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Abstract: Indonesia is blessed with abundant geothermal resources. However, only 787 MWe of
geothermal energy has been developed as of 2001. To further increase the capacity in Indonesia,
we must overcome obstacles like weak cost-competitiveness. Accordingly, a new regulation was
issued that shows the government is willing to share the steam development risk and introduc-
ing fair competition and more efficient private sector participation. In supporting regional
autonomy, the government made stable power supply and rural electrification as its top priori-
ties for expansion of the infrastructure to promote the development of remote islands. The gov-
ernment electrified about 30,394 villages. We look forward to a fruitful cooperation on
geothermal development and invite investors for capital investments to keeping momentum of

growth.

1.

Indonesia is made up of more than 17,000 islands
with a population of 210 million people distributed
mn 62,916 villages. Located between the eastern end
of the Mediterranean Volcanic Belt and western side
of the Circum Pacific Volcanic Belt, this country is
blessed with abundant geothermal resources. Trial
calculations indicate that forty percent (equivalent
to approximately 26,240 MWe 9 Billion BOE) of
the geothermal energy in the earth's crust is re-
leased in the Indonesian archipelago and neighbour-
ing areas. This country has the biggest geothermal
energy potential in the world. Indonesia needs a bal-
anced energy mix to benefit from its clean geother-
mal energy. The wuse of renewable geothermal
energy would eliminate its dependency on a single
source of fossil fuels to generate electricity and
meet Indonesia's growing energy demand. Therefore,
this is an investment opportunity now to benefit
from developing its abundant and indigenous geo-
thermal resources to provide for the countries do-
mestic needs. Using geothermal energy will
obviously enable Indonesia to export fuels that are
easy to transport for much needed hard currency.

To accelerate geothermal development, a new
regulation on the power sector and geothermal de-
velopment was introduced. The programs on the
small-scale geothermal energy development and geo-
thermal research for rural electrification must be
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carried out to fulfil increasing electricity demand es-
pecially in the eastern part of Indonesia.

This paper presents the current geothermal devel-
opment and overview of bilateral research co-
operation in achievement of electricity demands,
geothermal regulation and Rural Electrification
Program. Before discussion on these subjects, we
would like to take the opportunity to explain the
classification and geothermal energy potential
Indonesia.

n

2. Classification a geothermal
energy potential

The classification of geothermal energy potential
in Indonesia has been established based on the level
of confidence, result of integrated scientific survey
works (surface and subsurface) and economic-
technical considerations. The two general categories
are defined as resource and reserve, and further
subdivided as shown below (see also Fig. 1 and
Table 1):

1. Resource (Unidentified Resource) consists of two

classes, l.e.:

- Speculative Resource
- Hypothetical Resource
2. Reserve (Identified Resource)
classes, l.e.:
- Possible Reserve
- Probable Reserve
- Proven Reserve

consists of three
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Fig. 1 Geothermal energy potential classification.

Table 1 The energy potential calculation consideration.
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Table 2 Geothermal energy potential of Indonesia.
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The calculation of geothermal energy potential
uses as stored mass and heat in place method for
any given prospect. The total thermal energy poten-
tial Qrow 1S converted into electrical potential in
megawatt (MW) by considering recovery and utiliza-
tion factors. Different equations have been applied
to estimate the thermal energy potential in fluids
and rocks depending on the reserve or resource
sizes. The method of energy potential calculation for
any category of reserve and resource 1s given on
Table 1.

Geothermal exploration and research activities
carried out in Indonesia have identified about 244
geothermal manifestation areas. However, only 5 %
are in detailed exploration and the rest are still in
the regional exploration stage. Total geothermal en-
ergy potential of 26,240 MWe is calculated from
these areas (Table 2). The figure will be updated and
issued every vyear as the level of exploration
changes.

3. Current geothermal development

During the last three years, three geothermal
power plants became newly operational in Indonesia
at Darajat and Wayang Windu (West Java Province)
and Lahendong (North Sulawesi Province) (Table 3
and Fig. 2). These installations have rapidly ex-
panded the Indonesian geothermal power capacity.
At the present, total geothermal power capacity is
787 MWe as of January 2002. Indonesia now ranks
third in geothermal power generation in the world.

We should also draw attention to the sustaina-
bility of the older geothermal power plant in
Indonesia because its many years of operation have

Table 3 The installed
in Indonesia.

capacity of geothermal development

€ rvi s Tirdimg Temp (L8 ol Capiiy  Imisiled
Firkd t[l*l:.l“ i AT 1195 4 sparry

AT rary TSR e Fh] e 1983
Wl R dry oam 1981
Lmrape PHER2B | T2 1 14 [RES |
Wl et iy owm 1 T |55
LiSalas [ LSRR J 5 b d [} I
WM Pl ot dam | 434 IN 1958
Wevang Wl LHAR300 | TN-TIN) I I M S
W P Dusay phuires
[4]= 0 FRE-2000 | T0-00N) | i (B ]
Contral lava Py i
Mk (L LU T LR 2 1] | [ ]
Firth Bl il i e Brkack
Laheedorg, Lie Lor 2] o Bl { eif] ol |
Mo Sl Tiaa i

taught us valuable lesson. The Kamojang plant, the
first geothermal power plant in Indonesia, has been
operating stably for 19 years. Its reliable operation
demonstrates the sustainability and renewability of
geothermal resources, if the rate of production is
suitable for the reservoir size.

However, the total geothermal power capacity of
787 MWe is only 2 % of the total domestic installed
power plant capacity of 37,386 MWe (Table 4). The
geothermal power capacity in Indonesia still re-
mains at a relatively low level compared to 2,850
MWe in the USA and 1,861 MWe in the Philippines.

Regional autonomy started on January 1, 2001
gives a significant impact on district infrastructure
development. More industries are expected to grow
and consequently more energy is needed. Diversifi-
cation of fuels is necessary to ensure stable and eco-
nomical priced electric power.

4. Policy and regulatory incentives

The Government of Indonesia (GOI) stresses a
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Fig. 2 Installed capacity geothermal development in Indonesia.

Table 4 The installed capacicy ot electricity in Indonesia.
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guideline for the energy policy, namely intensifica-
tion on survey and exploration of energy resources;
diversification of energy by reducing its oil utiliza-
tion and promoting development utilization and cus-
tomary use of substitute fuel, conservation of
natural resources with goals of economic and effi-
cient energy utilization; and indexation of each en-
ergy need with the most appropriate energy
resources available in the country.

Under the Law of Environmental Management
(Law No. 23/1997), GOI recommends and gives the
highest priority to develop renewable energy such as

geothermal. This energy 1s a potentially significant
source of environmentally friendly energy. Further-
more to promote the utilization of geothermal en-
ergy, GOI has enacted a Presidential Decree No.
76/2000 regarding the utilization of geothermal en-
ergy for electricity. The supporting regulation
shows that the government will explore and drill
two or three exploration wells. Probably an addition
production well will have a significant impact on
price. It will take over the steam field development
risk. Tendering by the government will bring fair
competition. The improvement in efficiency, sustain-
ability and productivity of existing should be per-
formed through technology improvement and
optimal utilization. Transparency is one of the new
government roles promoted to eliminate anti-
competitive practices.

5. Rural electrification program

The Indonesian State Electricity Company (PLN)
on behalf of GOI has developed the rural electrifica-
tion program by utilizing diesel power in the areas
that have insufficient water for hydropower or lack
of other energy resources. This program increased
dramatically until the mid 1990's. There are about
62,916 villages all over the country with half (31,394
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villages) being electrified by 2000. There are still
large demands for electricity in other villages.
Therefore, small-scale geothermal power (less than
10 MWe) is one of the energy resources, which are
very useful to solve the problem of not having ac-
cess to electicity in rural areas.

Now, energy is solely evaluated by cost competi-
tiveness; however, this criterion will no longer be
meaningful in the 21% century. We must evaluate
energy by the cleanliness to the global environment.
From this viewpoint, geothermal energy can be re-
garded as one of the excellent energy sources. The
cleanliness of geothermal power in terms of carbon
dioxide emissions 1s ranked third among various en-
ergy sources after medium- to small-scale hydro
power and nuclear power. The emission of carbon
dioxide for nuclear power does not take the waste
deposal process into account because it has not been
fully established (Uchiyama, 1993). Compared to the
present energy composition, geothermal power is
the most effective energy to reduce the emissions of
carbon dioxide in terms of cost.

Until recent years, economic-driven development
has solely dominated the energy production field.
However, to solve global environmental problems,
political-driven development must replace it. From
this viewpoint, geothermal power development could

play a worldwide role in the global environmental
issue. Therefore future development could be con-
trolled not only by market forces but also by
strong political forces. Furthermore, international
cooperation will become important when we consider
the worldwide geothermal development. From this
demand, we have started a five-year bilateral pro-
gram "Research Cooperation Project on the Explora-
tion of Small-scale Geothermal Resources in the
Eastern Part of Indonesia" (Fig. 3) expected to con-
tinue into the future.

6. Research co-operation

A five-year Indonesia-Japan bilateral research co-
operation program, "Research Co-operation Project
on the Exploration of Small-scale Geothermal
Resources in the Eastern Part of Indonesia" (ESSEI),
started in fiscal year 1997. The objectives of this
project are to develop a geothermal exploration sys-
tem that is suitable for tropical remote islands in
Indonesia and consequently, contribute to the Rural
Electrification Program of the Indonesia govern-
ment. The implementing organizations are the
Volcanological Survey of Indonesia (VSI), New
Energy and Industrial Technology Development
Organization (NEDO), and Geological Survey of

Fig. 3 Geothermal distribution map of Flores Island.
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Japan (GSJ).

The Mataloko geothermal field near Bajawa, cen-
tral Flores, was selected as the study area of the
project based on the 1997 reconnaissance surveys
(Fig. 3). Intensive investigations including remote
sensing, geology, geochemistry, geophysics and res-
ervolr engineering started in fiscal year 1998. The
results of the surveys have been published by both
Japanese and Indonesia researches (Dwipa and
Andan, 1998; Komazawa et al., 2000; Muraoka et al.,
2000; Takahashi et al., 2000; Takashima et al., 2000;
Uchida et al., 2000; Urai et al, 2000; Yasukawa et
al., 2000). An exploration well has encountered a
steam zone at a depth of 180 meters, which produce
15 tons of steam per hour. Results of exploration
drilling at the Mataloko geothermal field are pre-
sented by Sitorus et al. (2002) and Sueyoshi et al
(2002).

Many organizations are involved in this project
regarding the administration, funding, technical in-
vestigations and logistics. The Directorate General
of the Geology and Mineral Resources (DGGMR) of
Indonesia and New Sunshine Project Promotion
Headquarters (NSS) of Japan administrate this pro-
ject. The MOU was signed by three organizations,
DGGMR, NEDO and GSJ. The technical investiga-
tions are mainly performed by the three organiza-
tions. The VSI and GSJ conduct the investigations
by their researchers while NEDO has a contract
with West Japan Engineering Company Inc.
(WestJec) and Mitshubishi Materials Natural
Resources Development Corp. (MRC) for the investi-
gation work. The PLN is the main implementing or-
ganization for the Rural Electrification Program
and will play a role of an adviser to this project as
a developer of small-scale geothermal power plants.

To construct a geothermal exploration system
suitable for tropical remote islands in Indonesia,
geothermal modeling of the area is very important.
The NEDO mainly focuses on depth modeling by an
exploration drilling survey. On the other hand, GSJ
mainly focuses on regional modeling by a survey
over a regional assessment area. Another role of
GSJ 1s logistics to NEDO from a viewpoint of scien-
tific research background.

7. Investment opportunities

Flores Island is one of the biggest islands in East
Nusatenggara archipelago where distribution of geo-
thermal manifestations is stretched along the is-
lands (Fig. 3). The Directorate of Mineral Resources
Inventory of Indonesia (DMRI) inventory data indi-
cates that there are 13 geothermal prospects of
high, medium and low enthalpy across the islands,
which suggests more than 100 Megawatts genera-
tion potential.

The electric power on Flores Island is generated
and distributed by PLN. There are isolated small-
scale diesel power plants and distribution network
not covering all the areas of the island. The current
electric power 1is distributed from existing diesel
power plants through a 20 kV line to each area
with no interconnection. According to the 1996 data,
total power generation is 37.2 GWh with a peak de-
mand of 10.3 MWe. The electricity is distributed to
about 200,000 people, which is only about 13 % of
the population of the island. Since the electricity de-
mand 1s increasing by 10 % per year during the last
two years, it 1s expected that the demand increase
shall dramatically increase once rural electrification
1s realised. The GOI, PLN and provincial govern-
ment consider the rural electrification as the top
priority project for expansion of the infrastructure
to promote the development of the area. They are
also strongly promoting the fast rural electrifica-
tion of the island with the proposes of stable power
supply and utilisation of the idle geothermal re-
sources on Flores Island as well as a CO, emission
reduction. Accordingly, electricity interconnection
shall proceed from the western part of the island to
the eastern part through Ruteng, Bajawa, Ende,
Maumere and Larantuka. On Flores Island, two
promising geothermal areas have been explored at
Ulumbu by PLN-GENZL and Mataloko by NEDO-
GSJ-VSI.

There are meny investment opportunities in
these profects mention above due to government's
limited funds. In addition, opportunity in the field
of supporting related work such as engineering,
testing and other services are also available.

8. Conclusions

In conclusion, we expect geothermal, being a re-
newable energy resource, to make a significant con-
tribution to the country's energy sector in the
future. Considering that most of the utilization of
the geothermal energy source is still on high-
enthalpy fields, there remains much development. In
this respect, we invite the private sector to actively
participate in geothermal exploration activities of
Indonesia.

The political and structural changes in Indonesia
have resulted in a situation much more conducive
than ever before to convincing the stakeholders of
the value of geothermal industry to the national
economy and welfare. Furthermore, the implementa-
tion of regional autonomy started on January 1,
2001 will give impetus to geothermal projects that
contribute to regional development such as off-grid
rural electrification and direct geothermal uses for
agribusiness.

To our neighboring Asian

counties, we look
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forward to a fruitful cooperation on technology
transfer and information exchange on geothermal
exploration, development, exploitation and produc-
tion of geothermal energy
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