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Abstract: The economical perspective of Flexible AC Transmission System (FACTS) installation and performance has 

been a crucial issue since inception and increasing every day due to strategic, technical and market constraints. The 

optimization of these issues plays an important role in the success of any utility and ultimately low cost availability of 

power at the user end. This paper presents the optimal location of Thyristor Controlled Series Capacitor (TCSC) in 

power system to minimize the transmission loss using Particle Swarm Optimization technique. The simulations are 

performed on the IEEE-14 bus system, IEEE 30 bus system and Indian 75 bus system with Newton Raphson load flow 

algorithm including TCSC. 
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I. INTRODUCTION 
 

Current power systems, which are growing in dimension 

and complexity, are characterized by long distance bulk 

power transmissions and wide area interconnections. In 

the day by day operation of modern power system the 

most important thing is to supply steady and reliable 

power along with the minimum transmission loss and to 

take care of the load demand. The term stable and reliable 

is an indication of keeping up the voltage profile within an 

acceptable limit. This is a common objective for all 

utilities to minimize of power losses and maximize the 

quality and quantity of the power. For transmission of the 

maximum quantity of power either the existing 

transmission lines must be utilized more efficiently, or 

new lines should be added to the system.  Therefore, it is 

unavoidable to employing new techniques and erecting 

new transmission lines. On the other hand, erecting new 

transmission lines is not economical and environmental 

issues must be considered. One of the solutions to this 

problem is the utilization of the current transmission lines 

more effectively with the use of FACTS devices. FACTS 

devices are solid state converters which have the ability of 

controlling various electrical parameters in transmission 

circuits. FACTS devices are one of the most common 

devices used in the transmission line [1]. FACTS devices 

can be broadly classified into two groups based on their 

distinct operation and performance characteristics. The 

first group of FACTS devices has produced the SVC, 

TCSC, and TCPS. The second group has resulted in the 

STATCOM, SSSC, UPFC and IPFC [2]. 
 

In [3] Genetic Algorithms (GA) is presented for the 

optimal location and optimal value of TCSC to improve 

Total transfer Capability (TTC). The algorithm is tested on 

the 4-bus test systems and it is found that result of GA 

method is better as compared with Repetitive Power Flow 

(RPF) method. The Differential Evolution (DE) to  

 
 

determine the optimal location, number and parameter 

setting of TCSC to enhance the loading capacity of the 

system and minimize the investment cost of the IEEE-6 

bus and the IEEE-14 bus power system has been proposed 

by Rashed et al. [4]. To alleviate security in an IEEE-6 bus 

and IEEE-30 bus system using Differential Evolution and 

Genetic Algorithm to find the optimal location of TCSC is 

reported in [5]. Result show that DE is better than GA. 

Banu and Devaraj [6] investigate the optimal location of 

TCSC is using Genetic Algorithms to solve the optimal 

power flow problem and it is verified on IEEE-30 bus 

system. GA method with TCSC shows its effectiveness to 

increase the security margin for overload line 

minimization. Nguyen and Yousefi [7] proposed a Non-

dominated Sorting Genetic Algorithm-II [NSGA-II], to 

discover the optimal location and size of TCSC. It is 

examined and tested on the modified IEEE 30- bus 

system. In [8] Sidhartha Panda presents an approach for 

the improvement of power system stability through the 

modelling, simulation and optimal setting of parameters of 

a thyristor controlled series compensator (TCSC) 

controller. For the searching of optimal controller 

parameters Differential Evolution is used. In [10] 

Differential Evolution (DE) and Genetic Algorithm is 

presented for the optimal allocation of TCSC for the 

simulation of the IEEE 5 bus and IEEE 24 bus RTS 

system using MATPOWER. It is shown that the results 

obtained from Differential Evolution are better compared 

to Genetic Algorithm. In [12], a PSO technique has been 

developed for enhancing the loadability, minimization the 

TCSC device cost and active power losses of the Java-Bali 

24-Bus Indonesian system.  
 

Minimization of loss is very important because it can lead 

to more economic operation of power system. The power 

can be consumed more efficiently if losses are to be 
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minimized as possible. In this paper an objective function 

is formulated to find the optimal location and size of 

TCSC device using Particle Swarm Optimization for 

minimizing the transmission loss and improving the 

voltage profile, subjected to various equality and 

inequality constraints of the power system.  
 

II.  MODELING OF TCSC 
 

TCSC is defined as “A capacitive reactance compensator 

which is made up of a series capacitor bank, parallel with 

an inductor which is thyristor controlled and shunted by 

the series capacitor”. Thyristor Controlled Series 

Capacitor (TCSC) provides a powerful means of 

increasing and controlling power transfer level of a 

transmission line by varying the apparent impedance of 

the same transmission line. As an important component for 

transmission system losses and voltage control, it is 

usually installed on the line where the tap - setting 

transformer is not connected. The modelling of TCSC as a 

controllable reactance XTCSC is shown in Fig. 1. 
 

If

Vf Vt

It

XTCSC Xft

 
 

Fig. 1- The Variable reactance model of TCSC 
 

The total reactance of the transmission line can be 

expressed mathematically as: 
 

 
l in e T C S C ft

X X X                                                        (1) 

 

Where, 

 
f t

X  = Reactance of a transmission line between bus „f‟ 

and „t‟.  
T C S C

X = Reactance of the TCSC 

l in e
X  = Total reactance of line after placing the TCSC. 

The reactance of the TCSC in term of degree of 

compensation of the line „a‟ is expressed as  

 
T C S C lin e

X a X                     (2) 
 

Eq. (1) is modified as 
 

 
l in e f t f t

X a X X                       (3) 

( 1)
l in e f t

X a X                      (4) 

 

III. OBJECTIVE FUNCTION 
 

Power flow is an important tool of electric power system. 

A multi-objective function is executed utilizing Newton 

Raphson power flow to discover an answer comprising of 

both the location and size of TCSC that minimizes the 

aggregate power loss and keep up the voltage profile at all 

buses, described as follows 
 

A. Minimize the Active Power Loss-Transmission losses 

in the network constitute economic loss providing no 

benefits. The magnitude of these losses needs to the 

accurately estimated and practical steps taken to minimize 

them. The total real power loss in an electric power system 

is expressed mathematically as, 
 

2 2

lo ss k j

1

 m in  = [ 2 co s (δ  - δ )]

n lin e

1 k j k j k j

k

j i

f P G V V V V





  
    (5) 

Where, 

nline= total number of transmission lines,  

Gkj = conductance between the bus „k‟ and „j‟ 

Vk = voltage of the bus „k‟ 

Vj = voltage of the bus „j‟ 

δk = angles of  bus „k‟  

δj = angles of  bus „j‟ 
 

B. Voltage Profile Improvement-The second objective is 

formulated as the minimization of the voltage deviation 

given as 

2

1

m in

n k

ir e f i

i

f V V



              (6) 

 

Where Vi is the voltage magnitude at bus „i‟, Viref is the 

reference value of the voltage of bus „i‟ and „nk‟ is the 

number of load buses. 
 

C. Minimize the Installation Cost-The total TCSC cost 

in US$/ KVAr is given as  
 

2
C =  0 .0 0 0 3 S  - 0 .3 0 5 1 S  +  1 2 7 .3 8  

T C S C T C S C T C S C
     (7) 

 

Where 

CTCSC= the cost of TCSC devices in [US$/ KVAr] 

STCSC= Operating range of TCSC  

The expense of establishing of TCSC devices has been 

numerically formulated and given by the accompanying 

mathematical statement  
 

 
3 T C S C

T C S C

m in  =  IC  =   C ×  S ×  1 0 0 0  
 T C SC

f             (8) 

Where,  

ICTCSC=the installation cost of TCSC in [US$]. 
 

The multi objective optimization problem with 

mathematical statement (5, 6 and 8) is change over into a 

single objective optimization problem with the fitness 

function expressed as   
 

J= h1f1+ h2f2 + h3f3       (9) 
 

Where h1, h2 and h3 are the scaling factor selected between 

0 and 1.  

The eq. (9) is subjected to the following equality and 

inequality constraints                                    
 

Equality constraints: 

The real and reactive power balance equations for n-bus 

power system is  
 

G D c

i i i
P -P =  P          (10) 

G D c

i i i
Q -Q =  Q       (11) 

 

Where, 
G

i
P  = real power generation at the bus „i‟ 

D

i
P  =  real power demand at the bus „i‟ 

G

i
Q  = reactive power generation at the bus „i‟ 

D

i
Q   = reactive power demand at the bus „i‟ 
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c

i
P  And 

c

i
Q are the calculated real power and reactive 

power at the bus „i‟ 
 

Inequality constraints: Real power generation, reactive 

power generation, voltage limit, tap setting transformer 

limit and TCSC reactance limit considered as inequality 

constraints. 
 

IV. IMPLEMENTATION OF PSO FOR THE 

OPTIMAL PLACEMENT OF TCSC 
 

Particle swarm optimization (PSO) is an optimization 

method that gives the optimal solution for the given 

problem. It is a kind of algorithm utilized to discover the 

best solution by simulating the movement and flocking of 

birds. The algorithm works by initializing a flock of birds 

randomly over the searching space, where each bird is 

called a „particle‟.  These „particles‟ move in the search 

space with a certain velocity and find the best global 

position after some cycle. When a particle is moving 

through the search space, it compares its fitness value at 

the current position to the best fitness value it has ever 

reached at any cycle up to the current cycle. The best 

position that is associated with each individual particle is 

called pbest. The best position of the group achieved so far 

is called gbest. 
 

This section presents the step by step implementation of 

the proposed algorithms to the objective function 

described by eq. (9) 

Step-I: - Enter the line data, bus data, shunt data and 

generator data.  

Step-II: - Set the location and sizing of single TCSC as 

particles. 

Step-III: - Read the line data, bus data, shunt data and 

generator data.  Run the load flow and determine voltage 

for all the buses. 

Step-IV: - Evaluate Transmission losses before TCSC is 

placed. 

Step-V: - Initialization of PSO parameter as per Table-1 

Step-VI: - Generate the particle position randomly. 

Step-VII: - Generate the particle velocity randomly.                            

Step-VIII: - Run the load flows by placing a particle „i‟ at 

the buses. 

Step-IX: - Evaluate the fitness function. 

Step-X: - Determine pbest value and then identify gbest 

value. 

Step-XI:-Update the velocities and position of particle. 
 

Vi
k+1 = wVi

k + c1rand1 ∗  pbesti
k − xi

k + c2rand2 ∗  pbesti
k − xi

k (10) 
 

k + 1 k k + 1

i i i
x  =  x  +  V                                  (11) 

 

Where, 

w= Weighting factor 

c1= Cognitive constant 

c2= Social acceleration constant 

rand1= Uniformly distributed random numbers between 

(0, 1) 

rand2= Uniformly distributed random numbers between 

(0, 1) 

xi
k= Current position of the particle „i‟ at the iteration k 

Vi
k= Constant velocity of the particle „i‟ at iteration k 

xi
k+1= Current position of particle „i‟ at the iteration k+1 

Vi
k+1= Current velocity of particle „i‟ at the iteration k+1 

Step-XII: - Update the pbest and gbest value. 

Step-XIII: -If maximum iteration number is reached, then 

go to next step else go to step II. 

Step-XIV:-Evaluate transmission losses after TCSC is 

placed. 

Step-XV: - Stop 
 

The flow chart of the PSO algorithms with optimal 

location and sizing of TCSC is given in Fig. 2. 
 

Start

Initialize the position and size of SVC as a particle

Read the line data, bus data, load data, and generator data

Initialization of PSO parameter, maximum iteration

Update the line data and run the  Newton Raphson Power Flow 

Algorithm for each particle

Compute the fitness function for each Partical

Updte gbest and pbest 

Is iteration<Max.Iteration

Print Result

Stop

Update the  

particle

Iteration = 

1+iteration

Yes

No

 
 

Fig. 2- Flow Chart of PSO Algorithm with TCSC 
 

V. TEST RESULTS AND DISCUSSION 
 

The simulation is performed on an IEEE 14 bus system 

[9], IEEE 30 bus system [9] and UPSEB 75 bus [11] 

system using MATLAB.  The parameter value of the PSO 

is listed in Table 1. 
 

Table 1-Parameter values for PSO 
 

PSO Parameter 

Parameter Value 

Number of iterations 35 

Number of design variable 2 

Population size 20 

Inertial Weight, w 0.88 to 0.38 

Constant, C1 2 

Constant, C2 2 

rand1 0 to 1 

rand2 0 to 1 
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The real power loss with TCSC and without TCSC is 

given in Table 2. The real power loss without TCSC for 

test systems 1, 2 and 3 are 11.165 MW, 6.8212 MW and 

224.3341 MW respectively. From the Table 2 it is 

observed that with TCSC using PSO for test systems 1, 2 

and 3 the real power losses are 7.8779 MW, 4.7883 MW 

and 168.4428 MW respectively.  
 

Table-2 Real power Transmission loss in MW with TCSC 

using PSO 
 

S.N. Bus System Without TCSC With TCSC 

1 

IEEE-14 Bus 

System 
11.165 7.8779 

2 

IEEE-30 Bus 

System 
6.8212 4.7883 

3 

UPSEB-75 Bus 

System 
224.3341 168.4428 

 

The real power loss in the test system 1, 2 and 3 with 35 

iterations are shown in Fig. 3, Fig.4 and Fig. 5.  From the 

figures it is evident that with the iterations, the loss is 

reduced. 
 

The optimal location, rating and installation cost of TCSC 

obtained from PSO is presented in Table 3. From the table 

3 it is visible that if single TCSC with capacitive reactance 

of 0.178 p.u. is installed in line 9, for the test systems 1 the 

active power losses are decreasing. Also, if capacitive 

reactance of 0.148 p.u. and 0.067 p.u. is located in line 

number 6 and 48 for the test systems 2 and 3 respectively, 

the active power losses are decreased. The installation cost 

of the TCSC with PSO for the test system 1, 2 and 3 is 

27457 US$, 22795 US$ and 10304 US$ respectively.  
 

 
 

Fig.3-Real power transmission loss of IEEE 14 Bus 

system with PSO 
 

 
 

Fig.4-Real power transmission loss of IEEE 30 Bus 

system with PSO 

This result shows that power transfer capacity of the test 

systems 1, 2 and 3 is also increased. 
 

 
 

Fig.5-Real power transmission loss of UPSEB 75 Bus 

system with PSO 
 

Table-3 Optimal Location and Sizing of TCSC with PSO 
 

S.N. 
Bus 

System 
a 

XTCSC 

(pu) 

IC  

(US$) 

Line 

Number 

1 TS-1 -0.8 -0.1784 27457 9 

2 TS-2 -0.8 -0.1482 22795 6 

3 TS-3 -0.8 -0.067 10304 48 
 

The real power line losses and reactive power line losses 

without TCSC and with TCSC for the test system 1 are 

given in Table 4. It is observed from the Table 4 that after 

position of TCSC in the line, the line losses are decreased.   
 

Table-4 Line Losses of the line in MW with PSO 
 

S.N 
From 

Bus 

To 

Bus 

Real Power Line 

Losses 

Reactive Power 

Line Losses 

Without 

TCSC 

With 

TCSC 

Without 

TCSC 

With 

TCSC 

1 8 3 0 0 1.98294 1.829 

2 9 6 0 0 0.8021 0.778 

3 9 7 0 0 1.08253 1.024 

4 1 8 2.015996 1.604 5.4772 4.235 

5 2 8 0.618528 0.333 0.09396 -0.567 

6 4 9 0.579853 0.005 -0.2926 -1.689 

7 9 8 0.451873 0.244 0.76912 0.289 

8 1 2 3.243583 3.771 6.99502 8.101 

9 2 4 2.14406 0.409 6.7228 1.068 

10 6 5 0 0 0.87675 0.967 

11 2 9 1.243804 0.661 1.81189 0.506 

12 6 7 0 0 1.17338 1.15 

13 7 10 0.010945 0.01 0.02907 0.027 

14 3 11 0.156103 0.155 0.3269 0.329 

15 3 12 0.092391 0.089 0.19229 0.186 

16 3 13 0.303495 0.292 0.59768 0.579 

17 7 14 0.061237 0.064 0.13026 0.131 

18 10 11 0.069418 0.071 0.1625 0.169 

19 12 13 0.014901 0.015 0.01348 0.013 

20 13 14 0.158736 0.154 0.32319 0.319 
 

The bus voltage for the test system 1, 2 and 3 with TCSC 

using PSO is shown in Fig. 6, Fig. 7 and Fig. 8 

respectively. From the figures it is observed that, after 

placement of TCSC the voltage of all the load buses is 

enhanced.  
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Fig.6- Bus Voltage of IEEE-14 Bus system with TCSC 

using PSO 
 

 
 

Fig.7- Bus Voltage of IEEE 30 Bus system with TCSC 

using PSO 
 

 
 

Fig.8- Bus Voltage of UPSEB 75 Bus system with TCSC 

using PSO 
 

VI. CONCLUSION 
 

This work proposes the optimal location of single TCSC 

using particle swarm optimization technique. The 

algorithms find the optimal location of single TCSC 

between the lines, among a large number of combinations 

by optimizing the objective function. From the results, it is 

observed that the installation cost and real power 

transmission losses are reduced in the power system. It is 

also shown that voltage of the buses is kept within ±5% 

limit of the corresponding bus voltage, while considering 

system constraints. The obtained results of the simulation 

on the considered test systems show the effectiveness and 

performance of the proposed PSO algorithms.  
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