Indonesian Journal of Electrical Engineering and Computer Science
Vol. 33, No. 2, February 2024, pp. 671~686
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v33.i2.pp671-686 a 671

Substations power quality improvement by flexible alternating
current transmission system devices

Faissl G Chremk Chremk, Hanene Medhaffar

Laboratory of Control and Energy Management (CEM-Lab), National School of Engineers of Sfax (ENIS),

University of Sfax, Sfax, Tunisia

Article Info

ABSTRACT

Article history:

Received Jul 27, 2023
Revised Oct 22, 2023
Accepted Nov 14, 2023

Keywords:

High voltage power systems
Power quality

STATCOM

SvC

Voltage regulation

The increase in load demand has a negative impact on power system quality,
reliability, and stability. Transporting reactive power from the generating
side to the distribution side reduces the transmission line’s capacity to
deliver active power to loads. In conventional power systems, during faults
or sudden loads, the load flow changes and causes extra voltage drop.
Reactive power compensation at the load side can improve voltage quality at
distribution busbars, but the conventional compensation method doesn’t
offer the required flexibility. With the development of the power electronics
industry, flexible alternating current transmission system (FACTS) devices
have been introduced. There are many categories for FACTS controllers,
including series, shunt, and hybrid, which can exhibit dynamic operating
characteristics. In this paper, two types of FACTS devices (STATCOM and
fixed capacitor-thyristor-controlled reactors (FCTCR)) have been used to
improve voltage profile in a part of Iraq’s high voltage power system during
unusual operating conditions, such as sudden loads and the absence
generation. Load flow calculations were conducted to determine the critical
bus, and then the performance of the FACTS devices was investigated
during heavy loading when the devices were connected separately to the
critical bus. The voltage drop in the bus was 1.58%, which reduced to 0.78%
with STATCOM and 0.96% with FCTCR.
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1. INTRODUCTION

Iraq’s high-voltage power system operates using basic custom power devices (CP), such as reactive
power compensation units and analog protections. However, these installations have limited capabilities to
support the power system during unusual operating conditions. Additionally, power plants in lIraq use
conventional generation units, like fuel-based ones, which have low efficiency. Most of the time, when faults
occur in transmission lines or power plants, the loads in the affected regions are supplied by other substations
in the power system. This leads extra power losses in transmission lines and voltage drops in system nodes.

Reactive power is the imaginary component of the apparent power, which is stored as an electrical
filed in capacitors and inductors. This power is an essential aspect of AC power flow through the system
because it’s necessary for voltage profile stability and regulation in the system’s busbars. Additionally,
voltage on the receiving side is affected by reactive power within the system. Many installations inject or
absorb reactive power in the power system, including generation units in distributed generation systems,
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inductive loads, or load demand [1]. However, the voltage in the buses varies according to operating
conditions. Using appropriate voltage controllers and reactive power compensation installations leads to an
improvement in the performance of the power system. Flexible alternating current transmission systems
(FACTS) are installed in AC transmission power systems to increase power transfer capability, stability, and
controllability of the power system. By applying FACTS in the power system there will be smooth regulation
of impedances, bus voltages, and phase angles [2]. These installations can be connected to any bus or line
within the system, but their performance varies depending on the point of common connection (PCC).
FACTS controllers are typically used for series and/or shunt compensation. When FACTS is connected in
parallel with a transmission line, it provides dynamic voltage regulation, improvement of system stability,
and reactive power consumption. Shunt FACTS devices can be divided into two categories: the static var
compensator (SVC) and the static synchronous compensator (STATCOM) [3].

STATCOM can bhe used for voltage regulation and reactive power compensation. Nimbalkar and
Thakre [4], pulse voltage source inverter (VSI) serves as a STATCOM for a 230 kV utility grid, maintaining
the voltage at the PCC at 236.9 kV with a 1.03 per unit (PU) factor under various load conditions. Campafia
et al. [5], STATCOM was applied to improve power quality in the IEEE-14 bus system. A newton-raphson
algorithm mathematical model for power flow calculation was developed in MATLAB to compensate for
reactive power and enhance the voltage profile of critical busbars, maintaining it at 1 PU.

FACTS controllers can be used with power systems integrated renewable energy sources (RES).
Jamil et al. [6], voltage regulation for a grid-connected wind turbine with an induction generator using
6MVA STATCOM is presented. The device was simulated under variable wind speeds. Also,
Kumar et al. [7], a wind turbine based on a doubly fed induction generator (DFIG) and high voltage direct
current (HVDC) transmission lines with STATCOM performance was investigated under different faults.
The STATCOM was able to compensate for voltage dips from 75% to 100% and improve DC voltage
mitigation. Khan et al. [8], genetic algorithm (GA) was used to optimize STATCOM performance for voltage
regulation in a microgrid with 200 kw photovoltaic PV panels and a 2 MW wind turbine. The STATCOM
was able to reduce voltage fluctuations in the connected bus to less than 8%.

Kadri and Makhloufi [9], fuzzy logic type 2 has been employed for current and voltage regulation in
the STATCOM controller, and its performance has been compared to that of Pl and fuzzy logic controller
type 1. The STATCOM operated within a 6-busbar system with a wind turbine generating unit. Additionally,
a STATCOM with a fuzzy logic type 2 controller was utilized to enhance the voltage profile in a power
system with a high penetration of photovoltaic units [10]. STATCOM can be used with low-voltage grids,
and in this case, it’s called a distribution static synchronous compensator (D-STATCOM) [11]. Saradva [12],
STATCOM, with voltage and current control strategies used in a microgrid that has RES, injects active and
reactive power to improve power quality, especially the power factor at PCC. Ribeiro and Simonetti [13],
a fuzzy-PI controller is applied to STATCOM with photovoltaic panels as the DC source. The results show
an improvement in response speed when using the fuzzy-PI controller instead of a conventional controller.

Tamboli and Jadhav [14], a hybrid structure for STATCOM (combining SVC and STATCOM) was
applied to improve power quality under various loading conditions, voltage sags, and unbalanced currents for
different types of loads. Additionally, Al-Mamoori [15], STATCOM was used to enhance the voltage of the
132 kV power system in Diyala City, Iraq. Nakka et al. [16], a six-phase STATCOM with a PI controller has
been used for voltage regulation during abnormal conditions such as faults, which caused a 20% voltage
swell. The STATCOM mitigates the voltage swell and maintains its magnitude at an acceptable value.

SVC has various installations in power systems. Thyristor-controlled reactors (TCR) and fixed
capacitor-thyristor-controlled reactors (FCTCR) are the most popular types of SVC. Mohammed et al. [17],
FCTCR is used for dynamic reactive power compensation in a three-phase, three-wire smart grid system. The
injected reactive power from FCTCR was calculated according to instantaneous power theory.
Tariq et al. [18], a comparative study is presented for STATCOM and SVC in a 220/132 kV substation with
very restricted reliability conditions. FACTS systems aim to improve power factor, but SVC introduces odd
harmonics (specifically, the 5" and 7™). However, the installation cost of STATCOM is higher by 17%.
Omeje [19], both TCR and UPFC were simulated for reactive power compensation. The comparison focused
on efficiency and reactive power consumption, revealing that UPFC absorbed less reactive power than TCR
for the same response. Ali et al. [20], a power quality improvement method is presented using a TSC
controller under a heavy 11 KV grid load. The power factor improved to a range of 0.95-1, and voltage
regulation was within +10%. Barbosa and Filho [21], sigmoid functions were used to optimize SVC
performance with 200 kVAR installed power. The proposed method is based on load flow and voltage drop
calculations using the newton-raphson algorithm for a medium-scale IEEE power system. This method
regulates voltage within £5% of the nominal value. This work presents a comparison study for STATCOM
and SVC devices, for power quality improvement, voltage regulation, and reactive power compensation for
part of Iraq’s high voltage utility grid, the critical busbar was assigned after load flow, and the power system
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response will be investigated under heavy loading which can be caused by faults in other transmission lines,
or the absence for some generating units.

2. METHOD AND MATERIALS

The studied power system is part of Iraq’s high-voltage grid, and the chosen system consists of 9
buses. First, load flow, power losses, and voltage drop will be calculated for ordinary operating conditions at
each node to identify the critical busbar in the system. Then, the power system will be studied under high
loading conditions with some generation units out of service. After that, the response of both STATCOM and
FC-TCR will be investigated during these conditions.

2.1. The proposed power system

The chosen power system is a part of Iraq’s utility power grid. The Al-Qadisieah power station
serves as the slack busbar for the system, and the entire system is illustrated in Figure 1. The line parameters
are as (1), (2):

Z = 0.048 + 0.2725i Q/km (1)

Z0 = 0.2825 + 1.159i Q/km (2)

the load and generated power for each bus in the selected part of case study power system are illustrated in
Figure 1.
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Figure 1. The studied power system structure

2.2. Load flow in ordinary operating conditions

For normal operating conditions, the power factor for the system is assumed to be 0.8, and the load
factor for the transformers is set at 80%. MATLAB/Simulink can be used to calculate load flow and voltage
profiles in PU for the power system [22]. Figure 2 depicts the complete simulation of the power system in
MATLAB/Simulink. Figure 3 shows voltage root mean sequre (RMS) for each bus during simulation in
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ordinary operating conditions. Calculated by using MATLAB/Simulink. Figure 4 shows the voltage profile
for the power system in ordinary operating conditions. Calculated by using MATLAB/Simulink. Table 1

shows the calculated voltage RMS in PU by using MATLAB/Simulink, and it shows that bus 5 has the
lowest voltage magnitude. It is 0.994 as the voltage per unit.
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Figure 2. Power system simulation in MATLAB/Simulink
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Figure 3. Voltage RMS in PU for each bus
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Figure 4. Voltage profile for the power system

Table 1. Buses voltage in PU calculated by MATLAB/Simulink
Bus number  Voltage (PU) MATLAB/Simulink
1.009
1.003
1.002
0.994
1.006
1.013
1.003
1.006
1.009

OO ~NOO O WN

2.3. Load flow with high load operating conditions

Based on the load flow calculation results, it’s evident that the voltage drop exceeds 1% at bus 5
(Ghamas), which is considered high for a high-voltage power grid. This paper investigates the FACTS
response under challenging operating conditions. Initially, the generating units at bus 5 will be taken out of
service. Subsequently, a sudden load of 30 MW and 5 MVAR will be added sequentially while maintaining
steady-state loads. This sequence will lead to continuous voltage drops during the simulation. The loads will
be added in sequence as illustrated in Figure 5, where three-phase breakers are closed at different times to
connect loads to bus 5.

Applying these changes to the power system may result in very challenging operating conditions,
potentially leading to voltage drops or asynchronization between generating units [23]. The first load will be
added after 2 seconds, the second after 4 seconds, and the third after 5 seconds. Using a three-phase fault
block does not have the required impact on the critical busbar. Figure 6 displays the voltage for each bus
during the simulation under abnormal operating conditions.
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Figure 5. Adding loads in bus 5 using Simulink
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Figure 6. Voltage for each bus during the simulation

Table 2 shows the voltage in PU for each bus during high loading conditions, and it is clear that
bus 5 has the lowest voltage. Figure 7 shows voltage drop during simulation with high load operating
conditions, and Figure 7 shows that the voltage drop exceeds 1.5%, which is beyond the acceptable range.
Figure 8 shows voltage profile for each node in the power systems without FACTS, using
MATLAB/Simulink. Figure 7 shows voltage drop during simulation with high load operating conditions. It
also shows us the problem in bus 5 without FACTS devices. That the voltage drop exceeds 1.5%, which is
beyond the acceptable range. Figure 8 shows voltage profile for each node in the power systems without
FACTS devices, using MATLAB/Simulink.

Table 2. Bus voltage in the power system with the high load in bus 5 without generating
Bus number  Voltage (PU) MATLAB/Simulink
1.009
1.003
1.002
0.994
1.006
1.013
1.003
1.006
1.009
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Figure 7. Voltage drops in bus 5 without FACTS
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Figure 8. Voltage profile for the power system using MATLAB/Simulink without FACTS

3. MODELING STATCOM IN MATLAB/SIMULINK

After performing load flow calculations for the power system, it’s evident that bus-5 is the critical
bus in the system. We will now study the performance of STATCOM to support the voltage profile of the
system. The STATCOM simulation has two main parts. The first is the equivalent power circuit, which
includes the inverter and DC voltage source, and the second is the main controller, consisting of the active
power controller, reactive power controller, and outer controller [24].

3.1. STATCOM structure

The STATCOM equivalent circuit, illustrated in Figures 9 and 10, comprises a full-bridge three-
phase inverter (utilized to reduce total harmonic distortion, or THD) and two capacitors serving as the DC
voltage source. The use of two capacitors improves STATCOM compensation capability. These capacitors
are connected between the terminals (+, -, N), and the output side for the inverter is labeled as (a, b, c) [25].
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Figure 9. Equivalent circuit for Figure 10. STATCOM connection with grid

STATCOM inverter

3.2. STATCOM controllers

The control scheme is based on clark and park transformations, using clark’s transformation is the
first step for transitioning from abc system to dqo system, two main advantages can be obtained by
employing these transformations. The first advantage is dealing with two components (x4, x4) instead of
three (a, b, c), and linearizing the signals to use simple controllers like PI [26]. Clark’s transformation is
given by:

1 =1 _—
A 2 2(rv,
2
vl= o €5y ©)
Ve ro1o1 e
2 2 2
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After calculating off components, we can determine the d-q component using 6, obtaining from the
PLL technique for the fundamental component of the electrical grid. Using these transformations has two
main benefits: first, it deals with two components (d, g) instead of three (a, b, c); second, it simplifies the
system’s controllers, such as PID or PI controllers. These transformations are given by:

Ll =[ <228 oo 1) ©

3.2.1. Active power controller

This controller is associated with the capacitors’ DC voltage state. When the voltage is lower than
the reference DC voltage, the inverter will consume active power to recharge the capacitors. Active power is
connected with the Id-ref component value, where Id-ref is the reference value for the d sequence of the
current. This current value will be compared with the injected current from the inverter after the output filter
to calculate the error for the outer controller. The control scheme and the controller simulation are illustrated
in Figure 11.

Pl }—» Id-ref

Vd(.-ref

Id current controller

Vdc Plz) f—
DC- source-Volatge Discrete PID Controller1
Vdc-ref

Figure 11. Id component controller scheme and simulation

3.2.2. Reactive power controller

This controller is responsible for the AC voltage amplitude in the PCC. First, the RMS value of the
voltage amplitude will be calculated in PU. Subsequently, it will be compared to the reference voltage (1 PU)
to determine Ig-ref and the reactive power state for the inverter, adjusting the power factor in the PCC to
either lag or lead in order to regulate the voltage. Figure 12 shows the control scheme and simulation for the
Iq controller [27].

3.2.3. STATCOM overall controller

This controller, also called outer controller, is connected in series with both previous controllers.
Its responsibility is to generating pulses for the switches based on the error between the injected Id. Iq values
and the references Id_ref, Iq_ref. The references are calculated by active power controller and reactive power
controller. The outer controller then adjusts the modeled wave for pulse width modulation (PWM).
From Figure 13, we can calculate the output voltage from the VSI at the PCC point as follows:

dlg

dal
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dl,

I/C_UC=RfIC_LfE (8)
where V,, V,,, and V, represent the inverter output voltage, while U,, U,, and U, denote the grid voltages at
the PCC. Ry and L, are filter parameters, and I, I, I. are the injected currents. Figure 13 shows the
simulation of the Id controller, Iq controller, outer controller, and the d, q to a, b, ¢ transformation in
MATLAB/Simulink.
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Figure 12. Iq component controller scheme and simulation
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Figure 13. STATCOM overall controller simulation

Figure 13 shows the complete structure of the controller. In this controller, the d and q reference
components are compared with the injected components, taking the output filter parameters into
consideration. Subsequently, P1 controllers will adjust the Vd and Vg components for the abc-modeled sine
wave for PWM. After load flow calculations, it becomes evident that bus-5 (Ghamas) station has the lowest
voltage under heavy loading and cut-off generation. To enhance the voltage stability profile, a STATCOM
will be added to this substation. Figure 14 illustrates the connection with bus-5 substation.
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3.3. Power system response with STATCOM
STATCOM is connected to bus-5 for voltage regulation. Through reactive power compensation,
STATCOM can affect the load flow in the case study power system, that will change the voltage profile in
the whole systems nodes. Figure 15 shows voltage profile for the power system under different loads and no
genetion in bus-5.

Figure 14. STATCOM connection with bus-5
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Figure 15. Voltage for each bus during simulation with STATCOM

Indonesian J Elec Eng & Comp Sci, Vol. 33, No. 2, February 2024: 671-686



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 681

Table 3 shows the voltage in PU for each bus after the loads were added, Figure 16 shows the
voltage profile for buses on the final loading stage with STATCOM is connected to bus 5, and Figure 17
shows the voltage drop for bus-5 during the simulation. It’s clear that there is an improvement in the voltage
profile. From Figure 17, we can see that the voltage drop doesn’t exceed 0.8% under heavy loading
conditions. Table 4 shows a comparison of the voltage drop at bus-5 before and after.

Table 3. Bus voltage in the power system with the high load in bus 5 without generating with STATCOM
Bus number  Voltage (PU) MATLAB/Simulink
1.009
1.003
1.003
0.993
1.006
1.013
1.004
1.006
1.009
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Figure 16. Voltage profile for the power system using MATLAB/Simulink with STATCOM
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Figure 17. VVoltage drop in bus 5 with STATCOM
Table 4. Voltage drop in power system with/without STATCOM
Operating condition Voltage drop % (Without STATCOM)  Voltage drop % (With STATCOM)
No generating in bus -5 0.43 0.001
First loading 0.79 0.23
Second loading 1.18 0.57
Third loading 1.58 0.78
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4. MODELING FC-TCR IN MATLAB/SIMULINK

FC-TCR is one of the SVC devices that use capacitors and inductance to regulate voltage by
absorbing or compensating reactive power at the PCC. The capacitors in this device are fixed, similar to
conventional capacitor banks, while the inductance is controlled by two thyristors to determine the operating
condition. For this case study, a 7.5 MVAR capacitor bank and a 7.5 MVAR inductive load were used for
voltage regulation. The equivalent circuit for FC-TCR is provided in Figure 18.

4.1. FC-TCR structure

FC-TCR consists of a capacitor XC connect in parallel with a fixed reactor of inductance XL and a
bi-directional thyristor valve that is fired symmetrically in an angle control range of 90° to 180° [28].
The firing angle identifies operating pattern: at 90°, FC-TCR compensates reactive power, and at 180°, it
absorbs reactive power. This regulation helps maintain voltage within an acceptable range. In this case study,
FC-TCR will be connected to the bus-5 to improve voltage profile for the system. Figure 18 shows the
equivalent circuit of FC-TCR [29]. Figure 19 shows the simulation for the power circuit of FC-TCR. Which
we will use to compare the two flexible AC transmission system devices.

Grid
Ua
vaf
b >
I i - T
Xc ;= N T L
A A E>_
XL . :5:; ng:;
i T i—
Figure 18. Equivalent FC-TCR Figure 19. Power circuit simulation for FC-TCR

circuit of SVC

4.2. FC-TCR controller

The controller for FC-TCR has two stages. The first one calculates the amount of the reference
reactive power based on the difference between the nominal voltage RMS in PU and the reference voltage for
the bus [30]. The second stage controller is used to determine the firing angle a for the thyristors. Figure 20
shows the proposed structure for the controller. Figure 21 shows the full structure to illustrate the complete
electrical circuit of the controller.

U-rms E I I
I Pl I Q-ref
PU
V_ref =1 PU
Bus_Voltage (PU) Discrete PID Controller3
V_ref (PU)

Figure 20. Reference reactive power calculations
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Figure 21. Simulation for the FC-TCR alpha controller

4.3. Improving power quality by FC-TCR

FC-TCR is connected to bus-5 for reactive power compensation during various operating scenarios.
The firing angle controller adjusts the amount of reactive power injected into PCC based on the difference
between actual voltage magnitude and the reference value [31]. Figure 22 shows voltage profile for the
power system under different loads and no generation in bus-5.

bus-1 Bus-4 Bus-7
1.04 1.04 1.04
1.02 - - . - 1.02 1.02
—‘————
1 1 1
0.98 0.98 0.98
0 2 4 6 8 1 0 2 4 B 8 10 0 2 4 B 8 10
Bus-2 Bus-5 Bus-8
|
1.04 1.04 1.04
1.02 1.02 1.02
1 1 1
0.98 0.98 - 0.98
0 2 4 6 8 10 0 2 4 6 8 1 (] 2 4 6 8 1
Bus-3 Bus-6 Bus-9
104 1.04 1.04
1.02 1.02 1.02
1 1 1
038 : 098 : 098
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Figure 22. Voltage for each bus during simulation with FCTCR

Table 5 shows the voltage in PU for each bus after the loads were added to the studied network.
Figure 23 shows the voltage profile for buses in the final loading stage using MATLAB/Simulink with
FCTCR. Figure 24 shows voltage drop for bus-5 during the simulation. It is the critical node that was focused
on in this study.

Table 5. Bus voltage in the power system with the high load in bus 5 without generating with FCTCR
Bus number  Voltage (PU) MATLAB/Simulink
1.008
1.002
1.001
0.993
1.011
1.005
1
1.005
1.008
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Figure 23. Voltage profile for the power system
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Figure 24. Voltage drop in bus 5 with FCTCR

From Figure 24, we can see that the voltage drop doesn’t exceed 1% under heavy loading
conditions. Which indicates the importance of using FACTS devices in high voltage transmission systems.
Table 6 shows a comparison of the voltage drop at bus-5 before and after.

Table 6. Voltage drop in power system with/out FCTCR
Operating condition Voltage drop % (without STATCOM)  Voltage drop % (with STATCOM)

No generating in bus-5 0.43 0.05
First loading 0.79 0.356
Second loading 1.18 0.661
Third loading 1.58 0.9688

5.  RESULTS AND DISCUSSION

Using FACTS controllers can improve power quality parameters in a high-voltage utility grid.
Both STATCOM and FCTCR offer high flexibility in injecting reactive power to support voltage at the PCC.
Additionally, they address voltage swell/sag by compensating or consuming reactive power at the PCC.
In a paper case study, the voltage profile improved for the critical bus (Ghamas) under heavy loading,
even without generating units in the system. Table 7 summarizes the bus voltages under different operating
conditions. Based on the data in Table 7, we can conclude that the use of STATCOM/FCTCR in the high-
voltage utility grid reduces voltage drop in the PCC to an acceptable range. Additionally, it alters the power
flow within the system, leading to an improved voltage profile across the entire grid.
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6.

Table 7. Bus voltage in the power system with/without STATCOM/FCTCR
Bus number  Voltage (PU) without FACTS  Voltage (PU) with STATCOM  Voltage (PU) with FCTCR

2 1.007 1.009 1.008
3 1.002 1.003 1.002
4 1.001 1.003 1.001
5 0.984 0.993 0.990
6 1.005 1.006 1.011
7 1.011 1.013 1.005
8 1.001 1.004 1
9 1.005 1.006 1.005
5 1.007 1.009 1.008

CONCLUSION

In this paper, FACTS controllers were employed to enhance power quality in the high-voltage

power systems of Iraq’s utility grid. Initially, load flow and bus voltage were calculated to identify the
critical bus. Subsequently, we assumed heavy loading and no power generation conditions at the chosen bus
to simulate faults occurring in lIraq’s utility grid, which currently relies on conventional power devices.
Two types of FACTS devices, namely STATCOM and FCTCR, were then applied. Both devices successfully
supported voltage in the power system, with voltage drop not exceeding 0.8% using STATCOM and 1%
using FCTCR. The outcomes of this study could encourage grid operators in Iraq to incorporate FACTS into
their high-voltage power systems.

REFERENCES

[1]

[2]

[3]
(4]
[5]
[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

R. Adware and V. Chandrakar, “Power quality enhancement through reactive power compensation using hybrid STATCOM,” in
ICPC2T 2022 - 2nd International Conference on Power, Control and Computing Technologies, Proceedings, Mar. 2022, pp. 1-5,
doi: 10.1109/ICPC2T53885.2022.9777006.

R. Manivasagam, A. Al-Khaykan, G. Sudhakaran, and M. Sujatha, “Hybrid wind-PV farm with STATCOM for damping and
control of overall chaotic oscillations in two-area power system using hybrid technique,” Solar Energy, vol. 262, p. 111886, Sep.
2023, doi: 10.1016/j.solener.2023.111886.

S. M. Kisengeu, G. N. Nyakoe, and C. M. Muriithi, “Under voltage load shedding on a modified IEEE 14-bus system using
hybrid ABC-PSO algorithm for voltage stability enhancement,” SSRN Electronic Journal, 2021, doi: 10.2139/ssrn.3900933.

P. N. Nimbalkar and P. Thakre, “Improvement of VSC based STATCOM performance using multi-pulse modulation technique
for better voltage regulation,” SSRN Electronic Journal, 2022, doi: 10.2139/ssrn.4107755.

M. Campaifia, P. Masache, E. Inga, and D. Carrién, “Voltage stability and electronic compensation in electrical power systems
using simulation models,” Ingenius, vol. 2023, no. 29, pp. 9-23, 2023, doi: 10.17163/ings.n29.2023.01.

E. Jamil, Qurratulain, and S. Hameed, “STATCOM-based voltage regulation in grid integrated wind farm under variable loading
conditions,” in 2017 14th IEEE India Council International Conference, INDICON 2017, Dec. 2018, pp. 1-6, doi:
10.1109/INDICON.2017.8488062.

Y. V. P. Kumar et al., “Performance enhancement of doubly fed induction generator—based wind farms with STATCOM in faulty
HVDC grids,” Frontiers in Energy Research, vol. 10, Jul. 2022, doi: 10.3389/fenrg.2022.930268.

M. M. H. Khan, A. Ullah, S. M. S. Siddiquee, M. S. Alam, K. Biswas, and R. Bin Ali, “Power compensation and voltage flicker
control of solar-wind hybrid microgrid with optimized D-STATCOM using a control technique,” in 2022 International
Conference on Innovations in Science, Engineering and Technology, ICISET 2022, Feb. 2022, pp. 1-6, doi:
10.1109/ICISET54810.2022.9775864.

A. Kadri and S. Makhloufi, “Interval type2 fuzzy logic based STATCOM controller for stabilizing a mixed electrical network
system,” Periodica Polytechnica Electrical Engineering and Computer Science, vol. 66, no. 4, pp. 391-405, 2022, doi:
10.3311/PPee.19822.

Y. Y. Hong and M. J. Liu, “Optimized interval type-1l fuzzy controller-based STATCOM for voltage regulation in power systems
with photovoltaic farm,” IEEE Access, vol. 6, pp. 78731-78739, 2018, doi: 10.1109/ACCESS.2018.2885198.

M. Usharani, V. P. Kavitha, G. Theivanathan, V. Magesh, B. Sakthivel, and R. Surendiran, “An optimized deep learning model
based PV fault classification for reliable power generation,” SSRG International Journal of Electrical and Electronics
Engineering (IJJEEE), vol. 9, no. 9, pp. 23-31, Sep. 2022, doi: 10.14445/23488379/1JEEE-V919P103.

P. M. Saradva, K. T. Kadivar, M. H. Pandya, and A. J. Rana, “Reactive and real power compensation in distribution line using D-
STATCOM with energy storage,” in 2016 International Conference on Computation of Power, Energy, Information and
Communication, ICCPEIC 2016, Apr. 2016, pp. 726-732, doi: 10.1109/ICCPEIC.2016.7557316.

L. Ribeiro and D. Simonetti, “Voltage-controlled and current-controlled low voltage STATCOM: a comparison,” Renewable
Energy and Power Quality Journal, vol. 20, pp. 536-541, Sep. 2022, doi: 10.24084/repqj20.358.

A. S. Tamboli and H. T. Jadhav, “Hybrid STATCOM for reactive power compensation,” in Proceedings of the 2018 International
Conference on Current Trends towards Converging Technologies, ICCTCT 2018, Mar. 2018, pp. 1-5, doi:
10.1109/ICCTCT.2018.8550889.

M. K. M. Al-Mamoori,, “Reactive power control in Diyala City ring power system using static synchronous compensator
(STATCOM) master thesis electrical and electronic engineering Thesis Advisor Assist. Prof. Dr. Mohammad Abdullah,” 2022.

S. Nakka, R. Brinda, and T. Sairama, “Enhancement of voltage regulation and transient stability of six phase STATCOM using
decoupled current control strategy,” International Journal of Electrical and Electronics Research, vol. 11, no. 1, pp. 61-68, Mar.
2023, doi: 10.37391/ijeer.110109.

M. K. Mohammed, S. M. Niyef, and Z. Hamodat, “SVC based smart grid management of renewable energy resources,” in HORA
2022 - 4th International Congress on Human-Computer Interaction, Optimization and Robotic Applications, Proceedings, Jun.
2022, pp. 1-4, doi: 10.1109/HORA55278.2022.9799953.

Substations power quality improvement by flexible alternating current ... (Faissl G Chremk Chremk)



686

a ISSN: 2502-4752

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

H. Tariq et al., “Comparative analysis of reactive power compensation devices in a real electric substation,” Energies, vol. 15,
no. 12, p. 4453, Jun. 2022, doi: 10.3390/en15124453.

C. O. Omegje, “Modelling and simulation study of conventional facts-controllers,” Journal of Asian Scientific Research, vol. 10,
no. 1, pp. 43-58, 2020, doi: 10.18488/journal.2.2020.101.43.58.

F. Ali, M. N. Arbab, G. Ahmed, M. Ashraf, and M. Sarim, “An SVC controller for power quality improvement of a heavily
loaded grid,” Mehran University Research Journal of Engineering and Technology, vol. 39, no. 2, pp. 247-256, Apr. 2020, doi:
10.22581/muet1982.2002.03.

J. P. P. Barbosa and J. A. P. Filho, “New methodologies for SVC modeling in the power flow problem based on sigmoid
functions,” Electrical Engineering, 2023, doi: 10.1007/s00202-023-02029-5.

D. K. Setiawan, W. Cahyadi, M. A. Prawira N, and B. S. Kaloko, “Application of static synchronous compensator (STATCOM)
as reactive power control in dfig wind farm and grid interconnection systems,” Jurnal Media Elektro, pp. 1-11, Apr. 2023, doi:
10.35508/jme.v0i0.10230.

R. Al-Rubayi and M. Eesee, “Optimal location and parameter setting of STATCOM device based PSO for Iraqi grid voltage
profile enhancement and power losses minimizing,” Engineering and Technology Journal, vol. 37, no. 2A, pp. 60—69, Feb. 2019,
doi: 10.30684/etj.37.2a.4.

A.J. Ali, M. Y. Suliman, L. A. Khalaf, and N. S. Sultan, “Performance investigation of stand-alone induction generator based on
STATCOM for wind power application,” International Journal of Electrical and Computer Engineering, vol. 10, no. 6, pp. 5570—
5578, Dec. 2020, doi: 10.11591/ijece.v10i6.pp5570-5578.

G. A. Salman, M. H. Ali, and A. N. Abdullah, “Implementation optimal location and sizing of UPFC on Iraqi power system grid
(132 kV) using genetic algorithm,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 9, no. 4, pp.
1607-1615, Dec. 2018, doi: 10.11591/ijpeds.v9.i4.pp1607-1615.

S. F. Wahhab and A. Muhammed, “Improvement voltage profile of kurdistan power system by using SVC/STATCOM,” Qalaai
Zanist Scientific Journal, vol. 8, no. 2, Apr. 2023, doi: 10.25212/Ifu.qzj.8.2.49.

N. Ababssi, A. Loulijat, and E. A. Semma, “Implementation optimal location of SSSC to improve the efficiency on IEEE new
England transport network (100 kV),” International Journal of Intelligent Engineering and Systems, vol. 15, no. 5, pp. 612-624,
Oct. 2022, doi: 10.22266/ijies2022.1031.53.

R. Jena, S. C. Swain, and R. Dash, “Power flow simulation and voltage control in a SPV IEEE-5 bus system based on SVC,”
Materials Today: Proceedings, vol. 39, pp. 1934-1940, 2019, doi: 10.1016/j.matpr.2020.08.374.

M. Y. Suliman, “Voltage profile enhancement in distribution network using static synchronous compensator STATCOM,”
International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 4. pp. 3367-3374, 2020, doi:
10.11591/ijece.v10i4.pp3367-3374.

B. S. Saleh, L. J. Yin, and R. Verayiah, “Voltage regulation and power loss reduction by integration of svc in distribution
networks via psse,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 3, pp. 1579-1587, Sep.
2020, doi: 10.11591/ijpeds.v11.i3.pp1579-1587.

S. O. Ayanlade, E. 1. Ogunwole, S. A. Salimon, and S. O. Ezekiel, “Effect of optimal placement of shunt facts devices on
transmission network using firefly algorithm for voltage profile improvement and loss minimization,” in Lecture Notes on Data
Engineering and Communications Technologies, vol. 127, 2022, pp. 385-396.

BIOGRAPHIES OF AUTHORS

Faissl G Chremk Chremk & E{ 12 received a B.Sc. degree in electrical engineering
from the Technology University, Irag, an M.Sc. degree in engineering management from the
Gedik University, Istanbul, Turkey. Third-year Ph.D. student at ENIS in Sfax/Tunisia.
He used to hold several administrative posts with Thi-gar University, As Director of
Engineering Affairs, Irag. He was also the Director of Engineering Affairs, at Al-Qadisiyah
University, Irag. Contributed to the preparation of electrical engineering designs for many
buildings in Irag within the engineering consulting office at Al-Qadisiyah University in Irag.
He participated in several scientific research and a conference at Gedik University in Turkey.
His research interests include electrical control systems on electric power transmission
networks. He can be contacted at email: faissl-g-.chremk@enis.tn.

Hanene Medhaffar £ B3 © received her Engineer, M.S. Ph.D. and HDR in Electrical
Engineering from the Ecole Nationale des Ingénieurs de Sfax, Tunisia, in 2000, 2001, 2006,
and 2019, respectively. She was an Assistant Professor at the Institut Supérieur de Gestion
Industrielle de Sfax, Tunisia, from 2003 to 2019. She is currently an Associate Professor at
the same institut. Her research interests include intelligent control, robotics, chaotic systems
and variable structure control. She can be contacted at email: hanene.medhaffar@isgis.usf.tn.

Indonesian J Elec Eng & Comp Sci, Vol. 33, No. 2, February 2024: 671-686


https://orcid.org/0000-0002-9737-8493
https://scholar.google.com/citations?user=KHNqq3YAAAAJ&hl=ar
https://orcid.org/0000-0002-1047-968X
https://scholar.google.com/citations?authuser=1&user=eQ2uhUMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55014252500
https://www.webofscience.com/wos/author/record/JCP-1928-2023

