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ABSTRACT

Power quality problems in electric systems are one of the important topics that occupy a wide area of interest
to researchers and engineers. The increased use of power electronics circuits has led to improve efficiency and
performance of the equipment; on the other hand, they withdraw a non-sinusoidal current and increase the harmonics
which causes a decrease in the power quality. Also, these electronic devices are sensitive to power quality problems.
However, advanced electronics can be employed to mitigate these problems. The Distribution static synchronous
compensator (D-STATCOM) is one of the Custom Power Devices (CPDs) used for this purpose. D-STATCOM can be
designed with different topologies, algorithms, and techniques of control to mitigate various power quality problems that
face the power system. Selecting the D-STATCOM design depends on the power quality problem that needs to be

mitigated. This paper presents a literature review of D-STATCOM from its beginnings to the present day.
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1. INTRODUCTION

Power quality (PQ) issues are an
important cause of the decreased reliability and
efficiency of the distribution system. As nonlinear
loads are increasingly used in different
applications such as office and home equipment,
medical devices, fluorescent lighting, renewable
energy, high-frequency transformers, and arc
furnaces, harmonics are increased in the system
and the power quality is reduced. Additionally,
due to unbalanced loads, the voltage waveforms
of distribution systems are distorted, eventually
impacting the sensitive equipment's operation.
Numerous PQ issues, including harmonic
pollution, poor power factor, noise, sags, swells,
impulses, unbalance, and voltage fluctuations
have been reduced using Custom Power
Devices[1].

Custom Power Devices are an advanced
generation of mitigating means of power quality
problems, developed after the  superior
performance shown by the Flexible AC

Transmission  Systems (FACTSs) at the
transmission field, by increasing the stability of
the power system, the transfer capacity, and the
efficiency of transmission lines. Custom power
devices based on leading-edge power electronics
technology have already been recognized as the
best solution to power quality problems[2].

CPDs mainly consists of two network
reconfiguration and compensation type. Static
Current Limiter (SCL), Static Transformer Switch
(STS), Solid State Breaker (SSB), and
uninterrupted Power Supply (UPS) are network
reconfiguration forms, while Dynamic Voltage
Restorer (DVR), Distribution STATCOM (D-
STATCOM), and Unified Power Quality
Conditioner (UPQC) are compensation forms,
which are connected to the system in series,
parallel and hybrid, respectively[3].

D-STATCOM is a synchronous voltage
generator that can supply capacitive and inductive
reactive powers. The D-STATCOM has a very
short response time limited by the power-
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electronic devices and the detection time.
Compared to some of the more famous voltage
correction techniques, such as tap-changing
transformers, the expected response time is
significantly shorter[4].

Out of all CPDs, D-STATCOM is
extensively used for mitigating power quality
problems such as poor power factor, poor voltage
regulation, harmonics, increased neutral current,
and unbalanced currents[5].

D-STATCOM works in two control
modes; either in current controlling mode to inject
the proper harmonic and reactive components of
load current to address current-based problems|[6],
or in voltage controlling mode, to regulate the
voltage at the desired value, and protect the load
from voltage-based problems[7].

The performance of D-STATCOM relies
on a control algorithm used for estimating
reference current components[8]. Practically the
configuration selected for the D-STATCOM
depends upon the power quality problem that
needs to be mitigated[9].

The main objective of this paper is to
present a sum of works that used a D-STATCOM
in mitigating the power quality problem in
electric power systems.

2. DISTRIBUTION STATIC COMPENSATOR

The D-STATCOM is a custom power
device constructed on a voltage source converter
(VSC) or a current source converter (CSC) and
may function as a reactive power source in power
systems. A D-STATCOM can regulate the voltage
at the point of common coupling (PCC), by
injecting or absorbing reactive power from a
distribution network. The schematic diagram of a
D-STATCOM is shown in Fig. 1. Mainly, the
components of D-STATCOM include the
following parts: voltage converter, DC energy unit
storage, transforming the injection, and finally the
controlling unit [10].
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Fig. 1. D-STATCOM schematic diagram[10]

D-STATCOM output AC voltage side
(Vc) is adjusting to the desired voltage. D-
STATCOM absorbs reactive power if the system
voltage (Vs) magnitude at PCC is higher than the
desired voltage; while if the voltage magnitude at
PCC is smaller than the desired voltage, reactive
power is injected into the system to increase its
voltage; and if the system voltage is equal to the
desired voltage, the D-STATCOM is not injecting
or absorbing any reactive power [11]. D-
STATCOM can compensate a bus voltage or a line
current depending on the power quality problem. It
can also compensate for active power disturbances
by adjusting the angle termed (§), between D-
STATCOM voltage and the system voltage, if
integrated with energy storage systems like battery
energy storage (BES)[12], flywheel energy storage
(FES) [13], super magnetic energy storage (SMES)
[14], or supercapacitors energy storage (SCES)
[15], consequently operating region is expanded to
four quadrants, as depicted in Fig.2 [16]. The
active and reactive power injected or absorbed by
the D-STATCOM can be calculated using
equations (1) and (2) respectively.
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Fig. 2. The D-STATCOM operating in the four
quadrants [16]
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Where the value of P represents the active
power, Q represents the reactive power of D-
STATCOM, Vs is system voltage, Vc is D-
STATCOM voltage, and & is the system transfer
angle.

D-STATCOMs can be mainly sorted by
their circuit structure into three classifications
namely power source type, converter topology, and
advanced configuration, as shown in Fig. 3 [17].

Power Circuit Structure

Inverter Types of Power
Topology Source
|
vl Coties Single Phase Three Phase
Inverter
—
Advanced Configuration

Advanced Advanced
System —— Inverter
configuration Configuration
Interline Diode [ Casc_ade H-
clamped Bridge
DG Flying

Fig. 3 D-STATCOM classification using power
circuit structures[17]

3. LITERATURE REVIEW

The concept of custom power devices was
first introduced by Hingorani in 1995, and since
that time, much research has been conducted in
studying D-STATCOM and looking at expanding
its applications and developing control strategies to
improve its performance in mitigating various
power quality problems. In the next paragraphs,
literature review of the oldest research to the
newest includes various issues private to D-
STATCOM to make an image of the research gaps
that have been studied at various times.

In 1996, S. Ramsay et al. examined the
application of (D-STATCOM) for the regulation of
voltage on voltage-limited, long feeders. They
proved that the D-STATCOM used in distribution
systems could increase the load, distance, or both
served by voltage-limited feeders compared with
conventional methods. Also, the fast response of
D-STATCOM showed excellent voltage regulation
performance, which improves the quality of power
supplied to customers fed from long feeders, or
who have sensitive loads [18].

In 1999, G. Moon described the model of
voltage and current control technique of the D-
STATCOM depending on the space vector PWM
and the predictive scheme. One advantage of PWM
in terms of current control techniques such as
Ramp hysteresis, as well as Pl with ramp. are
comparatively discussed. For power factor
correction, the simulation for the techniques
mentioned showed less harmonic distortion in the
current and faster transient responses for a
proposed technique than the rest current controllers
[19].

In 2000, G.F. Reed et al. conducted
research and tested the D-STATCOM of (5MVA,
4.16 kV) implemented to mitigate voltage flicker
due to a 4000 HP shredder motor at a steel
recycling facility (Seattle Iron and Metals
Corporation). The research results showed that a
fast compensation of the reactive power provides
voltage regulation, and power factor control,
mitigating the voltage flicker, and other
distribution system disturbances to improve power
quality fed for the new facility and the
interconnecting utilities[20].

In 2001, M. Haque conducted research to
determine the steady-state performance of D-
STATCOM and dynamic voltage restorer (DVR)
and compare it to different values of voltage drop,
system failure levels, and load levels. The
simulation results indicated that (D-STATCOM)
can correct much more voltage drops compared to
that (DVR) [21].

In 2004, S. Bashi et al. studied a prototype
design of a D-STATCOM-based 12-pulse to
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mitigate voltage sag in an unbalanced distribution
system instead of the widely used SVC by
correcting the power factor and acting as a load
compensator. The Pl controller was used to control
reactive power flow to and from the DC capacitor.
The (D-STATCOM) model has been developed
using (PSCAD/ EMTDC) software. The simulation
results prove that (D-STATCOM) can mitigate
drop and improve the system's power quality [22].

In 2006, J. Wang et al. a new control
method for D-STATCOM that depends on the
detection of source current at imbalance conditions.
Where the load and D-STATCOM are taken as the
overall load. Comparing to the decoupled control
usually utilized for D-STATCOM at unbalanced
conditions, a proposed control scheme has a lower
calculation process, a simpler structure, and is
more suitable to implement. The simulation results
showed that the D-STATCOM application of the
control method suggested can perform good
performance in imbalanced conditions[23].

In 2008, Z. Xi et al. conducted research on
a system consisting of D-STATCOM with an
Ultracapacitor (UCAP). The simulation results
prove the validity of integrating (D-STATCOM)
with (UCAP) with a capacity of 1 Farad to regulate
the voltage of the distribution system and mitigate
the voltage drop. In the event of system faults,
UCAP-based energy storage will help maintain
constant D-STATCOM voltages and avoid over
currents and D-STATCOM tripping. It is
concluded also that the UCAP is the practical
solution in terms of size and design to supply real
power compared to other energy storage devices
[24].

In 2010, N. Ismail et al. studied the
procedure for enhancing poor power factor, voltage
sag, and harmonic distortion using D-STATCOM
with LCL Passive Filters in the distribution system.
Simulations were performed using SIMULINK and
the results showed that the voltage drop was
mitigated by introducing (D-STATCOM) into the
distribution system. When an LCL filter was added
to D-STATCOM, the THD was reduced within the
IEEE standard ratio, and the power factor increased
to approximately one [25].

In 2013, S. Mohamed et al. studied (E-
STATCOM) which is STATCOM integrated with
the (BES). PI controller has suggested controlling
the operation of E-STATCOM connected at a weak
point of the ring system of Mosul city. Some types
of disturbances have been simulated in the system.
The results show improvements in the transient and
dynamic stability of the power system by keeping
the reactive power constant during the disturbances
and decreasing the active power oscillation during
and after these disturbances. Adding E-STATCOM

causes THD of the bus voltage within IEEE-519
standards. The response time was very short about
two cycles [26].

In 2014, F. Shahnia et al. studied the
effectiveness of applying a DVR and D-
STATCOM to improve the voltage unbalance
problem in urban and rural feeders containing
rooftop PVs. A stochastic analysis was executed by
Monte Carlo to test their effectiveness for PV and
load rating and location in the system. A control
algorithm and converter topology are suggested for
the DVR and D-STATCOM based on the pole-shift
technology developed to control the voltage in the
output of the DVR and D-STATCOM converters.
Through simulation, D-STATCOM has been
shown to have better overall results compared to
DVR. These devices also succeeded in reducing
the voltage imbalance to less than the standard
limits [27].

In 2015, A. Gupta and A. Kumar,
conducted research using the variational technique
to find an optimal size and location of D-
STATCOM for radial distribution systems, to
reduce the amount of loss, and to improve the
voltage profile. The research was conducted using
the software MATLAB associated with the IEEE
of 33-bus system. The (D-STATCOM) distribution
of the radial distribution network was compared
using the voltage stability index and the power loss
index with the result of two other research. The
results showed a significant reduction in losses and
an improvement in the voltages profile and the size
of D-STATCOM obtained by the proposed method
is lower than reported in these two researches. [28].

In 2017, A. Majed et al studied the
application of a soft computing technique namely
Differential Evolution to realize Harmonic
Elimination PWM (HE-PWM) for direct control of
the D-STATCOM. The method was compared with
phase-shifted PWM (PS-PWM) using PLECS and
MATLAB program. The analysis revealed that a
coupling inductor about (2-3 times) bigger is
wanted for PS-PWM to perform a harmonic like
HE-PWM at the same switching frequency. The
low-order harmonics have been successfully
eliminated. Moreover, the HEPWM direct control
has a very fast dynamic response [29].

In 2018, W. Rohouma et al. presented
research on D-STATCOM uses inductors as energy
storage through a Matrix Converter with a model
predictive controller (MPC) technique. D-
STATCOM provided load compensation without
the use of electrolytic capacitors (which have some
failures). And that the proposed compensator has a
longer expected service life and greater reliability
compared to VSl-based compensators. The
simulation results showed that inductors instead of
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capacitor elements achieved good compensation
for reactive power [30].

In 2019, I. Mehouachi et al. proposed a
design for a high-powered new model D-
STATCOM that uses an isolated—dual converter
topology. Transformer paralleling has been
achieved by coupled inductors based on a single
magnetic core. Grid currents were controlled using
linear quadrature optimization control to reduce the
steady-state error and improve the transient
response. DC vector voltages stay stable, and the
delivered currents are shared equally between the
two isolated VSCs. The feasibility of the suggested
design was investigated through a practical
experiment and concluded it is unnecessary to
oversize the converters’ power ratings[31].

In 2020, S. Duarte et al. studied the
estimation of the voltage imbalance related to the
suppliers and consumers in the distribution system
by using a time domain strategy. Based on this
assessment, the D-STATCOM-based 3phase-4wire
is allowed to compensate for the voltage
unbalances of the negative and zero sequences
caused by the consumers only. The performance of
the proposed algorithm that controls (D-
STATCOM) has been verified to compensate for
consumer-induced voltage imbalance through
various types of scenarios that power networks
commonly encounter such as single phase fault,
imbalanced static resistive load, the start of a big
induction motor, and switching of capacitor bank
[32].

In 2020, E. Kantar and E. Tedeschi
designed (D-STATCOM) with a 4-wire inductor-
capacitor-inductor (LCL) filter to compensate for
the neutral current, balance the load, compensate
for the reactive power, and eliminate the
harmonics. The LCL filter design was introduced
for high ripple attenuation by integrating two
resonance damping technologies, Active Damping
and Passive Damping. Both methods have been
shown to effectively address the resonance
phenomenon caused by the LCL filter while
maintaining the connecting point voltages, as well
as the THD at less than 3% for nonlinear and
unbalanced loads [33].

In 2021, M. Ullah and A. Hanif, has
studied an integrated controlling scheme based on
the second-order super twisting algorithm and
sliding mode control for the D-STATCOM
convertor. The algorithm of super twisting along
with standard sliding mode control has been used
to remove the chattering effect which is the
drawback of sliding mode control while keeping its
other features such as faster response time,
robustness, and insensitivity to load variation. The
simulation results showed that the proposed control

can effectively detect and mitigate voltage sags and
swells and compensate for the active and reactive
power through a short time and that the THD in all
simulation cases is less than 5%[34].

In 2022 B. Khan researched to find an
optimal placement and sizing of the D-STATCOM
in a radial distribution system with 78 buses in
Ethiopia to minimize losses and improve stability
and profile of voltage using the improved bacterial
foraging search algorithm (IBFA). The results
showed considerable improvement by (IBFA) in
reducing power loss, voltage profile, and stability
as compared with the results of the conventional
(BFA) and the scenario of the base case[35].

In 2022 A. Abdelsalam proposed a design
to modify (D-STATCOM) with a proposed current
controller for micro grid applications. The
modified Design is incorporated into the system to
accurately deal with balanced, unbalanced, and
excursion loads for both inductive and nonlinear
loads. Also, it handled the stability problems of the
MG at fault-caused islanding incidents. The
simulation results showed the superiority of the
proposed design in improving the power factor,
voltages at PCC, source current and reduction of
harmonics currents, besides the stability operation
at islanding is maintained compared with
conventional D-STATCOM as depicted in Fig. (4-
6) [36].
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In 2022 A. Ozer proposed a novel control
algorithm for a DSTATCOM to voltage regulation
of Self- excited induction generator (SEIG)-based
wind energy conversion systems. An enhanced
phase-locked loop based on current synchronous
detection (CSD) algorithm is proposed to estimate
the individual phase voltages, and filter the SEIG
voltage from harmonics by the moving average
filter, DC offset by a delayed signal cancellation,
and the frequency deviation. The proposed
algorithm has been checked under nonlinear and
linear load conditions. The results clearly showed
the effectiveness and the superiority of the

proposed algorithm compared second- order
generalized  integrator-based CSD  control
algorithm[37].

Table (1) presents the significant samples
of D-STATCOM research, including different
converter topologies, control methods, and
objectives.

D-STATCOM has two working modes,
single mode, and dual mode. In single mode, the
topology of (3-ph 3-w) is used to mitigate PQ
problems based on voltage (No. 12-26, 29, 30 in
Table.1), while to mitigate PQ problems based on
current the topology of (3-ph 4-w) is used (No. 2-
11 in Table.1). Also, it can use the last to mitigate
PQ problems related to voltage if D-STATCOM
works in dual mode, so it combines the functions
of the two topologies in one and reduces the
cost[17][38].

The multi-level converters are used in D-
STATCOM (No. 9-13 in Table.1) to improve
performance due to the advantages of multi-level
converters compared to traditional two-level
converters such as a low harmonics content.
Reducing the size of the required filters, increasing
the compensability by raising the converter rating,
reducing the voltage stress on the power electronics
switches, and also could dispense to the coupling
transformer at high levels which lower the cost.
The implementation of the Selective Harmonic
Elimination PWM method on multilevel converters
(No. 30 in Table.1) provides high-quality output
voltage waveform and accurate control of the
harmonic output voltage while keeping the
switching frequency of the semiconductors at a low
level in comparison to other modulation techniques
[39].

It is wvery wuseful to wuse artificial
intelligence techniques because it provides an
adaptivity for the DSTATCOM working during
various disturbances used (No. 22-27 in Table.1),
unlike traditional controllers (such as PI) whose
performance deteriorates greatly at large
disturbances or changing network parameters [40].

Table 1: Sample of D-STATCOM research, including converter topologies, control methods, objectives

No. Ref. Design objective
1 [41] Voltage regulation
2 [42] Current harmonl_c_s and neutral current
mitigated
3 [43] Current harmonics, current unbalances
Reactive power, current harmonics
4 [44] load balance, neutral current, voltage
regulation
5 [45] Voltage regulation, neutral current,

Converter Control method Modulation
topology strategy
single phase Phase space PWM
3ph-4w-2L- Igsﬁrr;{:?r?s;s Hysteresis-
VSC y based PWM
component
3ph-4w-2L- I:s:zrr;tgg?g:ls Hysteresis-
VSC Y based PWM
component
3ph-4w-2L - Synchronous
VSC reference frame S
3ph-4w-2L- Instantaneous Hysteresis-
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current unbalance VSC reactive power based PWM
Reactive power, neutral current, ol .
6 [46] current harmonics, load balance, 2l 187 0753l SPWM
. VSC factor
voltage regulation
Neural Network
7 [47] Unbalance, neutra] and current 3ph-4w-2L- _Conductance PWM
harmonics VSC N
Estimation
8 [48] voltage regulation, Ioaq balance, 3ph-4w-2L- Insta_ntaneous SPWM
current harmonics VSC reactive power
Current harmonics, neutral and 3ph-4w-5L- Instantangous Lmear_
9 [49] symmetrical quadratic
unbalance current VSC
component regulator
. 3ph-4w-5L- -~ Hysteresis-
10 [50] Reactive power VSC sliding mode based PWM
Instantaneous .
3ph-4w-3L- : Hysteresis-
11 [51] Voltage unbalance VSC symmetrical based PWM
component
. 3ph-3w-3L- synchronous
12 [52] Harmonics, voltage sag VSC reference frame CPS-PWM
Synchronous
13 [53] Harmonic elimination 3ph-3w-5L.- Detection PD/POD/APOD
VSC PWM
Method
. 3ph-3w-2L- Synchronous
14  [54] Voltage flicker VSC reference frame SPWM
Instantaneous .
. 3ph-3w-2L- : Hysteresis-
15 [55] Harmonics, voltage unbalances VSC symmetrical based PWM
component
. 3ph-3w-2L-  Adaptive based
16 [56] Voltage regulation VSC on AIS SPWM
Power factor correction, load balance,  3ph-3w-2L- .
17 [o7] harmonic elimination VSC Modified [cosp -
Load compensation, harmonics, 3ph-3w-2L- .
18 [58] voltage regulation VSC Backpropagation SPWM
19 [59] Load compensation, harmonics, 3ph-3w-2L- Leaky LMS
voltage regulation VSC adaptive filter
3ph-3w-2L - Instantaneous
20 [60] Load compensation P reactive power- SPWM
VSC
Deadbeat
Harmonics, load balance, power factor ~ 3ph-3w-2L- o
21 [61] correction, voltage regulation VSC peak detection
22 [62] Load compensation, power factor 3ph-3w-2L- LMS based Hysteresis-
correction, voltage regulation VSC ADALINE based PWM
. . Neural Network
23 [63] Load compensation, h_armonlcs, 3ph-3w-2L- based anti PWM
voltage regulation VSC :
Hebbian
. Neural Network
24 [64] Power factcr); c&r;’gt(:)trllon, voltage 3ph§;v(;2L- based adjustable -
g step LMS
25 [65] Voltage flicker 3ph§;\52l" Intelligent fuzzy PWM
Voltage sag, reduced harmonic, DC 3ph-3w-2L- 5
2 1) voltage, load current CsC AlzgEA i
Currents unbalanced, current 3ph-4w-2L-  Wavelet-fuzzy-
27 [67] harmonic, power factor correction VSC neural network PWM
Load balance, reactive power control,  3ph-4w-2L-  Predictive based
28 [68] harmonics elimination, neutral current VSC SRF A
29 [69] Load compensation, harmonics, 3ph-3w-2L- Instantaneous SPWM
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voltage regulation

30 [70] Voltage and voltage harmonic

4. Future Work

The D-STATCOM is a very effective
means for mitigating PQ problems of voltage
and current in distribution systems. But still, the
primary barrier to D-STATCOM's installation in
systems is the high cost. So, it is extremely
desirable to do more studies to lower the cost of
D-STATCOM  without compromising the
capabilities for PQ improvement. Also, there is a
need for additional research to find the optimal
size and location of D-STATCOM in the power
systems.

Renewable energy penetrates the utility
grid and growing daily, and the irregular nature of
these resources has an impact on the quality of
delivered power. The power generation of these
sources is impacted by weather phenomena
including varying wind speeds and fluctuating
solar insolation. The D-STATCOM could be a
suitable solution to these issues; hence, it is
necessary to investigate the potential applications
of D-STATCOM in renewable energy-based
power systems.

5. CONCLUSION

Custom power devices are used to
mitigate power quality problems. D-STATCOM
is an effective CPD in the alleviation of voltage
sag and swell, poor power factor, harmonic
currents, neutral current, unbalanced voltages, and
load unbalancing. D-STATCOM integrates with
several components in different ways to meet the
power quality requirements of customers. D-
STATCOM's design is based on the power quality
problem concerned. Several designs that were
used in research papers to address various power
quality problems were reviewed and classed
based on converter topology, the control
algorithm, and the switching technique. This
paper concluded that the topology of a 3phase-
4wires, multi-level voltage source converter,
controlled by Artificial intelligence methods, and
switching with selective harmonic elimination
PWM techniques, are considered the best options
used in D-STATCOM.

VSC reactive power
3ph-3w-2L - synchronous seIectlv_e
reference harmonic
VSC NP
frame elimination
Appendix A.

Define of Abbreviations
Abbreviation | Defining

3ph | Three phase
3w-4w | Three wire -Four wire
2L -3L-5L | (Two -Three —Five) levels
PWM | Pulse width Modulation
SPWM | Sinusoidal PWM
CPS-PWM | Carrier Phase Shift-PWM
ADALINE | Adaptive Linear
AIS | Artificial Immune System
LMS | Least Mean Square
SRF | Synchronous reference frame
Pl | Proportional-Integral
PD | Phase Disposition
POD | Phase Opposition Disposition
APOD | Alternate Phase Disposition

REFERENCES

[1] B. Singh, A. Chandra, and K. Al-Haddad, Power
Quality: Problems and Mitigation Techniques, 1st
ed. John Wiley & Sons, 2014.

[2] S. Singh and S. S. Letha, “Various Custom Power
Devices for Power Quality Improvement: A
Review,” in 2018 Int. Conf. Power Energy,
Environ. Intell. Control. PEEIC 2018, pp. 689—
695, 2019, doi: 10.1109/PEEIC.2018.8665470.

[3] M. Prasad and A. K. Akella, “Mitigation of power
quality problems using custom power devices: A
review,” Indones. J. Electr. Eng. Informatics, vol.
5 ~no. 3, pp. 207-235, 2017, doi:
10.11591/ijeei.v5i3.296.

[4] S. Kumar, G. Singh, and V. Jindal, “Voltage
Correction Methods in Distribution System Using
DVR,” International Journal of Research Studies
in Science, Engineering and Technology, vol. 2,
no. 6, pp. 52-63, 2015.

[5] D. Vorganti and C. Sriram, “Implementation of
SPWM Technique in D-STATCOM for Voltage
Sag and Swell,” Int. Electr. Eng. J., vol. 5, no. 12,
pp. 1649-1654, 2014,

[6] C. Kumar and M. K. Mishra, “A multifunctional
DSTATCOM operating under stiff source,” IEEE
Trans. Ind. Electron., vol. 61, no. 7, pp. 3131-
3136, 2014, doi: 10.1109/T1E.2013.2276778.

[7] C. Kumar and M. K. Mishra, “A Voltage-
Controlled DSTATCOM for Power-Quality
Improvement,” |EEE transactions on power
delivery, vol. 29, no. 3, pp. 1499-1507, 2014.

[8] P. Nijhawan, R. S. Bhatia, and D. K. Jain,

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 207-218



Ahmed S. Alhattab: A Review on D-STATCOM for Power Quality...... 215

“Improved performance of multilevel inverter-
based distribution static synchronous compensator
with induction furnace load,” IET Power
Electron., vol. 6, no. 9, pp. 1939-1947, 2013, doi:
10.1049/iet-pel.2013.0029.

[9] B. Pragathi, D. K. Nayak, and R. C. Poonia,
“Mitigation of power quality issues for grid
connected photo voltaic system using soft
computing techniques,” J. Interdiscip. Math., vol.
23, no. 2, pp. 631-637, 2020, doi:
10.1080/09720502.2020.1731968.

[10] M. A. Kallon, G. N. Nyakoe, and C. M. Muriithi,
“DSTATCOM  application for distribution
network power quality enhancement: A review,”
2021 IEEE PES/IAS PowerAfrica, pp. 1-5, 2021,
doi: 10.1109/PowerAfrica52236.2021.9543214.

[11] A. M. Kadam, S. Dhamdhere, and D. S. Bankar,
“Application of DSTATCOM for Improvement of
Power Quality using MATLAB Simulation,” Int.
J. Sci. Mod. Eng., vol. 1, no. 1, pp. 9-13, 2012.

[12] J. Hussain, M. Hussain, S. Raza, and M. Siddique,
“Power quality improvement of grid connected
wind energy system using DSTATCOM-BESS,”
Int. J. Renew. Energy Res., vol. 9, no. 3, pp. 1388—
1397, 2019.

[13] G. O. Suvire and P. E. Mercado, “Combined
control of a distribution static synchronous
compensator/flywheel energy storage system for
wind energy applications,” IET Gener. Transm.
Distrib., vol. 6, no. 6, pp. 483-492, 2012, doi:
10.1049/iet-gtd.2011.0148.

[14] B. Saber, B. Abdelkader, B. Said, and B. Mansour,
“DC-link capacitor voltage balancing strategy for
three-level four-leg DSTATCOM-SMES system,”
in The 6th International Conference on Systems
and Control, ICSC, 2017, pp. 583-588, doi:
10.1109/1C0SC.2017.7958649.

[15] M. Mangaraj, T. Penthia, and A. K. Panda, “Power
quality improvement by a 3-phase 4-leg
supercapacitor based DSTATCOM,” in 2016
IEEE Uttar Pradesh Sect. Int. Conf. Electr.
Comput. Electron. Eng. UPCON 2016, pp. 91-97,
2017, doi: 10.1109/UPCON.2016.7894631.

[16] M. C. Falvo, L. Martirano, and D. Sbordone, “D-
STATCOM with energy storage system for
application in  Smart Micro-Grids,” in 2013
International Conference on Clean Electrical
Power (ICCEP), 2013, pp. 571-576, doi:
10.1109/ICCEP.2013.6586911.

[17] M. B. Latran, A. Teke, and Y. Yoldas, “Mitigation
of power quality problems using distribution static
synchronous compensator: A comprehensive
review,” IET Power Electron., vol. 8, no. 7, pp.
1312-1328, 2015, doi: 10.1049/iet-pel.2014.0531.

[18] S. M. Ramsay, P. E. Cronin, R. J. Nelson, J. Bian,
and F. E. Menendez, “USING DISTRIBUTION
STATIC COMENSATORS (D-STATCOMs) TO
EXTEND THE CAPABILITY OF VOLTAGE-
LIMITED DISTRIBUTION FEEDERS,” in IEEE
Proceedings of Rural Electric Power Conference.,
1996, pp. 1-7.

[191 G. W. Moon, “Predictive current control of
distribution static compensator for reactive power
compensation,” IEE  Proceedings-Generation,

Transmission and Distribution, vol. 146, no. 5, pp.
515-520, 1999, doi: 10.1049/ip-gtd:19996598.

[20] G. F. Reed et al., “Application of a 5 MVA, 4.16
kV D-STATCOM system for voltage flicker
compensation at Seattle iron & metals,” in 2000
Power Engineering Society Summer Meeting (Cat.
No. 00CH37134), 2000, vol. 3, pp. 1605-1611,
doi: 10.1109/pess.2000.868768.

[21] M. Haque, “Compensation of distribution system
voltage sag by DVR and D-STATCOM,” in 2001
IEEE Porto Power Tech Proceedings (Cat. No.
01EX502), 2001, wvol. 1, pp. 5, doi:
10.1109/PTC.2001.964609.

[22] H. Masdi, N. Mariun, S. Mahmud, A. Mohamed,
and S. Yusuf, “Design o f a Prototype D-Statcom
for Voltage Sag Mitigation,” in PECon 2004.
Proceedings. National Power and Energy
Conference, 2004., 2004, pp. 61-66.

[23] X. Fu, J. Wang, and Y. Ji, “A novel control
method for D-STATCOM under unbalanced
conditions,” in 2006 International Conference on
Power System Technology, 2006, pp. 1-6, doi:
10.1109/ICPST.2006.321909.

[24] Z. Xi, B. Parkhideh, and S. Bhattacharya,
“Improving distribution system performance with
integrated STATCOM and Supercapacitor energy
storage system,” in IEEE Power Electronics
Specialists Conference, 2008, pp. 1390-1395, doi:
10.1109/PESC.2008.4592129.

[25] N.  Ismail and W. N. Wan Abdullah,
“Enhancement of Power Quality in Distribution
System Using D-STATCOM,” in2010 4th
International Power Engineering and
Optimization Conference (PEOCO), 2010, pp.
418-423.

[26] D. A. Al-Nimma, “Dynamic Active Power Control
in Mosul City Ring System Using ESTATCOM,”
Am. J. Electr. Power Energy Syst., vol. 2, no. 5, p.
116, 2013, doi: 10.11648/j.epes.20130205.12.

[27] F. Shahnia, A. Ghosh, G. Ledwich, and F. Zare,
“Voltage unbalance improvement in low voltage
residential feeders with rooftop PVs using custom
power devices,” Int. J. Electr. Power Energy Syst.,
vol. 55, pp. 362-377, 2014, doi:
10.1016/j.ijepes.2013.09.018.

[28] A. R. Gupta and A. Kumar, “Energy Savings
Using D-STATCOM Placement in Radial
Distribution System,” Procedia Comput. Sci., vol.
70, pp. 558-564, 2015, doi:
10.1016/j.procs.2015.10.100.

[29] A. Majed, Z. Salam, and A. M. Amjad,
“Harmonics elimination PWM based direct control
for 23-level multilevel distribution STATCOM
using differential evolution algorithm,” Electr.
Power Syst. Res., vol. 152, pp. 48-60, 2017, doi:
10.1016/j.epsr.2017.06.022.

[30] W. Rohouma, R. S. Balog, A. A. Peerzada, and M.
M. Begovic, “Capacitor-less D-STATCOM for
Reactive Power Compensation,” in IEEE 12th
International Conference on Compatibility, Power
Electronics and Power Engineering (CPE-
POWERENG), 2018, pp. 1-6, doi:
10.1109/CPE.2018.8372590.

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 207-218



216 Ahmed S. Alhattab: A Review on D-STATCOM for Power Quality......

[31] I. Mehouachi, M. Abbes, and S. Chebbi, “Design
of a high power D-STATCOM based on the
isolated dual-converter topology,” Int. J. Electr.
Power Energy Syst., vol. 106, no. Sep 2017, pp.
401-410, 2019, doi: 10.1016/j.ijepes.2018.10.025.

[32] S. N. Duarte, B. C. Souza, P. M. Almeida, L. R.
Araujo, and P. G. Barbosa, “Control algorithm for
DSTATCOM to compensate consumer-generated
negative and zero sequence voltage unbalance,”
International Journal of Electrical Power &
Energy Systems, vol. 120, p. 105957, 2020, doi:
10.1016/j.ijepes.2020.105957.

[33] E. Kantar and E. Tedeschi, “Load Compensation
by DSTATCOM with LCL-Filter by Comparing
Different Resonance Damping Methods,” in 2020
15th Int. Conf. Ecol. Veh. Renew. Energies, EVER
2020, 2020, doi:
10.1109/EVER48776.2020.9243010.

[34] M. Farhan Ullah and A. Hanif, “Power quality
improvement in distribution system using
distribution static compensator with super twisting
sliding mode control,” Int. Trans. Electr. Energy
Syst., vol. 31, no. 9, pp. 1-32, 2021, doi:
10.1002/2050-7038.12997.

[35] B. Khan, K. Redae, E. Gidey, O. P. Mahela, I. B.
M. Taha, and M. G. Hussien, “Optimal integration
of DSTATCOM using improved bacterial search
algorithm for distribution network optimization,”
Alexandria Eng. J., vol. 61, no. 7, pp. 5539-5555,
2022, doi: 10.1016/j.aej.2021.11.012.

[36] A. A. Abdelsalam, S. S. M. Ghoneim, and A. A.
Salem, “An efficient compensation of modified
DSTATCOM for improving microgrid operation,”
Alexandria Eng. J., vol. 61, no. 7, pp. 5501-5516,
2022, doi: 10.1016/j.aej.2021.10.061.

[37]1 A. S. Ozer, F. Sevilmis, H. Karaca, and H.
Arabaci, “Enhanced control method for voltage
regulation of DSTATCOM based SEIG,” in 2022
The 4th International Conference on Clean
Energy and Electrical Systems (CEES 2022), 2—4
April, 2022, Tokyo, Japan Enhanced, 2022, vol. 8,
pp. 839-847, doi: 10.1016/j.egyr.2022.05.191.

[38] O. P. Mahela and A. G. Shaik, “A review of
distribution static compensator,” Renew. Sustain.
Energy Rev., vol. 50, pp. 531-546, 2015, doi:
10.1016/j.rser.2015.05.018.

[39] N. S. Hasan, N. Rosmin, D. A. A. Osman, and A.
H. Musta’amal@Jamal, “Reviews on multilevel
converter and modulation techniques,” Renew.
Sustain. Energy Rev., vol. 80, no. Sep 2016, pp.
163-174, 2017, doi: 10.1016/j.rser.2017.05.163.

[40] C. Resul, A. Hakan, D. Besir, and T. Servet,
“Real-time implementation of three-level inverter-
based = D-STATCOM  using  neuro-fuzzy
controller,” Turkish J. Electr. Eng. Comput. Sci.,
vol. 26, no. 4, pp. 2088-2103, 2018, doi:
10.3906/elk-1708-281.

[41] A. Shokri, H. Shareef, A. Mohamed, M.
Farhoodnea, and H. Zayandehroodi, “A novel
single-phase phase space-based voltage mode
controller for distributed static compensator to
improve voltage profile of distribution systems,”
Energy Convers. Manag., vol. 79, pp. 449-455,
2014, doi: 10.1016/j.enconman.2013.11.024.

[42] C. Kumar and M. K. Mishra, “A modified
DSTATCOM topology with reduced VSI rating,
DC link voltage, and filter size,” in 4th Int. Conf.
Clean Electr. Power Renew. Energy Resour.
Impact, ICCEP 2013, 2013, pp. 325-331, doi:
10.1109/ICCEP.2013.65870009.

[43] M. K. Mishra and K. Karthikeyan, “A fast-acting
DC-link voltage controller for three-phase
DSTATCOM to compensate AC and DC loads,”
IEEE Trans. Power Deliv., vol. 24, no. 4, pp.
2291-2299, 2009, doi:
10.1109/TPWRD.2009.2027501.

[44] P. Wolfs and A. M. Than Oo, “Improvements to
LV distribution system PV penetration limits
using a dSTATCOM with reduced DC bus
capacitance,” |IEEE Power Energy Soc. Gen.
Meet., 2013, doi: 10.1109/PESMG.2013.6672294.

[45] S. Singh and M. Chankaya, “Enhancement of a
power quality by DSTATCOM with pq theory,”
Int. J. Emerg. trends Eng. Dev., vol. 4, no. 2, pp.
735-752, 2012.

[46] P. Jayaprakash, B. Singh, and D. P. Kothari,
“Icos® algorithm based control of zig-zag
transformer connected three phase four wire
DSTATCOM,” in2012 IEEE international
conference on power electronics, drives and
energy systems (PEDES), 2012, pp. 1-6, doi:
10.1109/PEDES.2012.6484299.

[47] S. R. Arya and B. Singh, “Neural network based
conductance estimation control algorithm for
shunt  compensation,” IEEE Trans. Ind.
Informatics, vol. 10, no. 1, pp. 569-577, 2014,
doi: 10.1109/T11.2013.2264290.

[48] S. M. Fazeli, H. W. Ping, N. B. A. Rahim, and B.
T. Ooi, “Individual-phase control of 3-phase 4-
wire voltage-source converter,” IET Power
Electron., vol. 7, no. 9, pp. 2354-2364, 2014, doi:
10.1049/iet-pel.2013.0973.

[49] A. Shukla, A. Ghosh, and A. Joshi, “State
feedback control of multilevel inverters for
DSTATCOM applications,” |IEEE Trans. Power
Deliv., vol. 22, no. 4, pp. 2409-2418, 2007, doi:
10.1109/TPWRD.2007.905271.

[50] R. Gupta, A. Ghosh, and A. Joshi, “Multiband
hysteresis modulation and switching
characterization ~ for  sliding-mode-controlled
cascaded multilevel inverter,” IEEE Trans. Ind.
Electron., vol. 57, no. 7, pp. 2344-2353, 2010,
doi: 10.1109/TIE.2009.2030766.

[51] S. Srikanthan and M. K. Mishra, “DC capacitor
voltage equalization in neutral clamped inverters
for DSTATCOM application,” IEEE Trans. Ind.
Electron., vol. 57, no. 8, pp. 2768-2775, 2010,
doi: 10.1109/TI1E.2009.2022069.

[52] G. Karmiris, G. Tsengenes, and G. Adamidis, “A
multifunction control scheme for current harmonic
elimination and voltage sag mitigation using a
three phase three level flying capacitor inverter,”
Simul. Model. Pract. Theory, vol. 24, pp. 15-34,
2012, doi: 10.1016/j.simpat.2012.01.007.

[53] V. Tummakuri, P. R. Kasari, B. Das, and A.
Chakraborti, “D-STATCOM: A study on the NPC
multilevel inverter and control strategies,” in 2018
International Conference on Power,

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 207-218



Ahmed S. Alhattab: A Review on D-STATCOM for Power Quality...... 217

Instrumentation, Control and Computing (PICC),
2018, pp. 1-6, doi: 10.1109/PICC.2018.8384813.

[54] N. Geddada, S. B. Karanki, and M. K. Mishra,
“Synchronous reference frame based current
controller with SPWM switching strategy for
DSTATCOM  applications,” in 2012 IEEE
International Conference on Power Electronics,
Drives and Energy Systems (PEDES), 2012, pp.
1-6, doi: 10.1109/PEDES.2012.6484393.

[55] J. Ramesh and M. Sudhakaran, “Enhancement of
power quality using three phase DSTATCOM for
variable load,” in 2012 International Conference
on Emerging Trends in Electrical Engineering and
Energy Management (ICETEEEM), 2012, pp. 88—
92, doi: 10.1109/ICETEEEM.2012.6494449.

[56] P. Mitra and G. K. Venayagamoorthy, “An
adaptive control strategy for DSTATCOM
applications in an electric ship power system,”
IEEE Trans. Power Electron., vol. 25, no. 1, pp.
95-104, 2010, doi: 10.1109/TPEL.2009.2024152.

[571 A. Ram, P. R. Sharma, and R. K. Ahuja,
“Performance evaluation of different
configurations of system with DSTATCOM using
proposed icos technique,” Indones. J. Electr. Eng.
Comput. Sci., vol. 25, no. 1, pp. 1-13, 2022, doi:
10.11591/ijeecs.v25.i1.ppl-13.

[58] B. Singh and S. R. Arya, “Back-propagation
control algorithm for power quality improvement
using DSTATCOM,” IEEE Trans. Ind. Electron.,
vol. 61, no. 3, pp. 1204-1212, 2014, doi:
10.1109/TIE.2013.2258303.

[59] S. R. Arya and B. Singh, “Performance of
DSTATCOM using leaky LMS control
algorithm,” IEEE J. Emerg. Sel. Top. Power
Electron., vol. 1, no. 2, pp. 104-113, 2013, doi:
10.1109/JESTPE.2013.2266372.

[60] A. Luo, H. Xiao, F. Ma, Z. Shuai, and Y. Wang,
“Distribution static compensator based on an
improved direct power control strategy,” IET
Power Electron., vol. 7, no. 4, pp. 957-964, 2014,
doi: 10.1049/iet-pel.2013.0265.

[61] B. Singh, S. R. Arya, and C. Jain, “Simple peak
detection control algorithm of distribution static
compensator for power quality improvement,” IET
Power Electron., vol. 7, no. 7, pp. 17361746,
2014, doi: 10.1049/iet-pel.2013.0494.

[62] B. Singh and J. Solanki, “Load compensation for
diesel generator-based isolated generation system
employing DSTATCOM,” IEEE Trans. Ind.

Appl., vol. 47, no. 1, pp. 238-244, 2011, doi:
10.1109/T1A.2010.2090847.

[63] S. R. Arya, B. Singh, A. Chandra, and K. Al-
Haddad, “Control of shunt custom power device
based on Anti-Hebbian learning
algorithm,”  in IECON  2012-38th  Annual
Conference on |EEE Industrial Electronics
Society, 2012, pp. 1246-1251, doi:
10.1109/IECON.2012.6388592.

[64] S. R. Arya, B. Singh, A. Chandra, and K. Ai-
Haddad, “Control of DSTATCOM using
adjustable step least mean square control
algorithm,” in 2012 IEEE Fifth Power India
Conference, 2012, pp. 1-6, doi:
10.1109/Powerl.2012.6479508.

[65] A. A. Nafeh, A. Heikal, R. A. El-Sehiemy, and W.
A. A. Salem, “Intelligent fuzzy-based controllers
for voltage stability enhancement of AC-DC
micro-grid with D-STATCOM,” Alexandria Eng.
J., vol. 61, no. 3, pp. 2260-2293, 2022, doi:
10.1016/j.aej.2021.07.012.

[66] A. Ram, P. R. Sharma, and R. K. Ahuja, “Power
quality improvement using fuzzy-PI controlled D-
STATCOM,” in2018 2nd IEEE International
Conference on Power Electronics, Intelligent
Control and Energy Systems (ICPEICES), 2018,
pp. 414-419, doi:
10.1109/ICPEICES.2018.8897332.

[67] J.-H. Chen, K.-H. Tan, and Y.-D. Lee, “Intelligent
Controlled DSTATCOM for Power Quality
Enhancement,” Energies, vol. 15, no. 11, p. 4017,
2022, doi: 10.1057/9781137374639.0013.

[68] A. Dheepanchakkravarthy, M. R. Jawahar, K.
Venkatraman, M. P. Selvan, and S. Moorthi,
“Performance  evaluation of FPGA-based
predictive current controller for FLDSTATCOM
in electric distribution system,” IET Gener.
Transm. Distrib., vol. 13, no. 19, pp. 44004409,
2019, doi: 10.1049/iet-gtd.2019.0073.

[69] B. Singh and S. R. Arya, “Software PLL based
control algorithm for power quality improvement
in distribution system,” in 2012 IEEE 5th India
International Conference on Power Electronics
(NCPE), 2012, pp. 1-6, doi:
10.1109/11CPE.2012.6450451.

[70] A. Cetin and M. Ermis, “VSC-based D-
STATCOM with selective harmonic elimination,”
IEEE Trans. Ind. Appl., vol. 45, no. 3, pp. 1000—
1015, 2009, doi: 10.1109/T1A.2009.2018926.

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 207-218



218 Ahmed S. Alhattab: A Review on D-STATCOM for Power Quality......

8)al) Baga (raeadl i eil) CSlad) Al (a grall daa)ya

daaa GUE e Alawd) g pad daal Gidaal) 4 Jla jsaw daa)
hasan82adnan@uomosul.edu.iq  ahmed alsammak@uomosul.edu.ig ahmed.20enp53@student.uomosul.edu.iq

Bl - o o - Ay g0 il s - il &S~ Jum sl dnsla

2022-12-8:J 580 g ) 2022-11-20:4x85l) airpa; ol 2022-10-24:220Y) & )

uaila

il alaia) (o Gy Yiaw Jiddi 3l degall Cile g pall (o duily sl 5 040 dabiif 6 5,080 505a COOISe 22
e L cumand Lgild o5 i) Lali po g elanall ool 5e16S Sppan ) ABLLY il g S < plal ) jiell alasin) (s | Cpaigall s
(5l 5 ga JSLial duliun lgieglns daig y3SIY) 5 jea Yl ods o LaS 8L 505 A (aldsi] (o ) bl 53l oy jTs s
D- ) sl OSLull ol jill (n geal) ey OMSEal) 0d8 (o apdsill danital) il yISIY) alasiin) Sey 4ild Sl (e al s
e j )5 5 S 47 21035l D-STATCOM preai (Say sl Vi) doniivvell deaasiall 5 )20l 5 jea/ 22/ (STATCOM
s Ao D-STATCOM araai LIS/ daiey 5 0dl) sLBi 4/ 55 ) ddlikal) 5 )2dlf 50 ga COSda (po udilf ddliko 285 Culaidiy
gl a0 skl Ly e D-STATCOM  lulid il ool deaf o Ciadl] a0 o oy LBl lgia (oiley ) 5 il 625a
malad

;A cladslf

GZSIJ_}.L//USLMJ/Q;IA/‘).L//UA_}&AJ/ daiasall 5 )0dll 5 jeal cdle Léialf aJ_u.//ua.r_;z_T e all 20 yial) Ll LﬁJ?LAJ

Al-Rafidain Engineering Journal (AREJ) Vol.28, No.1, March 2023, pp. 207-218


mailto:ahmed.20enp53@student.uomosul.edu.iq
mailto:ahmed_alsammak@uomosul.edu.iq
mailto:hasan82adnan@uomosul.edu.iq

