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Abstract: This study aims to analyze the parameters that actively affect the efficiency of gas power plants in order to optimize
their performance. The method used in this study was an analytical approach based on the results of performance tests conducted
in 2018, 2020, and 2022 on gas power plants in the sumatera selatan area, based on thermodynamic equations. Based on the
results of the study, it is explained that there is a very significant relationship between the inlet air temperature of the compressor,
the inlet fuel temperature, and the turbine exhaust temperature and active power to the efficiency of gas-fired power plants, where
an increase in the inlet air temperature to the compressor will reduce the compressor efficiency, which is predicted using linear
regression with an R>=0.82. An increase in the exhaust temperature and active power will significantly reduce the thermal cycle
efficiency, which is predicted using linear regression with an average R2 =0.96. In addition, an increase in the fuel mass flow
rate and inlet fuel temperature will increase the turbine efficiency, which is predicted using linear regression with an average R2
=0.97. Therefore, the relationships obtained in this study can be used as a reference for energy companies and governments in
developing more efficient gas-fired power plants in the future and this research is intended to maintain the parameters of the gas
power plant so that the efficiency of the gas power plant is maintained and optimal.
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1. Introduction

The request for electricity is increasing along with the Although gas-fired power plants have been a technology
population growth and economic development of a country.  that has been used for a long time, their efficiency can be
Gas-fired power plants have become one of the alternatives to ~ improved to make them more efficient and environmentally
meet the increasing demand for electricity [1]. Gas-fired  friendly. Regarding the efficiency of gas-fired power plants,
power plants have several advantages, including high it is very important to improve it because it can affect the
efficiency and lower greenhouse gas emissions compared to  cost of energy production and environmental impact.
other fossil fuel power plants [2]. Furthermore, in order to  Parameters that can affect the efficiency of gas-fired power
support the new and renewable energy (EBT) program, the  plants include gas outlet temperature, air temperature
use of gas-fired power plants is one of the strategies that can  entering the compressor, gas outlet pressure, fuel mass flow
be implemented by the Indonesian government. Therefore, rate, and so on [4]-[6]. Previous studies have shown very
research on the efficiency of gas-fired power plants is very  good results. However, there are still many other parameters
important to support the success of the EBT program in  that greatly affect the efficiency of gas-fired power plants.
Indonesia[3]. Therefore, an analysis of these parameters is needed to
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improve the efficiency of gas-fired power plants. Although
parameters that affect the efficiency of gas-fired power
plants are already known, there are still differences in the
results of previous studies. Some studies show that gas outlet
temperature has the greatest influence on efficiency, while
others show that gas outlet pressure and air velocity also have
a significant effect on efficiency. Therefore, further research
is needed to gain a better understanding of the influence of
these parameters on the efficiency of gas-fired power plants.

In this study The purpose of this study is intended to
determine the parameter parameters that affect the efficiency
of the gas powerplant such as, an analysis of the influence of
fuel mass flow rate, inlet and outlet fuel temperatures, and
active power on the efficiency of gas-fired power plants will
be conducted. The results of this study are expected to
provide useful information for energy companies and the
government in developing more efficient gas-fired power
plants in the future. It is hoped that the results of this study
can help in gaining a better understanding of the factors that
affect the efficiency of gas-fired power plants and provide
useful recommendations for energy companies and the
government in improving the efficiency of gas-fired power
plants. Additionally, this study can also serve as a reference.

2. Research Methods

2.1. Alsthom Atlantique frame 5 specification

In this study, the data obtained are from the years 2018,
2020, and 2022 from gas power plants in the Sumatra Selatan
area. The machine used is the Alsthom Atlantique Frame 5
with specifications that can be seen in Table 1.

Table 1. Alsthom Atlantique frame 5 specification

Serial Number MS-5001

Installed Power Base 20100 KW, Peak 21650 KW
Capable Power 14000 KW

Under Voltage 10.2 Kv

Over Voltage 10.85 KV

Frequency 50 Hz

Production year 1982

Cos phi 0.8

2.2. Data Processing

Furthermore, in this study, data collection was carried out
through field monitoring results during performance tests
conducted every 2 years for a 1-hour operation. In this case,
the research collected data on compressor, combustion
chamber, and gas turbine temperatures in the power plant
engine. The data used to support this study includes
temperature, pressure, and fuel consumption mass at each
measurement point. The data used are unit operation data
during operation with active power differences of 18 MW, 15,
MW and 14 MW. The complete raw data can be seen in Table
2.

Table 2. Raw data Monitoring

Years

Parameter

2018 2020 2022
Active Power 18 MW 15 MW 14 MW
IT. Kompresor 27 °C 29 °C 31°C
OT. Kompresor 327 °C 315°C 308 °C
IT. Turbin 628 °C 581 °C 556 °C
Ex. Gas Temp 345 °C 336 °C 323.3°C
IP. Air 14.7 Psia 14.7 Psia 14.7 Psia
OP. Kompresor 121 Psia 110 Psia 101 Psia
Specific Gravity 0.6421 0.6349 0.6332

Gross Fitting Value 1037 Btu/Scf 1031 Btu/Scf 1030 Btu/Scf

Fuel Flow Gas 5408 Scfm 3123 Scfm 2835 Scfm

IT  :Inlet Temperature
OT  : Outlet Temperature
IP  :Internal Pressure
OP  : Outlet Pressure

Data management is carried out based on calculation
equations to obtain good thermodynamic performance
calculations for gas power plants using compressor efficiency,
turbine efficiency, and cycle thermal efficiency calculations.

2.3. Efficiency calculation

Figure 1 and 2, [7] [8]Based on previous research Ahmadi and
Ibrahim at all, states that the schematic diagram for a simple
gas power plant, in which the compressor draws outside air
and compresses the outside air into compressed air to be
supplied to the combustion chamber, in the combustion
chamber combustion occurs, because the compressed air is
mixed with fuel and sparks from the spark plug so that it
becomes a pressurized hot fluid to move the turbine blades,
where the rotation of the turbine produces kinetic energy to
rotate the electric generator.

Exhaust 4

Figure 1. Schematic diagram for simple GT cycle
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Temperature (K)

Entropy (kJ/kg K)
Figure 2. Temperature-entropy diagram for simple GT cycle
Equation (3) demonstrates specific heat of flue gas[9]

Based on the raw data obtained from the monitoring results,
the efficiency value can be calculated using the following
equation 1,2, 3 and 4 [10].
= hy-hy [hp-hy )

nkompresor

=Cp (T =Ty )/Cp(To-Ty)

Py

K-1/K
Tuml(2) ~ -W/T-T

Where h,’ is an ideal enthalpy for the outlet compressor, hlis
an enthalpy for the inlet compressor, h is an enthalpy for the
outlet compressor T is an inlet temperature compressor, T is
an outlet temperature compressor, Tg., IS a temperatur
atmosfir, P, is a pressure outlet compressor, P; is a pressure
1 atm, Cp is a heat capacity.
= h3-hy [h3-hy )

Nrurbin

=Cp(T5-T4)/Cp(T5-T,)

(T3-T)/Ts[1 =Ty /T3)

(Ts=T)/ T5 [1 —(Py=Ps) =]

Where h3 is an enthalpy gas for the turbine inlet, h4 is an
enthalpy gas for the turbine outlet, h4’ is an enthalpy for the
outlet ideal gas turbine, T3 is an inlet temperature turbine, T4
is a temperature exhaust, P4 is a pressure exhaust, P3 is an
inlet pressure turbine, Cp is an heat capacity

W,
l;f“ x LHV 4)

Nthermal eficiency™ Wia —

Where W;, is a work turbine, W, is a work compressor,
Mg is a mass flowrate, LHV is a low heating value.

3. Results and Discussion

In this study, the relationship between air inlet temperature
and compressor efficiency was predicted using linear
regression with an R?=0.82, as shown in Figure 1. This
indicates that as the air inlet temperature increases, the
efficiency will decrease significantly [11]. This is due to the
thermal characteristics of gas. When air enters the compressor
at a higher temperature, the gas molecules in the air have
higher kinetic energy, causing the gas to have a larger volume.
When the gas has a larger volume, the compressor has to do
more work to compress the gas into the same space, resulting
in lower compressor efficiency. Therefore, in gas power plants,
the air inlet temperature should be kept as low as possible to
improve compressor efficiency [12]. One way to lower the air
inlet temperature is by using a heat exchanger system, which
can reduce the air inlet temperature before it enters the
compressor. By lowering the air inlet temperature, compressor
efficiency can be improved, which can ultimately increase the
overall efficiency of gas power plants.
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Figure 3. Relationship Between air inlet temperature and compressor
efficiency

In this study, the relationship between the mass flow rate
of fuel and turbine efficiency, which can be seen in figure 2,
was predicted using linear regression with an R?=0.96. This
explains that with an increase in the mass flow rate of fuel, the
efficiency will increase. However, this does not mean that
increasing the amount of fuel added to the gas turbine will
increase turbine efficiency [13][14]. This is because an
excessive amount of fuel can result in incomplete combustion,
which will ultimately reduce turbine efficiency. Incomplete
combustion in gas turbines occurs when the fuel introduced
into the gas turbine is not completely burned. This can be
caused by various factors, such as insufficient or excess air,
inappropriate temperature, and poor fuel quality. When
incomplete combustion occurs, some of the energy produced
cannot be maximized and is wasted, resulting in reduced
turbine efficiency. Therefore, to maintain turbine efficiency,
appropriate mass flow rate of fuel adjustment is necessary.
Appropriate mass flow rate of fuel adjustment ensures that the
fuel introduced into the gas turbine is burned completely, so
that the energy produced can be utilized to the maximum and
the turbine efficiency can be maintained. In addition, regular
monitoring and maintenance of gas turbines, including the fuel
mass control system, are necessary to ensure that the gas
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turbine works optimally and efficiently. Thus, proper fuel
mass flow rate adjustment and good maintenance of gas
turbines can help improve turbine efficiency, resulting in more

cost-efficient and environmentally friendly electricity
generation.
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Figure 4. Relationship Between fuel mass flow and turbine efficiency

The relationship between the inlet temperature of turbine
fuel and efficiency is predicted using linear regression with an
R?=0.98, as shown in Figure 3. This explains that as the inlet
temperature of the fuel increases, the turbine efficiency will
also increase. This is because the higher the temperature of the
fuel, the greater the potential energy stored in the fuel [15].
therefore, when the fuel is burned in the gas turbine
combustion chamber, the higher the inlet temperature of the
fuel, the higher the temperature of the combustion gas entering
the gas turbine. The higher gas temperature will allow the
turbine to generate more power [16]because the higher the gas
temperature entering the turbine, the greater the temperature
difference between the gas and the surrounding air. This
temperature difference will result in greater pressure on the
turbine, which will then generate faster turbine rotation and
greater kinetic energy.

Based on previous research Apriansyah at all [17]. Stated
that the higher the mass flow of fuel, the shorter the
combustion time, so this can increase the combustion
efficiency in the combustion chamber, combustion efficiency
can increase the efficiency of the turbine. However, there are
limits to the fuel inlet temperature into the gas turbine, because
if the inlet temperature is too high, it can cause damage to the
gas turbine components. Therefore, the fuel inlet temperature
must be carefully controlled to maximize turbine efficiency
without damaging the gas turbine components itself.
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Figure 5. Relationship Fuel Temperature Inlet and turbin efficiency

In this study, the relationship between exhaust gas
temperature and thermal cycle efficiency is predicted using
linear regression with an R2 value of 0.99, which can be seen
in Figure 4. This explains that an increase in exhaust gas
temperature in the turbine will decrease the thermal cycle
efficiency, as a high exhaust gas temperature indicates that not
all the energy produced by fuel combustion is utilized by the
engine, and most of the energy is lost in the form of heat. This
is consistent with previous studies conducted by Thamir et al
[18]. Furthermore, when the exhaust gas temperature increases,
the amount of wasted heat energy also increases, so the engine
will require more fuel to produce the same amount of work,
resulting in a decrease in thermal cycle efficiency because the
ratio of useful work produced to the energy consumed by the
system becomes smaller. Therefore, to increase the thermal
efficiency of internal combustion engines, it is important to
reduce exhaust gas temperature by using better cooling
technology on engine components affected by high exhaust
gas temperature.
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Figure 6. Relationship between exhaust temperature and thermal efficiency

In this study, the relationship between active power and
thermal cycle efficiency is predicted using linear regression
with an R2 value of 0.93, as seen in Figure 4. This explains
that as the active power increases, the value of thermal cycle
efficiency will decrease. This relationship is related to Figure
3 because the larger the electrical power generated by the
power plant, the greater the heat produced from the
combustion of fuel [19]. This will cause thermal efficiency to
decrease because more heat is wasted without being used to
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generate electricity [20]. Therefore, proper active power
control in gas power plants is essential to minimize the amount
of wasted heat and maximize thermal efficiency. When
adjusting the active power, it should be noted that increasing
the active power can increase electricity production but will
add to the amount of wasted heat, while decreasing the active
power can reduce electricity production but will also reduce
the amount of wasted heat. Thus, to achieve optimal thermal
efficiency in gas power plants, proper active power control is
necessary to balance electricity production and wasted heat.
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Figure 7. Relationship Between active power and thermal cycle efficiency

4. Conclusion

Based on the results of the study, it is explained that there is a
very significant relationship between the inlet air temperature
of the compressor, the inlet fuel temperature, and the turbine
exhaust temperature and active power to the efficiency of gas-
fired power plants, where an increase in the inlet air
temperature to the compressor will reduce the compressor
efficiency, which is predicted using linear regression with an
R>=0.82, This has been explained in the discussion of Figure
3 where the temperature in the compressor affects the
efficiency of the compressor. An increase in the exhaust
temperature and active power will significantly reduce the
thermal cycle efficiency, which is predicted using linear
regression with an average R? =0.96, this has been explained
in the discussion of figures 6 and 7 that exhaust temperature
and active power affect thermal efficiency. In addition, an
increase in the fuel mass flow rate and inlet fuel temperature
will increase the turbine efficiency, which is predicted using
linear regression with an average R? =0.97. This has been
explained in the discussion of Figure 4, that the mass flow of
fuel can affect the efficiency of turbines. Therefore, the
relationships obtained in this study can be used as a reference
for energy companies and governments in developing more
efficient gas-fired power plants in the future and this research
is intended to maintain the parameters of the gas power plant
so that the efficiency of the gas power plant is maintained and
optimal.

References

(1]

(2]

3]

(4]

(5]

(6]

(7]

8]

[9]

M. M. Rahman, T. K. Ibrahim, M. Y. Taib, M. M. Noor,
K. Kadirgama, and R. A. Bakar, “Thermal Analysis of
Open-Cycle Regenerator Thermal Analysis of Open-
Cycle Regenerator,” no. June 2015, pp. 811-816,
2010.

S. A. Solarin, M. O. Bello, and O. E. Olabisi, “Toward
sustainable electricity generation mix: an
econometric analysis of the substitutability of
nuclear energy and hydropower for fossil fuels in
Canada,” International Journal of Green Energy,
2021, doi: 10.1080/15435075.2021.1880917.

A. Pendahuluan, S. Tenggara, S. Barat, and N. T.
Timur, “Efisiensi operasional pembangkit listrik
demi peningkatan rasio elektrifikasi daerah,” pp.
120-127, 2013.

T. K. lbrahim, M. M. Rahman, and A. N. Abdalla,
“Improvement of gas turbine performance based
on inlet air cooling systems: A technical review,”
International Journal of Physical Sciences, vol. 6, no.
4, pp. 620-627, 2011, doi: 10.5897/1)PS10.563.

W. Zhu et al,
performance

“Improvement of part-load

of gas turbine by adjusting
compressor inlet air temperature and IGV opening,”
Frontiers in Energy, 2021, doi: 10.1007/s11708-
021-0746-z.

G. Marin, D. Mendeleev, B. Osipov, and A.
Akhmetshin, “Study of the effect of fuel

temperature on gas turbine performance,” in E3S

Web of Conferences, 2020. doi:
10.1051/e3sconf/202017801033.
M. H. Ahmadi et al, “Thermodynamic and

economic analysis of performance evaluation of all
the thermal power plants: A review,” Energy
Science and Engineering, vol. 7, no. 1. John Wiley
and Sons Ltd, pp. 30-65, Feb. 01, 2019. doi:
10.1002/ese3.223.

T. K. Ibrahim, O. M. Ali, F. Basrawi, M. M. Rahman,
and R. Mamat, “Optimum Performance Enhancing
Strategies of the Gas Turbine Based on the Effective
Temperatures”, doi: 10.13140/RG.2.1.2923.0164.
T. K. Ibrahim, M. M. Rahman, and A. N. Abdalla,
“Optimum gas turbine configuration for improving



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

DOT: https://doi.org/10.53893/ijrvocas.v3il.197 31

the performance of combined cycle power plant,”
in Procedia Engineering, 2011, vol. 15, pp. 4216—
4223. doi: 10.1016/j.proeng.2011.08.791.

M. M. Rahman, T. K. Ibrahim, and A. N. Abdalla,
“Thermodynamic performance analysis of gas-
turbine power-plant,” International Journal of
Physical Sciences, vol. 6, no. 14, pp. 3539-3550,
2011, doi: 10.5897/1)PS11.272.

M. Ameri, S. H. Hejazi,
“Performance and economic of the thermal energy

and K. Montaser,

storage systems to enhance the peaking capacity of
the gas turbines,” Applied Thermal Engineering,
2005, doi: 10.1016/j.applthermaleng.2004.05.012.
S. S. Orfi,
“Performance of a Typical Simple Gas Turbine Unit

Baakeem, . and H. Alansary,

Under Saudi Weather Conditions,” International

Journal of Energy and Power Engineering, 2015, doi:

10.11648/j.ijfmts.20150103.14.

M. C. Ekwonu, S. Perry, and E. A. Oyedoh,
“Modelling and simulation of gas engines using
aspen HYSYS,” Journal of Engineering Science and

Technology Review, 2013, doi:
10.25103/jestr.063.01.
Y. Galerkin, A. Drozdov, and S. Sibiriakov,

“Experience of designing a low-pressing

turbocharger compressor using the modern
version of a Universal modelling method,” in E3S
Web of Conferences, 2020. doi:
10.1051/e3sconf/202017801013.

A. K. Shukla and O. Singh, “Effect of Compressor
Inlet Temperature & Relative Humidity on Gas
Turbine Cycle Performance,” International Journal
of Science and Engineering, 2014.

M. M. Rahman, T. K. lbrahim, K. Kadirgama, R.
Mamat, and R. A. Bakar, “Influence of operation
conditions and ambient temperature on
performance of gas turbine power plant,” in
Research, 2011. doi:
10.4028/www.scientific.net/AMR.189-193.3007.
A. Zulatama, A. Syarif, and M. Yerizam, “Effect of

Oxygen Flow Rate on Combustion Time and

Advanced Materials

Temperature of Underground Coal Gasification,”
International Journal of Research in Vocational
Studies (IJRVOCAS), vol. 1, no. 2, pp. 27-33, Sep.

(18]

[19]

[20]

2021, doi: 10.53893/ijrvocas.v1i2.27.

T. K. Ibrahim, M. M. Rahman, O. M. Ali, F. Basrawi,
and R. Mamat, “Optimum performance enhancing
strategies of the gas turbine based on the effective
temperatures,” in MATEC Web of Conferences,
2016. doi: 10.1051/matecconf/20163801002.

A. T. Baheta and S. I. U. H. Gilani, “The effect of
ambient temperature on a gas turbine
performance in part load operation,” in AIP
Conference Proceedings, 2012. doi:
10.1063/1.4704300.

W. J. Yang, “Reduction of specific fuel consumption
in gas turbine power plants,” Energy Conversion
and Management, 1997, doi: 10.1016/s0196-

8904(96)00151-3.



