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ABSTRACT

Indonesia is a country that has a lot of geothermal resources. They are mainly
distributed along the Indonesia Volcanic Belt, while others are also associated
with non-volcanic environment (sedimentary or tectonic). As of December 2012,
has been identified 299 geothermal locations with geothermal energy potential
total of about 28,635 MWe consisting of 7,247 MWe Speculative Resources,
4,886 MWe Hypothetical Resources, 13,391 MWe Possible Reserves, 823 MWe
Probable Reserves and 2,288 MWe of Proven Reserve.

Currently, the total of issued geothermal working areas (WKP) are 58 WKP
consisting of 19 existing WKP (pre-the Law No. 27/2003) with its total
geothermal energy potential about 10,869 MWe and 39 new WKP (based on the
law No. 27/2003) with total geothermal energy potential about 4,758 MWe.

Indonesia has set a long-term policy for the development of geothermal energy, as
embodied in the Geothermal Development Road Map 2004-2025. Indonesia has a
target to develop geothermal energy around five percent of our national energy
needs, or about 9,500 MWe generated by geothermal energy in 2025. Currently,
Indonesia's geothermal energy produces only about 1,341 MWe, or less than 5%
of the total resource potential of geothermal energy in Indonesia. Now, there are
nine power plants in Indonesia that produce electricity from geothermal energy
consists of 377 MWe in G. Salak, 200 MWe in Kamojang, 270 MWe in Darajat,
227 MWe in Wayang Windu, 60 MWe in Dieng, 80 in Lahendong, 12 MWe in
Sibayak, 110 MWe in Ulubelu and 5 MWe in Ulumbu.

L. INTRODUCTION

Indonesia has abundant geothermal resources that identified until December 2012
are distributed on 299 locations with the total energy potential about 28,635 MWe.
Geothermal locations in Indonesia mainly distributed along the Indonesian
volcanic belt from Sumatera, Java, Bali, East Nusa Tenggara, Banda islands, to

North Sulawesi. However, some are associated with non-volcanic environments
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that mostly distributed in Bangka-Belitung, Sulawesi, Kalimantan and Papua

islands.

Geothermal energy is known as sustainable energy and green energy, therefore its
development appropriate with policy of Indonesia to reduce global emission. The
factors can make geothermal energy to be priority for geothermal development in
Indonesia. But in reality the development of geothermal energy has some barriers,
until the current installed capacity of geothermal power plant (PLTP) has only
reached 1,341 MWe.

II. TECTONIC SETTING OF INDONESIA

The position of the Indonesian archipelago is situated at the confluence of three
major plates (Indian Australia - Aurasia - Pasifik) makes it have a complex
tectonic structure, (figure 1). Subduction inter-continental and oceanic plates
melting process produces a form of partial melting of magma in the mantle rocks
and magma differentiation have on the way to the surface. The process forming
pockets of magma which composition of acid to alkaline pathways that play a role

in the formation of volcanoes known as the ring of fire.

The existence of a series of volcanoes in some parts of Indonesia and its tectonic
activity as basis for the preparation of a conceptual model of the formation of

geothermal system in Indonesia.
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Figure 1. Tectonic setting of Indonesia, (Modified from Katili, 1973).
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III. GEOTHERMAL SYSTEM IN INDONESIA

The picture below is a schematic cross-sectional model of a geothermal or
hydrothermal system which is common along the Quaternary volcanic in
Indonesia, such as Sumatera, Java, Bali, Nusa Tenggara, Maluku and North
Sulawesi, (figure 2). While the next image is a schematic model of a geothermal
system that occurred in the graben area with relatively flat topography, such as in

parts of Sumatera are associated with the Great Sumatera Fault (GSF), (figure 3).
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Figure 2. Cross-sectional schematic model of a geothermal or hydrothermal
system which is common along the Quaternary volcanic.
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Figure 3. Sectional schematic of a geothermal or hydrothermal system on the
graben (Lawless et al. 1995).
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Based on the association of the order of geology, geothermal systems in Indonesia
can be grouped into three (3) main types: volcanic, graben (volcano-tectonic) and
non-volcanic. This type of grouping can be used as a guide in estimating the initial

size of the potential energy in a geothermal system.

The following table 1. shows the relationship between a geothermal system to
estimate the potential energy it contains, it appears that a great potential are

generally owned by a complex and caldera volcanoes types.

Table 1. Relationship type geothermal systems in Indonesia and the estimated
potential energy

Type Temperature Potency of Example
Energy
Strato High Intermediate | Tampomas and
volcano ~250 °C 50— 100 MW | Ungaran
single
Salak, Wayang
Volcanic | Complex High Large Windu and Lawu
volcano ~ 250 °C > 100 MW
Large Kamojang,
> 100 MW | Drajat, Ulumbu
Caldera High and Sibayak
~250°C
Volcano - | Graben Intermediate to | Intermediate | Sarula, Bonjol,
tectonic high to large Ranau lake and
200 - ~ 250 °C 50 ->100 Sipaholon
MW
Non- Intrusive Low to Small to South Sulawesi,
volcanic intermediate intermediate | Central Sulawesi,
~ 200 °C ~50 MW South East
Sulawesi and
Buru

IV.  GEOTHERMAL ENERGY DEVELOPMENT IN INDONESIA

Distribution of geothermal resources in Indonesia is largely attended a line of
volcanoes on the island of Sumatera, Java, Bali, Nusa Tenggara, Sulawesi,
Maluku and North Maluku. Geothermal resources are also found in some non-
volcanic regions such as Bangka-Belitung, Kalimantan, Sulawesi, Buru, Seram

and Papua islands. Until the December 2012, has identified 299 geothermal areas
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throughout Indonesia with a total potential area reached 28,635 MWe (figure 4).
The amount is updated annually in line with the discovery of geothermal areas of
new or activities in order to improve the status of a preliminary survey into a
detailed survey to the drilling of exploration. The data is then used as initial data

in determining the working area of geothermal (WKP).
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Figure 4. Distribution of geothermal areas in Indonesia,
(Geological Agency of Indonesia, As of December 2012).
Indonesia's geothermal energy potential will change from time to time based on
the results of investigations carried out either by the government or other parties.
Status of geothermal energy potential of Indonesia until December 2012 are
presented in the table 2.

Table 2. Geothermal potential of Indonesian islands.

POTENCY OF GEOTHERMAL ENERGY (MMe)
NUMBER OF Resources Reserves Total | Installed
No ISLAND Potency (MWe)
LOCATION Speculative| Hyphotetic| Possible | Probable | Proven
(MWwe) (MWe) (Mwe) (Mwe) (MWe)
1 | Sumatera 90 3089 2427 6867 15 380 12778 122
2 | Jawa 71 1710 1826 3708 658 1815 9717 1134
3 | Bali-Nusa Tenggara 28 360 “7 1013 0 15 1805 5
+ | Kalimant 12 145 0 0 0 0 145
5 | Sulawesi 65 1323 119 1374 150 8 3044 80
6 | Maluku 30 545 97 429 0 0 1071
7 | Papua 3 75 0 0 0 0 7%
Total 299 7247 4886 13391 823 2288 | 28635 1,341
12,133 16,502
28,635
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The Indonesian government expects the development of geothermal energy in
Indonesia to run well so that geothermal can act as a pillar of national energy
security. This is evident through the establishment of Presidential Regulation. 5
Year 2006 on National Energy Policy. The government targets in the regulation of
geothermal energy contribution in 2025 amounted to 5% of national energy

consumption, equivalent to 9500 MWe (figure 5).
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Figure 5. Road map of geothermal energy development in Indonesia 2006 — 2025.

In terms of stages of geothermal activity, the Act No. 27 stipulates that operational
geothermal activity consists of five (5) phases, namely the Preliminary Survey,
Exploration, Feasibility Study, Exploitation and Utilization. Stages of this activity
is actually a means of supervisory control to the business actor. Preliminary
Survey and Exploration is actually part of the exploration in a broad sense, but
that the government should be given flexibility when drilling does not have the
funds, then the beginning of exploration in the form of an integrated survey geo
science surface of at least the government should do. To distinguish the
Preliminary Survey, the stage of exploration operations is a geothermal drilling. In

general the flow of geothermal exploitation activities are as shown below (figure
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Figure 6. Chart of geothermal development based on Law No. 27/2003.
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Efforts to reach the targets set out in the National Energy Policy and carry out this
plan as stated in the road map is to encourage geothermal electricity production
increases from existing and establish WKP new one to be developed. In pursuing
the goal of adopting the new WKP, Government and / or Local Government
conduct preliminary surveys or geothermal exploration in all parts of Indonesia. In
accordance with their mandate, Geological Agency of Indonesia was appointed as
the party that represents the government in the conduct of research, survey and
exploration in an effort to improve the quality and quantity of data geothermal to
reduce the risk of investment in the upstream sector. To improve the achievement
of the implementation of geothermal preliminary surveys, the government may
also assign the implementation of a preliminary survey of geothermal to other
parties or who is often called the assignment of a preliminary survey of
geothermal energy. Through this mechanism, the government commissioned a
preliminary survey of geothermal energy to businesses that are interested in
providing some privileges at the time the results of the preliminary survey

assignment tendered.

Data and information geo science outcome of the investigation together with other
data (especially land) will be used as the basis for the preparation and
determination WKP. Procedures for determining the WKP is set up government
through the Minister of Energy and Mineral Resources Regulation Number 11 of
2008 which requires that the data is already geo science can provide a preliminary
description of geothermal systems. List of Indonesian geothermal WKP as of
December 2012 are presented in appendix A (existing WKP) and appendix B
(new WKP).

V. CRASH PROGRAME PHASE 11

In addition to the preparation, adoption and new WKP auction, to accelerate the
development of geothermal energy also accelerated program of 10,000 MW phase
II project, which is based on Presidential Decree No. 4 of 2010. Presidential
Regulation provides the basis for the accelerated development of power plants
that use renewable energy, coal and gas until 2014. Geothermal energy as one of
the categories included in the 3977 MW of renewable energy has a role in the

acceleration power projects. Geothermal development plan to speed up the
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construction of 10,000 MW power plant Phase II as set out in the Minister of

Energy and Mineral Resources No. 01 of 2012 are presented in Appendix C.

VI. CONCLUSIONS

Some conclusions of this paper are given as follows:

e Indonesia has geothermal resources are large (28,635 MWe), but their

utilization for electricity generation is still very small (1,341 MWe or

4.6 % from total resources).

e The Indonesian government policy in accelerating the development of

geothermal energy other than through the preparation, adoption and new

auctions WKP, also one of them with the Program to Accelerate

Development of 10,000 MW Power Plant Phase II where geothermal

energy can contribute about 4,925 MWe.

VII. ACKNOWLEDGEMENTS

The authors wish to express thanks to Geological Agency to publish this paper.

VIII. REFERENCES

Darman H. and Hasan Sidi F., 2000. An outline of The Geology of
Indonesia. Published by Indonesian Association of Geologists.
Geological Agency, 2010, Potential and Development of Geothermal
Resources Indonesia.

Geological Agency, 2010, Preparation of Balance Sheet Indonesia
Geothermal Resources.

Law of the Republic of Indonesia Number 27 Year 2003 on
Geothermal.

National Standardization Agency, 1999. Classifications Potential of
Geothermal Power in Indonesia (SNI 13-5012-1998).



Proceedings of the 10th Asian Geothermal Symposium, 22-24 September 2013

Appendix A: List of Existing WKP (Pre the Law No. 27/ 2003)

1 Slbayak-8Inabung PT. PGE Slbayak PT. PGE 124 12
g |Clbeursum-Parabaktl oy pop Gn. Salak JOC - CGS, Ltd 852 377
(Gn. Salak)
JOC - Star Energy
3 ;;ng‘longi.nd ) PT. PGE Wayang Windu Geothermal Wayang Windu 400 227
ayang windu
Patuha PT. Geo Dipa Energl 708 -
I Kamolang PT. PGE B5S 200
4 |Kamojang-Darajat PT. PGE Derejet JOC - GGl Lid 810 270
5 |Dleng PT. PGE Dleng PT. Geo Dipa Energl 780 60
8 |Lahendong-Tompaso PT. PGE Lahendong PT. PGE 368 80
7 [8lbual-Buall PT. PGE Sarulla JOC -80L 1146 -
8 g::;‘n';""r"“b‘"g PT. PGE Hulu Lals PT. PGE 873 .
g2 [Lumut Balal PT. PGE Lumut Balal PT. PGE 1068 -
10 [Sungalpenuh PT. PGE Sungal Penuh PT. PGE 208 -
11 |Ulubelu PT. PGE Ulubelu PT. PGE 556 110
12 |Karaha-Cakrabuana PT. PGE Karaha Bodas PT. PGE 725 -
13 |Buyan Bratan (Bedugul) |PT. PGE Bedugul JOC - Ball Energy, Ltd 278 -
14 |Ulumbu PT. PLN (Persero) |Ulumbu PT. PLN (Persero) 198 8
15 |Tulehu PT. PLN (Persero) |Tulehu PT. PLN (Persero) 100 -
18 |Clbunl KJK Teknosa Clbunl KJK Teknosa 140 -
17_|lyang-Argopuro PT. PGE lyang Argopuro PT. PGE 295 -
18 |Kotamobagu PT. PGE Kotamobagu PT. PGE 410 -
PT. Wahana
18 |Clater Sembada Sektl Clater PT. Wahana Sembada Saldl 20 -
Total 10,869 | 1,341
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Appendix B: List of New WKP (Based on the Law No. 27/ 2003)

No Nama WKP Provinsi P{;t;LT Pemegang IUP No Nama WKP Provinsi P{:‘tﬁ:}i Pemegang IUP

1 Jabal HAD &0 &abang Gactharmal Enargy 21 Gunung Clremal Jawva Barst 18

2 Sulawah Agam HAD 180 a2 Ungaran JavaTengah 10 Gir [ndah & sjaftara

p| | sl M| ok cetmaro [t il i A i
! Gugl JavaTangeh ] FT. 8prng Enargl Santosa

4 SlpchalonRla Sumatara Uara 15 25 | CandlUmoul Tlamaye JavaTengah ]

§ Simoolon-Samoslr Sumatera Uara 188 b Glawy Jawa TengsheJawa Timur 18

§ Gunung Talang Sumatera Barst W i Ngaasl - ls Jawa Thur 12 T, Balrls Damakarya Energ

i Buck Kl Sumatera Barat i % Blawan - Jowa Thur m Hedzo Cahaya Gactermal

§ | LdPinangawen Muarslabsh | Sumaters Eare 40 Suprams Energy i Hu - Daha Nusa Tanggara Barst 5 Pacitc Gao Enargy

8 Bonl Sumatera Barat 0 30 Samaalun Nusa Tanggara Barst 1m

10 Rantau Dadap Sumatera Selatan 108 Suprame anargy H Sokeria Musa Tanggara Timur i Sokeria Gactharmal Indonesia

L Kepahiang Benglul 180 i Aade Musa Tanggara Tir i Wnatindo Utarna Karva

12 [ Gunung Rejocess Larpung d Suproms Energy £ Hataloko husa Tenggara Tirur L

13 Such Sekinoau Lampung 230 Chsran Geotharmal Such Sakhesu | 34 llsange Nusa Tenggara Timur i

1 Danau Fanau Lampung 2 % Harana Sulgwas Tangah L

16 Wal Ratal Lampung 168 # BoreFul Sulavesl Tangah 13

18 Kaldsra Danau Bartan Barfen 18 PT. Slntasa Banten Gacthamal ] Susan Gerontalo 1

17 Gunung Endt Earten % ® Jalck Haliku Wara 7 StarEnargy Gacthermal Haimahera

1 Tangkuten Parahu Jawa Barat 100 Tangkuizan Farahu Gactharmal 30 Songa Wayaua alku Wars 140

1 Tampomas Jawa Barat & WIKs Jabar Fowar

20| Olok- Coukarams Juva B W learRednd Gedhernd Total potensi: 4.758 MWe

10
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Appendix C: List of geothermal fields for acceleration of geothermal development projects 10,000 MWe phase 11
(Based on Ministerial Regulation of Energy and Mineral Resources No. 01/ 2012)

Province

Estimated Capaclty

Province

Estimated Capacity

1 [PTPizaiFect |E=E] NEH iy o JFLOE Jazct NinzaloE Aceh Laliijian o5 17
S g T Bezani: pEH Il 2 [FTRsarcal S lun Wil 33
I OPETP R e lim] SoawasiLuans Xai + o IFLTFSarcial Srmamera Lo 33 i
< |ETERrmmogeaziiden s Sizwesi Uz Shab = 50 JFLOF Umsu Tewameve “twa Tengih wiss B
ER N T Nug Temggrs Bars iy s 3 JPLTF dmzoiondemedr Sl e e
Z R oxat o 32 Ria-Riz Tomitera L unE 1133 33
B e Bargs M EF I1: 33 |FLCF Sariz Mamzi Femaera L oo T, S
£ [aws Baraz 1z30 1 &2 52 3+ FLF Muaraszss o atere Bangt g b oat
3 svz Timar it TR T Gz vers Barsn 35 25
M liva Tizr 153 i i}ﬂ:p LimisBisl i soal S e 53 3
i1 [awa Tizar iz j£H 37 |FLICF Beresilaizr e ez faaan il bl
) Barcer 1153 3 T I g L o
23 OETE R;-.\ellc... |Eenzen 11117 11} 3 sz idin: LimTnE il
iy [PLTRliun [gwa Beras Iyl i -'r? sk aiki::... LTI 2
i TP S an- e w3 Bara 135 i amymy i
i |PLTPHarshaEsdar [#w73 Baras 338 <2 = IFL'F '.‘-=.’.. EmTEE s
M LA e [ea Bara 3360 182 23 JFLOF Leharions jznf Soawzglius iy =
2 PLTFTammema: [&ve Barst 1uzd = = |FITFEcm wed Tenzas 1i3 :
23 |FiTPTans [sws Bars ‘v;: £ FLOF Merzme Megsing Yigwed Tenash iy b o
2 | T3 Bara: i m # [FUrEs: Nurs Tengrars Ser: h
o1 JE jewa Baras xi I : |§"F Sis Nugz Tencpars Timur Al H
2 ELTEEmnden s Tezzeh il e #8 JPLUF Sacri Susa Texggana Timay I 13
33 PLT ie: [z Temzsh 1u35 1 x0 13 35 [FLOF Madsis Nuse Tengzers Timor 1x3 E
12 |PLTRCus s Tengan 1153 33 A [ EN Vil = 12
22 |PT?Lngarm [awa Temgat 132 EH 51 JPLTF SomzzWavess Mezma L 1:3 H
o Nammeanhlausiar 1335 i Total installed: 4,925 MW
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