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Abstract— In recent years static VAR compensators like the STATCOM have been developed. These devices perform quite 

satisfactory & do the job of absorbing or generating reactive power with a faster time response and it comes under Flexible 

AC Transmission Systems (FACTS). This allows an increase in transfer of apparent power through a transmission line and 

much better stability by the adjustment of parameters i.e. current, voltage, phase angle. STATCTOM (Static Synchronous 

Compensator) devices are connected for reactive power compensation and better mitigation of transmission related problems 

in today’s world. In this project we study the operation of STATCOM. This system helps in the better utilization of a network 

operating under normal condition. The study of STATCOM, its principle of operation and improvement in voltage profile 

are carried out. In this project we are using STATCOM device for reactive power compensation. Application of STATCOM 

device to a 10 bus system and its effect on the voltage profile & angle of the buses along with three phase faults at various 

buses are seen. Characteristics of voltage profile and angle by using STATCOM and without using STATCOM are observed 

graphically. 
 

Keywords— STATCTOM (Static Synchronous Compensator), Flexible AC Transmission Systems (FACTS), Reactive Power 

I. INTRODUCTION 

To keep up control framework voltage stable voltage, dynamic power and responsive power are key parameter 

influenced by the blame on transmission line. For the utilization of blame on the transmission line framework key 

parameter ends up flimsy for long time even through the blame is disengaged which thus lessens framework 

strength. Henceforth to stay away from the security issue Static Synchronous Compensator STATCOM is utilized to 

enhance framework strength. In this venture framework dependability is watched for framework under the defective 

condition with and without STATCOM.  

Amid the previous two decades, the expansion in electrical vitality request, exhibited higher necessity from the 

businesses. More power plants, substations, and transmission lines should be developed. Nonetheless, the most 

usually utilized gadgets in show control matrix is the mechanically-controlled circuit breakers. The long exchanging 

periods and discrete task make it unfit to deal with, the as often as possible evolving loads. With a specific end goal 

to repay these downsides, vast operational edges and redundancies are kept up to shield the framework from 

dynamic variety and recoup from deficiencies. This not just builds the cost and brings down the proficiency, yet in 

addition expands the multifaceted nature of the framework and enlarges the trouble of activity and control. Serious 

power outages happened as of late in control matrices worldwide and these have uncovered that traditional 

transmission frameworks can't deal with the control prerequisites of the muddled interconnections and variable 

power stream. In this manner, venture is essential for the investigations into the security and dependability of the 

power lattice, and in addition the enhanced control plans of the transmission framework. Diverse methodologies, for 

example, responsive power pay and stage moving have been connected to build the dependability and the security of 

the power frameworks. The requests of lower control misfortunes, speedier reaction to framework parameter change 

and higher solidness of framework has fortified the improvement of the Flexible AC Transmission Systems 

(FACTS). In view of the accomplishment of research in control gadgets exchanging gadgets and propelled control 

innovation, FACTS has turned into the innovation of decision in voltage control, receptive/dynamic power stream 

control, transient and relentless state adjustment that enhances the activity and usefulness of existing force 
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transmission and conveyance framework. As of late, FACTS-based gadgets have been utilized for control stream 

control and for damping power framework motions. They can likewise be utilized to build transmission line limit 

and relentless state voltage direction gives transient voltage support to anticipate framework fall; and soggy power 

motions. The STATCOM is from the group of FACTS gadgets that can be utilized successfully in twist homesteads 

to give transient voltage support to anticipate framework crumple.  

Voltage solidness is progressively turning into a restricting component in the arranging and task of numerous power 

frameworks. With expanding framework stacking and open transmission get to control frameworks are more 

powerless against voltage precariousness. It presents aggravations and this may bring about a genuine outcome of a 

voltage fall as appeared by number of real rates all through the world. Voltage crumple has a tendency to happen 

from absence of responsive power bolster in intensely focused on conditions which are normally activated by 

framework issues. Voltage fall can be started because of little changes of framework condition (e.g. Load expanding) 

and also extensive unsettling influences (e.g. line blackout or age unit blackout). Under these conditions shunt 

FACTS gadgets, for example, SVC and STATCOM can enhance the framework security with quick and controlled 

infusion of receptive energy to the framework. Nonetheless, when the voltage fall is because of over the top load 

expanding FACTS gadgets can't keep the voltage crumple and just delay it until the point that they reach to their 

greatest cut off points. Under this circumstances the best way to keeping the voltage crumple is stack abridgement or 

load shedding. In this way, receptive power control utilizing FACTS gadgets is more successful in huge unsettling 

influences and possibilities ought to be considered in voltage solidness investigation. 

STATCOM is gadget which can control voltage size and to a little degree the stage point in a brief timeframe and 

hence can enhance the framework damping and in addition voltage profiles of the framework. It has been accounted 

for that STATCOM can offer various execution focal points for receptive power control applications. It has more 

prominent receptive current yield at discouraged voltage quicker reaction better control soundness bring down 

music and littler size and so on. 

II.LITERATURE REVIEW 

In 21st century voltage collapse is a major problem in power system which occurs due to the voltage instability. 

Research work is going on to find new concepts for minimizing voltage collapse by increasing voltage stability 

(Transient Steady State Stability) using MATLAB/SIMULINK software simulation is done to demonstrate the 

performance of the system by using STATCOM and its improve performance of shunt capacitor and STATCOM 

has been discussed. 

Laszlo Gyugyi gave the basic concept of STATCOM using voltage-source converter in April 1994. The basic 

operation of STATCOM and the functional control scheme to control the STATCOM used for both reactive and real 

power compensation are given. Study of multilevel topologies of STATCOM has been presented. STATCOM for 

the reactive power compensation of a long transmission line by regulating the voltage at its midpoint. It has been 

found that the plant transfer function is of the minimum phase type. Eigen value analysis using linearized model was 

carried out to design a compensator in cascade with an integral controller to overcome this problem. Design of a 

nonlinear controller for STATCOM based on the differential algebra theory is presented. 

The controller designed by this method allows linearizing the compensator and controlling directly the capacitor 

voltage and output reactive power of the STATCOM. Such a control enables to stabilize the compensation system 

and thus helps to improve largely the transient performance of the global system. The synchronizing and damping 

torque induced on the shaft of the generator by STATCOM in a single machine infinite bus (SMIB) system. It was 

found that the induced damping torque always decreases with the strengthening of the voltage control. Moreover a 

fixed parameter PI damping controller can be invalid or even provide the system with negative damping for certain 

system parameters and load conditions [1]. 

L Cong. in Nov 2002  gave a non-linear model of STATCOM installed in Power System and with help of robust 

control theory STATCOM controller is designed (based on the variation of structure the parameter uncertainties and 

interconnection between the generator and STATCOM. This non-linear controller was found to be effective over a 

wide range of operating conditions and ensures the co-ordinate operation of STATCOM and the generator excitation. 

STATCOM controller based on Hamiltonian control theory proposed by Q. J. Liu for multi machine power system 

stability enhancement and found by using this controller the non-linearity and interconnection of the overall system 

can easily be solved [4] [5]. 
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Amit K. Jain it was found in Jan 2005 and he observed that controller shows good transient response for step 

changes in load conductance and reference voltage as well as significant flicker mitigation. STATCOM instability 

analyzed and a new automatic gain controller proposed to ensure the stable operation of the STATCOM under 

various load conditions [6]. 

Hui. Li. designed a STATCOM controller based on superconductive Magnetic energy storage (SMES) in and 

simulation results In June 2005 it showed that fast response can be achieved in both DC (Direct Current) quantity 

and reactive power control [7]. 

Salman Mohaghegi designed a Neuro fuzzy external STATCOM controller for 12 bus benchmark power systems in 

2007 and it was found that the proposed neuro fuzzy external controller is more effective for damping the speed 

deviations of the generators near to STATCOM. Li-Wang proposed a damping controller of the STATCOM using 

model control theory to contribute effective damping characteristics to the studied system under different operating 

conditions in and it was found that STATCOM controller joined with the designed PID damping controller is 

capable of improving performance of studied system [8] [9] [10] [11]. 

 

III. PROPOSED WORK 

3.1. Power System Stability 
At any point of time a power system operating condition should be stable meeting various operational criteria and it 

should also be secure in the events. In today’s power systems are being operated closer to their stability limits due to 

economic and environmental constraints. Maintaining a stable and secure operation of a power system is therefore a 

very important and challenging issue. Voltage instability has been given much attention by power system 

researchers and planners in recent years and is being regarded as one of the major sources of power system 

insecurity. Voltage instability phenomena are the ones in which the receiving end voltage decreases well below its 

normal value and does not come back even after setting restoring mechanisms. By using STATCOM it’s improve 

the voltage stability and continues to oscillate for lack of damping against the disturbances and remove the transients. 

Voltage collapse is the process by which the voltage falls to a low unacceptable value as a result of an avalanche of 

events accompanying voltage instability. Once associated with weak systems and long lines voltage problems are 

now also a source of concern in highly developed networks as a result of heavier loading.  

Simulation results on test power systems are presented to illustrate the problem of voltage stability and the 

conventional methods to analysis the problem. Voltage stability is problem in power system which is heavy loaded, 

faulted or has shortage of reactive power. The nature of voltage stability can be analysed by examining the 

production, transmission and consumption of reactive power.  

Voltage stability concerns the whole power system although it usually has large involvement in one critical area of 

the power system. Power system stability is defined as characteristics for a power system to remain in state of 

equilibrium at normal operating condition and to restore an acceptable state of equilibrium after disturbance. 

Traditionally the stability problem has been the rotor angle stability i.e. maintaining synchronous operation. 

Instability may also occur without loss of synchronism in which case concern is the control and stability of voltage. 

Define voltage stability as follows:  

“The voltage stability is the ability of power system maintain steady acceptable voltages at all buses in the system 

abnormal operating conditions and after being subjected to disturbances”. Power system voltage is stable if voltages 

after a disturbance are close to voltages at normal operating condition. A power system become unstable when 

voltages uncontrollably decrease due to outage of equipment (generator, line, transformer, bus bar etc.) increment of 

load decrement of production and weakening of voltage control.    

Transfer of reactive power is difficult due to high reactive power losses which are why the reactive power required 

for voltage control is produced and consumed at the control area. Voltage collapse studies are of growing 

importance for the design and operation of power systems. The main function of shunt reactive power compensation 

is for voltage support to avoid voltage collapse. Then voltage stability is a very important Consideration when the 

location and size of new VAR sources need to be determined during VAR planning. Many analytical methodologies 

have been proposed and are currently used for the study of this problem. FACTS based equipment provides proven 

technical solutions to voltage stability problems. Especially due to the increasing need for fast response for power 

quality and voltage stability the shunt dynamic VAR compensators such as Static VAR Compensators (SVC) and 

Static Synchronous Compensators (STATCOM) have become feasible alternatives to a fixed reactive source and 

International Journal of Scientific Research and Review

Volume 7, Issue 4, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/252



therefore have received intensive interests. STATCOM is found to be more effective than SVC to ensure voltage 

stability and security at the same time it is also capable to considerably reduce reactive power line loss. 

 

3.2. Reactive Power  
Reactive power is the power that supplies the stored energy in reactive elements. It consists of two components 

active and reactive power the total sum of active and reactive power is called as apparent power. 

In AC circuit’s energy is stored temporarily in inductive and capacitive elements which results in the periodic 

reversal of the direction of flow of energy between the source and the load. The average power after the completion 

of one whole cycle of the AC waveform is the real power and this is the usable energy of the system and is used to 

do work whereas the portion of power flow which is temporarily stored in the form of magnetic or electric fields and 

flows back and forth in the transmission line due to inductive and capacitive network elements is known as reactive 

power. This is the unused power which the system has to incur in order to transmit power. 

Inductors (reactors) are said to store or absorb reactive power because they store energy in the form of a magnetic 

field. Therefore, when a voltage is initially applied across a coil a magnetic field builds up and the current reaches 

the full value after a certain period of time. This in turn causes the current to lag the voltage in phase. Capacitors are 

said to generate reactive power because they store energy in the form of an electric field. Therefore when current 

passes through the capacitor a charge is built up to produce the full voltage difference over a certain period of time. 

Thus in an AC network the voltage across the capacitor is always charging. Since, the capacitor tends to oppose this 

change; it causes the voltage to lag behind current in phase in an inductive circuit we know the instantaneous power 

to be 

 

P  =V max I max cos tω . )cos( tω                           (1) 

 

P = t
IV

t
IV

ωθωθ 2sinsin
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The instantaneous reactive power is given by: 

    

θsin
2

max'max' IV
P =  ωθ2sin                   (3) 

Where, 

 P  = instantaneous power. 

V max = Peak value of the voltage waveform. 

I max = Peak value of the current waveform. 

ω  = Angular frequency  

     = fπ2 where f is the frequency of the waveform. 

 t  = Time period. 

 θ  = Angle by which the current lags the voltage in phase 

       From here we can conclude that the instantaneous reactive power pulsates at twice the system frequency and 

its average value is zero and the maximum instantaneous reactive power is given by,  

 

=Q IV θsin                                              (4) 

 

The zero average does not necessarily mean that no energy is flowing but the actual amount that is flowing for half a 

cycle in one direction is coming back in the next half cycle. 

 

3.3. Flexible AC Transmission System Controllers  
The electricity supply industry is undergoing a profound transformation worldwide. Market forces scarcer natural 

resources and an ever-increasing demand for electricity are some of the drivers responsible for such change. Against 

this background of rapid evolution the expansion programs of many utilities are being thwarted by a variety of well-

founded environment land-use and regulatory pressures that prevent the licensing and building of new transmission 
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lines and electricity generating plants. The ability of the transmission system to transmit power becomes impaired 

by one or more of the following steady state and dynamic limitations. 

i. Angular stability 

ii. Voltage magnitude 

iii. Thermal limits 

iv. Transient stability 

v. Dynamic stability  

These limits define the maximum electrical power to be transmitted without causing damage to transmission lines 

and electrical equipment. In principle limitations on power transfer can always be relieved by the addition of new 

transmission lines and generation facilities. Alternatively flexible alternating current transmission system (FACTS) 

controllers can enable the same objectives to be met with no major alterations to power system layout. FACTS are 

alternating current transmission systems incorporating power electronic-based and other static controllers to enhance 

controllability and increase power transfer capability. The FACTS concept is based on the substantial incorporation 

of power electronic devices and methods into the high-voltage side of the network to make it electronically 

controllable. FACTS controllers aim at increasing the control of power flows in the high-voltage side of the network 

during both steady state and transient conditions. Owing to many economical and technical benefits it promised 

FACTS received the support of electrical equipment manufacturer’s utilities and research organizations around the 

world.  

This interest has led to significant technological developments of FACTS controllers several kinds of FACTS 

controllers have been commissioned in various parts of the world. The most popular are load tap changers Phase-

angle regulators static VAR compensators thyristor controlled series compensators interphase power controllers 

static compensators and unified power flow controllers. 

 

3.4. Static Synchronous Compensator (STATCOM) 
The Static Synchronous Compensator (STATCOM) is shunt connected reactive compensation equipment which is 

capable of generating and/or absorbing reactive power whose output can be varied so as to maintain control of 

specific parameters of the electric power system. The STATCOM provides operating characteristics similar to a 

rotating synchronous compensator without the mechanical inertia due to the STATCOM employ solid state power 

switching devices it provides rapid controllability of the three phase voltages both in magnitude and phase angle. 

The STATCOM basically consists of a step-down transformer with a leakage-reactance a three-phase GTO/IGBT 

voltage source inverter (VSI) and a DC capacitor. The AC voltage difference across the leakage reactance produces 

reactive power exchange between the STATCOM and the power system such that the AC voltage at the bus bar can 

be regulated to improve the voltage profile of the power system which is the primary duty of the STATCOM. 

However a secondary damping function can be added into the STATCOM for enhancing power system oscillation 

stability the principle of STATCOM operation is as follows.  

The VSI generates a controllable AC voltage source behind the leakage reactance. This voltage is compared with the 

AC bus voltage system when the AC bus voltage magnitude is above that of the VSI voltage magnitude the AC 

system sees the STATCOM as an inductance connected to its terminals otherwise if the VSI voltage magnitude is 

above that of the AC bus voltage magnitude the AC system sees the STATCOM as a capacitance connected to its 

terminals. If the voltage magnitudes are equal the reactive power exchange is zero if the STATCOM has a DC 

source or energy storage device on its DC side it can supply real power to the power system. This can be achieved 

adjusting the phase angle of the STATCOM terminals and the phase angle of the AC power system. When the phase 

angle of the AC power system leads the VSI   phase angle the STATCOM absorbs real power from the AC system if 

the phase angle of the AC power system lags the VSI phase angle, the STATCOM supplies real power to AC system.  
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Figure 3.1 Single Line Diagram of STATCOM 

 

The voltage source-converter or inverter (VSC or VSI) is the building block of a STATCOM and other FACTS 

devices. A very simple inverter produces a square voltage waveform as it switches the direct voltage source on and 

off. The basic objective of a VSI is to produce a sinusoidal AC voltage with minimal harmonic distortion from a DC 

voltage. In the last decade commercial availability of Gate Turn- Off Thyristor (GTO) devices with high power 

handling capability and the advancement of other types of power-semiconductor devices such as IGBT’s have led to 

the development of controllable reactive power sources utilizing electronic switching converter technology These 

technologies additionally offer considerable advantages over the existing ones in terms of space reductions and 

performance.  

The GTO Thyristor enables the design of solid-state shunt reactive compensation equipment based upon switching 

converter technology. This concept was used to create a flexible shunt reactive compensation device named Static 

Synchronous Compensator (STATCOM) due to similar operating characteristics to that of a synchronous 

compensator but without the mechanical inertia. 

 

IV. EXPERIMENTAL RESULT 

MATLAB/SIMULINK model of static synchronous condenser (STATCOM) is shown in Fig. 4.1 in this model the 

static synchronous condenser (STATCOM) is not considered yet and in Fig. 4.2 static synchronous condenser 

(STATCOM) is considered for better understanding the effect of static synchronous condenser (STATCOM) on 

power system the results of voltage real power and reactive power by considering the various faults are presented in 

following blocks with their waveform. After obtaining initial results without static synchronous condenser 

(STATCOM) the three case studies are presented and analyzed to investigate the effect of static synchronous 

condenser (STATCOM) location. In this project the following faults are considered for obtain the results of voltage 

real power and reactive power. 

 

i. Line to ground fault (LG) 

ii. Double line to ground fault (LLG) 

iii. Triple line to ground fault (LLLG) 
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Simulink Model without Using STATCOM 

 

 
 

Figure. 4.1 Test power system model in SIMULINK without STATCOM 

 

 

Simulink Model by Using STATCOM 

 

 
Figure. 4.2 Test power system model in SIMULINK with STATCOM 
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Block Parameters of Line to Ground Fault 

 

 
 

Figure. 4.3 Parameters of line to ground fault between Phase A and Ground 

 

This fault is occurring on transient times of 1/60 and 5/60 and having the ground resistance of 0.001 and fault 

resistance of 0.001. By using this block to program a fault is create between any phase and ground. 

 

Waveforms for with and without using STATCOM 

 

 
 

Figure. 4.4 Waveforms show the voltage, active power and reactive power with STATCOM and without 

STATCOM 

 

The above waveforms show the voltage active power and reactive power with STATCOM and without STATCOM. 

It is found that voltage without STATCOM has some amount of variation and the system is unstable for long time 

period as compare to that of system with STATCOM. After STATCOM is installed in the system the voltage is 
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found to be stable and system stability is improved. Similarly reactive power is also found to be improved with the 

help of STATCOM. There is no effect on active power. 

 

Block Parameters of Faults Double Line to Ground Fault. 

 

 
 

Figure. 4.5 Parameters of double line to ground fault between Phase A, Phase B and Ground 

 

This fault is occurring on transient times of 1/60 and 5/60 and having the ground resistance of 0.001 and fault 

resistance of 0.001. By using this block to program a fault is create between any phase and ground. 

 

Waveforms for with and without STATCOM having Double Line to Ground Fault 

  

 
 

Figure. 4.6 Waveforms shows the voltage, active power and reactive power with STATCOM and without 

STATCOM having double line to ground fault. 
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The above waveforms show the voltage active power and reactive power with STATCOM and without STATCOM 

having double line to ground fault. It is found that voltage without STATCOM has some amount of variation and 

the system is unstable. After STATCOM is installed in the system the voltage is found to be stable and system 

stability is improved. Similarly reactive power is also found to be improved with the help of STATCOM. There is 

also improvement in active power. 

 

Block Parameters of   Triple Line to Ground Fault.  

 

 
 

Figure.  4.7 Parameters of triple line to ground fault between Phase A, Phase B, Phase C and Ground. 

 

Here shows the triple line to ground fault between Phase A, Phase B, Phase C and Ground. This fault is occurring on 

transient times of 1/60 and 5/60 and having the ground resistance of 0.001 and fault resistance of 0.001 by using this 

block to program a fault is create between any phase and ground. 

 

Waveforms for with and without STATCOM having Tripple Line to Ground fault. 

 

 
 

Figure. 4.8 Waveforms of voltage, active power and reactive power with STATCOM and without STATCOM 

having tripple line to ground fault. 
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The above waveforms show the voltage, active power and reactive power with STATCOM and without STATCOM 

having tipple line to ground fault. It is found that voltage without STATCOM has very much amount of variation 

and the system is unstable. After STATCOM is installed in the system the voltage is found to be stable and system 

stability is improved. Similarly reactive power without STATCOM has more amount of distortion but with 

STATCOM it is found to be improved. There is also improvement in active power. 

 

The Transmission line, RLC load, Line parameters, Transformer rating and Machine data for the 10 bus system 

describedas follows. 

 

Three phase RLC Load 

Nominal phase to phase voltage =5000 nV )( rmsV  

Active power p (w) =2000 

Inductive Reactive power QL-0 

Capacitive Reactive power QL-0 

 

Distributed Line Parameter L1 = 65 km double circuit 
Line Length =65 km 

No. of phases = 6 

Frequency = 60 Hz 

 

Sr. No. Resistances pu length Inductance pu length Capacitances pu length 

1. 

2. 

3. 

0.068 ohms/km 

0.284 m 

0.216 m 

1.31 H/km  

4.02 m 

2.43 m 

8.85 F/km 

6.21 m 

-1.88 m 

 

Distributed Line Parameter L2 & L3 = 50 km 

Line Length =50 km 

No. of phases = 3 

 

 

 

 

 

Transformer 1,2 Ratings 
Base MVA =1000, 13.8 /230kV 

Nominal Power = 1000 AV  

Magnetization Resistance = Rm (pu)= 500 

Magnetization Inductance = Lm (pu) = 500 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. No. Resistances pu length Inductance pu length Capacitances pu length 

1. 

2. 

0.01273 ohms/km 

0.3864 m 

0.9337 H/km  

4.12 m 

12.74 F/km 

7.751m 

Sr. No Units Winding 1 

Parameter 

Units Winding 2  

Parameter 

1. 

2. 

3. 

1V  ph-ph )( rmsV  

1R  (pu) 

1L  (pu) 

13.8 

0.002 

0.0 

2V  ph-ph 

)( rmsV  

2R  (pu) 

2L (pu) 

2.30 

0.002 

0.12 
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Machine Data 

Nominal Power = 1000 AV  

Line to line Voltage = 13880
nV )( rmsV  

Machine Constant = M1 = 0.5 

Machine Constant = M2 = 0.833 

Stator Reactance’s = 2.8544 

 

Sr. No Synchronous Reactance’s Time Constant 

1 

2 

3 

4 

5 

Xd = 1.305 

Xd’ = 0.296 

Xd” = 0.252 

Xq = 0.474 

Xq” = 0.243 

Td’ = 0.185 

Td” = 0.025 

Tq” = 0.025 

. 

V. CONCLUSION AND FUTURE SCOPE 

In the above project systems key parameters such as voltage active and reactive power are observed for system 

under faulty condition with and without STATCOM on MATLAB Simulink. The BUS-1 voltage active and reactive 

power is observed from the observational analysis it is concluded that for the various shunt and series fault systems 

key parameter becomes unstable. They are unstable for long time period in power system without STATCOM and 

hence system stability is poor. While for the system with STATCOM system parameter becomes stable in small 

time period and hence the stability is improved. The study of the basic principles of the STATCOM is carried out as 

well as the basics of reactive power compensation by using STATCOM. The bus system shows improved plots and 

the thus we can observe that the addition of a STATCOM controls the output of a bus in a improvement manner. 

Further work on STATCOM can be aimed at improving the speed of response implementing improved inverter 

techniques trying out more improved compensation techniques and the like. Some possible things that can be done 

are listed here changes can be brought about in the implementation of the controller so as to speed up the response 

time. The system may be model as a second order system and the responses can be studied. The inverter topology 

may also be changed. Thus, STATCOM is an area where there is a wider scope for further studies 
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