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ABSTRACT 

 This paper presents a comparative methodology to determine optimal location and 

best setting of Thyristor Controlled Series Compensator (TCSC).  Choosing the best place is 

performed using the sensitivity analysis and optimum setting of TCSC is managed using the 

firefly algorithm with compared to the genetic algorithm. The configuration of a typical 

TCSC from a steady-state perspective is the fixed capacitor with a thyristor controlled reactor 

(TCR). The effect of TCSC on the network can be modelled as a controllable reactance 

inserted in the related transmission line. The method has been successfully demonstrated on 

IEEE 14-bus system. Results show that the proposed methods are capable of finding the best 

location for TCSC installation. 

 

 KEYWORDS: Flexible alternative current transmission system (FACTS), Thyristor 

controlled series capacitor (TCSC), Congestion management, Voltage stability index, Genetic 

algorithm, Firefly algorithm.    

           

1. INTRODUCTION 

 In present days, with increasing in development of power networks, the economical 

operation of power system is more considered. Because of deregulation and restructuring of 

the electricity markets use of Flexible AC Transmission Systems (FACTS) devices is 

inevitable. The maximum capability of power systems can be exploited by means of FACTS 

devices. Nowadays, development of power electronics switches causes reduction in the cost 

of FACTS and therefore application of FACTS devices especially in distribution networks is 

more economical. Because of the economical considerations; installation of FACTS 

controller in all of the buses or the lines is impossible and unnecessary. There are several 

methods for finding optimal locations of FACTS devices in power systems [1-7]. 

       In [1], a sensitivity based method has been suggested to optimally locate the Thyristor 

Controlled Series Compensator (TCSC) and Unified Power Flow Controller (UPFC) for 

enhancing the system security under different operating conditions and at optimal settings of 
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FACTS parameters. The DC power flow equations have been employed for calculating the 

sensitivity indices. In [2] firefly algorithm (FA) based method is used to determine the 

optimal sitting of FACTS controller in power system. In [3], the genetic algorithm is used to 

seek the comparative location of multi-type FACTS devices in a power system. The 

optimizations are performed on three parameters: the location of the devices, their types, and 

their value. In [2], [3], that FA and GA, applied to the optimal location of FACTS device in 

order to enhance the system security. The objective function is based on indices quantifying 

the severity of the contingencies in terms of branch loading and voltage levels. In Voltage 

stability sensitivity index has been proposed to decide optimal location of FACTS controllers.  

In extended voltage phasors approach (EVPA) is proposed for placement of FACTS 

controllers in power systems within the voltage stability viewpoint. 

 In this paper a comparative method has been proposed to optimally locate TCSC in 

power systems. The suggested approach is composed of sensitivity analysis using the firefly 

algorithm and genetic algorithm. Finding the best place for TCSC is performed using the 

sensitivity analysis and sizing of TCSC is managed using the firefly algorithm. The IEEE 14- 

bus system has been applied to test the suggested algorithm. The rest of the paper is 

organized as follows. Section 2 presents the modeling of the TCSC adapted for this study. 

The search space in optimal placement of series capacitive compensators in real power 

systems is usually sizable. Use of the approaches like sensitivity analysis can reduce the 

search space. In Section 3 some sensitivity indices have been presented. In section 4 location 

of TCSC genetic algorithm. The best setting of TCSC is performed by firefly algorithm in 

Section 5. Finally numerical results along with some observations and discussions are 

presented in Section 6. 

2. TCSC MODELLING 

The IEEE defines the TCSC as a capacitive reactance compensator which consists of three 

main components: capacitor bank C, bypass inductor L and bidirectional thyristors SCR1 and 

SCR2. Series capacitive compensation has been used to increase line power transfer as well 

as to enhance system stability. Fig(1) shows the main circuit of a TCSC.  

                   The firing angles of the thyristors are controlled to adjust the TCSC reactance 

according to the system control algorithm, normally in response to some system parameter 

variations. According to the variation of the thyristor firing angle or conduction angle, this 

process can be modeled as a fast switch between corresponding reactance offered to the 

power system. Assuming that the total current passing through the TCSC is sinusoidal, the 
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equivalent reactance at the fundamental frequency can be represented as a variable reactance 

XTCSC. The TCSC can be controlled to work either in the capacitive or the inductive zones 

avoiding steady state resonance. There exists a steady state relationship between the firing 

angle α and the reactance XTCSC. This relationship can be described by the following 

equation. 

                    (α) =   

Where, 

    (α) =  

 α is the firing angle, XL is the reactance of the inductor and Xl is the effective reactance of 

the inductor at firing.. 

 

 
Fig 1: Configuration of a TCSC 

Angle. In this paper the TCSC is taken as continuous varying capacitor. The effective series 

transmission               impedance is given by 

  =(1-k).X 

Where k is the degree of series compensation 

  k=    0≤K≤10 

In some references a static Power Injection Model (PIM) of the TCSC has been presented. 

The injection model represents the TCSC as a device that injects certain amount of active and 

reactive power in a node. 

=v - [ +  )] 

   =- ( + )- [ )- )] 

   = - [ )- )] 

   =- ( + )+ [ + )] 

   Where 

    =  
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 3. SENSITIVITY ANALYSIS FOR OPTIMAL PLACEMENT OF TCSC 

             Many sensitivity performance indices have been proposed for the analysis of power 

systems. There are some sensitivity indices which have the most attraction for optimal 

placement of series compensators. 

 

 

Figure 2: Static model of line with TCSC. 

3.1. Sensitivity Analysis for Optimal Placement of TCSC 

Here we look at a method based on the sensitivity of the total system reactive power loss with 

respect to the control variable of the TCSC. For TCSC placed between buses i and j, we 

consider net line series reactance as a control parameter. Loss sensitivity with respect to 

control parameter of TCSC placed between buses i and j can be written as  

      =-2[ + -2 ]  

3.2Voltage stability index 

) 

The transmission system can be represented by using a hybrid representation, by the 

following set of equations 

=║1- ║ 

Where j=g+1… n and all the terms inside the sigma on the right hand side complex 

quantities. The complex values 

Of are obtained from the matrix of power system. 

 For a given operating condition 

=  
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Where ,  and , represent complex current and voltage vectors at the generator nodes and 

load 

Nodes �YGG�, �YGL�, �YLG�, �YLL��are corresponding partitioned portions of the 

matrix. 

This analysis will be carried out only for the load buses; hence the index obtained is for load 

buses only. For Stability  the index L must not be more than 1 for any of the nodes j. The 

global index for stability of the given power system is defined to be L= maximum of L j for 

all j (load buses). The index faraway from1and close to 0 indicate Voltage stability. The L 

index will give the scalar number to each load bus. Among the various indices for voltage 

Stability and voltage collapse prediction (i.e. far away from 1 and close to 1 or >1 

respectively), the L index will give more accurate results. In a L indices for given loads 

conditions are calculated for all load buses and the maximum of the L indices gives the 

proximity of the system to voltage collapse.  

 4. OPTIMAL SETTING OF TCSC USING THE GENETIC ALGORITHM 

        The genetic algorithm has been used to find the optimum location sizing of TCSCs. 

Genetic algorithms are based on the mechanisms of natural selection. The principles and de-

tails of the genetic algorithm have been presented in references. 

4.1. Objective Function 

The objective function has been made of the severity of the system loading by the following 

relationship:  

Minimize: 

                                        F=  

Where : Apparent power flow in line m. 

=The rated capacity of line-m. 

=The number of power system lines. 

The objective function F will be small when all the lines are within their limits and reach a 

high value when there are overloads. Thus, it provides a good measure of severity of the line 

overloads for given state of the power system. Most of the works on contingency selection 

algorithms utilize the second order performance indices, in general, suffer from masking 

effects. The lack of discrimination, in which the performance index for a case with many 

small violations may be comparable in value to the index for a case with one huge violation, 

is known as masking effect. By most of the operational standards, the system with one huge 
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violation is much more severe than that with many small violations. Masking effect to some 

extent can be avoided using higher order performance indices. 

4.2. Initial Population 

Some responses as chromosomes of initial population must be created for starting algorithm. 

The length of each chromosome (the number of genes formed a chromo-some) is the number 

of decimal places. In fact every gene is a number between 0 - 9 and each chromosome shows 

exact the degree of series compensation (k) for TCSC. 

4.3. Selection Operator 

The best solutions in the current population are selected by roulette wheel technique. 

4.4. Crossover Operator 

Two random chromosomes in the middle generation are selected. Then a random number (n) 

between 1 to the length of chromosome are selected and pairs of selected chromosomes from 

n-th gene to later are swapped to each other to produce new chromosomes.  

4.5. Mutation Operator 

To test each element for fitness and to avoid algorithm stopping at a local optimum some 

solutions are also randomly modified. Therefore a chromosome is selected randomly, then 

some of it genes are replaced with another random numbers 

5. OPTIMAL SETTING OF TCSC USING FIREFLY ALGORITHM 

The firefly algorithm has been used to find the optimum location in sizing of TCSCs. Firefly 

Algorithm is a met aheuristic, nature inspired optimization algorithm which is based on the 

social flashing behavior of fireflies. It is based on the swarm behavior such as fish, insects or 

bird schooling in nature. The principles and details of the firefly algorithm have been 

presented in many references. 

A. Attractiveness 

In the firefly algorithm, the form of attractiveness function of a firefly is given by the 

following monotonically 

Decreasing function: 

   Β(r) = exp (- ), m≥1 

                            Where, r is the distance between any two fireflies, 

 Is the initial attractiveness at r =0, and γ is an absorption coefficient which controls the 

decrease of the light Intensity. 
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B. Distance 

The distance between any two fireflies i and j at positions xi and xj respectively can be 

defined as: 

=║ - ║=  

Where,  is the  component of the spatial coordinate of the  firefly and d is the 

number of dimensions 

C. Movement 

The movement of a firefly i which is attracted by a more attractive i.e., brighter firefly j is 

given by: 

= + exp(- ) ( - )+α(rand ) 

Where the first term is the current position of a firefly, the second term is used for 

considering a Firefly’s Attractiveness to light intensity seen by adjacent fireflies and the third term is used 

for the random movement of a Firefly in case there are no brighter ones. The coefficient α is a randomization 

parameter determined by the Problem of interest, rand is a random number generator uniformly distributed in 

the space [0, 1]. 

  6. NUMERICAL RESULTS 

In these method IEEE 14-Bus system is using to determine the optimally locate the TCSC installation 

using genetic algorithm and Firefly algorithm. Finally best location is determined by using firefly algorithm. In 

a 14- bus without TCSC the voltages in per unit also compare the GA and FA with TCSC voltages in per unit in 

shown in table. By using firefly algorithm the optimally placement installing the voltage will be improved and 

losses will be decreased. 

Table1: Voltage magnitude of buses before and after placing TCSC 

Bus Voltages in p.u without TCSC Voltages in p.u with TCSC 

GA FA 

1 1.0600 1.0600 1.0600 
2 1.0050 1.0250 1.0250 
3 0.9600 1.0100 1.0100 
4 0.9379 0.9875 0.9897 
5 0.9436 0.9834 0.9847 
6 0.9700 1.0200 1.0200 
7 0.9499 0.9855 0.9865 
8 1.0000 1.0100 1.0100 
9 0.9189 0.9619 0.9628 

10 0.9605 0.9517 0.9525 
11 0.9185 0.9670 0.9674 
12 0.8645 0.9205 0.9206 
13 0.9114 0.9635 0.9637 
14 0.8768 0.9258 0.9265 

 

In a voltage stability index method is used to reduce the voltage level in the normal system 

when the without using TCSC voltages are unit level on the specified bus to maintain the 
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within the limits using TCSC. Bus voltage level before and after compensation process is 

shown in table. In spite of effective relief of congestion, it is clear that improvement of 

voltage stability is negligible and there is impermissible voltage drop at some of the buses. 

 

Table 2:Voltage stability values of load buses: 

VSI Load buses 
0.717 04 
0.723 05 
0.694 07 
1.000 09 
1.000 10 
0.486 11 
0.414 12 
0.422 13 
1.000 14 

 

In the table2: some sensitivity indices is voltage stability index is presented on system. In 

these system optimal placement TCSC are used between the load buses on 9,10and 14 bus is 

voltages are unit magnitude so we reduce the voltage levels finding location of TCSC to 

reduce losses by using optimal placement using firefly algorithm. 

7. CONCLUSION 

 In this paper two methods has proposed to the optimally locate TCSC on power system. 

finally compared to genetic algorithm. The suggested approach is composed of sensitivity 

analysis with genetic and firefly algorithm. First, the appropriate modeling of the TCSC has 

been presented. After introducing some sensitivity indices, sensitivity analysis approach has 

been utilized to find optimal placement of series compensators. in this process, a voltage 

stability index has been presented. Then the setting of TCSC has been defined by FA with 

compared to GA. The objective function has been made of the severity of the system loading. 

The result of load flow calculation before and after compensation process shows reduction of 

loading in congested lines. 

 

Table3:  Results of load flow calculation before and after compensation with TCSC: 

Parameter Without  TCSC With TCSC GA With TCSC FA 

Active power generation(MW) 380.28 381.51 377.81 

Reactive power 
generation(MVAr) 

164.75 154.75 153.15 

Activelosses(MW) 23.4922 23.6277 21.6277 
Reactivelosses(MVAr) 39.4089 34.8404 34.6798 
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