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Abstract
The FACTS devices can effectively improve the power 
transmission capability, compensate reactive power, improve 
power quality, and improve stability of the power system 
network. This paper presents the optimal location of series 
FACTS devices to achieve maximum system loadability with 
minimum cost of installation of these devices. In order to 
enhance the power capability of the line, reactance model of 
the Thyristor Controlled Series Capacitor(TCSC) is considered. 
Optimal location of TCSC can be obtained by using sensitivity 
analysis, Particle swarm optimization technique (PSO) will be 
used for optimal parameter setting of TCSC. The effectiveness 
of this method has been tested for IEEE-14 and IEEE-30 bus 
system using MATLAB programming. 
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I. Introduction
The increasing Industrialization, urbanization of life style has 
lead to increasing dependency on the electrical energy. This 
has resulted into rapid growth of power systems. This rapid 
growth has resulted into few uncertainties. Power disruptions 
and individual power outages are one of the major problems 
and affect the economy of any country. In contrast to the 
rapid changes in technologies and the power required by 
these technologies, transmission systems are being pushed 
to operate closer to their stability limits and at the same time 
reaching their thermal limits due to the fact that the delivery 
of power have been increasing. The major problems faced by 
power industries in establishing the match between supply 
and demand is: 

Transmission & Distribution; supply the electric demand 1. 
without exceeding the thermal limit. 
In large power system, stability problems causing power 2. 
disruptions and black-outs leading to huge losses. 

These constraints affect the quality of power delivered. However, 
these constraints can be suppressed by enhancing the power 
system control. One of the best methods for reducing these 
constraints is FACTS devices. With the rapid development of 
power electronics, Flexible AC Transmission systems (FACTS) 
devices have been proposed and implemented in power 
systems. FACTS devices can be utilized to control power flow 
and enhance system stability. Particularly with the deregulation 
of the electricity market, there is an increasing interest in 
using FACTS devices in the operation and control of power 
systems. A better utilization of the existing power systems 
to increase their capacities and controllability by installing 
FACTS devices becomes Imperative. FACTS devices are cost 
effective alternatives to new transmission line construction [1].
Reactive power compensation is provided to minimize power 
transmission losses, to maintain power transmission capability 
and to maintain the supply voltage. Series compensation is 

control of line impedance of a transmission line; with the 
hinge of impedance of a line either inductive or capacitive 
compensation can be obtained thus facilitating active power 
transfer or control. Thyristor Controlled Series Capacitor 
(TCSC) is a variable impedance type series compensator and 
is connected in series with the transmission line to increase 
the power transfer capability, improve transient stability, reduce 
transmission losses and dampen power system oscillations. 

II. Sensitivity Analysis
Generally Location of FACTS devices in the power system are 
obtained on the basis of static and / or dynamic performances. 
There are several methods for finding optimal location of FACTS 
devices in vertically integrated system as well as unbundled 
power system [2-5]. The loss sensitivity approach has been 
proposed for placement of series capacitors, phase shifters 
and static compensators. In this project the methods, which 
are used for optimal placement of TCSC is Sensitivity Method. 
The severity of system loading under normal and contingency 
cases can be described by the performance index (PI) and it 
is given by
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Where Plm is the real power flow and Plm

max is the rated capacity of 
line m; n, an exponent and wm is a real non negative weighting 
coefficient which may be used to reflect the importance of 
lines. PI 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 
a given state of the power system. However, in this study, the 
value of exponent has been taken as n =2 and wm =1 for all 
m. The real power flow PI sensitivity factors with respect to the 
parameter of TCSC can be defined as                                                          
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PI sensitivity with respect to TCSC placed in line k  (k=1,......
Nl) Using equation , the sensitivity of PI with respect to  FACTS 
device parameter Xk (Xck for TCSC) connected between  bus i 
and bus  j for case n = 2 can be written as
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The real power flow in a line m (Plm) can be calculated using 
following equation
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Where Smn is mnth element of matrix [S] which relates dc line 
flows with TCSC device in line -k, it is of order Nl*N (Nl =no. of 
lines, N=no. of buses), it is equal to one for forward flow and 
minus one for reverse power flow.Pj is real power flow with TCSC 
device and N is the number of buses in the system, line-k is 
line containing TCSC device. Using equation, the relationship 
that can be derived is
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The terms in this expression can be obtained as follows
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By substituting equations 5 and 6 in equation 7 sensitivity 
factor can be evaluated.

III. Particle Swarm Ptimization (Pso)
Particle swarm optimization (PSO) is evolutionary computation 
technique developed by Eberhart and Kennedy in 1995, 
which was inspired by social behavior of bird flocking and 
fish schooling. PSO has its roots in artificial life and social 
psychology, as well as in engineering and computer science. It 
utilizes a “population “of particles that fly through the problem 
hyperspace with given velocities. At each iteration, the velocities 
of each individual particle are stochastically adjusted according 
to the historical best position. Both the particle best and the 
neighborhood best are derived according to a user defined 
fitness function. The movement of particle naturally evolves to 
an optimal or near optimal solution. The word “swarm” comes 
from the irregular movements of particles in the problem space, 
now more similar to a swarm of mosquitoes rather than a flock 
of birds or a school of fish. PSO is a computational intelligence-
based technique that is not largely affected by the size and 
non linearity of the problem, and can converge to the optimal 
solution in many problems where most analytical methods fail 
to converge. It can, therefore, be effectively applied to different 
optimization problems in power systems. A number of papers 
have been published in the past few years that focus on this 
issue. Moreover, PSO has some advantages over other similar 
computational techniques, such as GA. It is easier to implement 
and there are few parameters to adjust .It has a most effective 
memory capability than GA. It is more efficient in maintaining 
the diversity of the swarm.    

A. PSO in Real Number Space
In the real number space, each individual possible solution 
can be modeled as a particle that moves through the problem 
hyperspace. The position of each particle is determined by the 
vector xi €Rn, as shown in eq8.

( ) ( ) ( )tVtXtX iii +−= 1                         (8)
The information available for each individual is based on its 
own experience (the decisions that it had made so far and 
the success of each decision) and the knowledge of the 
performance of other individuals in its neighborhood. Since 
the relative important of these two factors can vary from one 
decision to another, it is reasonable to apply random weights 
to each part, and therefore the velocity will be determined by 

( ) ( ) ( )( ) ( )( )1**1**1 2211 −−Ψ+−−Ψ+−= tXPrandtXPrandtVtV igiiii      (9)
Where φ1, φ2 are two positive numbers and rand1, rand2 are 
two random numbers with uniform distribution in the range 
of [0, 1].
The velocity update equation in (9) has three major 
components. 

The first component is sometimes referred to as “inertia,” 1. 
“momentum,” or “habit,” It models the tendency of the 
particle to move in the same direction it has been travelling. 
This component can be scaled by a constant as in the 
modified versions of PSO.
The second component is a linear attraction towards the 2. 
best position ever found by the given particle: pi (whose 
corresponding fitness value is called the particle’s best: 
Pbest), scaled by another random weight ψ1*rand1.This 
component is referred to as “memory,” “self-knowledge,”  
“nostalgia,” or “remembrance.”
The third component of velocity update equation is 3. 
a linear attraction towards the best position found 
by any particle: pg, scaled by another random weight 
ψ2*rand2.This component is referred to as “cooperation, 
““social knowledge,” “group knowledge,” or “shared 
information,”.

B. Objective Function
The main objective of this paper is to determine the optimal 
location of the FACTS devices (TCSC) in the power network to 
maximize the loadability as much as possible, while satisfying 
the thermal limits of transmission lines and the bus voltage 
limits in the network. But, since the cost of installing FACTS 
devices in general and TCSC in particular is too high, therefore, 
the objective function in this paper is developed in such a 
way to find compromise solution to this problem. The objective 
function is defined as a summation of two terms as shown 
below:

VL∗+∗∗= 1TCSC SC1000FMin l         (10)
Where:  F - is the objective function, 
CTCSC - is the cost of TCSC device in (US$/kvar),
S - is the operating range of TCSC in MVAR
λ1- is penalty factor used to penalize the objective function in 
order to keep the line flows and the bus voltages within their 
limits; and
VL-is thermal and bus voltage violation limits factor.
In the first term of the objective function, CTCSC represents the 
installation cost of TCSC device in the network, which was given 
in the following equation.
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 In the second term of the objective function, VL is 
defined in the following equation.                                           
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Where: OLL is the over loaded line factor; BVV is the bus voltage 
violation factor; ntl is the number lines in the network & nb is 
the number of buses in the network.
The objective function is optimized with the following 
constraints:
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Pij is the real power flow between buses i and j;
Pij

max is the thermal limit for the line between buses i and j;
V b is the voltage at bus number b & OLL is related to the line 
loading and penalized the overloaded lines, and it is computed 
for each line in the network. The value of OLL is equal to zero 
when the line loading equal or less than 100% otherwise it will 
be equal to difference between pi1 and pi1 max. BVV factor 
concerns voltage levels, and it is calculated for each bus in the 
network. The value of BVV is equal to zero for voltage levels 
between 0.9 and 1.1and it will be equal to (0.9-Vb) if Vb is less 
than 0.9 otherwise it is (Vb-1.1).
Subjected to constraints

ngiPPP iii ,.......2,1,maxmin =≤≤

ngiQQQ iii ,.......2,1,maxmin =≤≤

 
ngiVVV iii ,.......2,1,maxmin =≤≤

 nlliVVV lilili ,.......2,1,maxmin =≤≤

 
ntriTTT iii ,.......2,1,maxmin =≤≤

IV. Results & Discussions
To verify the effectiveness and efficiency of the proposed PSO 
based algorithm the IEEE 14-bus and IEEE 30-bus power system 
networks are used as test systems. The numerical data for 
IEEE 14-bus and IEEE 30-bus systems are taken from [7]. The 
simulation studies are carried out on a Pentium-IV, 2.0 GHz 
system in MATLAB environment. 
In order to simulate the above two test systems using PSO 
maximum number of generations considered as 150, and the 
parameters used in PSO algorithm are c1, c2=2, and population 
size is taken as 20.
For determining the optimal parameter setting of TCSC Particle 
swarm optimization technique will be used. The optimal 
parameter setting for the most sensitive line of IEEE14-bus 
and IEEE30-bus system is 0.0353 and minimum installation 
cost of TCSC is 153.74 .The generations and total costs of 
generations are shown in Table 3 and 4.

A. Analysis of 14-Bus Test System. 

Fig. 1:  Single line diagram of 14-bus test system

TABLE 1: SENSITIVITY FACTORS FOR 14 BUS SYSTEM

TCSC
 in 

Line-k

From
Bus
i to j

Active power
 Flow (MW)

Sensitivity
 Factor

(for each 
line-k)

without
TCSC  

with 
TCSC

1 1-2 143.07 138.99 3.2006
2 1-8 67.59 60.51 0.1258
3 2-4 70.63 65.32 -1.1705
4 2-8 36.14 32.32 -2.8372
5 2-9 51.04 45.80 -3.1866
6 3-11 11.18 10.66 0.0092
7 3-12 8.25 7.68 0.0084
8 3-13 19.70 18.69 0.0032
9 9-4 25.73 24.14 -2.5183

10 5-6 - - -
11 6-7 24.19 23.33 -0.0241
12 7-10 1.48 1.41 0.0462
13 7-14 7.07 6.66 0.0236
14 8-9 62.89 60.79 -1.7349
15 11-10 7.53 7.21 0.0011
16 12-13 2.07 1.96 0.0001
17 13-14 8.02 7.53 0.0072

From Table 1 the highest negative sensitivity factor is -3.1866 
corresponding to line 5 as shown in bold. Hence the optimal 
location of TCSC device is suggested in line 5, which can 
minimize losses as well as remove congestion.

B. Analysis of 30-Bus Test System.

TABLE 2: Sensitivity Factors For 30 Bus System.

TCSC 
in 

Line-k

From
Bus
i to j

Active power
 Flow (MW)

Sensitivity
 Factor

(for each 
line-k)

without
TCSC  

with
TCSC

1 1-2 56.22 54.64 2.6086

2 1-8 42.50 38.87 0.9206

3 2-11 30.38 26.93 -6.0642

4 8-11 39.34 38.52 -5.2606

5 2-5 45.04 41.75 -2.8540

6 2-13 38.54 34.34 -6.9326
7 11-13 36.00 34.73 0.7432

8 7-5 0.07 0.0016 2.4389

9 13-7 23.03 - 0.0125

10 13-3 11.94 - -0.7561

11 4-9 20.00 - 0.0017

12 9-10 32.62 31.35 0.0320
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13 6-12 20.00 - -0.0044

14 12-14 8.00 7.44 0.0287

15 12-15 18.54 17.44 0.1715

16 12-16 7.65 7.23 0.0581

17 14-15 1.72 1.62 0.0023

18 16-17 4.09 3.88 -0.0042

19 18-15 6.15 5.87 0.0012

20 18-19 2.91 2.83 -0.0079

21 20-19 6.60 6.49 0.0055

22 10-20 8.90 8.48 -0.0004

23 10-17 4.94 4.80 0.0087

24 21-10 16.28 15.19 -0.0181

25 10-22 7.94 7.01 0.0046

26 22-21 1.34 1.30 0.0776

27 15-23 5.67 5.42 0.0024

28 22-24 6.55 6.24 -0.0099

29 23-24 2.43 2.30 -0.0019

30 25-24 0.22 0.21 -0.0045

31 25-26 3.55 3.55 -0.0006
32 27-25 3.33 3.21 -0.0011

33 27-29 6.19 5.89 -0.0009

34 27-30 7.09 6.61 -0.0005
35 29-30 3.70 3.52 -0.0007
36 3-28 1.92 1.68 0.0026

37 13-28 14.75 14.11 1.1020
From Table 2 highest negative sensitivity factor is -6.9326 
corresponding to line 6. Hence the optimal location of TCSC 
device is suggested in line 6, which can minimize losses as 
well as remove congestion.

Fig. 2: Single line diagram of 30-bus test system

C. Results for Generation Cost With And Without TCSC
With the optimal parameter setting obtained from PSO 
technique has been used for obtaining the generations and 
total cost of generation for both the test systems as shown in 
tables 3 and 4.
TABLE 3: Generations And Its Cost For Ieee-14 Bus System

without TCSC with TCSC

Pg1(MW) 111.79 113.02

Pg2(MW) 70.00 70.00

Pg3(MW) 26.32 27.06

Pg4(MW) 28.55 27.52

Pg5(MW) 27.29 26.34

∑Pgi(MW) 263.959 263.94

∑cost($/hr) 839.6118 839.2216

Fig. 3: Best cost & Fitness plots without FACTS Device for 14-
bus system. 
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Fig. 4:  Best cost & Fitness plots with FACTS Device for 14-bus 
system

TABLE 4: Generations And Its Cost For Ieee-30 Bus System
without TCSC with TCSC

Pg1(MW) 177.41 177.69

Pg2(MW) 47.90 48.62

Pg3(MW) 20.69 20.95

Pg4(MW) 12.36 11.61

Pg5(MW) 22.11 21.40

Pg6(MW) 12.13 12.11

∑Pgi(MW) 292.60 292.37
∑cost($/

hr) 801.3075 800.1798
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Fig 5: Best cost & Fitness plots without FACTS Device for 30-
bus system

0 5 10 15 20 25 30 35 40 45 50
800

810

820

830

number of iterations

be
st

 c
os

t

0 5 10 15 20 25 30 35 40 45 50
1.18

1.2

1.22

1.24

1.26
x 10

-3

number of iterations

Fig. 6: Best cost & Fitness plots with FACTS Device for 30-bus 
system
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From these tables we can conclude that the total generation 
cost can be minimized with optimal placement of TCSC device.
The maximum loadability that can be achieved by IEEE-14 bus 
system is 11% and by IEEE 30-bus system is 12.5%, beyond 
this there are line flow violations and bus voltage violations.  

V. Conclusions
In this paper Newton Raphson load flow program incorporating 
TCSC device with reactance model control has been developed. 
The effectiveness of Sensitivity analysis for obtaining optimal 
location has been tested on IEEE- 14 bus and IEEE-30 bus 
test systems. With the Particle swarm optimization technique 
the optimal parameter setting of TCSC has been obtained for 
the above test systems. The Optimal location of TCSC device 
for IEEE-14 bus and IEEE-30 bus systems has been obtained 
using sensitivity method. The results shown in Tables 1 and 2 
of section-IV are proved that the line having highest negative 
sensitivity factor is the best location for TCSC placement for 
IEEE-14 and 30 bus Systems respectively. The particle swarm 
optimization technique has been used for obtaining optimal 
parameter setting of TCSC and to attain maximum system 
loadability with minimum installation cost.
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