
International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 262 
 

 Enhancement of Voltage Stability using FACTS Controllers 

: A State of The Art Review 

  
Sourabh Kothari

 #1
, Rahul Agrawal

 #2
, Dr. Surendra Kumar Bharadwaj

 #3
 

 
#1 M. Tech Scholar, Vindhya Institute of Technology and Science (VITS) Indore (M.P.), India, 

+91-9977048011 . 

#2 Asst. Prof., Department of Electrical Engineering, Vindhya Institute of Technology and 

Science Indore (M.P.), India, +91-9826173619. 

#3 Professor, Department of Electrical Engineering, Maulana Azad National Institute of 

Technology, Bhopal (M.P.), India, +91-9893004821 . 

 

 

ABSTRACT 

 

 This paper presents a review on the enhancement of voltage stability margin by 

employing FACTS controllers. Due to the sharp increase in power demand, voltage instability 

& line overloading has become challenging problems for the power engineers. In case of 

heavily loaded transmission line, reactive power may be insufficient causing voltage drops at 

various buses. This results in voltage collapse, unexpected line & generator outages which 

lead to total blackouts of the whole systems. Reactive power unbalancing is the major cause of 

voltage instability. Therefore to improve & enhance the voltage profile & the stability margin 

of a power system, FACTS controllers are the alternative solution.  
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INTRODUCTION 

 

      Due to the rapid growth of industrialization, the consumption of electrical power has been 

increased. Rapid increases in electrical power demands, lack of long term planning and necessity 

to provide electricity to primary and secondary consumers have become a major power issue. The 

renovation of India‟s urban & sub-urban power networks are must overcome with these power 

issues. As per literature review carried out by the author recently, the most important reason 

behind the renovation of power networks is that the electrical power generation growth in India is 

not that much which fulfills the necessary electrical power demand. As the loading on the existing 

electrical power networks increasing day by day, it is mandatory to enhance the capacity of the 

transmission lines by using compensation techniques for preventing the entire system from the 

problems of voltage instability, voltage collapse & black outs. By using compensation techniques 

the efficiency & stability of the existing transmission network can be improved.  
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     Power system stability can be defined according to [IEEE Stability, 2004]: „The ability of   an 

electric power system, for a given initial operating condition, to regain a state of operative 

equilibrium after being subjected to a physical disturbance, with most system variables delimited 

in order that practically the entire system remains intact„. Figure 1.1 shows its classification into 

angle, voltage and frequency stability [IEEE Stability, 2004] [1]. 
 

                            
 

 Figure 1.1: Power System Stability & its classifications 
 

Among these the frequency stability & voltage stability mainly depends on the load, while angle 

stability depends on generator. Due to installation of asynchronous loads, voltage unbalance 

occurs. So it is mandatory to maintain the voltage profile of the transmission network. 

In recent year, the importance of FACTS controllers for enhancing the stability of the power 

system has increased. This is because of its essential features such as operational flexibility & 

controllability of operation. It provides us reliable & efficient solutions by taking coordinated 

control actions for the improved voltage profile of the system [2]. The few examples of 

successful implementation of FACTS controllers for modern interconnection of power system 

can be found between Canada and the United States, and the Nordic Countries. Such 

implementation of FACTS helps to enable mutually beneficial trade of electric energy between 

the countries [5]. 
 

 

1.1 Major Power System Failures due to Voltage Collapse (Blackouts) 

 

 South Florida, USA system disturbance of 17 May 1985. (Transient 4 Sec.) 

  NREB grid disturbance in India in 1984 and 1987. 

 Japanese (Tokyo) system disturbance, July 23, 1987. (Long term 20 min.) 

 July 2, 1996 disturbance of WSCC (Western North American Interconnected) System. 

 August 10, 1996 disturbance of WSCC system. 

 1998 failure of power of Auckland business districts, New Zealand. 

 March 11, 1999 Brazil blackout. 
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 July 29, 1999 Taiwan disturbance 

 August 14, 2003 blackout of Ontario and Northeast U.S. 

 July 30, 2012 & July 31, 2012 Northern grid India. 

 

BRIEF ABOUT VOLTAGE STABILITY 

 

      Voltage stability is often denominated load stability; the load characteristic and its dynamics 

indicate the dependency between the load and the voltage. A voltage drop will initially result in 

decay in load, but after a few seconds, a load restoration process occurs. The restoration will 

result in heavily loaded conditions, which leads to voltage instability and voltage collapse. If 

under those conditions, appropriate control decisions are not taken, then the system is will not 

able to meet the reactive power demand [4]. 

 

IEEE Definitions:  

 

 Voltage Stability: Voltage Stability is the ability of a system to maintain voltage so that when 

load admittance will increase, both voltage and power are controllable. 

 Voltage Collapse: Voltage Collapse is the process by which instability leads to a very low 

voltage profile in a significant part of the system. 

 Voltage Security: Voltage Security is the ability of a system not only to operate stably, but 

also to remain stable (as far as the maintenance of system voltage is concerned) following any 

reasonably credible contingency or adverse system change. 

 

       Voltage stability can be classified into „large- and small-disturbance voltage stability‟. The 

„large-disturbance voltage stability‟ occurs in a time frame of about a few seconds up to tens of 

minutes, and refers to the ability of the system to maintain steady voltages following the large 

disturbances, like system faults and loss of generation. It depends on the system-load 

characteristic, and the interaction of controls and protections. On the other hand, the „small-

disturbance voltage stability‟ refers to the ability of maintaining steady voltages during small 

disturbances such as incremental changes in system load. It depends on the load characteristic, 

discrete and continuous controls at a given instant of time periods [7]. 

 

      Voltage stability can be also classified into „short-term and long-term voltage stability‟ since 

it covers a time frame that varies from a few seconds up to tens of minutes [8] .The „short-term 

voltage stability‟ describes the dynamics of components such as induction motors, electronically 

controlled loads, static Var compensators, and excitation of synchronous generators. When the 

dynamics of the system corresponds to slower equipments such as tap-changing transformers, 

generator current limiters and thermostatically controlled loads, the stability is denominated 

„long-term voltage stability‟ [9]. 

 
OVERVIEW OF FACTS DEVICES 

 

     With the introduction of FACTS Controllers during 1970‟s in power system, the problems 

associated with the voltage in transmission lines, voltage collapse & blackouts is reduced [3]. 

In 1988, an initiative was taken by the Electric Power Research Institute (EPRI) for the 

development of FACTS controllers in which the power flow can be controlled dynamically by 
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various fast switching devices. Flexible AC Transmission System (Facts) is a new integrated 

concept based on high speed power electronic switching converters and dynamic controllers to 

enhance the utilization of the existing system and capacity to transfer the power. It helps to 

improve the dynamic and static stability, and maintains system security , reliability and power 

quality of an AC system [10]. 

      The power transfer capability and the transient performance can be considerably enhanced by 

optimal placement of FACTS controllers in the existing transmission network. The use of 

FACTS devices in transmission lines not only enhance the voltage profile of the existing 

transmission network but also provide a flexible operation to the power system. The overall cost 

of the power system is reduced by utilizing the existing transmission network through the proper 

placement of FACTS devices rather than to install a new transmission system separately [11]. 

 

3.1 Benefits of FACTS Devices: 

 

 It can control power so that it flows on the desired route. 

 Series Compensation. 

 Enhance the voltage regulation of the long transmission line. 

 It provides greater flexibility in setting new generation. 

 Reduction of Harmonic for improving power quality. 

 It enhances the loading capacity of transmission lines. 

 It improves the productivity of generation. 

 

       FACTS controllers can be broadly classified into two groups based on their distinct 

operation & performance characteristics. The first group of FACTS controllers has included the 

Static Var Compensator (SVC), Thyristor Controlled Series Capacitor (TCSC) and Thyristor 

Controlled Phase Shifter (TCPS). The second group has employes the STATic synchronous 

COMpensator (STATCOM), Static Synchronous Series Compensator (SSSC), Unified Power 

Flow Controller (UPFC), and Interline Power Flow Controller (IPFC). Applications of FACTS 

controllers improve the performance of the power transmission system [12]. 
    

 VOLTAGE STABILITY STUDY WITH FACTS DEVICES 

 

        Voltage stability analysis is essential for a secure operation of the power system. A lot of 

work has been investigated to improve voltage stability. Prevention of the system from voltage 

collapse & voltage instability can be done by using FACTS devices. There are various papers 

that investigate the enhancement of voltage stability limit using FACTS devices.  

Kamarposhti and Lesani [13] presented the Effects of various FACTS devices (SVC, 

STATCOM, SSSC and TCSC)  on loading capability and voltage stability of the system using 

maximum loading point (MLP) index concept of line loadability.  Comparison between SVC, 

STATCOM, TCSC and UPFC for improving the stability of the system by means of reactive 

power limit concept has been carried out in [14].  Hiyamat et al. [17] have developed fuzzy logic 

based control scheme for FACTS devices like high speed phase shifter, braking resistor, TCSC 

& SVC, to improve the stability of the entire power system. This scheme also shows the 

simulation results for various FACTS devices. 
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Shankaralingappa C.B. et al. [15] discussed the optimum required rating of series & shunt 

FACTS controllers for enhancement of line loading capability and hence the voltage stability 

improvement in long Extra High Voltage AC (EHVAC) Transmission lines.  The voltage 

stability of a power system with STATCOM & OLT‟s is using PV curves and time-domain 

simulations are reported in [16]. It has been demonstrated that PV curve simulation can be 

evaluated by the time-domain simulation. The Margin of Stability is also being evaluated by the 

PV curve simulation. In [18], the simulation of UPFC is preformed for the enhancement of 

voltage control in the power system by compensating the transmission line and the result of 

simulation shows the efficiency of UPFC for controlling of active and reactive power flow in the 

transmission line.  

 

Salim Haddad et al. [24] describes the theory and simulation of UPFC used for control of voltage 

in the disturbed power systems using MATLAB. Want et al. [25], demonstrated the multiple 

control functions of a UPFC and concludes that the conflict between controlling of series and 

shunt part of UPFC connected by common capacitor internally is responsible for its analytical 

results. H. Chang et al. [26] briefly discussed the coordinated excitation & UPFC control for 

enhancement of power system stability & voltage stability margin. Also by using bifurcation 

analysis the impact of excitation controller on voltage stability is studied.  Shah et al. [19] have 

discussed the static voltage stability of power system with the STATCOM & SVC. The 

performance is tested on IEEE-14 bus system with large-scale PV integration, STATCOM & 

SVC. The topology & power flow distribution is affected by incorporating TCSC. To minimize 

the power system load curtailment by incorporating TCSC into voltage stability constrained 

optimal power flow (OPF) algorithm by  evaluating the reliability measures of composite 

security based power system has been proposed by Huang and Nair [20].   

 

Lee et al. [21] discussed that by using Heuristic method one can easily, optimally & efficiently 

determine the proper location and size of the FACTS devices such as SVC, TCSC, STATCOM, 

UPFC, SSSC, VSC-based Static Phase Shifter (SPS) and Interline Power Flow Controller (IPFC) 

in power system. It is one of the most popular intelligent techniques for solving such a complex 

problem in terms of improvement of the stability of the transmission system [21]. Narouzi and 

Sharaf [23] investigated the dynamic performance of the SSSC, theoretically as well as by the 

digital simulator. This approach show that the PLL inherent delay has a great effect on the 

dynamic operation of the SSSC and a new auxiliary regulator is proposed to enhance its dynamic 

performance.  

 

A reconfiguration algorithm for distribution system based on Tabu search for minimizing the real 

power losses & maximizing the system‟s voltage stability margin depending on the loading 

condition is discussed in [30].  The enhancement of voltage stability limit by rescheduling the 

active power outputs of alternators with the help of sensitivity analysis through regression-based 

method has appeared in [34].  The Newton Raphson AC power flow method along with the 

modeling of TCSC for the transient & voltage stability improvement is studied and presented in 

[37]. The effect of STATCOM, SSSC & UPFC to increase the loadability margin & 

enhancement of voltage stability by applying saddle node bifurcation theory with PSAT is 

investigated in [38].  The simulation program of the transient model & control system of UPFC 

for improving the transient behavior and voltage stability margin have appeared in [29].  Seul-Ki 
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Kim et al. [33] investigates the effect of SSSC on interface power flow by modified continuation 

power flow for voltage stability limit enhancement. 

 

A comparative study had been carried out by Arthit Sode-Yome et al. [31] for the voltage 

stability margin enhancement using STATCOM, TCSC & SSSC. The STATCOM gives the 

highest loadability margin near voltage collapse point as compared to the TCSC & SSSC, while 

SSSC gives lower real & reactive power losses than TCSC at the higher loading margin.  

Boonpirom et al. [32] suggested a model on the continuation power flow methods using 

STATCOM and TCSC, for voltage stability limit enhancement and to increase the loadability 

margin based on static analysis. This model demonstrated that compensation with the TCSC is 

better than STATCOM to increase the steady state voltage stability margin & preventing the 

entire system from voltage collapse.   

 

 A.Sode-Yome et al. [36] presents a guide for enhancement of loading margin & static voltage 

stability limit, by an appropriate choice of FACTS devices from SVC, SSSC, STATCOM, and 

TCSC & UPFC along with the optimal placement of it by measuring various parameters such as 

PV curves, voltage profiles and power losses under both normal & contingency conditions. A 

comparative study has been carried out by Kamarposhti et al. [42] to investigate the performance 

of shunt and series FACTS devices for steady state voltage stability limit and power system 

security enhancement. To enhance the limit of voltage stability and to mitigate with problem of 

voltage instability by reactive power flow, a method is proposed by A. Karami et al. [35] based 

on a real genetic algorithm for finding the optimal location and  proper placement of 

STATCOM.  

 

In the scenario of power system restructuring, voltage collapse is a very crucial issue under 

heavily loaded conditions. Therefor to prevent the system from voltage collapse, a method based 

on contingency studies is proposed in [41] for the proper allocation of FACTS devices. It was 

further shown that the system buses are ranked based on their effect on the system voltage 

profile, by defining probabilistic index or bus participation factor using Modal analysis for 

improving voltage stability. The concept of STATCOM with Equivalent-current injection (ECI) 

along with the optimal allocation of it by the application of Ant Colony Optimization (ACO) and 

Genetic Algorithm (GA) to enhance the voltage stability margin is addressed in [38].  

 

The influences of various FACTS devices on steady state, transient, small- signal voltage 

stability of the transmission system by optimal placement using hybrid analytical & heuristic 

methods such as Simulated Annealing (SA), Tabu Search (TS), GA, SPSO & GCPSO is reported 

in [37].  Parizad et al. [39] have studied the enhancement of the voltage stability by exploiting 

the Harmony Search Algorithm (HSA) and GA, for finding the optimal location of FACTS 

devices such as TCPAR, UPFC & SVC. This proposed algorithm improves the utmost loading 

capability, voltage stability margin, power transfer capacity and power grid security.  

 

To reduce the voltage instability problem in transmission lines Hassim et al. [40] developed the 

Evolutionary programming based algorithm to enhance the voltage stability margin through 

minimizing the transmission losses. The Differential Evolution (DE) based method for the 

reactive power dispatch with and without FACTS devices such as SSSC and SVC is discussed 

by K. Vaisakh et al. [43].  With the appropriate allocation of FACTS devices such as SVC & 
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TCSC, the voltage stability limit is improved by enhancing the loading parameters are presented 

in [44].   

 

In [45] optimization techniques such as GA, SA & Hybrid Tabu Search are used to enhance the 

Voltage stability margin of SVC, TCSC, and UPFC & SPS. Preethi et al. [46] enhances the 

voltage stability limit and loading margin using various FACTS devices by the application of 

GA.  Enhancement of voltage stability margin by Particle Swarm Optimization (PSO) using 

TCSC is illustrated in [47]. Apart from various algorithms for optimization Mortazavian et al. 

[48] described a new Hybrid GA & PSO algorithm for the optimal allocation of UPFC for 

enhancing the voltage stability margin. 

 

 

CONCLUSION 

 

This paper discusses a comprehensive review on comparative study of different FACTS 

controllers used for the enhancement of voltage stability and improvement of voltage profile. 

The benefit of FACTS is also discussed. It is investigated that the FACTS controller is powerful 

to control network power flow in a very fast manner.  

This paper also presents a brief review of the influence of various FACTS devices using various 

optimizations and artificial intelligent techniques. The hybrid combination of some analytical 

methods & artificial intelligence techniques are also highlighted. The location and size of 

FACTS devices can be determined by some heuristic techniques while analytical methods are 

used for the voltage profile improvement. Under the contingency conditions, the conventional 

methods and artificial intelligent techniques are required for handling the complex problems in 

power system. The authors strongly believe that this paper will be helpful to the researchers. 
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