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turbine and then generator, which will convert it into
electrical energy.

Abstract— Electrical power requirements in Indonesia is
increasing every year, this is due to government policies in
providing electricity that want to reach all regions in Indonesia.
Increased access to electricity and the growth of national
economy made public electricity consumption also rise. For this
reason, reliable performance is needed from the power plant.
There are several efforts which can be implemented to improve
power plant performance, one of the efforts is to carry out an
improvement program on some generating material equipment.
In the Muara Karang combined-cycle power plant, materials
based on data of Hot Gas Part Path (HGPP) gas turbine
MS9001E type PG9161E in Block I which has been operating
since 1992 reached its usage age limit. However, the old type
HGPP will be replaced with a new type of HGPP material. It’s
9E3 series gas turbine type Advanced Gas Path (AGP). This
research presents some material that has been upgraded on
HGPP. Discussion in this paper was assessed based on the
benefits obtained from use of new technology gas turbines (9E3
series gas turbines) by comparing old technology gas turbines
(MS9001E gas turbines type PG9161E). The assessment was
seen from the gas turbine performance and availability in terms
of output power, heat rate and efficiency of fuel consumption.
With result that gas turbines on new technology are expected to
have optimal performance and availability. And tested better
than previous technologies. Thus, it can be applied to Muara
Karang combined-cycle power plant.

Reference [1-2] mentioned that Muara Karang Block I
combined-cycle power plant consists of three units Gas
Turbine Generator (GTG), each having of capacity up to 105
MW, 1 unit of Steam Turbine Generator (STG) has a capacity
of 185 MW and 3 HRSGs. The total installed power of Muara
Karang combined-cycle power plant is 500 MW. Muara
Karang combined-cycle power plant in Region I system
which covers the areas of DKI Jakarta and Western West Java
has an important meaning because it supplies vital areas such
as Istana Negara and Soekarno Hatta Airport.
The reliability of power plant unit is needed due to the
rapid development of technology and industry in Indonesia so
that demand for electricity continues to increase. Moreover,
Indonesia is currently implementing a 35,000 MW electricity
development acceleration program. For this reason, Muara
Karang combined-cycle power plant must show an increase
in operational excellence, produces a number of long-term
benefits for development, and can support the program to
increase assets of PT PJB Muara Karang. The problem
experienced by the Muara Karang gas power plant is due to
use of some HGPP materials that has been exhausted in Block
I. An upgrade program is needed for gas turbines. Based on
technical and economic studies, it’s better to use the 9E3series gas turbine instead of using gas turbines with the old
technology. To improve the performance and availability of
GTG 1.3, in the proposed HGPPP is type of AGP including
advanced seal kit and exhaust temperature control curve
materials to increase the firing temperature.

Keywords—gas turbine, hot gas path parts (HGPP), advanced
gas path (AGP),heat-rate, inspection interval (overhaul)

I. INTRODUCTION
Muara Karang power plant is a combined-cycle power
plant consisting of two main units, it’s gas turbine generator
(GTG) and steam turbine generator (STG). Heat from exhaust
gas in a gas power plant is used to produce steam which it’s
used as a working fluid in a steam power plant. Basically,
steam power plants utilize heat energy and steam in the
combustion gases produced at steam power plant to heating
HRSG (Heat Recovery Steam Generator) water, thus
becoming dry saturated steam. Dry saturated steam will be
used to rotate the blade (propeller). Gas produced in
combustion chamber at steam power plant will drive the

In this research, the use of gas turbines with a new
technology can increase performance and availability at
Muara Karang power plant unit. Based on some material that
has been upgraded on HGPP.
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II. MUARA KARANG COMBINED-CYCLE

ɳ=

In Muara Karang Block I power plant unit, gas turbin
(GT) can operate independently (open cycle) or combined
with steam turbine generator (STG) or combined cycle. When
operating in a combined cycle exhaust gas from GT flew
through exhaust plenum to heat recovery steam generator
(HRSG) which is used to heat raw water and produce steam
that will flow to the steam turbine. STG unit Muara Karang
consists of 2 levels steam turbine, which are high pressure
(HP) and low pressure (LP). Steam flow in the HP turbine is
regulated by main control valve (MCV), while in LP turbines
it is regulated by admission control valve (ACV).
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Step 1
Process 1-2, the air enters and pressed in the
compressor produces air presurre (compression
step). It can be calculated by using equation 2 :
ℎ =

In STG unit, turbine and generator are on one axis, so that
the turbine rotor rotation will also rotate the generator rotor.
In the generator rotor there is a magnetic field induction
resulting from excitation current injection. As a result of rotor
rotation, the magnetic induction that occurs is truncated by
the coil in generator stator and will produce electromotance
which is then flow through a generator to the transformer. The
combined-cycle power plant process is shown as in Figure 1.
Refer simply to the reference number, as in [3-4].
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Step 2
Process 2-3, the air from the compressor and fuel
reacts in the combustion chamber to produce hot gas
(combustion step). It can be calculated using
equation 3 :
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Step 3
Process 3-4, hot gases from combustion enter and
expand in turbines (expansion step). The expansion
of combustion gases expands and flows out through
the turbine. It can be calculated as follow :
100%
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By using a specific ratio value, k = 1,3. Turbine
inlet temperature can be calculated by using
equation 6.
Fig. 1. Combined-cycle power plant
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A. Working principle of gas power plant
Gas power plant has several main equipment such as gas
turbines, compressors, and combustors. Reference [5]
mentioned that the working principle of a gas power plant is
based on the Brayton cycle as in the diagram (p, v and t, s)
shown in Figure 2.

(6)

Step 4
Process 4-1, ex-gas from the turbine is discharged
into the outside air (discharge step). It can be
calculated by using equation 7 :
=

(7)

As a supporter of gas power plant, several auxiliary
equipments are used to help the gas turbine cycle process run
well such as a lubricating system, fuel system, cooling
system, air control system, hydraulic system, air pressure
system, and atomizing air system.
B. Gas Turbine
Gas turbine engine is a device that utilizes gas as a fluid to
rotate a turbine with internal combustion. In a gas turbine the
kinetic energy is converted into mechanical energy through
pressurized air which turns the turbine wheel to produce
power.

Fig. 2. Brayton work cycle

Reference [5] mentioned that how well turbines change an
energy and how much the fuel needed to produce expected
power output is related to turbine efficiency. It can be
calculated as follow :
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Reference [6] mentioned that based on technical and
economic studies, implementing new technologies using the
9E3 series gas turbine series (Advanced Extendor Combustor
and Advanced Gas Path), is more profitable compared to
buying standard type HGPP (PG9161E). Some Hot Gas Path
Parts (HGP) types of Advanced Gas Path (AGP) gas turbines
in Muara Karang combined-cycle power plant block I consist
of :

The simplest gas turbine system consists of three components
which are compressor, combustion chamber and gas turbine.
The main compressor functions to increase the pressure and
air temperature before entering the combustion chamber. The
air is also used for combustion air, fuel-depleting air, blade
cooling air and combustion chamber and bearing lubricant
seals. Combustion chamber is the vessel where the
combustion process occurs. Gas turbines generally have a
combustion chamber consisting of many combustion liner or
combustion basket installed on around compressor discharge.
The volume of hot gas combustion chamber production is
large because the combustion process provides high excess
water.

1.

AGP – Stage 1 Nozzle
Improved sealing and cooling features such as : film
cooling hole improvement, reduced chute leakage on
cloth seals, re-designed retaining ring and antirotation pin slot.

Fig. 4. Stage 1 nozzle
Fig. 3. Working principle of gas turbines

2.

In general, the process that occurs in a gas turbine system is
as follow :
• compression of the air in the suction and compressed
• Combustion of the fuel is mixed into the combustion
chamber with air then burned
• Expansion of the combustion gases expands and
flows out through the nozzles
• Exhaust gas from combustion products is removed
through the sewer
In fact, there is no process that is always ideal, there are
still losses that can cause a decrease in the power produced
by the gas turbine and result in a decrease in the performance
of the gas turbine itself. These losses can occur in all three
components of the gas turbine system.

AGP – Stage 1 Bucket
Improved cooling design using turbulators and
redesigned dovetail sealing

Fig. 5. Stage 1 bucket

3.

Reference [6] mentioned that Muara Karang power plant
unit utilizes new technology to improve the reliability of
electricity supply. Gas turbines are upgraded to increase the
efficiency of the turbine itself. The specifications for gas
turbines with old technology are shown in Table I.

AGP – Stage 1 Shroud
Improved sealing, optimized coaling, and latest
generation
patterned abradable coating for
improved durability and reduced operating
clearance.

TABLE I. GAS TURBINE SPECIFICATIONS

Manufacturer
Model series
Rating

Gas Turbine Specifications
General electric
MS9001E
107860 kW (natural gas) ;
105706 kW (fuel oil)

Compressor stage
Turbine exhaust temp
Pressure
Speed
Shaft rotation
Protection

17
1005o F
14.7 PSIA
3000 RPM
Counterclockwise
Overspeed, overtemperature,
vibration, and flame detection

Fig. 6. Stage 1 shroud

4.
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AGP – Stage 2 Nozzle
Uses GTD-262 super-alloy with improved creep,
low cycle fatigue and oxidation compared to GTD-

241. In addition improved sealing has been obtained
using clothe seals design.

Fig. 7. Stage 1 nozzle

5.

Fig. 10. Stage 3 nozzle

AGP – Stage 2 Bucket
Cooling has been modified to provide creep
capability and improved dovetail sealing, twist lock
to reduce leakage, reduces whell post gap, and
increased seal pin length.

8.

AGP – Stage 3 bucket
Advanced aero design and improved cloth seals
dovetail seals.

Fig. 11. Stage 3 bucket

9.
Fig. 8. Stage 2 bucket

6.

AGP –Stage 3 Shroudh
Has an adradable honeycomb for improved
operating clearance, cloth and solid seals replace
pumpkin teeth, thereby resulting in less leakage
between shround segments.

AGP- Stage 2 shroud
Enhanced sealing and abradable honeycomb for
improved operating clearance, cloth and solid seals
replace pumpkin teeth.

Fig. 12. Stage 3 shroud

10. Shrouded s17 & EGVs
Consists of replacing the original cantilevered S17
stator vanes and EGVs with shrouded designs. The
CDC inner barrel is also replaced with a slotted
version to accept the shrouded vanes.

Fig. 9. Stage 2 shroud

7.

AGP – Stage 3 Nozzle
Advanced aero design and improved cloth seals
dovetail seals.

Fig. 13. Shrouded s17 & EGVs
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Advanced gas path hardware procurement is included in the
advanced seal kit which consists of:
a. High pressure packing (HPP) uprate seal brush
(FS2V)
b. Uprate seal brush bearing (FS2X)

The old technology of HGPP (MS9001E gas turbines type
PG9161E) in the period of 96000 hours (12 years) the pattern
of maintenance performed was 8 times for combustion
inspection (CI), 2 times for hot gas path inspection (HGPI)
and 2 times for MI. The maintenance of CI requires 9 days
which is done once every 8000 hours or once a year. For the
implementation of HGPI requires 21 days and the
implementation of requires 45 days. It can be concluded that
within a 12-year period the maintenance duration of old
technology turbine gas (MS9001E gas turbines type
PG9161E) has taken 204 days.
While use of new technology HGPP (9E3 series gas
turbines)in period of 96000 hours (12 years)based on
technical studies the pattern of maintenance will be 2 times
for HGPI and 1 time for MI. For the implementation of HGPI
requires 21 days and the implementation of MI requires 45
days. It can be concluded that within a 12-year period, the
maintenance of gas turbine series 9E3 only takes 87 days.

Fig. 14. Advanced seal kit

Therefore, in a period of a 12-year period upgrading the gas
turbine to the new technology (9E3 series gas turbine) can
reduce the maintenance duration from 204 days to only 87
days. So, the interval and cycle overhaul (maintenance) on
GTG1.3 also changed from the beginning every 8000 hours
to every 32,000 hours. It can be concluded the use of gas
turbine series 9E3 is more profitable compared to use of the
old technology gas turbines (MS9001E gas turbines type
PG9161E). It’s shown in Table II.

III. METHODOLOGY OF RESEARCH
Comparative and evaluation methods will be use in this
research methodology. In comparative research is "ex post
facto" which means that the data is collected after the research
occurs. The researchers did not directly control independent
variables because this data would be empirical and
systematic, and independent variables had occurred in the
past (independent variables could not be fundamentally
manipulated).

TABLE II. OVERHAUL CYCLE

In this method, the output and heat rate will be compared
between the standard type MS9001E HGPP turbine gas and
Advanced Gas Path (AGP) type HGPP gas turbine
technology.

Operating
Hour
8000
16000
24000
32000
40000
48000
56000
64000
72000
80000
88000
96000

IV. RESULT AND DISCUSSION
In this section there are several presentations of data that have
been obtained from the results in the field, the results of
calculations and analysis data.
A. The Output Power
From the data, obtained the output power using gas
turbine type (PG9161E) is equal to 90,607 kW. Refer simply
to the reference number, as in [7]. While using gas turbine
series 9E3 (Advanced Extendor Combustor and Advanced
Gas Path) obtained output power of 106,913 kW. Refer
simply to the reference number, as in [8]. In terms of output,
the use of 9E3 series turbine gas has an increase output of
16.306kW.

Overhaul Cycle (Old
Technology)

Overhaul Cycle (New
Technology)

Type of
Inspection

Duration
(day)

Type of
Inspection

Duration
(day)

CI
CI
HGPI
CI
CI
MI
CI
CI
HGPI
CI
CI
MI

9
9
21
9
9
45
9
9
21
9
9
45

HGPI
MI
HGPI

21
45
21

From Table II shows that the new gas turbine technology can
eliminate 9 times for CI maintenance. Where maintenance on
CI can produce 0.305 tons of of hazardous and toxic material
waste and 2.26 tons of non - hazardous and toxic material
waste. The waste which is usually generated from CI GTG
1.3 overhaul activities is cotton waste, gloves and ex-oil
filters. From the scope data of the work of HGPI overhaul
(Hot Gas Path Inspection), the work of HGPI overhauls using
cotton waste and gloves can produce 0.55 tons for 21 days.
While the oil filter replacement is done every CI overhaul by
replacing 55 ex-oil filters. One filter is equal to 1.45 kg, so
the weight of 55 filters equal to 0.0798 tons. Whhile nonwaste generated from CI GTG 1.3 overhaul is from
replaceable spare parts such as nozzle heat, outer tip, spiral
wound gaskets, etc. Spare parts produced from the overhaul
can reach 2.5734 tons.

B. Overhaul Interval
Based on the data obtained known the interval overhaul is
determined by the age of hot parts operation. And based on
the gas turbine manufacturing manual, it must be overhauled
every 8000 hours. The cycle of OH is combustion inspection
(CI), hot gas path inspection (HGPI), major inspection (MI).
In 2016, the GTG1.3 Block 1 unit was upgraded with a new
HGPP because the life time of old technology HGPP
(MS9001E gas turbines type PG9161E).
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In terms of overhaul interval, the use of gas turbines 9E3
series is more profitable than the old technology (MS9001E
gas turbines type PG9161E). Where the old technology must
be overhauled every 8000 hours of operation and also
produces more waste. While the new technology overhaul
only every 32000 hours. Refer simply to the reference
number, as in [9].

combustion process in new technology results more than the
previous technology.
V. CONCLUSION
1.

C. Heat Rate
Reference [10] mentioned that heat rate is the amount of
energy used to produce 1 kilowatt hour of electricity. The heat
rate is calculated by equation 8.
(

/

(

)=

/
(

)

2.

(8)

)

3.
4.

Reference [11] mentioned that the input energy is calculated
by using equation 9.

5.

Input Energy (BTU/h) = Fuel flow (lb/hr) x Fuel heating
value (BTU/lb)
(9)

SUGGESTIONS

Reference [8] mentioned input energy from the data obtained,
the 9E3 (Advanced Extendor Combustor and Advanced Gas
Path) gas turbines are 52187 Lb / hr and fuel heating value
(LHV) of 20719 BTU / Lb. So the input energy can be
calculated by using equation 9.

For the next research are expected to be able to calculate
gas turbine efficiency before and after overhaul of the 9E3
series turbine gas.
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= 52187 (lb/hr) x 20719 (BTU/lb)
= 1.081.262.453 BTU/hr
The amount of input energy is 1,081,262,453 BTU /hr, and
the heat rate can be found using equation 8. Where the output
of gas turbine 9E3 series (Advanced Extendor Combustor and
Advanced Gas Path) is 106,913 kW.
(

/

=

(

)=

1.081.262.453 (
106.913 (

= 10.113 (

/

The gas turbine series 9E3 (Advanced Extendor
Combustion and Advanced Gas Path) produces a larger
output of 16,306 kW, than using gas turbine type
MS9001E.
The gas turbines in series 9E3 (Advanced Extendor
Combustor and Advanced Gas Path) can reduce the
maintenance interval to once every 32.000 hours. While
the use of gas turbine MS9001E standard type of
maintenance is carried out once every 8000 hours and
will also produce more waste.
Within 12 years the maintence duration of turbine gas
(PG9161E) type requires 204 days.
Within 12 years the maintenance duration of turbine gas
9E3 series only takes 87 days.
In terms of heat rate, it was found that the heat rate of
using a gas turbine type MS9001E was greater
compared to the 9E3 series turbine gas.

/ℎ )
(
)

/ℎ )
)
)

Based on the calculation, the heat rate was obtained using
a series of 9E3 (Advanced Extendor Combustor and
Advanced Gas Path) gas turbines of 10.113 (BTU / kWh).
While the heat rate of the data obtained using the MS9001E
type PG9161E gas turbine is 10.854 BTU / kWh. The heat
rate results obtained using gas turbines (old technology) are
greater than gas turbines (new technology).
Reference [12] mentioned that further the simulation which
has been performed previously has shown that the
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