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Abstract: As a renewable energy source, wind energy is one of the promising energies to be developed using wind turbines.
The wind source to drive wind turbines comes from natural wind sources and exhaust wind from equipment. Palembang is one
of the provinces in Indonesia with relatively low wind energy potential, with an average wind speed ranging from 1.5 to 3 m/s.
However, at the PLTG Sematang Borang power plant owned by PT PLN, there is equipment that produces exhaust wind with a
speed of 5 m/s. This study will compare the performance of Horizontal Axis Wind Turbines (HAWTs) and Savonius Vertical
Axis Wind Turbines (VAWTs) to design wind turbines that can meet power generation needs and reduce operational power
consumption.
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1. Introduction

The energy crisis is a major challenge faced by many  energy to achieve the primary energy mix target, as seen in

countries, including Indonesia, due to the declining Table 1.
availability of fossil-based energy reserves. In today's energy Table 1. Renewable Energy Potential
mix, fossil-derived energy is still the main energy supplier. Type of Energy Potential
In addition, this energy has an impact on global warming or Hydropower 94,3 GW
the greenhouse effect, as well as environmental damage, for Geothermal 28,5 GW
. PR : Bioenergy PLT Bio: 32,6 GW and BBN: 200.000 Bph
example pollution. This is because fossil energy waste has a . 207.8 GWp
very high emissior.l content. The reduction in fossil energy Wind 60,6 GW
production, especially petroleum, as well as global Ocean Energy 17.9 GW

commitments to reduce greenhouse gas emissions, encourage
the Government to continuously increase the role of new and

renewable energy as part of maintaining energy security and
independence. According to Government Regulation No. 79
of 2014 on National Energy Policy, Indonesia targets a new
and renewable energy mix of at least 23% by 2025 and 31%
by 2050. Indonesia has a large potential for new and renewable

Along with the development of the use of wind energy,
where the development of the use of wind as an energy source
to generate electricity using wind turbines. Where in
Palembang City has wind speeds in the low category, which
ranges from 1-2.5 m/s. Apart from nature, the main input


https://journal.gpp.or.id/index.php/ijmeas/index
mailto:farifinus@polsri.ac.id
https://doi.org/10.53893/ijmeas.v3i2.405

23 Fitrianza. et al.: Optimizing The Performance of Wind Turbines Using Exhaust Gas at The Borang Gas Power Plant

source for wind turbine drives is from the air produced by
rotating machines / equipment which has wind output.

In the operational equipment at the PLTG, there is
equipment that can produce wind. The equipment has a wind
output of 5 m/s. From the source of this wind producer, which
has the potential to drive wind turbines that can produce
electricity. So that it can optimize the wind energy generated
from the equipment to generate electricity. To generate
electricity, a wind turbine will be installed with a position
facing the direction of the wind have quite a few options to be
able to optimize the kinetic energy extraction of the gaseous
fluid flowing through it. Modification of the rotor blade is one
of the options to optimize the energy extraction carried out by
a Wind Turbine. The wind condition that can be used to
generate electrical energy can be seen in Table 2 [1].

Table 2. Wind Condition

Wind Wind Speed Wind Speed Wind Speed
Class m/s km/h knot/h
1 03~1.5 1~54 0.58 ~2.92
2 1.6~33 55~11.9 3.11~6.42
3 34~54 12.0~19.5 6.61 ~10.5
4 55~79 19.6 ~28.5 10.7~15.4
5 8.0 ~10.7 28.6 ~38.5 15.6 ~20.8
6 10.8 ~13.8 38.6 ~49.7 21~26.8
7 13.9~17.1 49.8~61.5 27~333
8 17.2~20.7 61.6~74.5 33.5~403
9 20.8 ~24.4 74.6 ~87.9 40.5~47.5
10 24.5~28.4 88.0 ~102.3 47.7~553
11 28.5~32.6 102.4~117.0 55.4~63.4
12 >32.6 >118 63:04:00
2. Methods

This paper investigates the advantages of implementing
wind turbine using exhaust gas ducting from PLTG Plant. This
study also will compare the lifting and torsional moments of 2
types of wind turbines, HAWT and VAWT (Savonius) types,
which will then be selected and used as a wind turbine
manufacturing design.

2.1. Electricity Generation by Wind Turbine

A wind turbine is a device used to convert wind energy into
electrical energy. The wind passing through the blade swept
area generates a thrust force that is used to rotate the turbine
shaft. Wind turbines can be classified the first by their
aerodynamic function, the latter by their construction design
[7]. Currently, wind turbine classification is generally based
on its design and construction. The classification is based on
horizontal rotors called horizontal axis wind turbines (HAWT)
while rotors that have rotation in the direction of the vertical

axis are called vertical axis wind turbines (VAWT) [8].
Therefore, it is important to know the difference between these
two types of wind turbines from the existing parameters.

Upwind Dhowiwis

Figure 1. Horizontal Axis Wind Turbine Components

Figure 2. Vertical Axis Wind Turbine

2.2. Gas Turbine Power Plant (PLTG)

A gas turbine is a thermal machine that utilizes air and fuel
as working fluids, where the combustion process occurs
directly within the system. The energy conversion process
takes place through three stages: compression, combustion,
and expansion, which occur simultaneously [9]. These
processes happen in different components: the compressor,
combustion chamber, and turbine, as illustrated in Figure 3.
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Figure 3. Turbine Gas Scheme

Exhaust
gasses

2.2.1. Exhaust Gas Ducting

The main functions of the exhaust gas system in a Gas

Power Plant (PLTG) are as follows:

a. Exhaust Gas Discharge: to discharge the combustion gases
from the gas turbine into the atmosphere. These exhaust
gases typically consist of nitrogen, oxygen, carbon dioxide,
and water vapor, along with small amounts of harmful gases
such as carbon monoxide, nitrogen oxides, and unburned
hydrocarbons, shown in Figure 4.

b. Reduction of Harmful Emissions: the exhaust system is
equipped with emission control technologies to reduce the
release of harmful substances into the atmosphere. This
includes the use of catalysts and other control devices that
help lower the levels of nitrogen oxides (NOx), carbon
monoxide (CO), and other particulates.

c. Temperature Control: to regulate and lower the temperature
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of the exhaust gases before they are released into the
atmosphere. This is essential for minimizing environmental
impact and complying with emission regulations.

d. Waste Heat Utilization: in some gas power plants, the
exhaust system is also equipped with a Heat Recovery
Steam Generator (HRSG), which uses the heat from exhaust
gases to heat water and produce steam. This steam can then
be used to drive a steam turbine in a Combined Cycle Power
Plant (CCPP), thereby increasing the overall efficiency of
power generation.

e. Noise Reduction: the exhaust system is also designed to
reduce the noise generated by the flow of exhaust gases.
This is achieved through the use of silencers installed along
the exhaust pathway.

Figure 4. Exhaust Gas Ducting

2.3. Wind Turbine Performance

2.3.1. Torque and Power Coefficient

A key consideration in the performance of a wind turbine is
the torque generated by the rotor, as well as its power
coefficient. This indicates how much energy can be extracted
from the rotor installation on the turbine. Theoretically, the
maximum efficiency of wind energy conversion by a turbine
can only reach 59.26%, based on the Betz limit principle,
which describes the ideal limit of energy that can be extracted
from wind flow [10].

The power coefficient is the ratio between the mechanical
energy output from the rotor’s rotation and the mechanical
energy of the wind passing through the rotor. The mechanical
energy output from the rotor represents the power, which is a
variable of torque and rotational speed of the rotor [11].
Mathematically, this is expressed as:

_ T.Utmax

P =Tw (1

r

Meanwhile, the power coefficient can be determined using
the following equations:

Cp _ Extracted Energy (2)
Wind Kinetic Energy
P Tw
Cp= 2= 2% = (pa 3)

%pAv3 %pAv
2.3.2. Tip Speed Ratio (TSR)

Tip speed ratio is one of the key parameters in the design of
a wind turbine. Tip Speed Ratio (TSR) denoted by A, describes
the ratio of the maximum tangential speed of the turbine blade
to the free-stream wind speed that hits it [12]. Mathematically,
it can be expressed as:

oR “4)

v

A=TSR = Jmex _
T

2.3.3. Solidity

Solidity refers to the density level of the turbine based on
the geometric structure of a Darrieus turbine. The calculation
of the turbine’s solidity can be determined using the following
equation. Generally, solidity will affect the maximum and
minimum torque values produced [13].

N.c

o= N )

R

2.4. Research Location

The research on this wind turbine will be conducted at the
Borang Gas Turbine Power Plant (PLTG Borang), specifically
on the exhaust gas equipment.

3. Result and Discussions
3.1. Wind Turbine Design and Development

In this research, the author created different designs for a
Horizontal Axis Wind Turbine and a Savonius Wind Turbine
using SolidWorks Software [14]. The horizontal axis wind
turbine was designed with 3 blades, while the Savonius wind
turbine was designed with 2 blades. Figures 5 and 6 illustrate
the design results that will be used in this study.

-

Figure 5. Horizontal Axis Wind Turbine Design

@ §

Figure 6. Savonius Wind Turbine Design
3.2. Measurement Results

Measurements were conducted using ANSY'S software [15].
Figures 7 and 8 display the simulation results exported from
the previous figures, where the obtained data are the lift
coefficient values for each turbine.
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Figure 7. Calculation of Force on Horizontal Axis Wind Turbine Blades
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rotations were obtained against the variable Tip Speed Ratio
(TSR) through wind speeds of 4.5 m/s, 5 m/s, and 5.5 m/s, as
shown in Table 5, Table 6, Table 7, Table 8, and Figure 10.

Table 5. Measurement of TSR at Wind Speed of 4.5 m/s

A V (m/s) D (m) R (m) o (rad/s) N (rpm)
0.5 4.5 0.32 0.16 14.0625 134.287
Figure 8. Calculation of Force on Savonius Wind Turbine Blades
0.7 4.5 0.32 0.16 19.6875 188.0018
Based on the simulation, the lift coefficient values obtained 0.9 45 0.32 0.16 253125  241.7166
for the three variables of wind spped, ranging between 4.5' m/s, 1 45 032 0.16 28.125 268.574
5 m/s, and 5.5 m/s, are as shown in Table 3, Table 4, and Figure
9 1.1 4.5 0.32 0.16 30.9375 295.4314
Table 3. Calculation of Lift Coefficient for Horizontal Wind Turbine 1.3 4.5 0.32 0.16 36.5625 349.1462
Surface 15 45 032 0.16 42,1875  402.8609
Air Density Wind Horizontal  Lift
Area
at 60 °C Speed Force Coefficient Table 6. Measurement of TSR at Wind Speed of 5 m/s
Horizontal s
) (kg/m’) (m/s)  (N) (CL) 7y V(m/s) D (m) R (m) o (rad/s) N (rpm)
0.06826 1.06 4.5 0.096952 0.5955141 0.5 3 0.32 0.16 15.625 149.2078
0.06826 1.06 5 0.123051 0.6802412 0.7 3 0.32 0.16 21875 208.8909
0.06826 1.06 5.5 0.159148 0.799809 0.9 3 0.32 0.16 28.125 268.574
1 5 0.32 0.16 31.25 298.4155
Table 4. Calculation of Lift Coefficient for Savonius Wind Turbine 1.1 5 0.32 0.16 34.375 328.2571
Surface 1. 32 1 40.62 9402
Air Density Wind Horizontal 3 3 0.3 0.16 0625 387.940
Area Lift Coefficient 1 2 1 4 447.62
at 60 °C Speed Force 5 5 0.3 0.16 6.875 7.6233
Savonius (CL)
) (kg/m’) (m/s) ™) Table 7. Measurement of TSR at Wind Speed of 5.5 m/s
m
0.95834758  1.06 45 3.955331 1.730499185 A V(m/s) D (m) R (m) o (radfs) - N (rpm)
0.95834758  1.06 5 3.98143 1.567725997 0.5 33 0.32 0.16 17.1875 164.1285
0.95834758  1.06 55 4017527 1438126849 0.7 53 032 0.16 240625 229.7799
0.9 5.5 0.32 0.16 30.9375 295.4314
1 5.5 0.32 0.16 34.375 328.2571
27 1.1 5.5 0.32 0.16 37.8125 361.0828
181 1.3 5.5 0.32 0.16 44.6875 426.7342
1.6 1
L4 1.5 5.5 0.32 0.16 51.5625 492.3856
o 14
D
212
b= Table 8. Variable RPM against 3 Wind Speed Sources
s
& 081 — No Wind Speed (m/s)y TSR RPM
= 0.6 A =
4 0.5 134.287
04 1 e Horizontal Lift Coefficient
0.2 1 Savonius Lift Coefficient ! 43 ! 268.574
0 T T 1.5 402.8609
2 WindSpeed >3 05 1492078
Figure 9. Comparison of Aerodynamic Lift Coefficients between Horizontal 2 5 1 298.4155
Axis Wind Turbines (HAWTS) and Savonius Vertical Axis Wind Turbines 15 447 6233
(VAWTS) : :
0.5 164.1285
3.2.1. Measurement of Horizontal Wind Turbine 3 ss3 1 3282571
For the measurement results of the Horizontal Wind Turbine, L5 492.3856

data on angular velocity and rotational speed or number of



RPM

3.2.2. Measurement of Savonius Wind Turbine

For the measurement results of the Savonius Wind Turbine,
data on angular velocity and rotational speed or number of
rotations were obtained against the variable Tip Speed Ratio
(TSR) through wind speeds of 4.5 m/s, 5 m/s, and 5.5 m/s, as
shown in Table 9, Table 10, Table 11, Table 12, and Figure 11.

520
470

e Horizontal 4.5 m/s

420 e Horizontal 5 m/s

370
320
270
220
170
120 +

Horizontal 5.5 m/s
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Figure 10. Comparison of Wind Speed and RPM

Table 9. Measurement of TSR at Wind Speed of 4.5 m/s

A V (m/s) D (m) R (m) o (rad/s) N (rpm)
0.5 4.5 0.49 0.245 9.183673  87.69762
0.7 4.5 0.49 0.245 12.85714  122.7767
0.9 4.5 0.49 0.245 16.53061  157.8557
1 4.5 0.49 0.245 18.36735  175.3952
1.1 4.5 0.49 0.245 20.20408  192.9348
1.3 4.5 0.49 0.245 23.87755  228.0138
1.5 4.5 0.49 0.245 27.55102  263.0929
Table 10. Measurement of TSR at Wind Speed of 5 m/s

A V (m/s) D (m) R (m) o (rad/s) N (rpm)
0.5 5 0.49 0.245 10.20408  97.4418

0.7 5 0.49 0.245 14.28571  136.4185
0.9 5 0.49 0.245 18.36735  175.3952
1 5 0.49 0.245 20.40816  194.8836
1.1 5 0.49 0.245 2244898  214.372

1.3 5 0.49 0.245 26.53061  253.3487
1.5 5 0.49 0.245 30.61224  292.3254

Table 11. Measurement of TSR at Wind Speed of 5.5 m/s

A V (m/s) D (m) R (m) o (rad/s) N (rpm)
0.5 5.5 0.49 0.245 11.22449  107.186

0.7 5.5 0.49 0.245 15.71429  150.0604
0.9 5.5 0.49 0.245 20.20408  192.9348
1 5.5 0.49 0.245 22.44898  214.372

1.1 5.5 0.49 0.245 24.69388  235.8092
1.3 5.5 0.49 0.245 29.18367  278.6836
1.5 5.5 0.49 0.245 33.67347  321.5579

Table 12. Variable RPM against 3 Wind Speed Sources

No  Wind Speed (m/s) TSR RPM

0.5 87.69762
1 4.5 1 175.3952
1.5 263.0929
0.5 97.4418
2 5 1 194.8836
1.5 292.3254
0.5 107.186
3 5.5 1 214.372
1.5 321.5579
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Figure 11. Comparison of Wind Speed and RPM

By comparing the two types of wind turbines, the results
show that the Horizontal Wind Turbine generates a higher
number of rotations compared to the Savonius Wind Turbine.
Figure 12 shows the comparison between the two types of
wind turbines at wind speeds of 4.5 m/s, 5 m/s, and 5.5 m/s.

700 q e Horizontal 4.5 m/s
€00 @ Horizontal 5 m/s
e Horizontal 5.5 m/s

500 { =====Savonius 4.5 m/s

@ Savonius 5 m/s
400 1 s Savonius 5.5 m/s

RPM

300 A

200 A

100 +

0 T T T T T T 1
0.5 0.7 0.9 1 1.1 1.3 1.5

Tip Speed Ratio

Figure 12. Comparison of Rotation Count between
Horizontal Wind Turbine and Savonius Wind Turbine

4. Conclusion

The research on "Optimizing the Performance of Wind
Turbines Using Exhaust Gas at the Borang Gas Power Plant"
concludes that horizontal wind turbines out perform Savonius
wind turbines in terms of rotation speed (RPM), although
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Savonius turbines have a higher lift coefficient (CL) that may
lead to increased drag force and vibration. Nevertheless, the
wind generated by exhaust gas fans in the PLTG Borang area
can be harnessed to produce electricity using horizontal wind
turbines, offering a viable solution for optimizing energy
generation.
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