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BPPT of Indonesia has developed 3MW condensing turbine type geothermal power plant
(GPP) with maximum local content. The design of GPP is based on KMJ-68 well characteristic
data of Pertamina Geothermal Energy located at Kamojang West-Java. KMJ-68 well data are;
steam dominated, 12bara well head pressure, 1.7% NCG, 33ton/hour steam flow rate. The
construction has been completed and is currently being operated for early stage performance testing.
Until early 2018, the BPPT’s GPP has generated 15,572kWh of electricity, with the highest load of
1.3MW. The thermal efficiency of the turbine-generator system reaches 81% for loads of about

1IMW.
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1. Introduction

1.1 Potential of small scale geothermal power plant
development.

Indonesia has an abundant geothermal energy sources,
with a total potential of more than 28 GW, from low to
high enthalpy, which is spread along volcanic path from
the islands of Sumatra, Java, Bali, NTT, Sulawesi and
Maluku. However, to date only 1,808.5 MW (6.5%) has
been utilized to generate electricity.

In the Presidential Regulation No. 22 of 2017 on the
General Plan of National Energy (RUEN), the utilization
of geothermal energy for power plants in the energy mix
is targeted at least 4.6% of the total installed power plant
capacity in 2025. The development target of the
Geothermal Power Plant (GPP) until 2025 is
7,241.5MW,.

The Geothermal energy development also meaningful
for enhancing the national energy security in regard to
those abundant potential, along the so called Ring of Fire
of Indonesian Islands. As Gima and YoshitakeV
concluded in their study on energy security (2016), that
the diversification of thermal power generation and
innovation regarding clean energy are important key
factors for island energy security. Therefore, the
availability of local capability in Geothermal energy
power plant should be an immediate goal of the
development.

The potential of geothermal energy sources is widely
distributed in the eastern Indonesia such as NTB, NTT,
Maluku, North Maluku and other remote areas. Until
now these areas are still using Diesel Power Plants (DPP)
as the dominant source of electrical energy supply. Based
on BPPT’s survey at the early phase of the study (2010),
there are morethan 480 units of the DPPwith a total
capacity of more than 300 MW, where the capacity per
unit is relatively small (<5MW) due to corresponding
demand capacity in those area. Small-scale GPP as a
substitution for DPPcan give a significant and an
immediate improvement to the national economic
because the current electricity subsidy is very burdening
the Government’s budget (Rp.51, 9 Trillion, in 2009).

BPPT in accordance with its role has been developing
and prototyping the small-scale geothermal power plant
with a high local content. One of which is a 3aMW GPP
with a condensing turbine type, in which all the main
component was designed and manufactured locally. This
RD&E (Research, Development & Engineering)
activities involves a number of local manufacture
industries, such as engineering design work by BPPT in
cooperation with PT Rekayasalndustri, turbine
manufacturing by PT Nusantara Turbin&Propulsi (NTP),
generator by PT Pindad, etc.

1.2GPP condensing turbine.
Almost all of the operating GPPin Indonesia currently
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use condensing turbine technologywith a direct steam
plant type. Referring to the working principle of the
direct steam plant?, a small 3 MW GPP is designed as
shows in Figure 1.

Fig.1:Schematic Diagram Of The 3 MW GPP Pilot
Plant,Kamojang — West Java, Indonesia

The following describes the working principle of the
system.The geo-fluid from the production well is
depressurized using restriction orifice (RO) to meet the
turbine operating pressure. The steam is then separated
from the solid particles and the dry vapor or steam inside
the separator. The steam out from the separator is then
separated into three functions. First, the steam with the
largest portion is used to drive the turbine. Second, the
least steam portion, is used for the gland seal of the
turbine after it taken into a lower pressure using RO.
Third, with a large portion, is used as a motive steam on
steam jet ejector (SJE) to attract non condensable gas
(NCG) from inside the condenser.

In the turbine, the process of converting thermal
energy of the steam into mechanical energy takes place.
The resulted mechanical energy drives the generator to
produce electricity. The steam out of the turbine is then
condensed in the main condenser. Direct contact
condenser is used in this installation. Using a hot-well
pump, the condensate is pumped towards the cooling
tower (CT) to be cooled down. The waterfrom the
CTgravitationally flows and mostly used as a coolant in
the main condenser. The rest is then used to cool the
ejector condenser and the liquid range vacuum pump
(LRVP) with the help of auxiliary cooling water pump
(ACW). Excess water from the CT is then collected in
the pool to re-injected into the injection-well.

2. Methodology

The development of the MW GPP in Kamojang-West
Java, Indonesia begins with the calculation of the
thermodynamic process design to produce a process flow
diagram (PFD), a piping & instrumentation diagram (P &
ID), and a general arrangement. Based onthe PFD and
the P & ID, the design ofmechanical, electrical,
instrumentation and control equipment, civil structures
and other supporting equipment are calculated. In this

paper the discussion is focused inthe thermodynamic
processes, major mechanical equipment and the
generator.

The early operation testing stages of the 3MW GPP
has been carried out gradually for several times. That is,
starting with no-load testing, testing with a dummy load,
and finally by synchronizing the load testing to the 20
kV grid. Synchronize test results in early 2018 for up to
1MW load are shown in this paper.

The calculation of heat and mass balance of each
3MW GPP components is established by taking into
account the important parameters related to the
characteristics of wells, atmospheric conditions and the
environment around the plant. In addition, turbine design
parameters are also considered, because most parts of the
turbineisdesigned through a reverse engineering of an
existing turbines. Some of the design parameters referred
to among others as in Table 1.

Tablel:Reference parameters for calculation of mass
and energy balance.

The process of changing state in each of the main
components of geothermal power plants is considered
reversible, so that by ignoring the kinetic and the
potential energies for fluid flow at the inlet and outlet of
the system, the application of the mass and energy
conservation laws for each component of GPP is as in
Table 2. Heat and mass balance calculations are
performed with the use of EES (Engineering Equation
Solver) software. The parameters in Table 1 are used as
input.

No Process, Energy and mass balance

Process: isentropic

Energyconservation:niy by = W + myhy
Massconservation: ni; = 1,

where :1it: mass flow, /1 : specific entalpy,W: Power

Process: Isobar

Energyconservation: miy iy +my hy = mighy
Massconservation: miy + 1, = mig

Wet Cooling Tower
(T8,

Separator: Process: Isenthalpic

Process: Isobar

Energyconservation: My iy +1ty by = mighg + mighy
Massconservation: i, = miy + (1, —my)

Energyconservation: miyhy, = myh, + mizhs
M: cation: mi, = mi, + mi.
Process: isentropic

Pump

2

Energyconservation: miyhy + W = m,h,
Massconservation: i, = i,
Process: Polytropic

Steamejector _

6 fi= )
R Energy conservation: mi, by 41, hy, = mizhy
M:

— sation: mi, + 17, = mi.

Table2:Conservation of energy and mass within the
main component of the GPP.















