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1. Introduction

The installed geothermal power generation capac-
ity around the world has been increasing year by year.  
As shown in Fig. 1, the power plant capacity as of 2018 
was approximately 1.4 times more than that in 2010, 
increasing from 10,716 MW to 14,600 MW.  In par-
ticular, Indonesia’s growth of power plant capacity has 
been remarkable, increasing approximately 60% from 
2010 to 2018. 

Fuji Electric regards Indonesia as an important 
market and has delivered geothermal power genera-
tion equipment to many projects in Indonesia. 

In this paper, we introduce the 85.26 MW Muara 
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Muara Laboh Geothermal Power Plant in Indonesia

Fuji Electric has a market share of approximately 50% in geothermal power plants in Indonesia, being highly 
regarded and trusted by the country’s electricity industry.  On December 2019, the Muara Laboh geothermal power 
plant (power generation capacity: 85.26 MW) in Sumatra, Indonesia started operation, for which a consortium of 
Sumitomo Corporation and PT. Rekayasa Industri, a local engineering company, had completed a turnkey contract 
with PT. Supreme Energy Muara Laboh.  As a subcontractor to Sumitomo Corporation, we were responsible for the 
engineering of the entire plant as the technical leader and delivered equipment, such as a steam turbine, generator, 
motors and turbine governor regulation system.

Laboh Geothermal Power Plant in Sumatra, Indonesia, 
which started commercial operation in December 2019.  
Fuji Electric was in charge of the engineering of the 
entire plant and supplied the main equipment.

2. Geothermal Resources in Indonesia

It is estimated that Indonesia has geothermal po-
tential resources equivalent to power generation capac-
ity of 29,000 MW.  This makes Indonesia the world’s 
second largest holder of geothermal resources.  Fuji 
Electric has delivered large scale geothermal power 
generation facilities, including Ulubelu Units 1 to 4 
(total of 226 MW, Sumatra), Wayang Windu Unit 1 
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Fig.1  Worldwide geothermal power generation market trends(1)(2)(3)
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(110 MW, Java) and Wayang Windu Unit 2 (117 MW, 
Java).  However, the geothermal potential resources 
that have been developed and used for power genera-
tion amount to only approximately 7% of the potential.  
It is supposed that Indonesia still has much room for 
geothermal power plant development.  The Indonesian 
government has announced a policy to increase total 
installed capacity to 7,200 MW by 2025 for geothermal 
power generation, which does not emit CO2 during the 
power generation process, in response to growing envi-
ronmental awareness worldwide.  In this respect, it is 
expected that there will be a greater demand for geo-
thermal power generation in the future. 

The power generation capacity of a geothermal 
power plant depends on the pressure, temperature and 
fl ow rate of the geothermal resources (steam and hot 
water) supplied from production wells.  Muara Laboh 
Geothermal Power Plant shows that Indonesia has a 
potential of high-quality and very-high-energy geother-
mal resources.  Among Indonesia’s resources, Sumatra 
Island is estimated to have the greatest potential of 
geothermal resources.  In addition to the Muara Laboh 
Geothermal Power Plant, there are many other future 
geothermal power generation projects in Sumatra Is-
land.

3. Project Overview

As shown in Fig. 2, Sumitomo Corporation formed 
a consortium with the Indonesian leading engineering 
fi rm PT*1. Rekayasa Industri (REKIND), and the con-
sortium undertook an engineering, procurement and 
construction (EPC) contract with independent power 

producer PT. Supreme Energy Muara Laboh (PT. 
SEML) in March 2017. 

PT. SEML concluded a power purchase agreement 
(PPA) with Indonesia’s state-owned power company 
PT. PLN.  Fuji Electric participated in the project as 
the technical leader under Sumitomo Corporation and 
undertook the engineering of the entire plant, design 
and supply of power generation equipment. 

Figure 3 shows the construction site of the geother-
mal power plant.  It is located in western Sumatra. 
Figure 4 shows a panoramic view of the power plant.

4. Overview of the Power Generation Equipment

Figure 5 shows the confi guration of a typical geo-
thermal power plant. 

A geothermal power plant is connected with pro-
duction wells, which extract hot water and steam from 
the ground, and reinjection wells, which return the hot 
water to the ground, through transport pipes.  Produc-
tion wells produce two-phase geothermal resources 
consisting of steam and hot water.  The two-phase 
fl uid is delivered to the separators and they separate 
the two-phase fl ow into steam and hot water.  Muara 
Laboh Geothermal Power Plant utilizes a double fl ash 

*1  PT is an acronym for Perseroan Terbatas, which repre-
sents a limited liability company in Indonesia.

PT. PLN PT. SEML

Sumitomo Corporation

Fuji Electric

PT. Rekayasa Industri

PPA*1

Jacobs*3

Technical consultantEPC 
CONTRACT*2

*1 PPA: Purchase power agreement
*2 EPC contract: Engineering, procurement and construction contract
*3 Jacobs: Jacobs Engineering Group, Inc.

Consortium
leader

SUB-CONTRACT

○Steam gathering system, 
transmission lines, switching 
stations

　Design and procurement for 
the auxiliary equipment of the 
power plant

○Civil engineering and 
construction

○Installation work

Technical leader
○Design and supply of separator
○Design and supply of power 

generation equipment
○Dispatch of technical advisors 

(construction and commissioning)

Fig.2  Project structure
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Fig.3  Construction site location of Muara Laboh Geothermal 
Power Plant

Fig.4  Panoramic view of the power plant

Courtesy of PT. SEML
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system*2, in which high-pressure steam and hot water 
are separated by the high-pressure separators, and the 
hot water is then flashed*3 for vapor-liquid separation 
by the low-pressure separator to extract low-pressure 
steam.  In the steam pipe leading from the separators 
to the turbine, if liquid and moisture are not properly 
discharged from the steam, water hammer*4 can occur, 
causing damage to the pipe and connected equipment.  
Therefore, drain pods are installed at regular intervals 
to remove the liquid.  The high-pressure steam and 
low-pressure steam are controlled at a constant pres-
sure.  After further removing moisture using scrub-
bers, it is sent to the steam turbine to generate elec-
tricity.  At the same time, the separated hot water is 
returned to the ground through reinjection wells. 

Geothermal power generation capacity depends 
on the steam characteristics (pressure, temperature, 
flow rate) obtained from the production wells and is 
therefore determined by natural conditions.  In order 
to optimize the performance of the entire plant under 
the natural conditions, it is important to keep the pres-
sure in the condenser as low as possible to maximize 
the energy drop between the inlet and outlet of the 
turbine using cooling and gas extraction systems called 

cold end. 
The cooling system mainly consists of a condenser, 

hotwell pumps and cooling towers.  It is a circulation 
system in which hot water from the condenser, which 
condenses the steam used for power generation, is 
sent to the cooling towers by the hotwell pumps, to 
be cooled.  The cooled water is returned to the con-
denser to be used to condense the steam.  The gas 
extraction system has the ability to remove non-con-
densable gases (CO2, H2S, air, etc.) contained in the 
steam from the condenser using steam ejectors and 
vacuum pumps, and then discharge them outside the 
system.  Geothermal steam contains a large amount 
of non-condensable gas, and geothermal power plant 
requires a larger capacity gas extraction system than 
conventional thermal power plants.  The gas extrac-
tion system is important, since if such system does not 
work properly, it leads reduction of the vacuum in the 
condenser, which in turn will reduce the turbine out-
put and negatively impact the overall performance (ef-
ficiency) of the plant. 

In addition to the main equipment mentioned 
above, Fuji Electric also supplied the equipment for 
power generation process, such as auxiliary cooling wa-
ter equipment and chemical injection equipment.

5. Basic Specifications of Main Equipment

Table 1 shows the basic specifications of the main 
equipment.  The steam turbine, generator, motors, 
and (TGR: turbine governor regulators) system were 
manufactured by Fuji Electric.  Some of the other com-
ponents, such as cooling tower, separators, and FRP 

High-pressure
separator

Two-phase
flow

Reinjection hot water

High-pressure steam

Non-
condensable

gas

Hot water

Warm water

Production
well

Reinjection
well

High-pressure
scrubber

Turbine and 
generator

Low-pressure
separator

Low-pressure
scrubber

Vacuum pump

Steam ejector

Drain

Drain

Cooling water

Outside air

Cooling tower

Low-pressure
steam

Gas extraction system

Hot well pump

Condenser

Fig.5  Main system equipment for the geothermal power plant

*2  Double-flash system: High-pressure steam and low-pres-
sure steam are extracted by separators in two stages to 
utilize geothermal resources without waste.

*3  Flash: Re-evaporation of high-temperature high-pressure 
water in a low pressure environment.

*4  Water hammer: A phenomenon in which shock is quickly 
transmitted through a fluid contained in a piping system 
due to pressure surge in the piping.
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6.2 High-level requirements from independent power  
producer, PT. SEML
This was a project finance*5 project, so the profit-

ability of the project was more rigorously assessed 
than the projects for national utilities.  Since PT. 
SEML had to demonstrate to investors that the project 
was worthy of financing, our consortium was requested 
to explain how it could meet all the requirements 
in terms of technology, quality, delivery, and safety 
throughout the project period.  In this regard, we re-
sponded to inquiries as promptly as possible by updat-
ing technical specifications, drawings, quality records, 
process progress reports so that the latest project sta-
tus could be ascertained clearly by stakeholders. 

Fuji Electric gained the trust of PT. SEML by be-
ing sincere in our efforts and responding to some is-
sues raised by PT. SEML and consultants who had 
good understanding of the requirements of geothermal 
power plants.  As a result, we have successfully com-
pleted the project on schedule.

piping, were procured from within Indonesia in order 
to increase the ratio of domestically sourced products 
to meet the local content requirement.

6. Project Features

6.1 Inconvenient transport conditions and harsh weather
Muara Laboh geothermal power plant is located 

about 10 km away from Mount Kerinci (elevation: 
3,805 m), which is the highest peak in the Barisan 
Mountains Range in western Sumatra.  It takes about 
five hours by car from the nearest airport in Padang to 
Muara Laboh site which is located in an isolated area 
with only small villages.  It is located in the moun-
tains at an altitude of 1,400 m and has a lot of rainfall 
throughout the year.  Another challenge was that the 
communication network in the area was not robust.  
Most of the roads for the transportation are in moun-
tainous area, with steep gradients and narrow widths.  
Therefore, we had to carefully investigate the routes in 
preparation of the transportation.  This was challeng-
ing because of the large size of the equipment, but we 
successfully delivered all equipment without any prob-
lems. 

In particular, it was difficult to transport large 
generator stator, since this item was the largest mass 
(approximately 100 t) of all items procured by Fuji 
Electric.  Although transportation on the steep moun-
tain roads was a big risk, by identifying the challenges 
in advance and taking precautions, we actually trans-
ported it without any problems (see Fig. 6).  Since 
it was difficult environment to receive support from  
Japan, we actively recruited local technical advisors 
to work in collaboration with Fuji Electric personnel.  
This team carried out the installation and commission-
ing work and successfully installed, commissioned and 
delivered all the equipment to PT. SEML.

Table 1  Basic specifications of main equipment

Steam turbine Generator Gas extraction system Cooling tower

T
yp

e ◦  Single cylinder double flow
◦  Reactive turbine
◦  Downward exhaust

◦  Totally enclosed air-cooled 
turbo generator

◦ Hybrid steam ejector and 
vacuum pump

◦ Forced draft counter flow 
type

B
as

ic
 s

pe
ci

fic
at

io
ns

◦  Gross output: 85.26 kW
◦  Inlet steam pressure:
　 High pressure of 0.84 MPa abs
　 Low pressure of 0.39 MPa abs
◦  Rotational speed: 3,000 min−1

◦  Capacity: 105 MVA
◦  Excitation: Brushless
◦  Voltage: 11 kV
◦  Frequency: 50 Hz
◦  Rated power factor: 0.85 

(lag)

◦  Configuration:
◦  2 × 50%  Two-stage ejector + 

vacuum pump
◦  1 × 50%  Three-stage ejector 

(backup)

◦  Cells: 8
◦  Frame: Concrete
◦  Design wet-bulb tempera-

ture: 18.3 °C

*5  Project finance: A way for a company to procure funds 
based upon the projected cash flows of the project.

Fig.6  Transportation of the generator stator
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nual_US_Global_Geothermal_Power_Production.pdf, 
https: / / www.thinkgeoenergy.com / the-top-10-most-
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(accessed 2020-07-14).

(3) THINK GEONERGY. https://www.thinkgeoenergy.com/
 the-top-10-most-read-geothermal-news-of-2019-on-

thinkgeoenergy/, (accessed 2020-07-14).

7. Postscript

Indonesia has a national policy to expand the use 
of geothermal energy through the utilization of geo-
thermal power plants.  Fuji Electric plans to continue 
to cooperate with Indonesia to achieve its SDGs.  In re-
cent years, Fuji Electric has also been getting into new 
markets such as Kenya and Mexico while also under-
taking geothermal power generation projects in Japan.  
We remain dedicated to helping achieve a low-carbon 
society throughout the world by utilizing our geother-
mal power generation technology.
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