau after about 40
wells were drilled. Then, after about 140 wells were drilled, a steady increase in the average
well capacity ensued again, even though the well success rate remained nearly constant at about
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62% (Figure 3.16) as further wells were drilled. This apparent discrepancy stems from the fact
that over the last decade more and more wells of Mode 2 and Mode 3 were drilled. Figure 3.17
shows a peak in the average capacity of successful wells of 9.8 MW, whereas the average
capacity of all wells reached 6.1 MW, again reflecting an unchanged drilling success rate of
62%. Therefore, although the learning curve effect on drilling success rate plateaued at 62%, the
average MW capacity per well kept on increasing because developers began tapping more Mode
3 and Mode 4 wells. In other words, the assumption that a typical well in Indonesia is slightly
better than the 4 to 6 MW seen in other countries is incorrect; it is substantially better (the
average nationwide being about 10 MW) and is likely to climb even higher as new projects begin
tapping Mode 3 and Mode 4 wells.
The learning curve effect on the geothermal resource risk is best illustrated by considering a
specific geothermal filed rather than Indonesia as a whole. The Kamojang field in Indonesia is
the best example for this illustration because it has the longest exploration, development and
production history in Indonesia (since the 1970s). Figure 3.18 shows the average rate of drilling
progress (in m/day) of wells in this field as a function of the number of wells drilled; the figure
clearly shows a plateau in the drilling rate after about 42 wells were drilled.
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Likewise, Figure 3.19 shows the average drilling success in the Kamojang field as a function of
the number of wells drilled. Again, the drilling success rate increases with drilling until a plateau
at a drilling success rate of 73% is reached after about 40 wells. Figure 3.20 presents the average
well capacity for all wells and for the successful wells as a function of the number of wells
drilled. Just as shown for Indonesia as a whole, the average capacity of all wells and successful
wells both increase until a plateau is reached after drilling about 40 wells. Finally, given a
plateau of 73% in drilling success (Figure 3.19) and a plateau of 6.5 MW average capacity of
successful wells (Figure 3.20), the plateau in the average capacity of all wells drilled should be
6.5 x 0.73, that is, 4.7 MW; this is seen in Figure 3.20.
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3.2.7 Quantification of the Overall Resource Risk
There are various choices of “merit measures” to quantify the overall resource risk of a
geothermal project. We will consider 3 such possible merit measures: (a) unit capital cost ($ per
kilowatt installed), (b) profit-to-investment ratio, and (c) internal rate of return (%). The overall
resource risk of a geothermal project can be quantified by the uncertainty in these merit
measures.
These merit measures have been chosen to cover all possible aspects of the overall resource risk.
Unit capital cost is independent of the cost of money, inflation rate, taxes, etc. Levelized power
cost is independent of the power price. Profit-to-investment ratio is strongly dependent on the
discount rate chosen. Internal rate of return is independent of the discount rate chosen. Besides
utilizing the four fundamental resource variables, namely, reserves, MW capacity per well,
drilling success rate and drilling cost per well, computing the last two of the above merit
measures also involves the annual decline rate in well capacity. In addition, the estimation of the
last two merit measures requires several other variables that are not directly resource-related:
Power price (¢/kWh)
Plant capacity factor (%)
Project life (years)
Injection well requirement (fraction of the number of production wells)
Inflation rate (%)
Discount rate (%)
Royalty rate (%) on gross income
Tax rate (%) on net income.
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Table 3.5 shows the values of these variables, plus the values of the five directly resource-related
variable (reserves, capacity per well, drilling success rate, drilling cost per well and the annual
decline rate in well capacity), that we have assumed for examining the three merit measures of a
hypothetical geothermal project in Indonesia.

Table 3.5: Input Parameters for Resource Risk Merit Measures for a
Hypothetical Geothermal Project in Indonesia

Reserves (MW)
Capacity per Well (MW)

50
8.0

Drilling Success Rate (%)

80.0

Drilling Cost per Well ($)

4,000,000

Initial Annual Harmonic Decline Rate (%)

3.000

Stand-by Well Requirement (%)

10.0

Plant Capacity Factor (%)

90.0

Inflation Rate (%)

4.0

Discount Rate (%)
Royalty Rate on Gross Revenue (%)
Tax Rate on Net Revenue (%)
Make-up Well Success Rate (%)

9.0
.0
34.0
90.0

Project Life (years)

30

Power Price (¢/kWh)

8.00

Payout Time (years)
Overall Rate of Returns (%)

0
0.7703

Internal Rate of Return (%)

31.90
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Figure 3.21 shows the computed changes in one of the merit measures, namely, unit capital cost
as the value of each resource variable is changed by a certain percentage from its base case
value. This plot illustrates the sensitivity of this merit measure to the various resource variables.
It is apparent from Figure 3.21 that the unit capital cost is most sensitive to the capacity per well,
followed in the declining order of sensitivity by drilling cost per well and reserves. However,
drilling success rate has a minimal impact, and annual decline rate in well productivity has no
impact on unit capital cost because the cost of make-up wells is usually expensed.

Figures 3.22 and 3.23 show similar sensitivity plots for the other two merit measures, namely,
discounted profit-to-investment ratio and internal rate of return, respectively. These last two
figures also show that the merit measures are most sensitive to reserves, well capacity and
drilling cost per well, and relatively insensitive to drilling success rate and well capacity decline
rate.
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Figure 3.23 shows the sensitivity of the IRR to the resource-related variables only. However, it
can be shown that IRR is far more sensitive to the power price as shown in Figure 3.24, which
plots the computed IRR (after taxes) of this hypothetical project in Indonesia as a function of the
assumed price. Given that an after-tax IRR of 20% is often the minimum sought by a developer,
only a power price higher than 8.6¢/kWhour is likely to be attractive to a new developer.
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As established before, the reserves of the Indonesian fields have been estimated with a
reasonable degree of consistency by Pertamina, and larger reserves and more exploitable fields
are encountered in more fields in Indonesia than in most other countries. Well capacity in
Indonesia typically is larger than in other countries, and drilling cost per well in Indonesia is
smaller than in most countries. Therefore, the intrinsic overall resource risk in geothermal
projects in Indonesia should be lower than in other countries. As such, any perception of unusual
resource risk in geothermal development projects in Indonesia is overblown. Therefore, in the
next section we examine other risk elements, not related to resource that may have held back
more rapid and widespread geothermal energy development in the country.
3.3 Risks Affecting All Energy Projects in Indonesia
The resource risk in geothermal projects in Indonesia has been described in the previous section.
Certain other risks encountered in the past in energy projects, and not unique to geothermal
energy, have been as follows:
Country risk:
x Unilateral voiding of contracts in the 1997-1998 economic crisis
x Failure to accept the results of international arbitration
x Requirement that electricity must be sold to PLN
x Government management of electricity prices
x Uncertainty that PLN will be able to pay for electricity purchased under ESCs
x Abrupt changes in government policy, reflected in Presidential Decrees, Government
Regulations and laws passed by Parliament
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x Complex and overlapping regulations, administered by a variety of government
Ministries and local and provincial agencies
x Bureaucratic delay in issuing permits, possibly reflecting the complex regulatory process
x Lack of transparency in the decision-making process
x Possibility of terrorist attacks or communal violence, especially in Aceh-North Sumatra,
northern Sulawesi, Bali, the Molukas, Jakarta and Irian Jaya (western Papua)
Economic risk:
x Lack of a market-determined price for electricity
x Use of coal-fired power as the standard in pricing electricity
x Lack of financial incentives to compensate for the downward pressure on the price of
electricity
x Need for a high Internal rate of return to compensate for perceived country risk
x Reservation of attractive prospects by government-owned entities, with resulting
competition for ESCs and downward pressure on electricity prices
x Requirement that an Indonesian entity be an equity partner
x Unexpected emergence of environmental or societal issues
Financial Risk:
x Difficulty in obtaining and high cost of loans as a result of perceived country risk
x Difficulty in obtaining and high cost of insurance as a result of perceived country risk
3-52

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

x Difficulty in obtaining equity participants as a result of perceived country risk
Project Development Risk:
x Remoteness and logistical difficulty for many prospects and fields, causing delays and
adding to cost
x Perceived uncertainty over adequacy of prior exploration or evaluation, often resulting in
need to independently confirm results through new activities
x Destructive use of agricultural or forest land, intrusion into village life, and disruption of
traditional cultural values, with their resulting impact on project development
x Potential hazard of toxic wastes, gas emissions, air and water pollution, well blow-out or
phreatic explosion
It is believed that the level of the above risks is much lower today. Even so, the perceived
country risk still has a significant impact on economic risk. The internal rate of return (IRR)
hurdle rate of higher than 20% is seen as necessary to attract investors to Indonesia. ESC prices
typically are ‘front-end loaded’ to allow rapid recovery of capital, again as a safeguard against
unilateral voiding of contracts, nationalization, and failure to accept judgments of courts or
arbitration panels. Given the perceived fragility of PLN, there is still a question whether
payment will be received, and in a timely fashion, for electricity sold under ESCs. Most of all,
there is the absence of a market-driven price for electricity, and the continued existence of a
policy that sets the price of coal-fired generation as the benchmark for pricing geothermal
electricity. Further, there is no alternative market for electricity, thus placing the geothermal
developer at the risk of PLN’s financial limitation. Finally, having Pertamina as both a partner
under the JOC, and a competitor via its ownership interest in Geodipa, creates at least the
appearance of a conflict of interest.

3-53

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

Country risk also impacts the cost of money, the availability of loans, the availability and cost of
insurance, and the availability of equity investors. However, this is in part compensated by the
high IRR required for investment and by the ‘front-end loading’ of electricity prices.
In comparison, resource risk is not excessively high in Indonesia as compared to other countries
with geothermal prospects. Indonesian geothermal fields are numerous, perhaps the most
abundant in the world. They are typically of medium to very large size, and often exhibiting
high, or even spectacularly high, capacity per well. This reduces wellfield development cost, and
thereby helps to minimize resource risk. Undeveloped and unassigned prospects abound, many
of which have been explored and drilled successfully in varying degree by Pertamina. Others
have had preliminary or detailed exploration without drilling of deep wells. Therefore, there is
no shortage of attractive prospect areas, many at low levels of resource risk. As mentioned,
these factors reduce both the risk and cost of geothermal resource development in Indonesia.
3.4 Methods of Risk Mitigation in Indonesia
Risk mitigation in any geothermal project usually follows well-defined lines of approach. These
include:
x

Obtaining project insurance, and specifically reservoir or resource insurance, if available.
In return for a sizeable premium, it is possible today in Germany to obtain insurance that
the resource is present in the quantity and quality needed to complete the project. Such
insurance was attempted in the United States during the early 1980s, but was not
successful because of the cost to developers. Such insurance schemes are being
considered now in several other countries. It is unlikely that an inexpensive insurance
program can be developed without significant government subsidy.

x

Tax exemptions, tax credits, tax holidays, freedom from foreign exchange regulations (if
any), exemption from certain labor laws, import restrictions, and environmental
regulations. These are available in varying degree for geothermal projects in many
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countries, including Indonesia. As noted, the new Philippine geothermal law offers a 7year income tax holiday. However, it is very difficult to waive environmental restrictions
because of requirements by most lenders. Tax and currency factors reduce financial risk,
and thus indirectly contribute to a reduction of resource risk.
x

Risk-sharing with local and national governments, and with other entities. This is done
through such vehicles as government-sponsored demonstration projects, cash grants,
purchases of proprietary data, cost-shared drilling, and the provision of data from surface
exploration and drilling performed by government agencies, and occasionally by
universities and national scientific agencies. These measures have proven very effective
in directly reducing resource risk in several countries.

x

Guaranteed access to markets and obtaining desired price for electricity. Many countries,
or regions of countries, are now requiring electric utilities to purchase a fixed percentage
of electricity from ‘green’ sources. This includes geothermal energy. Typically, setasides vary between 10 and 20%, attained perhaps by year 2015, 2020 or 2025.
Similarly, countries are specifying higher prices to be paid for ‘green’ electricity than for
conventional hydrocarbon fuels. Turkey is now considering such a price requirement
(US 14.8 cents per kWh). Although these are not resource mitigation measures, they
have the effect of increasing IRR, increasing availability of project finance, and
decreasing the cost of financing. As such, they make geothermal projects less risky and
thus more likely to be carried out.

x

Creating vehicles to guarantee payment for electricity delivered. This involves
establishing pre-funded escrow accounts in independent or offshore banks. Payment is
made directly upon approval of the invoice, with approval coming from an independent
third party. This, again, only indirectly reduces resource risk, but is a valuable
inducement to an offshore private investor.
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x

Other contract terms, including guaranteed access to international arbitration, ability to
invoke Force Majeure without penalty, limitation on liability claims brought by third
parties, right of termination, right of renegotiation, right of rapid recovery of investment
(‘front-end loading’), and right to extend contract life. Another measure of increasing
importance is the right to sell ‘carbon credits’ and to keep the proceeds without penalty.
These terms indirectly aid in mitigating resource risk by increasing security, and thus
reducing uncertainty and financing costs.
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4. OPTIONS FOR MITIGATING GEOTHERMAL RESOURCE RISK IN INDONESIA
4.1 Introduction
The GoI has two stated objectives:
x

to encourage the rapid and full development of Indonesia’s vast geothermal resources,
largely by private entities; and

x

to establish a price for geothermal electricity that is not significantly higher than that for
coal-fired power.

The strategies to harmonize these goals can include a wide range of legal, economic and
resource-related factors. For comparison, reference is given below to the policies adopted by
Australia, Chile, Costa Rica, El Salvador, Germany, Guatemala, Japan, Kenya, New Zealand, the
Philippines, Turkey, and the United States:
x

Australia, Japan and the United States have given direct cash payments to private
geothermal developers, in the form of drilling paid for by the government, cost-shared
drilling and demonstration grants.

x

The United States, Chile and Turkey have reserved a fraction of the electricity market
(‘market set-asides’) for ‘renewable’ or ‘green’ energy, including geothermal power.

x

The Philippines, Chile, Australia, Germany, and Kenya have specifically declared the
rapid development of geothermal power to be a national objective.
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x

Prices well above national average have been authorized for geothermal (and other
‘green’) electricity in Turkey, Germany, Kenya, and the United States, and are
anticipated in Chile under pending legislation.

x

The United States, Germany and Japan have offered loan guarantees to private
developers.

x

In Kenya, Turkey, New Zealand, and Japan, and to a lesser extent in Australia and the
United States, government entities have conducted surface exploration, and in some cases
exploratory and even development drilling, before turning over the field or prospect to
private entities for development.

x

In Costa Rica, Guatemala, formerly in the Philippines, and beginning now in Kenya,
government entities have explored, developed wellfields, and sold steam to private IPPs,
who generated electricity and sold it to the national electric agency.

x

The United States, Japan, Australia, the Philippines, Kenya, Chile, El Salvador, New
Zealand, and Turkey allow an open and competitive market for electricity.

x

Costa Rica and Guatemala require the sale of electricity to the national electricity
company. However, exceptions are allowed for small-scale power plants, private use, offgrid locations, and for electric co-ops.

x

None of these countries requires that an overseas developer must have a national entity as
a partner; none requires that the private developer be a service contractor or a joint
operating partner with a government-owned entity.

Given this general background and the geothermal risk issues discussed in Section 3, several
broad methods for resource risk mitigation can be considered as discussed below.
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4.2 Approaches to Geothermal Risk Mitigation for Consideration in Indonesia
This section presents the approaches potentially available to the Government of Indonesia
(“GoI”) to reduce the various aspects of resource risk in geothermal power development in the
country, real or perceived, faced by private developers and commercial banks. The proposed
approaches take into account the resource risk profile and the capital required at each of the
various stages of geothermal power development.
We believe GoI can take advantage of the large inventory of geothermal prospects already
available in Indonesia. If this inventory developed by Pertamina is updated and verified by an
independent third party, this can serve as an attractive inducement to potential developers.
Geothermal power development faces the highest resource risk in its first two stages:
1. Exploration stage: This stage consists of some or all of the following steps: literature review;
surface reconnaissance; geological, geochemical and geophysical exploration; slim hole drilling;
drilling of shallow exploration wells; and a preliminary conceptual model of the geothermal
system.
2. Discovery and Confirmation Stage: This stage consists of drilling a few (typically 3 to 5)
deep, large-diameter production wells to prove the existence of a commercial reservoir (drilling
the “discovery well”) and to confirm its extent by drilling one or two more wells (“confirmation
wells); developing a conceptual model of the discovered geothermal system; assessing the
productive capacity of the wells; and assessing the potentially developable power capacity
If GoI wishes to address up-front risks, then it can update the national inventory and focus
primarily on the exploration stage to confirm resources. The geothermal field development stage
risks are usually borne by developers. In this stage, any barrier to development is likely to be
related to resource economics or policies rather than resource risk; as such, the barrier is better
dealt through other policies such as the provision of an adequate off-take price.
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4.3 Risk Mitigation in Exploration Stage
The approach to resource risk reduction in the exploration stage envisages an agency of the GoI
conducting most of the tasks of the Exploration stage. This is the least costly stage in geothermal
development, typically on the order of US $ 1,000,000. But this stage carries the highest
resource risk and is not generally financed by commercial banks. This option has been employed
to some extent for many years by GoI. Pertamina has successfully conducted the Exploration
stage activities at numerous geothermal sites in Indonesia; in fact, these activities have resulted
in the definition of the large national inventory of potentially commercial geothermal resources
in Indonesia. At a number of geothermal sites Pertamina has also drilled discovery wells, and at
several sites Pertamina has drilled confirmation wells, and even development wells. Therefore, it
is reasonable to consider charging an agency of the GoI with conducting these activities.
Using this approach will call for adequate manpower in the involved government agency, or the
work can be done by contractors. Since PGE, the current successor to Pertamina, can compete
with private developers, it may face a conflict of interest in conducting exploration and drilling
for GoI. Independent verification of the exploration results of a government agency will enhance
the credibility of the results to private investors.
Pertamina had identified 71 geothermal prospects in the country with installed power capacity at
7 of these sites; of the remaining sites 8 have discovery wells drilled already. This leaves 56
sites explored to some extent. Assuming all these sites would require further exploration before
drilling a discovery well can be justified, and an additional exploration cost of about US$
500,000 for each of these sites, this option would cost on the order of US$ 20 to 25 million.
4.4 Risk Mitigation in Discovery/Confirmation Stage
The approaches available to GoI for the reduction of resource risk in the discovery and
confirmation drilling stage can take one of the following basic forms or a combination of them:
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(1) indirect subsidy to the developer, by having an agency of GoI conduct discovery and
confirmation drilling, which pose the greatest resource risk to a developer;
(2) direct subsidy to the developer by cost-shared drilling, which carries substantial resource risk
and equity capital requirement; and
(3) insurance or contingent subsidy, in the form of cost sharing with the developer, with the
requirement that the developer pays back GoI’s cost share with interest or some other form of
“mark-up” when the project secures the required development capital.
These approaches are described below.
Approach 1: Government carries out resource discovery and confirmation drilling
GoI can undertake discovery and confirmation drilling to prove the resources prior to tendering
them for private development. There are about 50 geothermal sites in Indonesia with a resource
prospect of more than 50 MW but no discovery well. Assuming the need for 3 to 5 discovery
and confirmation wells and an average drilling cost of $4 million, the maximum cost involved in
this approach would be US $600 million to US $ 1 billion.
This approach will also require a significant manpower need; therefore, GoI may choose to use
contractors for drilling. If GoI were to drill the wells, it is unclear which government agency
should conduct this drilling.
Approach 2: Cost-shared drilling with direct subsidy to developer
This approach is substantially more expensive than the approach in the Exploration stage,
typically in the range of US$ 10,000,000 to 20,000,000, and also carries a substantial resource
risk. This option calls for cost sharing, preferably 50% - 50%, between the developer and GoI.
The cost sharing arrangement may involve perhaps a maximum of 5 wells. In return for this cost
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sharing, GoI will receive all resource data the developer collects and will own the wells drilled if
the developer abandons the project.
GoI may enforce a period of performance, such as 1 or 2 years, within which the developer must
drill the discovery well, if not one or two confirmation wells also. It is possible that the first well
or two may not lead to discovery, in which case fewer confirmation wells will be drilled within
the agreed upon cost-shared budget. If the developer fails to fulfill this requirement, the cost
sharing may be ended, or the developer may be allowed to continue subject to a penalty, such as
requiring the developer to pay the accrued interest on GoI’s cost share. If the developer exceeds
the agreed-upon drilling budget, it should have the option to increase its cost share unilaterally.
This approach is relatively expensive but would be attractive to developers and can be relatively
easy to administer.
As stated earlier, there are at least 50 known geothermal sites in Indonesia without discovery
wells. Assuming a 3 to 5-well discovery and confirmation well drilling program at a typical well
cost of US $4 million, the cost share of GoI would be less than US $10 million per site. For the
50 or so sites that can benefit from such cost sharing at this time, the maximum possible cost to
GoI for this option would be on the order of US $ 500 million. In reality, however, the cost to
GoI would be lower because at many sites fewer than 5 wells may be sufficient for discovery and
confirmation.
Approach 3: Contingent support to developer through an insurance scheme
It is similar to Approach 2 but with the requirement that if the project reaches the feasibility
stage, the developer must pay back GoI’s cost share with interest. If the developer is unable to
reach an agreed upon drilling success rate (perhaps 50% or at least 2 commercial wells out of a
maximum of 5), the cost sharing may be terminated and the wells appropriated by GoI. Only if
the project is abandoned by the developer because of force majeure, the cost share of GoI may
not be paid back. An alternative to this payback approach could be the requirement that the

4-6

GeothermEx, Inc.

3260 BLUME DRIVE, SUITE 220
RICHMOND, CALIFORNIA 94806

TELEPHONE: (510) 527-9876
FAX: (510) 527-8164
E-MAIL: mw@geothermex.com

developer repays GoI only after the project has secured construction financing from a
commercial bank, in which case the developer may be required to pay a multiple (perhaps 150%)
of GoI’s cost share. As in the case of Approach 2, this approach should include a firm
performance period for the developer; for example, the Confirmation to be completed within 1.5
years and the Feasibility stage within six months after that.
Unlike Approach 2, this option can be funded from a revolving fund; one developer’s repayment
can fund the cost sharing with another developer. While Approach 2 is a direct subsidy,
Approach 3 is an insurance program. As such, the possibility of a reinsurance scheme may be
considered by GoI. This approach would require less funding than in the previous approach, but
is an advanced financial product that would be more complex to administer.
An Alternative Approach: Price Incentive
Rather than GoI being directly involved in resource risk reduction, developer could be offered an
off-take price commensurate with the risks they are taking. This was the policy applied by
Indonesia in 1990s when there was significant scale-up of geothermal development by the
private sector. Given the relatively low resource risks in Indonesia, as shown in this study, this
may be a more appropriate approach. Furthermore, this approach may prove simpler and more
efficient to administer and could scale-up development faster.
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5. CONCLUSIONS
x GoI has developed a consistent and large inventory of geothermal prospects.
x Indonesia has more identified geothermal sites, a larger resource base and higher well
productivity than in most other countries.
x Drilling cost per MW well capacity is statistically less in Indonesia than in most other
countries.
x The learning curve effect in drilling is well defined and has a positive impact on the resource
risk in Indonesia.
x The typical merit measures for geothermal resource risk in Indonesia are sensitive to reserves,
well capacity and drilling cost per well, and relatively insensitive to drilling success rate & well
capacity decline rate.
x The risk in geothermal projects is higher than in conventional power projects, and therefore
developers will require a higher return.
x This study shows that the resource risk profile of a geothermal project in Indonesia is
relatively low and might not be the major barrier to scale up geothermal. Addressing other
barriers (i.e. policies, prices) are more essential in scaling up.
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