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More than 300 high- to low-enthalpy geothermal sources have been identified throughout Indonesia.
From the early 1980s until the late 1990s, the geothermal potential for power production in Indonesia was
estimated to be about 20 000 MWe. The most recent estimate exceeds 29 000 MWe derived from the 300 sites
(Geological Agency, December 2013).

This resource estimate has been obtained by adding all of the estimated geothermal potential resources and
reserves classified as “speculative”, “hypothetical”, “possible”, “probable”, and “proven” from all sites where
such information is available. However, this approach to estimating the geothermal potential is flawed because it
includes double counting of some reserve estimates as resource estimates, thus giving an inflated figure for the
total national geothermal potential.

This paper describes an updated revision of the geothermal resource estimate in Indonesia using a more realis-
tic methodology. The methodology proposes that the preliminary “Speculative Resource” category should cover
the full potential of a geothermal area and form the base reference figure for the resource of the area. Further
investigation of this resource may improve the level of confidence of the category of reserves but will not neces-
sarily increase the figure of the “preliminary resource estimate” as a whole, unless the result of the investigation
is higher.

A previous paper (Fauzi, 2013a, b) redefined and revised the geothermal resource estimate for Indonesia. The
methodology, adopted from Fauzi (2013a, b), will be fully described in this paper.

As a result of using the revised methodology, the potential geothermal resources and reserves for Indonesia

are estimated to be about 24 000 MWe, some 5000 MWe less than the 2013 national estimate.

Much of the Indonesian Archipelago is situated on the
boundary of the Indo-Australian and the Eurasian tectonic
plates. Numerous active volcanoes are associated with this
plate boundary, stretching from Sumatera to Java, Bali
and Maluku up to Sangihe Island, resulting in many high-
enthalpy geothermal resources in these areas.

There are more than 177 volcanic centres in the
Archipelago, of which about 88 bear evidence of fumarolic
and solfataric activity (Radja, 1990). Reconnaissance studies
carried out since the mid-1960s have found in excess of 300
sites as potential high- to low-enthalpy geothermal sources.

The first national geothermal energy potential estimate
was reported to be about 16 000 MWe (Radja, 1990). This

was later revised by Pertamina to be about 20000 MWe
(Fauzi et al., 2000; Pertamina, 2005). A short time later, at
the 2000 World Geothermal Congress, the government of In-
donesia released an estimate of the national geothermal en-
ergy potential to be approximately 27 000 MWe. The most
recent estimate of geothermal potential exceeds 29 000 MWe
(Geological Agency and Ebtke, December 2013).

This paper presents the results of an updated revision of
the geothermal energy potential of Indonesia based on the
most updated data (Geological Agency, December 2013).
The revision uses a new summation methodology which was
described in Fauzi (2013a, b) by using the 2008 geother-
mal potential data. The new summation methodology will be
fully described in this paper.



In general, geothermal resources are defined as thermal
energy beneath the earth at depths shallow enough to be
tapped/extracted economically and legally by drilling at a
specific time. Geothermal reserves are defined as that portion
of the geothermal resource that is commercially extractable.
Below are examples of specific definitions.

Geothermal resources: the estimates of geothermal poten-
tial determined on the basis of limited data and yet to be
proven as potential reserves (SNI, 1998).

Geothermal resource is a term used to define a quantity of
geothermal heat that is likely available if certain technologic
and economic conditions are found in the future (specified)
time (Pertamina, 2005).

A geothermal resource is a geothermal play which exists
in such a form, quality and quantity that there are reasonable
prospects for eventual economic extraction. Resources are
known, estimated or interpreted from specific geological evi-
dence and knowledge. Geothermal resources are subdivided,
in order of increasing geological confidence, into categories
of inferred, indicated and measured (Australian Geothermal
Code, 2010).

Speculative resources: the estimate based on the presence
of geothermal surface manifestations and other signs of heat
flow (modified from Pertamina, 2005). (Note: speculation is
about something that cannot be definitely proven, i.e. theo-
retical.)

Hypothetical resources: determined from regional geo-
logic surveys and geochemistry of thermal features. Stored-
heat calculations and estimates are used for resource sizing
(modified from Pertamina, 2005). (Note: in science, a hypo-
thetical conclusion is drawn before all the facts have been
discovered and adopted for the time being as a guide to fur-
ther investigation.)

Geothermal reserves: total heat content stored in the sub-
surface that is economically recoverable and estimated using
the geosciences survey as a tool (SNI, 1998).

Geothermal reserves consist of identified economic re-
sources that are recoverable at a cost that is competitive now
with other commercially developed energy sources. Reserve
estimates are calculated based on well data and or geoscien-
tific data (modified from Pertamina, 2005).

A geothermal reserve is that portion of an indicated or
measured geothermal resource that is deemed to be economi-
cally recoverable after the consideration of both the geother-
mal resource parameters and modifying factors. These as-
sessments demonstrate at the time of reporting that energy
extraction could reasonably be economically and technically
justified (Australian Geothermal Code, 2010).

Possible reserves: the geothermal energy potential in the
subsurface is estimated by using integrated surface geoscien-
tific survey data (modified from Pertamina, 2005).

Probable reserves: the geothermal energy potential in the
subsurface is estimated by using integrated surface geoscien-

tific survey data and the result of one discovery well (modi-
fied from Pertamina, 2005).

A probable geothermal reserve is the economically recov-
erable part of an indicated or, in some circumstances, a mea-
sured geothermal resource (Australian Geothermal Code,
2010).

Proven reserves: the geothermal energy potential in the
subsurface is estimated by using integrated surface geosci-
entific survey works with reasonable certainty and includes
one discovery well and two producing delineation wells to
obtain data on the subsurface parts of the system (modified
from Pertamina, 2005).

A proven geothermal reserve is the economically recov-
erable part of a measured geothermal resource. It includes
a drilled well, the deliverability of which has been demon-
strated in commercial production for the assumed lifetime
of the project with a high degree of confidence (Australian
Geothermal Code, 2010).

Cut-off temperature: minimum temperature required for
wells to self-discharge in convective geothermal develop-
ment. For pumped flows, the minimum economic reservoir
fluid temperature for commercial energy extraction is based
on the estimated temperatures from surface geochemistry
(Australian Geothermal Code, 2010).

Note that cut-off temperature is the minimum temperature
below which it is not economic to include the reservoir vol-
ume as part of the resource. The cut-off temperature typically
used by geothermal scientists and engineers is ~ 180 °C for
the purpose of generating electricity using a “conventional
steam turbine”. This figure has also been discussed in Aus-
tralian Geothermal Code, 2010 — p. 18-19.

The definitions above that are quoted from several sources
are only very slightly different between themselves. The
difference showed in the terminology used; for example
in Australian Geothermal Code the categories “inferred”,
“indicated” and “measured” were used, and in others the
terms “speculative”, “hypothetical”, “possible”, “probable”
and “proven” were used. This sequence is given in order of
increasing geological confidence. Furthermore, there is a rea-
sonable degree of consistency between them with respect to
the definition of “resources” versus “reserves”.

The estimates of resource and reserve potential of geothermal
energy in Indonesia has gone through three phases.

In the First Phase, from the early 1980s until the late
1990s, estimates of resources and reserves were predomi-
nantly carried out by the Directorate of Geology & Min-
eral Resources (in Suryantoro, 2000, 2005) and Pertamina
(2005). In this phase, the attention was paid on the high en-
thalpy resources.

In the Second Phase, the estimates were made by the
Director General of Geology and Mineral Resources (in



Indonesia geothermal resources and reserves: December 2013 status.

Location Resources (MWe) Reserves (MWe) Installed
[ I I v Vv (MWe)
Sumatera 3122 2451 7102 29 380 122
Java 1657 1826 3769 658 1815 1134
Bali 70 22 262 - - -
N. Tenggara  407.5 359 797 — 15 5
Kalimantan 145 — — — — —
Sulawesi 1434 241 1345 150 78 80
Maluku 545 76 397 — — -
Papua 75 - - — - —
Total 7455.5 4975 13672 837 2288 1341
12430.5 16797
29227.5
Geological Agency & Ebtke (December 2013)
| — speculative; 11 — hypothetical; 111 — possible; 1V — probable; V — proven.

Suryantoro, 2000, 2005), and first released at the 2000 World
Geothermal Congress.

For the third phase, the estimates of resources and reserves
were carried out by the Geological Agency of Indonesia, and
published in API NEWS (2013) and in Geological Agency
(2013).

Within the last two decades, all the prospects/resources
from very low to high enthalpy have become the focus of
further investigation. The results are shown in Table 1.

Volumetric method resource estimation, which is com-
monly used within the geothermal industry, has been applied
to have the result as shown in Table 1 (Munandar, personal
communication, 2004). It is considered that the volumetric
estimation is the only one of the methods consistently appli-
cable for resource estimation at an early stage in Indonesia.

The most recent geothermal resource figures were ob-
tained by adding all the numbers from all of the categories
speculative, hypothetical, possible, probable and proven as
shown in the published information (Table 1). In the case
of no new summation methodology being adopted, as pro-
posed in Fauzi (2013a, b), it is almost certain that there will
be no more significant new prospects inventory; it is highly
likely that the resource figures of 29 000 MWe (Table 1) will
be constant with time in the future.

Currently, the geothermal potential classification process in-
cludes estimating the geothermal potential of a prospect area
in one of five categories defined above from a “speculative
resource” (the least certain category of geothermal potential)
to a “proven reserve” (the most reliable estimate of an area’s
geothermal potential).

The preliminary speculative resources category of re-
sources should cover the full potential of the area and form
the base reference figure for the resource of the potential

geothermal field. Eventually, further investigation of this re-
source may allow parts of the speculative resource to be up-
graded to proven reserve. However, the total “resource capac-
ity” does not increase in this upgrade (unless, of course, the
estimated area of the geothermal field resource is increased).

Where detailed geological, geochemical and geophysical
surveys are conducted over the resource area, then that part of
the geothermal resource may be upgraded to the category of
“possible reserve”. Further studies and surveys including at
least one exploration well must be able to prove the existence
of a high-temperature fluid that can be used for producing
electric power. This will allow that part of the resource to be
categorized as “probable reserves”. Again this does not make
an addition to the possible reserves or the total resource. Ad-
ditional produced exploration wells that can provide a three-
dimensional model of the geothermal resource can result in
the estimate being upgraded in the area of the drilling and
model to proven reserves. Again, the estimate of the proven
reserves does not increase the estimate of the geothermal re-
source as a whole as “geothermal reserves” are defined as
that portion of the geothermal resource that is commercially
extractable.

Thus, all activities (geoscientific surveys and drilling) that
follow an initial resource estimate of the geothermal po-
tential are tools to prove, with increasing certainty, the ex-
istence of geothermal energy stored in the reservoir rocks
in the form of high-temperature fluid. Once a geothermal
resource is established, any further estimates (that upgrade
part of the resource to a hypothetical resource or a possi-
ble/probable/proven reserve) should not be added to the total
resource capacity.

The previous practice of “summation” as depicted in Ta-
ble 1 does not give a correct estimate as it leads to a greater
estimate of the geothermal potential than is actually present.
Based on this fact, the total summation methodology as a re-
source estimation tool needs to be improved.



Geothermal resources and reserves: examples of proposed methodology using selected areas.

Location Resources (MWe) Reserves (MWe) Installed
I (A) @) e IvV{O) VE) (Mwe)
Sibayak — 34 35 — 30 2
Sibayak 35 34 35 — 30 2
Dolok Marawa 100 — 40 — — —
Dolok Marawa 100 — 40 — — -
Cubadak 73 — 100 — — —
Cubadak 73/100 — 100 — — —
Awibengkok — — 110 110 375 375
Awibengkok —/375 — 110 110 375 375
Kamojang — — — 300 260 140
Kamojang —/300 — — 300 260 140
Darajat — — 160 150 300 255
Darajat —/300 — 160 150 300 255
Total 173/1210 34 445 560 965 —
2177/1210

Original data from Geological Agency (2013). | — revised speculative resource as the whole resource; 1l —

hypothetical; 111 — possible; IV — probable; V - proven.

Revised total geothermal resources and reserves in Indonesia.

Location Resources (MWe) Reserves (MWe) Installed (MWe)
| 1 11 v \Y
Sumatera 11054 2451 7102 29 380 122
Java 7242 1826 3769 658 1815 1134
Bali 327 22 262 — — —
N. Tenggara 1399 359 797 - 15 5
Kalimantan 145 — — — — -
Sulawesi 2842 241 1345 150 78 80
Maluku & Papua 1011 76 397 — — —
Total 24020 4975 13672 837 2288 1341
24020
Resummation speculative resource based on Geological Agency data (December 2013).
| - revised speculative resources as the whole resources; Il — hypothetical; 111 — possible; IV — probable; V - proven.

In addition, the resource numbers shown in Table 1 are the
result of using different cut-off temperatures. In the case of
a country-wide resource assessment, like Indonesia, assump-
tions for electricity generation using a conventional steam
turbine power plant should use a single cut-off temperature —
typically ~ 180°C. In fact, the estimate of 29 000 MWe po-
tential resource in Indonesia used variable cut-off tempera-
tures, which ranged from 90 to 180 °C (SNI, 1999). This ap-
proach should be avoided.

The initial estimation of the geothermal energy potential of
an area is usually done through the study of literature and
a site visit to the area. This estimation is classified as a re-
source and placed into the speculative and/or hypothetical
category. Further study using geoscientific surveys and ex-
ploration drilling can improve the level of confidence to the

category of reserves that consists of possible, probable and
proven reserves.

The initial estimate that classifies the geothermal poten-
tial as a speculative resource, and the estimate using geo-
scientific surveys as a possible reserve, should be the main
focus in terms of determining how large the geothermal en-
ergy resources are in a region. The initial estimates and the
geoscientific survey will substitute one another unless the
last two classifications, probable and proven reserves, prove
higher than possible reserves and speculative resources. For
example, see Table 2 for Darajat, Awibengkok and Kamo-
jang fields. The proven reserves from the first two fields are
the figures for the total resources of the fields. And the prob-
able reserves from Kamojang are the total resources of field.

The estimate of a possible reserve may be lower or higher
than a speculative resource. If the estimate of possible reserve
remains lower than the estimated speculative resources, then
the initial estimate remains being a benchmark for the calcu-



Classification of geothermal resources in Indonesia: based
on estimated subsurface temperature resource groups.

Location Resource classification (MWe)
Low enthalpy  High enthalpy
<100to 190°C >190°C
Sumatera
Aceh 520 782
North Sumatra 170 2253
West. Sumatra 820 728
Jambi + Riau 224 778
Bengkulu 60 1005
Bangka Belitung 45 —
South Sumatera 555 987
Lampung 409 1718
Java
Banten 148 385
West Java 1131 3261
Central Java 350 954
East Java & Bali 182 1158
Nusa Tenggara 862 537
Kalimantan 145 —
Sulawesi 1696 1146
Maluku & Papua 569 442
Total 7886 16134

lation of total resources for the region. On the other hand, if
the estimate obtained from the results of further investigation
is higher, this figure becomes the new reference number for
the speculative resource (Table 2).

It is proposed that the resource calculation of a geother-
mal field not being estimated by summing all the numbers
from speculative and hypothetical resources and from possi-
ble, probable and proven reserves. Thus the estimate for the
calculation of total resources of an area is that estimate or fig-
ures recorded as the revised speculative resource (Table 2).
As defined above, the hypothetical resources and all classes
of reserves are that portion of the geothermal resources as re-
sources in total (in Tables 2 and 3 as speculative resources).

In addition, the resources calculation should be treated
differently for high- and low-temperature resources. For
the high-temperature resources, a single cut-off tempera-
ture (~180°C) should be assumed for conventional steam
power plants. And for the low-temperature resources for non-
conventional steam power plants (i.e. binary plant) or other
uses, the different approaches should be applied.

Notes:

1. Sibayak: if (C)>(B) or (C)>(A), then the number in
(C) should be transferred to (A) or (B) and be the same
as the reference that is used in summation as a resource
in total.

2. Dolok Marawa: if (C) < (A), then the number in (A) is
the reference without any changes used in summation
as a resource in total.

3. Cubadak: if (C) > (A), then the number in (C) should be
transferred to (A) to be used in summation as a resource
in total.

4. Awibengkok (Salak): if (E)>(A), then the number in
(E) should be transferred to (A) to be used in summation
as a resource in total. Similar for Darajat.

5. Kamojang: if (D) > (A), then the number of the potential
in (D) should be transferred to (A) to be used in summa-
tion as a resource in total.

6. The resource calculation of a geothermal field is not es-
timated by summing all the numbers from speculative
(A) and hypothetical (B) resources and from possible
(C), probable (D) and proven (E) reserves.

7. Thus the total resource as a whole resource in this ex-
ample is 1210 MWe.

8. The figure of the resource calculation using cur-
rent methodology by summing all the numbers is
2177 MWe.

9. The dashes or slashes, especially in (A) entries, mean
that the original estimate of total resources of each
prospect/field is not available.

10. Pertamina (2005) proposed at the early stage that all
the new resources have the speculative resource of
250 MWe. Assumed that each of them is considered to
have an area of 20 km? and the recoverable resource has
a power density at 12.5 MWe km~2. In future, this pro-
posal should be considered in order to avoid the dashes
within the (A) entries.

11. The bold numbers are the revised estimates (see texts)

Using a more realistic methodology as described in Ta-
ble 2, the geothermal resource potential of Indonesia is
revised down to be approximately 24000 MWe, some
5000 MWe less than the 2013 national estimate such as that
summed up and concluded in Table 3. For example, the orig-
inal total resource for Sumatera, by summing up all of col-
umn | to V in Table 1, is 13084 MWe; after revision it is
11054 MWe in Table 3. Thus, the figures in column | are the
result after being revised from figures present in Table 1.

It is interesting to note that about 8000 MWe out of
24,000 MWe resources are classified as non-electrical-grade
(<100°C) to low-temperature (150 to 190 °C) resources as
defined by Sanyal (2005) (Table 4).

The cut-off temperature used by geothermal scientists
and engineers typically is ~180°C. Based on this cut-off
temperature, these non-electrical-grade (<100°C) to low-
temperature (150 to 190°C) resources are not efficiently



converted into power (MWe). Consequently, the figure of
8000 MWe is flawed and should be reviewed. The real figure
could be less than 8000 MWe and partly intended for direct
use and/or electricity through binary technology or other.

The previous estimate of the geothermal resources of Indone-
sia included double counting of some reserves estimates as
resources estimates, thus giving an inflated figure of the total
national geothermal resource potential.

Using a more realistic methodology proposed in Fauzi
(2013a, b), where this double counting is removed, the
geothermal resource potential of Indonesia is revised down
to approximately 24 000 MWe. This is some 5000 MWe less
than the previous 2013 national geothermal resource estimate
of 29227.5 MWe.
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