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Why Geothermal?
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Primary Energy Source

Emission by Energy
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Forecast Geothermal Installed Countries by 2025

0p)]
3 .0
= =
8 <=
n =
c O
— O
T =
mb
o &
L o
o <
ep
Ga

@)

epeue)
eolulwio(
808815

ueJ|
Jell1asjuo]
e SPIY jules
elonT s
JUSBDUIA IS
wnibjeg
eljensny
eulsny
AeBuny

vz| eneoid
sz| @ouelay
oe | eURUBbIY
e | erdoiyig
se | seanpuoH
v | Auewieg
ev | jebnjaog
os | Jopenog
os| "O'N'd
el ayd
ss | elewalens
os ] BISSNYy
sst [l enBeaeoiN
zot ] uemie]
ooz "Z °'N
coz ] ea1y ejso)
vez | 1opeAjes |3
oz [ euiyd
vss N uedepr
o I eAuayy
ss. N puejeo)
oco [ Are3)
o0 T N ooixey
oo I souiddiiid
ooz [ Aoiny
ere s vsn
q| e1seuopu|

Countries
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Indonesia’s History of

Geotherm al

Exploration @ of geothermal resources
associated with active fumarole and solfatara
fields with the objective of generating
electricity was first proposed in 1918. Initial
exploration drilling was undertaken by the
Volcanological Section (later to become the

Volcanological Survey of Indonesia,

or VSI) of the colonial Geological Survey of
Indonesia (GSl), at Kawah1 Kamojang, on
Java, in 1926. Several holes were drilled
inside a large fumarole field. The third well
(KMJ-3) was 66m deep and produced steam.

1918 1926 1928 1969-1974
O O O '®) PELITA
First attempt of Exploration Dieng program
geothermal on drilling on exploration had
solfatara field Kamojang begun
2015 2000 1980-1995 1972
1,340 O O O O Several
|V|We Generated |ndonesia dn"lng
had power plant wide stopped
nstalle was 305 MWe exploration
d
2025
2020 O
2,289 MWe Forecast
had would be
installed installing
4,362 MWe



Indonesia’s
Geotherm al
Geothermal Overview

C 0 m p an 16 S Indonesiainstalled geothermal power plant capacity as of October2018

1 PT. Supreme Energy Rantau Dedap

2 PT. Supreme Energy Muara Laboh
3 FPT. Supreme Energy Rajabasa

4 PT. Pertamina Gecthermal Energy

- 5 PT. Star Energy Geothermal Wayang Windu
6 PT Star Energy Geothermal Salak, Ltd.
7 PT. Star Energy Geothermal Darajat
= E = - 8 KS ORKA & Sorik Marapi Geothermal
' v g 9 PT. Geo Dipa Energi
: - ' . ' o . : 10 Medco Cahaya Geothermal
R
- e~ Sl ”'- s | | = 12 PT.PLNGas & Geothermal
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Milestone

PROJECT TIMELINE

Year of Implementation

Preliminary Survey

Lifetime

Exploration

Test Drilling

Project Review and Planning

Power |

Field Development

2urchase A

greement (

Construction

Start-up and Commissioning

Operation and Maintenance




What is Preliminary
Survey?

The preliminary survey phase includes a first
reconnaissance of a geothermal area based
on a nationwide or regional study.

The Preliminary Survey Phase involves a work program to assess the already
available evidence for geothermal potential within a specific area (perhaps a
country, a territory, or an island). The mitial surveying may be regional or
national and essentially involves a literature review of geological, hydrological or
hot spring/thermal data, drilling data, anecdotal information from local

populations, and remote sensing data from satellites, if available.
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S Speculative resource is resource classes that estimate potential energy based
O u rce on the literature study and first preliminary survey.

Classes

Hypothesis resource is resource classes that energy potential based on the
preliminary survey

Possible is based on geological, geochemical, and temperature gradient with
the geothermal conceptual model and the estimated reservoir temperature
and dimension.

Source

Exploration & Production of Geothermal

Probable is estimation possibilities of energy based on exploration and
identified with drilling exploration (wildcat) and continue to feasibility study.

Classification

Proven is estimation resource of energy based on details with exploration wells,
delineation, and development to feasibility study.



Exploration Stages
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SURFACE STUDY GEOCHEMISTRY STUDY

GEOPHYSICAL STUDY
* Assessing surface geology « Geothermometry « Magnetotelluric
» Gathering local knowledge « Electrical conductivity « Gravity
» Locating active geothermal * pH « Electrical resistivity
surface features » Flow rate of fluids from active - Temperature gradient drilling
leatures * 2D & 3D Seismics

* S0il sampling
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DRILLING, LOGGING AND TESTING SIGNIFICANTLY IMPROVE
THE UNDERSTANDING OF THE RESOURCE, ENABLING.

Typically, at least two but more often three, deep wells are
drilled to demonstrate the feasibility of commercial production

and injection.




Project Review and
Planning

This phase includes the evaluation of all existing data by the
developer, including new data from the exploratory phases.
Financial and feasibility study.

Having completed the financial and technical feasibility study
for the power project, the developer usually enters into a
Power Purchase Agreement (PPA) with the Independent
Power Producer (IPP) or off taker (PLN)
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Field Development

This requires input from the
geoscience team, led by
geologists and drilling
engineers, who draw on
information gained during
previous phases of project
development. In parallel with
the drilling, work starts on the
steam gathering system to
convey the resource from the

wells to the power plant

Production Well

Injection Well




Construction

& Facilities

This phase comprises
installation of the steam
gathering system or SAGS
(i.e., a system of steam
pipelines from the well
heads to the power plant

and back for the reinjected
fluids);

Pipa aliran uap

Separator

Cooling
system

Pembangkit
tipe single flash
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Start-up and
Commissioning

FINAL PHASE

Start-up and commissioning of
the power plant is the final phase
before the plant starts regular
operation.

BELIEFS

This phase usually involves resolving many
technical and contractual issues with the
supplier of the plant

Providing these guarantees and bonds
involves extra costs for the project developer
and the EPC contractor

Arnn il . = -
x. \, J..i_l‘h-l__‘l ; I :




Operation &

Maintenance

OPERATION & MAINTANANCE

1. Operation and maintenance can be
divided into the O&M for the steam field
(wells, pipelines, infrastructure, etc.)

2. the O&M of the power plant (turbine,
generator, cooling system, substation,

etc.).
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GEOTHERMAL
ECONOMICS

Investment costs of geothermal

Investment costs of geothermal development are determined by the following

factors:

(i) Size of the development (MW) determined by both resource availability
and demand;

(i)  The enthalpy and depth of the resources;

(i)  Difficulty of access to the concession area; and

(iv) Cost and efficiency of project management.




GEOTHERMAL
ECONOMICS

Geothermal Type of Costs

In terms of composition, geothermal development comprises four types of

costs:

(i)  Drilling costs, a function of the number wells and the cost of each well;

(i) Infrastructure costs for construction roads, well pads and other
infrastructure

(i) Equipment costs, including power plant and Steam field Above Ground
Systems (SAGS);

(iv) Project management costs.




GEOTHERMAL

ECONOMICS
Geothermal Costs Estimation ‘

Assumed: 55 MW Plant 10 MW Plant
+ Medium Enthalpy (US$ million)  (US$ million)
« Easy Access Road — . .
. Three wells will be drilled at the exploration phase. 21Ng 903 18
Project
Henegment Infrastructure 7.1 3.3
Power plant and SAGS 101.8 18
Drilling ]
4% Project management 10 2
ToeAGs Total 209.3 41.2
49%
Source Data: Green Climate Fund.
Indonesia Geothermal Resources Risk Mitigation Project
Infrastructure Enthalpy Classification:

3%

» Low enthalpy, temperature between 180°C and 230°C;
» Medium enthalpy, temperature above 230°C but relatively low pressure; and

» High enthalpy with both high temperature and high pressure.




Comparison of Clean
Energy Cost

Cost Comparison of Clean Energy
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Conclusion
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Indonesia total potential is 23.96 Gwe with installed capacity is 2.13, which 8.89 %

compared with indonesia potential resource.
| |1|
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The highest geothermal potential in Sumatra Island and Java Island for installed
capacity. For the east Indonesia area, the potential relatively small and waiting for

Exploration activities in Indonesia has begun since 1918 And performed with the
Volcanological Section
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There are 8 stages of the geothermal development. Estimated time before "",. g
commissioning operation date (COD) is at least five years. ' y £
| IJJ l i{i

The highest cost of geothermal developer is on the stages of construction and INANTE

facilities with cost estimated as 49 % from total stages, which assumption for 50 MW l ?’WW.
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Thank You

Saturday, 25th 2021
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