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a b s t r a c t

In present time the power demand increases more rapidly in the power generation and transmission
and distribution system sectors. For maintaining the power system stability and steady state operation
of power systems causes from disturbance, faults and suddenly changing of the load, voltage instability,
voltage swell, voltage sag, harmonics, and change in frequency, stability is the most important factor for
the power systems. Due to instability, different problems occur in power systems such as fluctuation
in voltage and frequency, which may cause damage or failure of power systems.

This article presents taxonomical survey on optimization techniques for enhancement system
performance by FACTS controllers such as Thyristor Controlled Series Capacitor (TCSC), Thyristor
Controlled Phase Angle Regulator (TC-PAR), Static VAR Compensator (SVC), Dynamic Voltage Restorer
(DVR), Sub-Synchronous Series Compensator (SSSC), Static Synchronous Compensator (STATCOM),
distributed-STATCOM, Unified Power Flow Controller (UPFC), Generalized Unified Power Flow Con-
troller (GUPFC), Unified Power Quality Conditioners (UPQC), Unified Dynamic Quality Conditioners
(UDQC), Interlink Power Flow Controller (IPFC), Generalized Interlink Power Flow Controller (GIPFC)
and Hybrid Power Flow Controller (HPFC) etc. in power systems with static and realistic load models.
The system performances such as real and reactive power losses, power quality, voltage profile, power
system oscillations, loadability of system, reliability and security of system, power system stability,
bandwidth of operations, flexible operations, available power transfer capacity, system power factor,
environmental etc. are enhanced by optimally placed different types of FACTS controllers in power
systems with static and realistic load models. In this survey article will be very much helpful to the
researchers and practitioners for finding out the relevant references in the field of enhancement system
performances by different types of FACTS controllers in power systems with static and realistic load
models.

© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abbreviations

FACTS Flexible Alternating Current Transmis-
sion Systems

ANN Artificial neural network
ABC Ant Bee colony algorithm
GA Genetic algorithm
ABC Ant bees colony
TCSC Thyrised controlled series capacitor
TCPAR Thyrised controlled phase angle regula-

tor
TS Tabu search
EP Evolutionary Programming
MMPSs Multi-machine power systems
PSO Particle swarm optimization
MINLP Mixed integer non linear programming
MILP Mixed integer linear programming
SSSC Static synchronous series capacitor
STATCOM Static synchronous compensator
TCSC Thyrised controlled series capacitor
UPFC Unified power flow controllers
SVC Static var compensators
SSSC Sub-series synchronous compensators
SA Sensitivity Analysis
STATCOM Static synchronous compensator
DSTATCOM Distributed-Static synchronous

compensator
HPFC Hybrid power flow controllers

Symbols

f Supply frequency (50 Hz)

1. Introduction

The different types of FACTS controllers are used for enhance-
ment of system performances. These are discusses as follows:

(i) Series connected FACTS controllers: Such as TCSC, SSSC, TC-
PAR and TCR etc.

(ii) Shunt connected FACTS controllers: Such as SVC, DVR, STAT-
COM and DSTATCOM etc.

(iii) Series–series connected FACTS controllers: Such as IPFC and
GIPFC etc.

(iv) Shunt-series connected FACTS controllers: Such as UPFC,
GUPFC and HPFC etc.

The above types of FACTS controllers are more effective for
enhancement of system performances viewpoints.

The system performances enhanced by FACTS Controllers in
power systems with static and realistic load models. These dif-
ferent issues are considered by researchers are as follows:

• Size and location of FACTS controllers
• Size, location and type of FACTS controllers
• Location and type of FACTS controllers
• Size and type of FACTS controllers
• Size, type and coordination of FACTS controllers

• Size, location and coordination of FACTS controllers
• Size, location, type and coordination of FACTS controllers

The following conventional techniques are reviewed for the op-
timization techniques for voltage stability analysis by using dif-
ferent types of FACTS controllers in power systems with static
and realistic load models such as Model analysis (Vasquez Arnez
and Cevra, 2008; Nam et al., 2000; Perkin and Ira, 1997; Li
et al., 2017; Hridya et al., 2015a; Jiang et al., 2010; Guo et al.,
2018a; Kinjo et al., 2006; Alhasawi and Jovica, 2012; Pilotto
et al., 1997a; Gibbard and Vowles, 2000; Rouco, 1997; Gholipour,
2005; Mehouachi et al., 2019; Gao et al., 1992; Huang et al.,
2000), Index method (Carpinelli et al., 2015; Chang et al., 2009b;
M. M. Farsaang, 2004; Okamoto and Kurita, 1995; Bazanella
and Shilva, 2001; Pilotto et al., 1997b; Kalyan Kumar et al.,
2007; Limyingcharoen et al., 1998; Hammad and Al Sadek, 1989;
Canizare et al., 1996; Gubina and Strmcnik, 1995; Lof et al., 1993;
Naoto et al., 2003), Controlling method (Ye et al., 2005; Zhu
et al., 2010; Wei et al., 2005; Bedoya et al., 2008; Gabrijel et al.,
2002; Padhiyaar et al., 1998), Residue analysis (Chen et al., 2003;
Krishnan et al., 2018; Adnan et al., 2018), Numerical optimiza-
tion (Monod and Mohan, 2010; Li and Li, 1993), Eigen value (Li
et al., 2012a; Pilotto et al., 1997c; Wang et al., 2003; Hossain
et al., 2012) and Sensitivity method (Leiu et al., 2000; Hridya
et al., 2015b; Zhao and Jiang, 1995; Ooi et al., 1997; Crisan, 1994;
Cutsem, 1995; Subhanga et al., 2002; Mehraeen et al., 2010; Fang
et al., 2009; Pal, 2002; Morioka et al., 1999b; Manganuril et al.,
2016; Wei et al., 2004; Ciofi et al., 2002; Bakar and Desa, 2017;
Hamed et al., 2013; Tiwari and Ajjarapu, 2011; Ardhakhani et al.,
2016).

The following optimization techniques are reviewed for the
optimization techniques for voltage stability analysis by using
different FACTS controllers in power systems with static and
realistic load models such as Linear programming (Ara et al.,
2012; Chen et al., 1995; Wang and Tan, 2002; Zhang et al., 2004;
Panda and Ramnarayan, 2006; Morioka et al., 1999a), MINLP (Cai
et al., 2005; Saba et al., 2010; Nojavan et al., 2018; Tan and
Wang, 1997; Zarghami et al., 2010; Nikoobakht et al., 2018),
Stochastic Load Flow (Wibowo et al., 2011; Rahimzadeh and Bina,
2011; Jadidbonab et al., 2019; Noruzian et al., 1997; Hamon
et al., 2013), Adaptive control law (Tan, 1996; Muzzammel et al.,
2015), Analytical Approach (Araby et al., 2002; Orfano Gianni and
Bacher, 2003; Verma and Srivastava, 2005; Huang et al., 2012;
Orfanogianni and Bacher, 2003; Wen et al., 2004; Tan and Wang,
1998; Gitizadeh, 2009; Sode Yome et al., 2006; Limyingcaron
et al., 1998; Gao et al., 2017), Dynamic Programming (Khalesi
et al., 2011; Kumkhratuge et al., 2003), OPF (Gan et al., 2000;
Kamarposhti et al., 2008; Acchha et al., 2000; Padhy and Abdel,
2004; Zhang et al., 2001; Lie and Deng, 1997a; Xhiaon et al.,
2002; Choudari et al., 2004; Perez et al., 2006; Kamel et al.,
2015; Carpinelli et al., 2006; Ajjharapu and Crishty, 1992; Hu
et al., 2016; Goliphour and Shadate, 2005; Noruzhian et al., 1997;
Vahhedhi et al., 1999) and Mixed-Integer Optimization (Gharbex
et al., 2001; Zharghami et al., 2010; Ghaliana et al., 1996; Sinh
et al., 2006; W. Zang and Tholbhert, 2007; Lie and Deng, 1997b;
Araby et al., 2002; Urdhanata et al., 1991; Zou et al., 1999; Kumar
and Dhave, 1995; Tahbhoub et al., 2018; Zhau, 1993; Ajjarapu and
Chrithy, 1992; Ghyugi et al., 1999; Marthins and Lheema, 1990;
Lhu and Abhour, 2002; Yorinho et al., 2003; Chang and Huang,
1997a; Lashkar et al., 2012; Parker et al., 1996; Araby et al., 2002;
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Table 1
Different types of FACTS controllers and their controlled parameters.
Types of
FACTS

Characteristics Controlled
parameters

Examples

Series Control
reactance

Real & reactive
power

TCSC, SSSC & TC-PAR
etc.

Shunt Control
susceptance

Reactive power SVC, STATCOM &
DSTATCOM etc.

Series–
Series

Control V and δ Real & reactive
power

IPFC & GIPFC etc.

Shunt-Series Control X, V
and δ

Real & reactive
power

UPFC, UPQC, UDQC,
GUPFC & HPFC etc.

Xie et al., 2003; Abdel-Magid et al., 2000; Mihilhac et al., 1996;
Ghyugyi et al., 1999; Wildenhues et al., 2014; Paramasivam et al.,
2013; Deng et al., 2018; Qader, 2015; Orfano Gianni and Bacher,
2003; Kumar et al., 2007a).

The following artificial intelligence techniques are reviewed
for the optimization techniques for voltage stability analysis by
using different types of FACTS controllers in power systems with
static and realistic load models such as GA (Dhas et al., 2000;
Hazhra et al., 2007; Yashida et al., 2000b; Vijaykumar and Kumu-
dini Devi, 2007; Chandrasekaran et al., 2005-2009; Yang et al.,
2007; Accha et al., 2004; Morris et al., 2003; Bakhirtzis et al.,
2002; Vijayakumar and Kumudini Devi, 2008; Priti et al., 2011;
Tukharam et al., 1996; Gerbhex et al., 2001; Vijaya kumar and
Kumudini devi, 2007; Abdel-Magid et al., 1999), Symbiotic or-
ganism search (SOS) algorithm (Pandey and Gupta, 2018; Ver-
bic and Gubina, 2004; Dillon, 1991; Pandha and Ardhil, 2007),
Computational simulations (Lima et al., 2003; Vijaykumar and
Kumudini Devi, 0000; Sadhegh et al., 2005; Renzh et al., 1999),
Tabu search based method (Mori and Goto, 2000), Monte Carlo
simulation (Etingov et al., 2007; Blanco et al., 2011), Intelli-
gent programming (Shadhegh et al., 2005; Chang and Huang,
1997b), ABC algorithm (Mohamad Idris et al., 2010; Shyh and
Xian, 2013), ANN method (Feurthe Eshquivel and Accha, 1997;
Kheib et al., 1995; Mozhgan, 2012; Zeynelgil and Demiroren,
2002; Nguyen et al., 2008; Daskh and Paanda, 2000; Nar et al.,
1990), Fuzzy linear programming (Tomsovics, 1992; Cai and Er-
lich, 2006; Venkatesh et al., 1999; Mishra et al., 2000; Daas et al.,
2000; Limchron et al., 1998), and PSO method (Benabidh et al.,
2009; Panda and Ardil, 2008; Rashidi and Hawary, 2009; Abido,
2002; Yoshida et al., 2000; Kannan et al., 2004; Yashida et al.,
2000a; Shayeghi et al., 2009) (see Table 1).

The hybrid techniques are reviewed for the optimization tech-
niques for voltage stability analysis by using different types of
FACTS controllers in power systems with static and realistic load
models such as hybrid of ABC and ANN (Satheesh and Manigan-
dan, 2013), hybrid of GA and OPF (Chung and Li, 2001; Phalliate
et al., 1997; Mustafa and Chiew, 2008; Subhanga and Kulkaarni,
2002; Gerbex et al., 2001; Xu and Ahmad Zaid, 1995; Liu et al.,
2006; Abhou Elaa et al., 2010; Mithulantan et al., 2003; Mahdad
et al., 2009; Ippolito et al., 2006), hybrid of OPF and SA (Chatterji
et al., 2007; So et al., 2005), hybrid of GA and FZ (Jeevarathinam,
2006; Li et al., 2012b), hybrid of SA and EP (Alamhelu et al.,
2008), hybrid of PSO And MINLP (Ko et al., 2009), hybrid of SA
and MILP (Chung et al., 2003), hybrid of OPF and PSO (Chan-
dra sekaran et al., 2009; Niknam et al., 2012), hybrid of ABC and
OPF (Rezaei and Karami, 2013), hybrid of Lyapunov Theory and
Fuzzy Logic (Kimkhratug, 2012) and hybrid of OPF and Fuzzy
Logic (Nurzian et al., 1996).

Some other techniques are reviewed for the optimization
techniques for voltage stability analysis by using different types of
FACTS controllers in power systems with static and realistic load
models such as Energy approach (Hoque, 2004, 2008; Wenzel

and Leibfried, 2012; Goksu et al., 2014; Pillottho et al., 1997; Yeu
et al., 2001; Kundur and Morison, 1997; Zhou, 1993; Kobayashi
et al., 2003; Milhalic and Zhunko, 1996; Farsangi et al., 2007;
Niaki and Irhavani, 1996; Manshour et al., 1994; Khederzadeh
and Ghorbani, 2012a; Aghaei et al., 2016; Angqhuist et al., 1993;
Azhbe et al., 2005), Active control technique (Khederzadeh and
Ghorbani, 2012b; Gonzhalez et al., 2010; Shong et al., 2010;
Baek et al., 2013; Guo et al., 2018b; Kanan et al., 2004; Edris,
2000; Whang and Shwift, 1996; Paphic et al., 1997; Kumar et al.,
2007b; Reis and Maciel Barbosa, 2006; Mohsen et al., 2013;
Zenghyu et al., 2000; Venkataramanan and Johnson, 2002; Man-
cilla David and Venkataramanan, 2000; Khederzadeh and Sidhu,
2006; Pilotto et al., 1997; Canizares et al., 1999; Park and Baek,
2012; Noruzian et al., 1999; Shukla and Mili, 2017), Passivity
method (Yorinno et al., 2003; Gui et al., 2016; Zheao et al., 1998;
Sauer and Pai, 1990; Conejo et al., 2006; Chang et al., 2009a; Rhao
et al., 2000; Kundhur et al., 2004; Potamianakis and Vournas,
2006), Hybrid technique (Kejani and Gholipour, 2017; Hu et al.,
2018; Dhong et al., 0000; Hajagos and Danai, 1998; Kumkrahug
et al., 2003; Vahidna et al., 2016; Hua et al., 2019), Pole placement
techniques (Faaershangi et al., 2007; Kesshel and Ghlavitsch,
1986; Thukaram et al., 2005; Ahsaee and Sadeh, 2011), Graph
search algorithm (Madhtharad et al., 2005; Niaki and Irhvani,
1996; Larshen et al., 1995), Decomposition coordination methods
(DCM) (Olivheira, 1994; Whei et al., 2005), Whale optimization
algorithm (Sahu et al., 2017), Gray Wolf Optimizer (Ladhumaor
et al., 2017a), Meta-heuristic algorithm (Ladhumaor et al., 2017b;
Wildheunhues et al., 2015), Salp Swarm Optimizer (Kuyu and
Vatansever), Grasshopper Optimization Algorithm (Hamour et al.)
and Ant Lion Optimization Technique (George et al.), Spider
Monkey Optimization (Nayak et al.; Hazrati et al.; Kaur et al.;
Behera et al., 2018).

The enhancement of system performances by different types
of FACTS controllers in power systems with static and realistic
load models are presented in Tables 2–6.

This article organized as follows: Section 2 discusses the sur-
vey on optimization techniques for system performances by dif-
ferent types of FACTS controllers. Section 3 introduces the sum-
mary of the article. Section 4 discusses the conclusions and future
scope of survey article.

2. A taxonomical survey on enhancement of system perfor-
mances by different types of FACTS controllers in power sys-
tems with static and realistic load models

A taxonomical survey on optimization techniques for enhance-
ment of system performances by different types of FACTS con-
trollers in power systems with static and realistic load models.The
taxonomical survey of these optimization techniques such as con-
ventional techniques, optimization techniques, artificial compu-
tational intelligence, hybrid and current optimization techniques
are presented in Tables 2–6, respectively.

The conventional techniques, optimization techniques, arti-
ficial computational techniques, hybrid techniques and current
techniques are discussed in Sections 2.1–2.5, subsequently.

2.1. Conventional methods

The conventional methods for enhancement of system perfor-
mances by different types of FACTS controllers in power systems
with static and realistic load models are discussed as follows:

Model analysis method: Modal analysis is used for the dynamic
properties of systems in the frequency domain. These are the
collection of (1) sensors (transducers) like accelerometers, load
cells, or stereo photogrammetric cameras (2) data acquisition
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system and an A/D converter front end for digitize analog instru-
mentation signals and (3) host Personal computer to view the
data and analyze it. Modal analysis method uses the overall mass
and stiffness of a structure to find out the various time periods at
which it will naturally resonate.

Index method: This method is a composite, statistic a measure
of changes in a group of individual data points or a compound
measures that aggregate multiple indicators. Indexes summa-
rize and rank specific observations. Indexes are usually weighted
equally, unless there are some reasons against it (i.e. if two items
reflect each other essentially in same aspect of a variable, they
could have a weight of 0.5 each).

Controlling method: The objective of this method is to develop
a control model for controlling such systems in an optimum
manner without delay or overshoot and ensuring control stability.
This type of controller monitors the controlled process variable
and compares it with the reference or set point. The error signal
is the difference between actual and desired value of the pro-
cess variable. Therefore major application of controlling method
is in control systems, which deals with the design of process
control systems for industry, other applications range far beyond
this.

Residue analysis method: Residues method can be computed
very easily and once known, allow the determination of general
contour integrals via the residue theorem. The residue theorem
is used in the integral is extended to the complex plane and
its residues are computed, and real axis is extended to a closed
curve enclosed by a half circle in the upper or lower half plane
and forming a semicircle. Therefore the half part of the integral
will tend towards zero as the radius of the half-circle increases,
leaving only the real-axis part of the integral.

Numerical optimization method: In this method algorithms that
use numerical approximation for the problems of mathematical
analysis. These methods are finds application in all fields of engi-
neering and the physical sciences, but in 21st century also the life
sciences, social sciences, medicine, business. Maths and computer
that generates, analyzes and implements algorithms the growth
in power and the revolution in computing has raised the use of
realistic mathematical models. This method continues this long
tradition of practical mathematical calculations.

Eigen value method: Eigen value algorithms may also find
eigenvectors. Algorithms produce every eigen value; others will
produce a few, or only one. Algorithms can also be used to find all
Eigen values. When an Eigen value of a matrix has been chosen,
it can be used to either direct the algorithm towards a different
solution next time. When an Eigen value does not produce eigen-
vectors, then use an inverse iteration based algorithm with µ set
to a close approximation to the Eigen value.

Sensitivity based method: Sensitivity analysis is useful for fol-
lowing purposes:

• Testing the robustness of a model or system.
• Increased the relationships between input and output vari-

ables in a system or model.
• Searching for errors in the model.
• Model simplification.

2.2. Optimization techniques

The optimization techniques for enhancement of system per-
formances by different types of FACTS controllers in power sys-
tems with static and realistic load models are discussed as fol-
lows:

Linear programming method: Linear programming is a method
to achieve the best outcome in a mathematical model which
is represented by linear relationships. Linear programming is a

technique used for the optimization of a linear objective function,
subject to linear equality and linear inequality constraints. Its
objective is a real valued function. A linear programming al-
gorithm finds a point where this function has the smallest (or
largest) value if such a point exists.

Mixed integer non linear programming (MINLP): Mixed integer
nonlinear programming is used to solve optimization problems
with continuous and discrete variables. MINLPs arise in applica-
tions in a wide range of fields including chemical engineering,
finance and manufacturing.

Stochastic load flow method: Stochastic is an adjective word in
English that describes something was randomly determined. The
word to describe a mathematical object called a stochastic pro-
cess, but now in mathematics the terms stochastic process and
random process are considered interchangeable.

Adaptive control law method: Adaptive control is a method
used to controlled system with parameters which vary or are
initially uncertain. E.g. as an aircraft flies, its mass will slowly
decreases as a result of fuel consumption, a control law is needed
that adapts itself to such changing conditions. This method is
different from robust control method that it does not requires
prior information about the bounds on these time varying param-
eters, robust control changes are within given value the control
method need not to be changed, while adaptive control method
is concerned with control law changing itself.

Analytical approach: Analytical approach is used for analysis to
break a known problem into the sub parts necessary to solve it.
When the approach is ready to solve a problem, then it deter-
mines the probability of solving it. Analytical approach is used
only for approach that works on difficult problems. Analytical
approach is also called as ‘‘structuring one’s analysis’’. In this anal-
ysis a problem is break down into different smaller problems, by
which they can be solved individually. Therefore a good analysis
uses a process to direct the analysis.

Dynamic programming: This programming method is used for
solving a problem by breaking it into different simpler sub prob-
lems, after solving these sub problems and stored their results
using a memory-based data structure. These sub problem results
is indexed in some way, typically based on the values of its input
parameters, so as to facilitate its lookup. So same sub problem
occurs at next time, in place of recomputing its solution, one
simply looks up the previously computed solution, thereby saving
computation time. This technique of storing solutions to sub
problems instead of recomputing them is called memorization.

Optimum power flow (OPF) method: Power flow method is
important for planning future expansion of power systems as
well as in determining the best operation of existing systems.
The main information collected from the power flow study is the
magnitude and phase angle of the voltage at each bus and the real
and reactive power flowing in each line. There are some programs
which used the linear programming to find out the optimal power
flow and the conditions which give the lowest cost per kilowatt
hour delivered.

Mixed-integer optimization method: An integer problem in op-
timization method is a mathematical solution, where some or
all of the variables are limited to be integers. The term refers
to integer linear programming, in which the objective function
and the constraints are linear. If some decision variables are not
discrete, then the problem is known as mixed-integer program-
ming problem.

2.3. Artificial intelligence computational techniques

The artificial intelligence computational techniques for en-
hancement of system performances by different types of FACTS
controllers in power systems with static and realistic load models
are discussed as follows:
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Table 2
A survey on conventional methods for enhancement of system performances by different types of FACTS controllers in power systems with static and realistic load
models.
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Vasquez Arnez
and Cevra
(2008)

R. Leon
Vasquez et al.

2008 System stability SVC Location & size Static Model analysis Multi-objective
task

Nam et al.
(2000)

Hae-Kon Nam
et al.

2000 Power loss
reduction

TCSC Location & size Static Model analysis Hybrid
techniques

Perkin and Ira
(1997)

B. K. Perkins 1997 Power system
stability

STATCOM Location & size Static Model analysis Practical
implementation

Li et al. (2017) Can Li et al. 2017 System
protection

DSTATCOM Location & size Static Model analysis Robustness

Hridya et al.
(2015a)

Hridya.K.R
et al.

2015 System stability UPFC Location & size Static Model analysis Hybrid
techniques

Jiang et al.
(2010)

Xia Jiang et al. 2010 System stability SVC & TCSC Location & size Static Model analysis Realistic load
models

Guo et al.
(2018a)

Yifei Guo et al. 2018 System
reliability

SVC & STATCOM Location & size Static &
realistic

Model analysis Environmental
friendness

Kinjo et al.
(2006)

T. Kinjo et al. 2006 System stability SVC & UPFC Location, size &
type

Static Model analysis Practical
implementation

Alhasawi and
Jovica (2012)

F. B. Alhasawi
et al.

2012 Improve the
reliability of
supply

TCPAR Location, size &
type

Static Model analysis Environmental
friendness

Pilotto et al.
(1997a)

L. A. S. Pilotto
et al.

1997 Power quality SVC & UPQC Location, size &
type

Static Model analysis Realistic load
models

Gibbard and
Vowles (2000)

M. J. Gibbard
et al.

2000 System
protection

TCSC Location, size &
type

Static Model analysis Practical
implementation

Rouco (1997) L. Rouco et al. 1997 Power quality GUPFC Location, size &
type

Static Model analysis Robustness

Gholipour
(2005)

E. Gholipour
et al.

2005 System
protection

IPFC Location & size Static Model analysis Realistic load
models

Mehouachi
et al. (2019)

Ines Mehouachi
et al.

2019 System
reliability

HPFC Location & size Static Model analysis Robustness

Gao et al.
(1992)

B.Gao et al. 1992 Power system
stability

GIPFC Location & size Static Model analysis Robustness

Huang et al.
(2000)

Z. Huang et al. 2000 Power quality SVC Location, size &
type

Static Model analysis Practical
implementation

Carpinelli et al.
(2015)

G. Carpinelli
et al.

2015 Power quality TCSC Location, size &
type

Static Index method Realistic load
models

Chang et al.
(2009b)

B. Chang et al. 2009 Power system
reliability

STATCOM Location, size &
type

Static Index method Practical
implementation

M. M. Farsaang
(2004)

M. M. Farsang
et al.

2004 Active power
loss

DSTATCOM Location, size &
type

Static Index method Robustness

Okamoto and
Kurita (1995)

H. Okamoto
et al.

1995 System
reliability

UPFC & UPQC Location, size &
type

Static Index method Environmental
friendness

Bazanella and
Shilva (2001)

A. S. Bazanella
et al.

2001 Harmonic
reduction

SVC & TCSC Location & size Static Index method Hybrid
techniques

Pilotto et al.
(1997b)

Pilotto L et al. 1997 Power system
control

SVC & STATCOM Location & size Static Index method Practical
implementation

Kalyan Kumar
et al. (2007)

B. Kalyan
Kumar et al.

2007 System
protection

SVC & UPFC Location & size Static Index method Environmental
friendness

Limyingcharoen
et al. (1998)

S.
Limyingcharoen
et al.

1998 Power system
stability

TCPAR Location, size &
type

Static Index method Hybrid
techniques

Hammad and
Al Sadek (1989)

A.E. Hammad,
et.al

1989 System
protection

SVC Location, size &
type

Static Index method Realistic load
models

Canizare et al.
(1996)

C. A. Canizares
et al.

1996 Voltage
collapse

TCSC Location, size &
type

Static Index method Hybrid
techniques

Gubina and
Strmcnik
(1995)

Gubina F et al. 1995 Voltage
collapse

GUPFC Location, size &
type

Static Index method Realistic load
models

Lof et al.
(1993)

Lof PA et al. 1993 System stability IPFC Location, size &
type

Static Index method Environmental
friendness

Naoto et al.
(2003)

Naoto Y et al. 2003 Voltage
collapse

HPFC Location & size Static Index method Hybrid
techniques

Ye et al. (2005) Yang Ye et al. 2005 System stability GIPFC Location & size Static Controlling
method

Robustness

Zhu et al.
(2010)

Jizhong Zhuet
al.

2010 Power
distribution
planning

SVC Location & size Static Controlling
method

Realistic load
models

Wei et al.
(2005)

Xuan Wei et al. 2005 System
protection

TCSC & SSSC Location, size &
type

Static Controlling
method

Practical
implementation

Bedoya et al.
(2008)

D. Bedoya et al. 2008 Power quality STATCOM Location, size &
type

Static Controlling
method

Realistic load
models

(continued on next page)
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Table 2 (continued).
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Gabrijel et al.
(2002)

U. Gabrijel
et al.

2002 System stability DSTATCOM Location, size &
type

Static Controlling
method

Practical
implementation

Padhiyaar et al.
(1998)

K. R. Padiyar
et al.

1998 System stability UPFC Location, size &
type

Static Controlling
method

Environmental
friendness

Chen et al.
(2003)

J. Chen et al. 2003 System stability SVC & TCSC Location, size &
type

Static Residue
analysis

Robustness

Krishnan et al.
(2018)

V. V. G.
Krishnan et al.

2018 System
protection

SVC & STATCOM Location & size Residue
analysis

Robustness

Adnan et al.
(2018)

M. Adnan et al. 2018 Power quality SVC & UPFC Location & size Realistic Residue
analysis

Realistic load
models

Monod and
Mohan (2010)

S. W. Mohod
et al.

2010 Active power
loss

TCPAR & DVR Location & size Static Numerical
Optimization

Robustness

Li and Li (1993) B. H. Lee et al. 1993 Power system
stability

SVC Location, size &
type

Static Numerical
Optimization

Hybrid
techniques

Li et al. (2012a) Yong L et al. 2012 Power
oscillation

TCSC Location, size &
type

Static Eigen value Environmental
friendness

Pilotto et al.
(1997c)

L.A.S. Pilotto
et al.

1997 Harmonic
reduction

GUPFC Location, size &
type

Static Eigen value Environmental
friendness

Wang et al.
(2003)

Hai Feng Wang
et al.

2003 System control IPFC Location, size &
type

Static Eigen value Practical
implementation

Hossain et al.
(2012)

M. J. Hossain
et al.

2012 Power quality HPFC Location, size &
type

Static Eigen value Environmental
friendness

Leiu et al.
(2000)

G. Li et al. 2000 Power system
stability

GIPFC & UPQC Location & size Static Sensitivity
method

Realistic load
models

Hridya et al.
(2015b)

Hridya. K.R.
et al.

2015 System stability SVC & TCSC Location, size &
type

Static Sensitivity
method

Environmental
friendness

Zhao and Jiang
(1995)

O. Zhao et al. 1995 Power
distribution
planning

SVC & STATCOM Location, size &
type

Static Sensitivity
method

Realistic load
models

Ooi et al.
(1997)

Ooi B et al. 1997 System stability SVC & UPFC Location, size &
type

Static Sensitivity
method

Robustness

Crisan (1994) Crisan et al. 1994 Voltage
collapse

TCPAR Location, size &
type

Static Sensitivity
method

Hybrid
techniques

Cutsem (1995) T. Van Cutsem
et al.

1995 Power quality SVC & DVR Location, size &
type

Static Sensitivity
method

Environmental
friendness

Subhanga et al.
(2002)

K. N.
Shubhanga
et al.

2002 System stability TCSC Location & size Static Sensitivity
method

Realistic load
models

Mehraeen et al.
(2010)

Mehraeen S
et al.

2010 Power quality GUPFC Location & size Static Sensitivity
method

Hybrid
techniques

Fang et al.
(2009)

Fang X et al. 2009 Power quality IPFC Location & size Static Sensitivity
method

Realistic load
models

Pal (2002) Pal BC 2002 System stability HPFC Location, size &
type

Static Sensitivity
method

Robustness

Morioka et al.
(1999b)

Y. Morioka
et al.

1999 System stability GIPFC Location, size &
type

Static Sensitivity
method

Environmental
friendness

Manganuril
et al. (2016)

Yogasree
Manganuril
et al.

2016 System stability SVC & SSSC Location, size &
type

Static Sensitivity
method

Realistic load
models

Wei et al.
(2004)

Xuan Wei et al. 2004 System stability TCSC Location, size &
type

Static Sensitivity
method

Environmental
friendness

Ciofi et al.
(2002)

Carmine Ciofi
et al.

2002 System stability GUPFC & DVR Location, size &
type

Static Sensitivity
method

Hybrid
techniques

Bakar and Desa
(2017)

Noorsakinah
Abu Bakar
et al.

2017 System stability IPFC & DVR Location & size Static Sensitivity
method

Robustness

Hamed et al.
(2013)

Hamed HD
et al.

2013 Power quality HPFC Location & size Static Sensitivity
method

Realistic load
models

Tiwari and
Ajjarapu (2011)

S. Greene et al. 1997 Voltage
collapse

TCSC & SSSC Location & size Static Sensitivity
method

Environmental
friendness

Ardhakhani
et al. (2016)

Mostafa Sahraei
Ardakani et al.

2016 Power quality GUPFC & UPQC Location & size Static Sensitivity
method

Robustness

General algorithm: Genetic algorithm is the process of selection
that belongs to the larger class of evolutionary algorithms. These
techniques are basically used to generate solutions for optimiza-
tion and search problems depending upon bio inspired operators
such as crossover and selection. Genetic algorithms are intro-
duced by John Holland in 1960 based on the concept of Darwin’s
theory of evolution.

Symbiotic organism search (SOS) algorithm: This algorithm sim-
ulates the symbolic interaction strategies adopted by organisms
to survive and propagate in the ecosystem. Twenty-six uncon-
strained mathematical problems and four structural engineering

design problems are tested and obtained results compared with
other well-known optimization methods. Obtained results con-
firm the excellent performance of the SOS method in solving
various complex numerical problems.

Computational simulations: These methods are used for the
behavior of a system using a computer to simulate the output
of a mathematical model associated with system. Simulation of
a system is given by the running of the system’s model. These
are realized by the computer programs that can be either small
running instantly on small devices or large scale programs that
run for hours or days on network based on groups of computers.
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Table 3
A survey on optimization techniques for enhancement of system performances by different types of FACTS controllers in power systems with static and realistic load
models.
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Ara et al.
(2012)

A. Lashkar Ara
et al.

2012 Power loss
reduction

TCSC Location & size Static Linear
programming

Environmental
friendness

Chen et al.
(1995)

X. Chen et al. 1995 System stability GUPFC Location & size Static Linear
programming

Environmental
friendness

Wang and Tan
(2002)

Y. Wang et al. 2002 System
Improvement

IPFC Location, size &
type

Static Linear
programming

Realistic load
models

Zhang et al.
(2004)

Zhang X.-P
et al.

2004 System
reliability

HPFC Location, size &
type

Static Linear
Programming

Environmental
friendness

Panda and
Ramnarayan
(2006)

Sidhartha
Panda et al.

2006 Voltage
regulation
improvement

GIPFC Location, size &
type

Static Linear
programming

Hybrid
techniques

Morioka et al.
(1999a)

Y. Morioka
et al.

1999 Power loss
reduction

SVC & UPQC Location, size &
type

Static Linear
programming

Robustness

Cai et al.
(2005)

L.J. Cai et al. 2005 System stability TCSC Location, size &
type

Static MINLP Environmental
friendness

Saba et al.
(2010)

K. Sebaa et al. 2010 Power quality SVC & TCSC Location & size Static MINLP Robustness

Nojavan et al.
(2018)

Morteza
Nojavan et al.

2018 Minimization
of the total
annual energy
losses

SVC & STATCOM Location & size Static &
realistic

MINLP Realistic load
models

Tan and Wang
(1997)

Yoke Lin Tan
et al.

1997 Power system
stability

SVC & UPFC Location & size Static MINLP Robustness

Zarghami et al.
(2010)

Zarghami M
et al.

2010 Power system
stability

TCPAR Location & size Static MINLP Realistic load
models

Nikoobakht
et al. (2018)

Ahmad
Nikoobakht
et al.

2018 Power system
stability

SVC & UPDC Location & size Static MINLP Realistic load
models

Wibowo et al.
(2011)

Rony Seto
Wibowo et al.

2011 Power System
Improvement

TCSC &UPDC Location & size Static Stochastic Load
Flow

Practical
implementation

Rahimzadeh
and Bina
(2011)

Sajad
Rahimzadeh
et al.

2011 System stability GUPFC Location, size &
type

Static Stochastic Load
Flow

Environmental
friendness

Jadidbonab
et al. (2019)

M. Jadidbonab
et al.

2019 System
protection

IPFC & SSSC Location, size &
type

Static Stochastic Load
Flow

Hybrid
techniques

Noruzian et al.
(1997)

M. Noroozian
et al.

1997 System
protection

HPFC Location, size &
type

Static Stochastic Load
Flow

Environmental
friendness

Hamon et al.
(2013)

Camille Hamon
et al.

2013 Power loss
reduction

GIPFC Location, size &
type

Static Stochastic Load
Flow

Practical
implementation

Tan (1996) Y. L. Tan et al. 1996 Power capacity
maximization

SVC Location, size &
type

Static Adaptive
control law

Environmental
friendness

Muzzammel
et al. (2015)

Raheel
Muzzammel
et al.

2015 System
reliability

TCSC Location & size Static Adaptive
control law

Realistic load
models

Araby et al.
(2002)

E. E. El-Araby
et al.

2002 System stability GUPFC Location & size Static Analytical
Approach

Practical
implementation

Orfano Gianni
and Bacher
(2003)

T. Orfano
Gianni

2003 Power quality IPFC Location & size Static Analytical
Approach

Realistic load
models

Verma and
Srivastava
(2005)

M. K. Verma
et al.

2005 System stability HPFC Location & size Static Analytical
Approach

Practical
implementation

Huang et al.
(2012)

Jiansheng
Huang et al.

2012 System
reliability

TCSC Location & size Static Analytical
Approach

Practical
implementation

Orfanogianni
and Bacher
(2003)

Tina
Orfanogianni
et al.

2003 System
protection

GUPFC Location & size Static Analytical
Approach

Practical
implementation

Wen et al.
(2004)

Wen et al. 2004 Power system
stability

GIPFC Location, size &
type

Static Analytical
Approach

Hybrid
techniques

Tan and Wang
(1998)

Y.L. Tan et al. 1998 Power system
stability

SVC Location, size &
type

Static Analytical
Approach

Practical
implementation

Gitizadeh
(2009)

M. Gitizadeh
et al.

2009 Power quality TCSC Location, size &
type

Static Analytical
Approach

Environmental
friendness

Sode Yome
et al. (2006)

A. Sode-Yome
et al.

2006 System stability GUPFC Location, size &
type

Static Analytical
Approach

Hybrid
techniques

Limyingcaron
et al. (1998)

S.
Limyingcharoen
et al.

1998 Power system
stability

IPFC Location, size &
type

Static Analytical
Approach

Practical
implementation

(continued on next page)

Tabu search based method: Tabu search method proposed by
Fred W. Glover in 1986 and formalized in 1989. These searches
have a potential to solve a problem and check its immediate

neighbors for finding an improved solution. These search meth-
ods have a tendency to become stuck in sub optimal regions.
Tabu search method increases the performance of local search by
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Table 3 (continued).
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Gao et al.
(2017)

Fei Gao et al. 2017 Power system
stability

HPFC Location & size Static Analytical
Approach

Hybrid
techniques

Khalesi et al.
(2011)

Khalesi N et al. 2011 Power system
reliability

TCSC Location & size Static Dynamic
Programming

Realistic load
models

Kumkhratuge
et al. (2003)

P. Kumkratug
et al.

2003 Power quality GUPFC Location & size Static Dynamic
Programming

Practical
implementation

Gan et al.
(2000)

De. Gan et al. 2000 System stability GIPFC Location & size Static OPF method Environmental
friendness

Kamarposhti
et al. (2008)

Kamarposhti
et al.

2008 System stability SVC Location & size Static OPF method Practical
implementation

Acchha et al.
(2000)

E. Acha et al. 2000 Power System
protection

DSTATCOM Location & size Static OPF method Environmental
friendness

Padhy and
Abdel (2004)

Padhy NP et al. 2004 Power system
stability

GUPFC Location, size &
type

Static OPF method Environmental
friendness

Zhang et al.
(2001)

Zhang XP et al. 2001 Power system
reliability

IPFC Location, size &
type

Static OPF method Hybrid
techniques

Lie and Deng
(1997a)

T.T. Lie et al. 1997 Power quality HPFC & UPFC Location, size &
type

Static OPF method Hybrid
techniques

Xhiaon et al.
(2002)

Y. Xia et al. 2002 Power quality TCSC & DVR Location, size &
type

Static OPF method Realistic load
models

Choudari et al.
(2004)

B. Chaudhari
et al.

2004 Power quality GUPFC Location, size &
type

Static OPF method Realistic load
models

Perez et al.
(2006)

Ambriz-Perez
et al.

2006 Power quality GIPFC Location & size Static OPF method Realistic load
models

Kamel et al.
(2015)

Kamel et al. 2015 System stability SVC & SSSC Location & size Static OPF method Realistic load
models

Carpinelli et al.
(2006)

Carpinelli et al. 2006 Power system
stability

DSTATCOM Location & size Static OPF method Environmental
friendness

Ajjharapu and
Crishty (1992)

V. Ajjarapu
et al.

1992 Power quality GUPFC Location & size Static OPF method Robustness

Hu et al. (2016) F. Hu et al. 2016 System stability IPFC Location & size Static OPF method Realistic load
models

Goliphour and
Shadate (2005)

E. Gholipour
et al.

2005 System stability HPFC Location & size Static OPF method Environmental
friendness

Noruzhian
et al. (1997)

M. Noroozian
et al.

1997 Power quality TCSC Location, size &
type

Static OPF method Realistic load
models

Vahhedhi et al.
(1999)

E. Vaahedi
et al.

1999 System stability GUPFC Location, size &
type

Static OPF method Robustness

Gharbex et al.
(2001)

Stephane
Gerbex et al.

2001 Power system
stability

SVC & SSSC Location, size &
type

Static Mixed-Integer
Optimization

Practical
implementation

Zharghami
et al. (2010)

Mahyar
Zarghami et al.

2010 System stability DSTATCOM Location, size &
type

Static Mixed-Integer
Optimization

Robustness

Ghaliana et al.
(1996)

F.D. Galiana
et al.

1996 Power loss
reduction

GUPFC Location, size &
type

Static Mixed-Integer
Optimization

Hybrid
techniques

Sinh et al.
(2006)

J.G. Singh et al. 2006 Power loss
reduction

IPFC Location & size Static Mixed-Integer
Optimization

Robustness

W. Zang and
Tholbhert
(2007)

W. Zhang et al. 2007 System
protection

HPFC Location & size Static Mixed-Integer
Optimization

Environmental
friendness

Lie and Deng
(1997b)

Tjing T. Lie
et al.

1997 Power quality TCSC Location & size Static Mixed-Integer
Optimization

Environmental
friendness

Araby et al.
(2002)

E. E. El-Araby
et al.

2002 Power loss
reduction

GUPFC Location & size Static Mixed-Integer
Optimization

Realistic load
models

Urdhanata
et al. (1991)

A.J. Urdanata
et al.

1991 Power system
reliability

TCSC Location & size Static Mixed-Integer
Optimization

Robustness

Zou et al.
(1999)

X. Zhou et al. 1999 Power system
stability

GUPFC Location & size Static Mixed-Integer
Optimization

Robustness

Kumar and
Dhave (1995)

N. Kumar et al. 1995 power loss
reduction

SVC & SSSC Location, size &
type

Static Mixed-Integer
Optimization

Robustness

Tahbhoub et al.
(2018)

Ahmad M.
Tahboub et al.

2018 System stability DSTATCOM Location, size &
type

Static Mixed-Integer
Optimization

Realistic load
models

Zhau (1993) E.Z. Zhou et al. 1993 System stability GUPFC &
STATCOM

Location, size &
type

Static Mixed-Integer
Optimization

Practical
implementation

Ajjarapu and
Chrithy (1992)

V. Ajjarapu
et al.

1992 Power system
stability

IPFC Location, size &
type

Static Mixed-Integer
Optimization

Hybrid
techniques

Ghyugi et al.
(1999)

L. Gyugyi et al. 1999 System
protection

HPFC Location, size &
type

Static Mixed-Integer
Optimization

Practical
implementation

(continued on next page)

relaxing its basic rule. Firstly, at each step worsening moves can
be accepted if no improving move is available.

Monte carlo simulation method: Monte Carlo is a method used
to understand the impact of risk and uncertainty in financial,
project management, cost, and other forecasting models. When

there are different ranges of values as a result, you are beginning

to understand the risk and uncertainty in the model. Monte Carlo

simulation is told you based on how you create the ranges of

estimates how likely the resulting outcomes are. Monte Carlo



B. Singh and R. Kumar / Energy Reports 6 (2020) 55–79 63

Table 3 (continued).
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Marthins and
Lheema (1990)

N. Martins Et
al.

1990 System stability TCSC & DSTATCOM Location & size Static Mixed-Integer
Optimization

Realistic load
models

Lhu and
Abhour (2002)

Y. Lu et al. 2002 System security GUPFC Location & size Static Mixed-Integer
Optimization

Hybrid
techniques

Yorinho et al.
(2003)

N. Yorino et al. 2003 System security TCSC & DVR Location & size Static Mixed-Integer
Optimization

Realistic load
models

Chang and
Huang (1997a)

Chang CS et al. 1997 System stability GUPFC Location & size Static Mixed-Integer
Optimization

Hybrid
techniques

Lashkar et al.
(2012)

Lashkar AA
et al.

2012 System stability SVC & SSSC Location & size Static Mixed-Integer
Optimization

Realistic load
models

Parker et al.
(1996)

Parker CJ et al. 1996 Voltage
collapse

DSTATCOM Location & size Static Mixed-Integer
Optimization

Robustness

Araby et al.
(2002)

Araby EEE et al. 2002 Voltage
collapse

GUPFC &
STATCOM

Location, size &
type

Static Mixed-Integer
Optimization

Hybrid
techniques

Xie et al.
(2003)

Xie H et al. 2003 System stability IPFC Location, size &
type

Static Mixed-Integer
Optimization

Environmental
friendness

Abdel-Magid
et al. (2000)

Abdel-Magid YL
et al.

2000 System stability HPFC Location, size &
type

Static Mixed-Integer
Optimization

Realistic load
models

Mihilhac et al.
(1996)

R. Mihilac et al. 1996 System stability TCSC & DSTATCOM Location, size &
type

Static Mixed-Integer
Optimization

Environmental
friendness

Ghyugyi et al.
(1999)

L. Gyugyi et al. 1999 System stability DSTATCOM Location, size &
type

Static Mixed-Integer
Optimization

Environmental
friendness

Wildenhues
et al. (2014)

Wildenhues
et al.

2014 System stability GUPFC &
STATCOM

Location & size Static Mixed-Integer
Optimization

Environmental
friendness

Paramasivam
et al. (2013)

Paramasivam
et al.

2013 System stability IPFC Location & size Static Mixed-Integer
Optimization

Hybrid
techniques

Deng et al.
(2018)

Zhuoming Deng
et al.

2018 System stability HPFC Location & size Static Mixed-Integer
Optimization

Hybrid
techniques

Qader (2015) Qader M. 2015 Power quality TCSC & DSTATCOM Location & size Static Mixed-Integer
Optimization

Realistic load
models

Orfano Gianni
and Bacher
(2003)

T. Orfano
Gianni et al.

2003 Power quality UPQC & DVR Location & size Static Mixed-Integer
Optimization

Robustness

Kumar et al.
(2007a)

Kumar BK et al. 2007 System
oscillations

UPFC & STATCOM Location & size Static Mixed-Integer
Optimization

Hybrid
techniques

simulation method calculates the model different times, each
time using different randomly selected values.

Intelligent programming method: Artificial intelligence method
also known as machine intelligence is demonstrated by machines
in contrast to the natural intelligence. Computer science engi-
neering defines AI method is a device that perceives its environ-
ment and takes actions that maximize its chance of successfully
achieving its goals. Artificial intelligence is applied, when a ma-
chine functions that humans associate with other human minds,
such as ‘‘learning’’ and ‘‘problem solving’’.

Artificial bee colony algorithm: ABC method is an optimization
algorithm based on the intelligent behavior of honey bee swarm,
which was proposed by Dervis Karaboga in 2005. In this model,
the colony consists of three groups of bees, employed bees, on-
lookers and scouts. There is only one artificial bee for each food
source. The number of bees in the colony is equal to the number
of food sources around the hive. The bee whose food source has
been abandoned starts to search for finding a new food source.

Artificial neural network method: Neural network is not an
algorithm, but a connection for many different learning algo-
rithms to work together and process complex data inputs. Such
systems learns to perform various tasks by considering examples,
generally without programmed with any task specific rules. ANN
method is based on a collection of connected units or nodes
called artificial neurons, which mainly model the neurons in a
biological brain. Each connection just is like the synapses in a
biological brain, which can transmit a signal from one artificial
neuron to another.

Fuzzy linear programming: Fuzzy linear programming problem
has many different applications and various methods have been
proposed for solving this problem. Some researchers presented
two new methods to solve FLP. This scheme is presented re-
sults from the aspects of performance and computing efficiency.

Therefore comparison between the two methods for the problem
shows a remarkable solution and the new model is more reliable
in the point of view of optimality.

Particle swarm optimization method: PSO method is used to op-
timize a problem by improve a candidate solution with regard
to a given measure of quality. Each particle is influenced by its
best known position but is also guided toward the best known
positions in the search-space. The algorithm is simplified and
observed to performing optimization. The PSO algorithm given
by having a population (called a swarm) of candidate solutions
(called particles). These particles are moved around in the search-
space according to a few simple formulas.

2.4. Hybrid techniques

The hybrid techniques for enhancement of system perfor-
mances by different types of FACTS controllers in power systems
with static and realistic load models are discussed as follows

Energy approach method: These methods are based on lin-
ear behavior and conservation of energy, i.e. the work done by
external forces equals the energy stored in the structure un-
der load. Energy management includes planning and operation
of energy production and energy consumption units. Objectives
are resource conservation, climate protection and cost savings,
while the users have permanent access to the energy they need.

Active Control Technique: The active power control is imple-
mented by means of an adjustable speed machine, which is
primarily used as a synchronous condenser, but includes a fly-
wheel for short term active power injection into the system. This
adjustable speed machine can support the power system to avoid
voltage collapse or excessive voltage dips by compensating both
active and reactive power supply to the system immediately after
a disturbance.
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Table 4
A survey on artificial intelligence computational techniques for enhancement of system performances by using different types of FACTS controllers in power systems
with static and realistic load models.
Ref. No. Author Year Power system

performances
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Dhas et al.
(2000)

P. K. Dash et al. 2000 System stability GUPFC Location & size Static GA Environmental
friendness

Hazhra et al.
(2007)

Jagabondhu
Hazra et al.

2007 Power accuracy SVC & SSSC Location & size Static GA Environmental
friendness

Yashida et al.
(2000b)

H. Yoshida
et al.

2000 System
reliability

DSTATCOM Location, size &
type

Static GA Practical
implementation

Vijaykumar and
Kumudini Devi
(2007)

K. Vijakumar
et al.

2007 System stability GUPFC &
STATCOM

Location, size &
type

Static GA Practical
implementation

Chandrasekaran
et al.
(2005-2009)

K.
Chandrasekaran
et al.

2009 Power accuracy IPFC Location, size &
type

Static GA Hybrid
techniques

Yang et al.
(2007)

Guang Ya Yang
et al.

2000 System stability HPFC Location, size &
type

Static GA Environmental
friendness

Accha et al.
(2004)

E. Acha et al. 2004 System
reliability

TCSC & DSTATCOM Location, size &
type

Static GA Practical
implementation

Morris et al.
(2003)

Stella Morris
et al.

2003 Power accuracy DSTATCOM Location & size Static GA Robustness

Bakhirtzis et al.
(2002)

A. G. Bakirtzis
et al.

2002 System stability GUPFC &
STATCOM

Location & size Static GA Robustness

Vijayakumar
and
Kumudini Devi
(2008)

K. Vijayakumar
et al.

2008 Power accuracy IPFC Location & size Static GA Robustness

Priti et al.
(2011)

V. A. Preethi
et al.

2011 System stability HPFC Location & size Static GA Practical
implementation

Tukharam et al.
(1996)

B. D. Thukaram
et al.

1996 System stability TCSC & DSTATCOM Location & size Static GA Hybrid
techniques

Gerbhex et al.
(2001)

S. Gerbex et al. 2001 Power quality UPQC Location & size Static GA Environmental
friendness

Vijaya kumar
and
Kumudini devi
(2007)

Vijaya kumar K
et al.

2007 System stability UPFC & STATCOM Location, size &
type

Static GA Environmental
friendness

Abdel-Magid
et al. (1999)

Abdel-Magid YL
et al.

1999 System stability GUPFC Location, size &
type

Static GA Hybrid
techniques

Pandey and
Gupta (2018)

Rajendra K.
Pandey et al.

2018 Power loss
reduction

SVC & SSSC Location, size &
type

Static Symbiotic
organism
search (SOS)
algorithm

Robustness

Verbic and
Gubina (2004)

Gregor Verbic
et al.

2004 System stability DSTATCOM Location & size Static Symbiotic
organism
search (SOS)
algorithm

Practical
implementation

Dillon (1991) T. S. Dillon
et al.

1991 System stability GUPFC &
STATCOM

Location & size Static Symbiotic
organism
search (SOS)
algorithm

Practical
implementation

Pandha and
Ardhil (2007)

Sidhartha
Panda Et al.

2007 Power loss
reduction

IPFC Location & size Static Symbiotic
organism
search (SOS)
algorithm

Environmental
friendness

Lima et al.
(2003)

Flavio G. M.
Lima et al.

2003 System stability HPFC Location & size Static Computational
Simulations

Practical
implementation

Vijaykumar and
Kumudini Devi
(0000)

K. Vijayakumar
et al.

2007 Power loss
reduction

TCSC & DSTATCOM Location, size &
type

Static Computational
Simulations

Robustness

Sadhegh et al.
(2005)

Sadegh, M.
Outkati et al.

2005 Power accuracy DSTATCOM Location, size &
type

Static Computational
Simulations

Hybrid
techniques

Renzh et al.
(1999)

B. A. Renz et al. 1999 System stability GUPFC &
STATCOM

Location & size Static Computational
Simulations

Hybrid
techniques

Mori and Goto
(2000)

H. Mori et al. 2000 System stability IPFC Location & size Static Tabu search
based method

Environmental
friendness

Etingov et al.
(2007)

Pavel Etingov
et al.

2007 Power loss
reduction

HPFC Location & size Static Monte Carlo
Simulation

Robustness

Blanco et al.
(2011)

Blanco G et al. 2011 Power accuracy TCSC & DSTATCOM Location & size
coordination

Static Monte Carlo
Simulation

Hybrid
techniques

(continued on next page)

Passivity method: Passivity method is a property used in a var-

ious engineering disciplines, but most commonly found in analog

electronics and control systems. A passive component depending

on field may be either a component that consumes but does not
produce energy or a component that is incapable of power gain.

Hybrid technique: A combination of two or more computational
techniques which provide greater advantages than individual
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Table 4 (continued).
Ref. No. Author Year Power system

performances
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Shadhegh et al.
(2005)

Sadegh et al. 2005 Power accuracy UPQC & DVR Location & size Static Intelligent
Programming

Practical
implementation

Chang and
Huang (1997b)

Chang CS et al. 1997 Power system
stability

UPFC & STATCOM Location & size Static Intelligent
Programming
method

Hybrid
technique

Mohamad Idris
et al. (2010)

R.Mohamad
Idris et al.

2010 System stability GUPFC &
STATCOM

Location & size Static Artificial bee
colony
algorithm

Hybrid
techniques

Shyh and Xian
(2013)

Shyh JH et al. 2013 Power quality IPFC Location & size
coordination

Static Artificial bee
colony
algorithm

Hybrid
techniques

Feurthe Es-
hquivel and
Accha (1997)

C. R. Feurte
Esquivel

1997 Power quality HPFC Location & size Static ANN method Practical
implementation

Kheib et al.
(1995)

A. A. El-Keib 1995 Power quality TCSC & DSTATCOM Location & size Static ANN method Robustness

Mozhgan
(2012)

Mozhgan
Balaver

2012 System stability UPQC Location & size Static ANN method Hybrid
techniques

Zeynelgil and
Demiroren
(2002)

Zeynelgil HL
et al.

2002 Power quality UPFC & STATCOM Location & size
coordination

Static ANN method Practical
implementation

Nguyen et al.
(2008)

T.T. Nguyen
et al.

2008 System stability HPFC Location & size Static ANN method Hybrid
technique

Daskh and
Paanda (2000)

Dash PK et al. 2000 System stability TCSC & DSTATCOM Location & size Static ANN method Environmental
friendness

Nar et al.
(1990)

K. S. Narendra
et al.

1990 System stability UPQC Location & size
coordination

Static ANN method Hybrid
technique

Tomsovics
(1992)

K. Tomsovic
et al.

1992 Power quality UPFC & STATCOM Location & size Static Fuzzy linear
programming

Practical
implementation

Cai and Erlich
(2006)

Cai LJ et al. 2006 Power quality GUPFC &
STATCOM

Location & size Static Fuzzy linear
programming

Robustness

Venkatesh
et al. (1999)

Venkatesh B
et al.

1999 Voltage
collapse

IPFC Location & size Static Fuzzy linear
programming

Robustness

Mishra et al.
(2000)

Mishra S et al. 2000 Power quality HPFC & DVR Location & size
coordination

Static Fuzzy linear
programming

Practical
implementation

Daas et al.
(2000)

P.K. Dash et al. 2000 Power quality TCSC & DSTATCOM Location & size Static Fuzzy linear
programming

Environmental
friendness

Limchron et al.
(1998)

S.
Limyingcharone
et al.

1998 System stability UPQC Location & size Static Fuzzy linear
programming

Practical
implementation

Benabidh et al.
(2009)

R. Benabid
et al.

2009 Power accuracy UPFC & STATCOM Location & size
coordination

Static PSO method Robustness

Panda and
Ardil (2008)

Panda S et al. 2008 System stability SVC Location & size Static PSO method Practical
implementation

Rashidi and
Hawary (2009)

Rashidi MRA 2009 System stability TCSC Location & size Static PSO method Robustness

Abido (2002) Abido MA et al. 2002 System stability HPFC Location & size Static PSO method Environmental
friendness

Yoshida et al.
(2000)

Yoshida H,
Kawata et al.

2000 System
protection

UPFC Location & size
coordination

Static PSO method Practical
implementation

Kannan et al.
(2004)

Kannan S et al. 2004 Power quality SVC Location & size
coordination

Static PSO method Hybrid
techniques

Yashida et al.
(2000a)

H.Yoshida et al. 2000 System security STATCOM Location & size
coordination

Static PSO method Robustness

Shayeghi et al.
(2009)

Shayeghi H
et al.

2009 Power quality UPFC Location & size
coordination

Static PSO method Environmental
friendness

techniques and improve data analysis is known as Hybrid Tech-
nique. A hybrid technique is used for improving the voltage
stability of a given system with optimal power flow solution using
FACTS device installation.

Pole placement techniques: Pole placement method is a con-
troller design method, in which you determine the places of
the closed loop system poles on the complex plane by setting
a controller gain. Poles describe the behavior of linear dynam-
ical systems. Thus you can decide on where the closed loop
poles should be and then force them to be there by designing a
feedback control system via pole placement method where you
choose a controller gain that places the poles on their desired
locations.

Graph search algorithm: Graph search algorithms specify an
order to search through the nodes of a graph. We start from the
source node and keep searching until we find the target node.

Those graphs contain nodes that we have seen but have not
explored yet. Each iteration, we take a node off the frontier and
add its neighbors to the frontier. A graph search technique visits
every node exactly one in a systematic manner.

Decomposition coordination methods: Decomposition methods
solve a boundary value problem by splitting it into smaller bound-
ary value problems on sub domains and iterating to coordi-
nate the solution between adjacent sub domains. A coarse prob-
lem with one or few unknowns per sub domain is used to
further coordinate the solution between the sub domains glob-
ally. Several hours per time step is an average sequential run
time, therefore, parallel computing is a necessity. Decomposition
methods embody large potential for a parallelization of the fi-
nite element methods, and serve a basis for distributed parallel
computations.
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Table 5
A survey on hybrid techniques for enhancement of system performances by different types of FACTS controllers in power systems with static and realistic load
models.
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Satheesh and
Manigandan
(2013)

Satheesh A
et al.

2013 System stability UPQC Location & size Static ABC and ANN Practical
implementation

Chung and Li
(2001)

Chung TS et al. 2001 System stability UPFC & STATCOM Location & size Static GA and OPF Robustness

Phalliate et al.
(1997)

L.A.S. Pilotto
et al.

1997 System
reliability

SVC Location, size &
type

Static GA and OPF Practical
implementation

Mustafa and
Chiew (2008)

Mohd Wazir
Mustafa et al.

2008 System
protection

TCSC Location, size &
type

Static GA and OPF Practical
implementation

Subhanga and
Kulkaarni
(2002)

K. N.
Shubhanga
et al.

2002 System stability HPFC Location, size &
type

Static GA and OPF Realistic load
models

Gerbex et al.
(2001)

S.Gerbex et al. 2001 System
reliability

UPFC Location, size &
type

Static GA and OPF Robustness

Xu and
Ahmad Zaid
(1995)

L Xu et al. 1995 Voltage
collapse

SVC Location, size &
type

Static GA and OPF Practical
implementation

Liu et al.
(2006)

Shu Liu et al. 2006 System
reliability

STATCOM Location, size,
type &
coordination

Static GA and OPF Environmental
friendness

Abhou Elaa
et al. (2010)

A.A. Abou
El-Elaa et al.

2010 System
reliability

UPFC Location, size &
type

Static GA and OPF Robustness

Mithulantan
et al. (2003)

N.
Mithulananthan
et al.

2003 Reliability and
efficiency

UPQC Location, size &
type

Static GA and OPF Practical
implementation

Mahdad et al.
(2009)

B. Mahdad
et al.

2009 Power quality UPFC & STATCOM Location, size &
type

Static GA and OPF Robustness

Ippolito et al.
(2006)

L. Ippolito et al. 2006 Reliability and
efficiency

TCSC Location, size,
type &
coordination

Static GA and OPF Practical
implementation

Chatterji et al.
(2007)

D. Chatterjee
and Arindam
Ghosh

2007 Power system
stability

TCSC Location, size &
type

Static OPF and SA Environmental
friendness

So et al. (2005) Ping Lam So
et al.

2005 System stability HPFC Location, size &
type

Static OPF and SA Practical
implementation

Jeevarathinam
(2006)

B.
Jeevarathinam
et al.

2006 Voltage
collapse

UPQC Location, size &
type

Static GA and FZ Robustness

Li et al. (2012b) Yong Li et al. 2012 System
protection

SVC Location, size,
type &
coordination

Static GA and FZ Environmental
friendness

Alamhelu et al.
(2008)

S.M. Alamelu
et al.

2008 System
protection

STATCOM Location, size &
type

Static SA and EP Robustness

Ko et al. (2009) Chia-Nan Ko
et al.

2009 System
reliability

UPFC Location, size &
type

Static PSO And MINLP Robustness

Chung et al.
(2003)

C. Y. Chung
et al.

2003 Reliability and
efficiency

DSTATCOM Location, size &
type

Static SA and MILP Environmental
friendness

Chan-
dra sekaran
et al. (2009)

Chandra
sekaran K et al.

2009 Power quality DVR & STATCOM Location, size,
type &
coordination

Static OPF and PSO Practical
implementation

Niknam et al.
(2012)

Niknam T et al. 2012 System stability Hybrid DSTATCOM Location, size &
type

Static OPF and PSO Practical
implementation

Rezaei and
Karami (2013)

Rezaei AM
et al.

2013 Power quality UPFC Location, size &
type

Static ABC and OPF Environmental
friendness

Kimkhratug
(2012)

P. Kumkratug 2012 System stability HPFC Location, size &
type

Static OPF and FZ Environmental
friendness

Nurzian et al.
(1996)

M. Noorzian
et al.

1996 Power quality UPFC Location, size,
type &
coordination

Static OPF and FZ Robustness

Whale optimization algorithm: Whale Optimization Algorithm
is a optimization algorithm for the hunting mechanism of hump-
back whales in nature. According to Hof and Van Der Gucht,
whales have common cells in certain areas of their brains similar
to those of human called spindle cells. Spindle cells make us
distinct from other creatures. Whales have twice number of these
cells than an adult human which is the main cause of their smart-
ness. It has been observed that whales (mostly killer whales) are
able to develop their own dialect as well. One of the biggest
baleen whales is humpback whales. The most interesting thing
about the humpback whales is their special hunting method. This
foraging behavior is called bubble-net feeding method.

Gray Wolf Optimizer: The GWO algorithm has the leadership
hierarchy and hunting mechanism of gray wolves in nature. There
are three main steps of hunting, searching for prey, encircling
prey and attacking prey are implemented. The algorithm is then
benchmarked on 29 well-known test functions, and the results
are verified by a comparative study with Particle Swarm Opti-
mization, Gravitational Search Algorithm, Differential Evolution,
Evolutionary Programming and Evolution Strategy.

Meta-heuristic algorithm: A Meta-heuristic is a procedure or
heuristic designed to find, generate or select a heuristic (par-
tial search algorithm) that may provide a sufficiently good so-
lution to an optimization problem with incomplete information
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Table 6
A survey on other techniques for enhancement of system performances by different FACTS controllers in power systems with static and realistic load models.
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Hoque (2004) M. H. Haque 2004 Power quality UPFC Location & size Static Energy
approach

Environmental
friendness

Hoque (2008) M. H. Haque 2008 Active power
loss

SVC Location & size Static Energy
approach

Practical
implementation

Wenzel and
Leibfried (2012)

Timo Wenzel
et al.

2012 System
reliability

STATCOM Location, size &
type

Static Energy
approach

Environmental
friendness

Goksu et al.
(2014)

Omer Goksu et
al

2014 System
reliability

UPFC Location, size &
type

Static Energy
approach

Robustness

Pillottho et al.
(1997)

L. A. S. Pilotto
et al.

1997 Improve the
reliability of
supply

UPQC Location, size &
type

Static Energy
approach

Practical
implementation

Yeu et al.
(2001)

X. Yu et al. 2001 System
reliability

UPFC & STATCOM Location, size &
type

Static Energy
approach

Practical
implementation

Kundur and
Morison (1997)

P. Kundur et al. 1997 System stability TCSC Location, size &
type

Static Energy
approach

Environmental
friendness

Zhou (1993) E. Z. Zhou et al. 1993 System stability TCSC Location, size,
type &
coordination

Static Energy
approach

Environmental
friendness

Kobayashi et al.
(2003)

K. Kobayashi
et al.

2003 Voltage
stability

HPFC Location, size &
type

Static Energy
approach

Practical
implementation

Milhalic and
Zhunko (1996)

R. Mihalic et al. 1996 System stability UPQC Location, size &
type

Static Energy
approach

Robustness

Farsangi et al.
(2007)

Farsangi MM
et al.

2007 Power quality SVC Location, size &
type

Static Energy
approach

Hybrid
techniques

Niaki and
Irhavani (1996)

A. Nabavi-Niaki
et al.

1996 Power quality STATCOM Location, size,
type &
coordination

Static Energy
approach

Environmental
friendness

Manshour et al.
(1994)

Y. Mansour
et al.

1994 System stability UPFC Location, size &
type

Static Energy
approach

Environmental
friendness

Khederzadeh
and Ghorbani
(2012a)

Khederzadeh
et al.

2012 System stability DSTATCOM Parameters for
Optimization

Static Energy
approach

Hybrid
techniques

Aghaei et al.
(2016)

Aghaei J et al. 2016 System stability DVR & STATCOM Location & size Static Energy
approach

Environmental
friendness

Angqhuist et al.
(1993)

L. Angquist
et al.

1993 System
reliability

Hybrid DSTATCOM Location & size Static Energy
approach

Environmental
friendness

Azhbe et al.
(2005)

V. Abe et al. 2005 Power system
stability

UPFC Location, size &
type

Static Energy
approach

Khederzadeh
and Ghorbani
(2012b)

Mojtaba
Khederzadeh
et al.

2012 Power System
protection

UPFC Location, size &
type

Static Active control
technique

Robustness

Gonzhalez
et al. (2010)

Juan Miguel
Gonzalez et al.

2010 Power quality SVC Location, size &
type

Static Active control
technique

Hybrid
techniques

Shong et al.
(2010)

Wenchao Song
et al.

2010 Active power
loss

STATCOM Location, size &
type

Static Active control
technique

Environmental
friendness

Baek et al.
(2013)

Seung-Mook
Baek et al.

2013 Power System
protection

UPFC Location, size &
type

Static Active control
technique

Environmental
friendness

Guo et al.
(2018b)

C. Guo et al. 2018 System stability UPQC Location, size,
type &
coordination

Static Active control
technique

Environmental
friendness

Kanan et al.
(2004)

S. Khannan
et al.

2004 System stability UPFC & STATCOM Location, size &
type

Static Active control
technique

Environmental
friendness

Edris (2000) Edris A et al. 2000 System
improvement

TCSC Location, size &
type

Static Active control
technique

Environmental
friendness

Whang and
Shwift (1996)

H. F. Wang
et al.

1996 Controlling of
power system

TCSC Location, size &
type

Static Active control
technique

Robustness

Paphic et al.
(1997)

I. Papic et al. 1997 System stability HPFC Location, size,
type &
coordination

Static Active control
technique

Robustness

Kumar et al.
(2007b)

B. K. Kumar
et al.

2007 Controlling of
power system

UPQC Location, size &
type

Static Active control
technique

Robustness

Reis and
Maciel Barbosa
(2006)

Claudia Reis
et al.

2006 Power quality SVC Parameters for
Optimization

Static Active control
technique

Hybrid
techniques

Mohsen et al.
(2013)

Mohsen G et al. 2013 System stability STATCOM Location & size Static Active control
technique

Practical
implementation

Zenghyu et al.
(2000)

Huang Zhengyu
et al.

2000 Power quality UPFC Location & size Static Active control
technique

Hybrid
techniques

Venkatara-
manan and
Johnson (2002)

G. Venkatara-
manan
et al.

2002 System stability DSTATCOM Location, size &
type

Static Active control
technique

Practical
implementation

(continued on next page)
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Table 6 (continued).
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Mancilla David
and Venkatara-
manan
(2000)

F.
Mancilla-David
et al.

2005 Power quality DVR & STATCOM Location, size &
type

Static Active control
technique

Hybrid
techniques

Khederzadeh
and Sidhu
(2006)

Khederzadeh
et al.

2006 Power quality Hybrid DSTATCOM Location, size &
type

Static Active control
technique

Robustness

Pilotto et al.
(1997)

Pilotto LAS
et al.

1997 Power quality UPFC Location, size &
type

Static Active control
technique

Robustness

Canizares et al.
(1999)

Claudio a.
Canizares et al.

1999 Voltage
collapse

DSTACOM Location, size &
type

Static Active control
technique

Realistic load
models

Park and Baek
(2012)

Ji-Ho Park et al. 2012 Power System
protection

HPFC Location, size,
type &
coordination

Static Active control
technique

Practical
implementation

Noruzian et al.
(1999)

M. Noroozian
et al.

1999 Power quality UPFC Location, size &
type

Static Active control
technique

Robustness

Shukla and Mili
(2017)

Srivats Shukla
et al.

2017 System
protection

DSTATCOM Location, size &
type

Static Active control
technique

Practical
implementation

Yorinno et al.
(2003)

Naoto Yorino
et al.

2003 Voltage
collapse

DVR & STATCOM Location, size &
type

Static Passivity
method

Robustness

Gui et al.
(2016)

Yonghao Gui
et al.

2016 System
protection

Hybrid DSTATCOM Location, size,
type &
coordination

Static Passivity
method

Environmental
friendness

Zheao et al.
(1998)

Q. Zhao et al. 1998 Controlling Of
Power Loss

UPFC Location, size &
type

Static Passivity
method

Practical
implementation

Sauer and Pai
(1990)

Sauer, P.W.
et al.

1990 Voltage
stability

DSTACOM Parameters for
Optimization

Static Passivity
method

Practical
implementation

Conejo et al.
(2006)

A. J. Conejo
et al.

2006 Power system
stability

HPFC Location & size Static Passivity
method

Practical
implementation

Chang et al.
(2009a)

Chang B et al. 2009 System stability DVR Location & size Static Passivity
method

Environmental
friendness

Rhao et al.
(2000)

P. Rao et al. 2000 System stability TCSC Location, size &
type

Static Passivity
method

Environmental
friendness

Kundhur et al.
(2004)

P. Kundur et al. 2004 System stability DSTATCOM Location, size &
type

Static Passivity
method

Hybrid
techniques

Potamianakis
and Vournas
(2006)

Potamianakis
et al.

2006 System stability DVR & STATCOM Location, size &
type

Static Passivity
method

Environmental
friendness

Kejani and
Gholipour
(2017)

Mohsen
Basiri-Kejani
et al.

2017 Power quality Hybrid DSTATCOM Location, size &
type

Static Hybrid
technique

Practical
implementation

Hu et al. (2018) P. Hu et al. 2018 Power quality UPFC Location, size &
type

Static &
realistic

Hybrid
technique

Practical
implementation

Dhong et al.
(0000)

Z. Y. Dong
et al.

1999 System stability DSTACOM Location, size,
type &
coordination

Hybrid
technique

Robustness

Hajagos and
Danai (1998)

Hajagos L et al. 1998 System stability HPFC Location, size &
type

Static Hybrid
technique

Hybrid
techniques

Kumkrahug
et al. (2003)

P. Kumkratug
et al.

2003 Power quality DVR Location, size &
type

Static Hybrid
technique

Hybrid
techniques

Vahidna et al.
(2016)

A. Vahidnia
et al.

2016 System stability TCSC Location, size &
type

Static Hybrid
technique

Practical
implementation

Faaershangi
et al. (2007)

M. M. Farsangi
et al.

2007 Power system
stability

DSTATCOM Location, size,
type &
coordination

Static Pole placement
techniques

Hybrid
techniques

Kesshel and
Ghlavitsch
(1986)

P. Kessel et al. 1986 System stability DVR & STATCOM Location, size &
type

Static Pole placement
techniques

Robustness

Thukaram et al.
(2005)

Thukaram et al. 2005 System security Hybrid DSTATCOM Parameters for
Optimization

Static Pole placement
techniques

Robustness

Ahsaee and
Sadeh (2011)

Ahsaee MG
et al.

2011 System stability UPFC Location & size Static Pole placement
techniques

Hybrid
techniques

Madhtharad
et al. (2005)

C. Madtharad
et al.

2005 System
protection

DSTACOM Location & size Static Graph search
algorithm

Environmental
friendness

Niaki and
Irhvani (1996)

A. N. Niaki
et al.

1996 Power quality HPFC Location, size &
type

Static Graph search
algorithm

Hybrid
techniques

Larshen et al.
(1995)

E. V. Larsen
et al.

1995 Power swing DVR Location, size &
type

Static Graph search
algorithm

Hybrid
techniques

Olivheira
(1994)

S. E. M. De
Oliveira

1994 System stability TCSC Location, size &
type

Static Decomposition
coordination
methods (DCM)

Robustness

Whei et al.
(2005)

X. Wei et al. 2005 System stability TCPAR Location, size &
type

Static Decomposition
coordination
methods (DCM)

Robustness

(continued on next page)
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Table 6 (continued).
Ref. No. Author Year Power system

performance
FACTS controllers
used

Parameters for
optimization

Load models Techniques Future work

Hua et al.
(2019)

Pengfei Hua
et al.

2019 Power quality GUPFC Location, size &
type

Static Hybrid
technique

Hybrid
techniques

Sahu et al.
(2017)

Preeti Ranjan
Sahu et al.

2017 Power system
stability

GIPFC Location, size,
type &
coordination

Static Whale
optimization
algorithm

Practical
implementation

Ladhumaor
et al. (2017a)

Dilip P.
Ladumor et al.

2017 Power quality DSTACOM Location, size &
type

Static Gray Wolf
Optimizer

Environmental
friendness

Ladhumaor
et al. (2017b)

Dilip P
Ladumor et al.

2017 System stability HPFC Location, size &
type

Static Meta-heuristic
algorithm

Hybrid
techniques

Wildheunhues
et al. (2015)

Sebastian
Wildenhues
et al.

2015 Power quality DVR Location, size &
type

Static Meta-heuristic
algorithm

Robustness

Kuyu and
Vatansever

Yigit Cagatay
Kuyu et al.

2018 Controlling Of
Power Loss

TCSC Location, size,
type &
coordination

Static Salp Swarm
Optimizer

Practical
implementation

Hamour et al. Hanan Hamour
et al.

2018 Controlling Of
Power Loss

TCPAR Location, size &
type

Static Grasshopper
Optimization
Algorithm

Environmental
friendness

George et al. Thomas George
et al.

2018 Controlling Of
Power Loss

GUPFC Location, size &
type

Static Ant Lion
Optimization
Technique

Hybrid
techniques

Nayak et al. Niranjan Nayak
et al.

2016 System stability GIPFC Location, size &
type

Static Spider Monkey
Optimization

Hybrid
techniques

Hazrati et al. Garima Hazrati
et al.

2016 Power quality UPQC Location, size &
type

Static Spider Monkey
Optimization

Robustness

Kaur et al. Avinash Kaur
et al.

2017 Power quality DVR Location & type Static Spider Monkey
Optimization

Environmental
friendness

Behera et al.
(2018)

Tanmaya
Kumar Behera
et al.

2018 Controlling of
Power Loss

TCSC Location, size &
type

Static Spider Monkey
Optimization

Hybrid
techniques

or limited computation capacity. Meta-heuristics sample is a set
of solutions which is too large for completely sampled. Meta-
heuristics may make few assumptions about the optimization
problem being solved, and so they may be usable for many
problems.

Salp Swarm Optimizer: Salp Swarm Algorithm and Multi ob-
jective Salp Swarm Algorithm are used for solving optimization
problems with single and multiple objectives. The main inspira-
tion of Salp Swarm Algorithm and Multi objective Salp Swarm
Algorithm is the swarming behavior of salps when navigating
and foraging in oceans. Salp Swarm Algorithm and Multi ob-
jective Salp Swarm Algorithm are tested on some mathematical
optimization functions to observe and confirm their effective
behaviors in finding the optimal solutions for optimization prob-
lems. The result shows that the Salp Swarm Algorithm is able
to improve the initial random solutions effectively and converge
towards the optimum. The results of Multi objective Salp Swarm
Algorithm show that this algorithm can approximate optimal
solutions with high convergence and coverage.

Grasshopper Optimization Algorithm: Grasshopper is insects.
They are considered a pest due to their damage to crop pro-
duction and agriculture. So grasshoppers are rarely seen indi-
vidually in nature and they join in one of the largest swarm of
all creatures. The swarm size may be of continental scale and
a nightmare for farmers. The main objective of the grasshopper
swarm is that the swarming behavior is found in both nymph
and adulthood. Millions of nymph grasshoppers jump and move
like rolling cylinders. In their path, they eat almost all vegetation.
After this behavior, when they become adult, they form a swarm
in the air. This is how grasshoppers migrate over large distances.
In contrast, long-range and abrupt movement is the essential
feature of the swarm in adulthood.

Ant Lion Optimization Technique: The Ant Lion Optimization
(ALO) algorithm mimics the hunting mechanism of ant lions in
nature. The proposed algorithm is described in three phases.
First one a set of 19 mathematical functions is employed to test
different characteristics of ALO. Another one are three classical

engineering problems are solved by ALO. And last, the shapes
of two ship propellers are optimized by ALO as challenging real
problems. So after the calculations test functions prove that the
proposed algorithm is able to provide very accurate results in
terms of improved exploration, exploitation, and convergence.
The ALO algorithm also finds superior optimal designs for the
majority of classical engineering problems, showing that this al-
gorithm has merits in solving constrained problems with diverse
search spaces.

Spider monkey optimization: In this technique, a new approach
for optimization is proposed by modeling the social behavior
of spider monkeys. Spider monkeys have been categorized as
fission–fusion social structure based animals. The animals which
follow fission–fusion social systems, initially work in a large
group and based on need after some time, they divide themselves
in smaller groups led by an adult female for foraging. Therefore,
the proposed strategy broadly classified as inspiration from the
intelligent foraging behavior of fission–fusion social structure
based animals.

3. Summary of paper

The summary of this article from conventional techniques,
optimization techniques, artificial computational intelligence, hy-
brid and current techniques for enhancement of system perfor-
mances by different FACTS controllers in power systems with
static and realistic load models viewpoints are discussed in Sec-
tions 3.1–3.5, subsequently and comparison between these tech-
niques are also discussed in Section 3.6, subsequently.

3.1. Conventional techniques

Table 7 and Fig. 1, shows the summary of this article from
conventional optimization techniques for enhancement of system
performances by different FACTS controllers in power systems
with static and realistic load models viewpoints.
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Fig. 1. % Literature reviewed from conventional optimization techniques viewpoints.

Table 7
Conventional optimization techniques.
Conventional
techniques

Literatures reviewed % Literatures reviewed

Model analysis (MA) 16 25.81
Index method (IM) 13 20.97
Controlling method
(CM)

6 9.68

Residue analysis (RA) 3 4.84
Numerical
Optimization (NO)

2 3.23

Eigen value (EV) 4 6.45
Sensitivity Method
(SM)

18 29.03

Table 8
Optimization techniques.
Optimization techniques Literatures

reviewed
% Literatures
reviewed

Linear programming (LP) 6 7.60
Mixed-Integer Nonlinear
Programming (MINLP)

6 7.60

Stochastic Load Flow (SLF) 5 6.33
Adaptive control law (ACL) 2 2.53
Analytical Approach (AA) 11 13.92
Dynamic Programming (DP) 2 2.53
OPF method 16 20.25
Modified Mixed-Integer Non-Linear
Programming (MMINLP)

31 39.24

Fig. 1, it is concluded that the MA, IM, CM, RA, NO, EV and
SM are 25.81%, 20.97%, 9.68%, 4.84%, 3.23%, 6.45% and 29.03%
literatures reviewed from conventional optimization techniques
viewpoints, respectively.

3.2. Optimization techniques

Table 8 and Fig. 2, shows the summary of this article from op-
timization techniques for enhancement of system performances
by different FACTS controllers in power systems with static and
realistic load models viewpoint.

Fig. 2, it is concluded that the LP, MINLP, SLF, ACL, AA, DP, OPF
and MMINLP are 7.60%, 7.60%, 6.33%, 2.53%, 20.25% and 39.24%
literatures are reviewed from optimization techniques viewpoint,
respectively.

Table 9
Artificial intelligence computational techniques.
AI techniques Literatures

reviewed
% Literatures
reviewed

GA 15 29.41
Symbiotic organism search
(SOS) algorithm

4 7.84

Computational Simulations
(CS)

4 7.84

Tabu search based method
(TS)

1 1.96

Monte Carlo Simulation
(MCS)

2 3.92

Intelligent Programming (IP) 2 3.92
Artificial bee colony
algorithm (ABC)

2 3.92

ANN method 7 13.73
Fuzzy linear programming
(FZ)

6 11.77

PSO 8 15.69

3.3. Artificial intelligence computational techniques

Table 9 and Fig. 3, shows the summary of this article from
artificial intelligence computational techniques for enhancement
of system performances by different FACTS controllers in power
systems with static and realistic load models viewpoint.

Fig. 3, it is concluded that the GA, SOS, CS, TS, MCS, IP, ABC,
ANN, FZ, LP and PSO method are 29.41%,7.84%, 7.84%, 1.96%,
3.92%,3.92%, 3.92%, 13.73%, 11.77% and 15.69% literatures are
reviewed from AI techniques viewpoint, respectively.

3.4. Hybrid techniques

Table 10 and Fig. 4, shows the summary of this article from
hybrid techniques for enhancement of system performances by
different FACTS controllers in power systems with static and
realistic load models viewpoint.

Fig. 4, it is concluded that the hybrid of ABC and ANN, hybrid
of GA and OPF, hybrid of OPF and SA, hybrid of GA and FZ, hybrid
of SA and EP, hybrid of PSO And MINLP, hybrid of SA and MILP,
hybrid of OPF and PSO, hybrid of ABC and OPF, hybrid of Lyapunov
Theory and Fuzzy Logic and hybrid of OPF and Fuzzy Logic are
4.17%, 45.83%, 8.33%, 8.33%, 4.17%, 4.17%, 4.17%, 4.17%, 8.33%,
4.17% and 8.33% literatures are reviewed from hybrid technique
viewpoint, respectively.
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Fig. 2. Optimization techniques.

Fig. 3. Artificial intelligence computational techniques.

3.5. Current techniques

Table 11 and Fig. 5, shows the summary of this article from
current techniques for enhancement of system performances by
different FACTS controllers in power systems with static and
realistic load models viewpoint.

Fig. 5, it is concluded that the EA, ACT, PM, HT, PP, GS, DC,
WOA, GWO, MHA, SSO, GOA, ALO and SMO are 22.97%, 28.38%,
12.16%, 9.46%, 5.41%, 4.05%, 2.70%, 1.35%, 1.35%, 2.70%, 1.35%,
1.35%, 1.35% and 5.41% literatures are reviewed from current
techniques viewpoint respectively.

3.6. Comparisons of all optimization techniques

Fig. 6, show the summary of this article from conventional,
optimization, artificial intelligence, hybrid and current techniques
for enhancement of system performances by different FACTS con-
trollers in power systems with static and realistic load models,
respectively (see Table 12).

Finally, it is concluded that, presently researchers and prac-
titioners are used hybrid techniques (GA+PSO; GA+ANN+FZ;
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Fig. 4. Hybrid techniques.

Fig. 5. Others techniques (Current techniques).



B. Singh and R. Kumar / Energy Reports 6 (2020) 55–79 73

Fig. 6. Comparisons of all optimization techniques.

Table 10
Hybrid techniques.
Hybrid techniques Literatures reviewed % Literatures reviewed

ABC and ANN 1 4.17
GA and OPF 11 45.83
OPF and SA 2 8.33
GA and FZ 2 8.33
SA and EP 1 4.17
PSO And MINLP 1 4.17
SA and MILP 1 4.17
OPF and PSO 2 8.33
ABC and OPF 1 4.17
OPF and FZ 2 8.33

Table 11
Others techniques (current techniques)
Others techniques Literatures

reviewed
% Literatures
reviewed

Energy approach (EA) 17 22.97
Active Control Technique (ACT) 21 28.38
Passivity method (PM) 9 12.16
Hybrid technique (HT) 7 9.46
Pole placement techniques (PP) 4 5.41
Graph search algorithm (GS) 3 4.05
Decomposition coordination
(DC)

2 2.70

Whale optimization algorithm
(WO)

1 1.35

Gray Wolf Optimizer (GW) 1 1.35
Meta-heuristic algorithm (MH) 2 2.70
Salp Swarm Optimizer (SS) 1 1.35
Grasshopper Optimization
Algorithm (GO)

1 1.35

Ant Lion Optimization
Technique (AL)

1 1.35

Spider Monkey Optimization
(SMO)

4 5.41

Table 12
Comparisons of all optimization techniques.
Techniques Literatures reviewed % Literatures reviewed

Conventional 62 21.38
Optimization 79 27.24
Artificial Intelligence 51 17.59
Hybrid 24 28.62
Current 74 25.52

PSO+ANN; GA+MCS; GA+ABC; TS+MCS etc.) and current tech-
niques (Grasshopper optimization techniques, Whale optimiza-
tion techniques, Ant lion optimization techniques, Elephant heard

optimization techniques, Gray wolf optimization techniques, Gray
swarm optimization techniques etc.) for enhancement of system
performances.

4. Conclusions and future scopes of the survey article

The conclusions and future scopes of taxonomical survey arti-
cle are presented in Sections 4.1–4.2, subsequently.

4.1. Conclusions

The following conclusions are made from this survey article as
follows:-

• The enhancement of system performances such as loadabil-
ity, real and reactive power losses, voltage profiles, power
system stability, bandwidth of operations, flexibility of op-
erations, available power transfer capacity, bandwidth of
operations, power system oscillations, system power factors
etc. by FACTS controllers in power systems with static and
realistic load models.

• The power system reliability and security also enhanced by
different types of FACTS controllers in power systems with
static and realistic load models.

• The cost of electricity also reduced by different types of
FACTS controllers in power systems.

4.2. Future scopes of survey article

The following future scopes of paper are as follows:-

• The practical systems are implemented with different types
of FACTS controllers in multi-machines power systems with
static and realistic load models.

• Multi-task objective also achieved by different types of
FACTS controllers in multi-machines power systems with
static and realistic load models.

• Environmental friendness achieved by different types of
FACTS Controllers in multi-machines power systems with
static and realistic load models.
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