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Abstract - Flexible Alternating Current Transmission Systems (FACTS) represents a vast development in the area of power system
operation and control. As we know that under heavily loaded conditions our power system is at high risks of consequent voltage
instability problem. This paper gives an overview about application of series connected Flexible alternating current transmission
system (FACTS) for improvement of power system performance like transfer stability, secure voltage profile and reduce the system
losses etc. In this work, Artificial Bee Colony algorithm (ABC) is proposed for enhancing and controlling power flow using
Thyristor Controlled Series Compensator (TCSC) for improvement of power system performance. This paper gives details of
optimal placement and sizing of TCSC devices based on different evolutionary techniques which is used for minimization of
transmission loss, enhancement of stability of power system. In this paper TCSC device is implemented on IEEE 57 and IEEE 118
bus systems using MATLAB platform. The results indicates that the proposed algorithm gives better improvement in system load
ability, reduction of transmission loss and installation cost. Hence the proposed algorithm will be useful in optimum utilization of
power networks.
Keywords - TCSC, optimal location, artificial bee colony algorithm.

I. INTRODUCTION
FACTS (Flexible Alternating Current Transmission
System) devices are generally based on power electronics
which is used for increasing transmission capacity in the
power system. They also have the capacity to control several
parameters in transmission network. These types of devices
can increase the stability of power system network and
support voltage with better controllability of their
parameters like impedance, current, phase angle and voltage
[1]. FACTS have the capability to increase the reliability of
power system networks. It also enhance the power flow
control of the system. There are various methods to connect
the FACTS devices such as in series, shunt, series-series and
series-shunt [2,3].
Voltage instability has been a major concern in power
systems, especially in planning and operation [4-6]. Voltage
stability is concerned with the ability of a power system to
maintain acceptable voltage at all buses in the system under
normal conditions and also after being subjected to a
disturbance [7-11]. Some of the causes of voltage instability
are (i) increase in load demand; (ii) changes in system
condition (iii) load centers far from generation locations;
(iv) overloaded transmission lines; (v) inability to meet
reactive power demand. Voltage instability is the absence of
voltage stability, and results in progressive voltage decrease
(or increase). In recent years, voltage instability has been
responsible for several major network collapses.
FACTS devices are revolutionary power transmission
networks, leads increasing efficiency and stability of power
systems [12].Control the reactive power flow for more
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efficient use of transmission lines using FACTS devices.
[13].
FACTS devices can also significantly reduce voltage
sags in the system and in modifying the effects of the
remaining sags to minimize the high associated costs of
equipment disoperation [14]. Voltage sag is defined as a
short duration reduction of the root mean square value of
AC voltage lasting between half a cycle and several cycles
[15]. Voltage instability is considered as a primary concern
in power systems mainly in planning and operation. Several
power interruptions are related due to voltage instability
[16-18]. Some of the factors for voltage instability are
power system configuration, generation pattern and load
pattern [19-21]. Proper location is a key to maximizing the
benefits of the FACTS devices [22]. The location of FACTS
devices is dependent on static or dynamic performances of
the system. The sensitivity factor methods are used to find
the best place to improve the static performance of the
system [23].Meta heuristic Grey Wolf Optimizer (GWO)
algorithm to solve OPF problems equipped with shunt
connected FACTS device SVC[24].The TCSC locationallocation problem is formulated as a mixed integer
nonlinear program, and proposes a novel decomposition
procedure for determining the optimal location of TCSCs
and their respective size for a network[25].An adaptive
differential evolution algorithm to allocate TCSC
incorporated with the reactive power management
problem[26].For the restructuring power system (RPS), the
self-adaptive differential evolutionary (SADE) algorithm is
proposed for enhancing and controlling the power flow
using UPFC under practical security constraints (SCs)[27].
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This paper presents optimal location and sizing of
FACTS devices TCSC using ABC algorithm. In this work,
TCSC is modeled as a variable reactance added in the line.
The optimal location is done to maximize system
loadability, reduce transmission loss, and installation cost of
FACTS devices. The cost function of TCSC is taken from
Siemens database [28]. The developed code is tested on
IEEE-57 bus and IEEE-118 bus test systems in MATLAB
platform.
Fig. 2.Transmission line with TCSC

II. MODELING OF THYRISTOR CONTROLLED
SERIES COMPENSATOR

The total reactance of the line including TCSC is given

Thyristor Controlled Series Compensator (TCSC)
provides controlling and increasing power transfer level of a
system by varying the apparent impedance of a specific
transmission line. A TCSC can be utilized during
contingencies to enhance the power system stability. It is
possible to operate stably using TCSC at power levels well
beyond those for which the system was originally intended
without endangering system stability. It consists of series
controlled capacitor which is shunted by a Thyristor
controlled Reactor. The figure2 shows model of a
transmission line with series impedance and a TCSC
connected between two buses [29].
TCSC acts as the inductive or capacitive compensation
by modifying the reactance of the transmission line and the
reactance of the transmission line is adjusted by TCSC
directly. The rating of TCSC depends on the reactance of the
transmission line where the TCSC is located.

by

xline
x
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where line is line reactance itself and
effective reactance of TCSC.
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Where kse is percentage of series compensation in
reactance of transmission line (xline) [30].
III. PROBLEM FORMULATON

Figure 1.Basic structure of TCSC

A. Model of TCSC
The basic idea behind power flow control with the TCSC
is to decrease or increase the overall lines effective series
transmission impedance, by adding a capacitive or inductive
reactive, respectively and it is shown in Fig.2. The TCSC
(Hingorani and Gyugyi, 2000) is modelled as variable
impedance where the equivalent reactance of line, connected
between bus-i and bus-j, is defined as:

Multi-objective optimization problem is formulated
considering five objective functions of minimization of
voltage deviation, transmission loss, load flow deviation and
cost of TCSC and maximizing system loadability. The
optimization problem is subjected to equality and inequality
constraints. Power balance constraints are considered as
equality constraints. Inequality constraints are considered
for the real power output of generating units, generator
reactive power, voltages of all PV buses, transformer tap
positions, bus voltage magnitudes of all PQ buses, power
flow in the transmission line and reactive power rating of
TCSC. Fitness value is found by satisfying all the
constraints. The optimal placement and parameter setting of
FACTS device is done using artificial bee colony algorithm.
The Multi objective optimization problem is formulated
as:
Minimize TL 

gen

n

i 1

i 1

 pGi   p Di

F (VP, Q, Xtcsc,
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with constraints given by (14)-(23),

C. Reduction of Installation Cost (ICcost):

Where F= TL++ VD+ LFD+ ICtcsc

The installation cost is TCSC cost. The cost functions of
TCSC are taken from Siemens database [22].
(10)
ICCOST= ICTCSC

And F (VP,Q is the power flow equations described by
(2),(3).

C1. TCSC installation cost (ICTCSC):

A. Maximization of System Load-ability (λ):

The cost function of TCSC is given as:

The Maximum System Load ability, MSL is calculated by:
Pd1=λPd0

(6)

Where λ, is loading parameter, Pd0 and Pd1 are system load
before and after FACTS device placement.

n



VD   Vi ref  Vi
i 1



2

(7)

(12)

r

is the operating

(13)

Where Q2 and Q1 are the reactive power flow in the
line after and before installing the FACTS devices in
MVAR respectively. The cost depends on the operating
range of the facts device.
D. Constraints:
The optimal placement of FACTS devices is a
constrained optimization problem which includes equality
and inequality constraints.

Vi ref–Reference Voltage at ‘i th bus
A2. Line Flow Deviation (LFD):

D1. Equality Constraints:

The line flow limits of the transmission network must be
maintained within specified limits. The line flow deviation
is calculated using equation (8).
2
(8)
LFD 
LF ref  LF
ij lines

ICt csc  ct csc  r  1000US $

r  Q2  Q1

Vi –Voltage at i’th bus



(11)

In the equations (12) the value of
range of FACTS device given as:

A1. Voltage Deviation (VD):
The desirable limits of voltage in power system are within
 5%. The Voltage Deviation is calculated using equation
(15).

ct csc  0.015r 2  0.7130r  153.75

ij

ij

The equality constraints are given as:



n

Pgi  Pi  Pdi  ViV jYij cos( ij   j   i )
n

LFij –Line flow of line ‘ij’

Qgi  Qi  Qdi  ViV jYij sin(ij   j   i )

LFij – Line flow limit of line ‘ij’

Where Pgi, Qgi are real and reactive power generations, Pi,
Qi are real and reactive power injections, Pdi, Qdi are real and
reactive power demands at the ith bus. Yijθij is ijth element
of admittance matrix.

B. Reduction of Transmission Loss (TL):
The proposed algorithm considers the minimization of
transmission losses by optimal placement of FACTS
devices. The transmission loss is calculated using equation
(9).
n

TL   pGi   p Di
i 1

(9)

i 1

Where n is number of buses.
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(15)
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D2. Inequality Constraints:
The inequality constraints are given as:

PGmin  PG  PGmax

(16)

QGmin  QG  QGmax

(17)

V V

(18)

V
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 min     max
  max

(19)
(20)

Where PG, QG are real and reactive power generations at
generator busses, V and δ are bus voltage magnitude and
phase angle and λ is the system load ability.
D3. TCSC Constraints:
xt csc

min

 xt csc  xt csc

its original location
written by (37),

aij 1 to new location zij and it may be



z ij  a ij   ij a ij  a kj

max

 0.8  xt csc  0.2 p.u

(21)
(22)

IV. PROPOSED METHODOLOGY
The electric power is transmitted from one end to anther
end over the transmission line in accordance to the
consumer requirements incurring minimum amount of
losses. The consumer power is varied on the basis of load
variation or disturbances in the transmission line. The
flexible alternating current transmission systems devices are
introduced to change the voltage, phase angle and
impedance in power systems. During the operation of these
devices the active and reactive power is maintained in the
balanced manner. The FACTS device can control the power
flow and increase the transmission capacity. The various
electrical parameters in the transmission circuits are
controlled by the solid state converters of the FACTS
devices and the installation cost of these devices are reduced
when the location of these device are optimal while
satisfying the constraints. In this case single type TCSC
device is used.
The Meta heuristic technique of artificial bee colony
algorithm [34] is defined by Karaboga in 2005. This
algorithm is derived from the foraging behavior of honey
bee and it searches the food source around multidimensional
search space. The bees are classified into three based on its
experience and without experience as employee, onlooker
and scout bees. In which each employed bees find out the
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food source and share the information among the other bees
through specialized dance. The waggle dance is proportional
to the quality of food source. The other bees are waiting in
the dancing area to choose the best food source. The scout
bees search the food source without any guidance.
The employed bees move towards the food source from



(24)

 ij

is the number of food sources and uniform random
umber between -1 to 1. If the new location of the food
source is better than that of the current position then the new
location is dated.
The new position can be updated by:

z ij  a ij  w  ij a ij  a kj



(25)
The weight coefficient of employed bee information is
mentioned as
calculated by,

w . The probability of food source can be
P

fit
sn

 fit
j 1

j

(26)

The employed bees fitness values is find out by,

 1

fit j  1  f  x 
1  f  x 


f  x   0

f  x   0

(27)
Where f(x) represents the amount of objective function
to be used in optimization:
fit j  IC  pf * j  1

(28)
Where IC denotes the installation cost of FACTS
devices, pf is the penalty factor. The flowchart of proposed
algorithm is given in Fig.3.
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Top half

Lower half
Fig.3. Flow chart of proposed methodology.

V. RESULTS AND DISCUSSION
A. IEEE 57 Bus System
The optimal placement of FACTS devices are done
under the platform MATLAB. The optimal location and
sizing of FACTS devices is carried out using ABC
algorithm with a colony size of 20 and MCN 100. To prove
the Effectiveness of locating FACTS devices with TCSC is
considered.
Type

TCSC
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From
bus

The data for IEEE 57 bus system is taken from
matpower 3.0. and this system contains 1 slack bus, 6 PV
buses, 50PQ buses and 80 transmission lines.

TABLE. I. LINE FLOW IN IEEE 57 BUS SYSTEM
To
Device
Pb
Qb
Pa
Qa
bus
setting

1

2

104.416 42.261 128.03

8

9

60.538

56.696 58.572 32.309 0.00534pu

43.22

9

10

21.864

14.227 30.276 -15.74

0.00534pu

9

11

23.007

19.115 25.021 -21.35

0.00534pu

9

12

7.633

3.496

0.00534pu

13

15

39.531

25.998 53.644

12.798 -5.133

38.5

3.161

IC(US$)

MSL
(%)

41,944.6

1.82

0.00761pu

0.00534pu
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The simulations are performed in MATLAB and the
results are obtained using ABC algorithm. Table I shows
line flows in IEEE 57 bus system. In single type, TCSC is
located in lines 1-2, 8-9, 9-10, 9-11, 9-12, and 13-15. The
system load ability with single type TCSC is 1.82%. From
IEEE 57 bus system we concluded that highest system
load ability is achieved with low installation cost with
TCSC. System load ability and installation cost variations
are shown in Fig.4. and Fig.5.

Fig.5. Installation cost in IEEE 57 bus system with TCSC

B. IEEE 118 Bus System
The line data and bus data of 118 bus system are taken
from [38]. The system contains 1 slack bus 53PV buses,
64PQ buses and 186 lines.
Fig. 4. System load ability in IEEE 57 bus system with TCSC

Type

TABLE. II. LINE FLOWS IN IEEE 118BUS SYSTEM
Device
From bus To bus
Pb
Qb
Pa
Qa
setting

TCSC

59

60

47.300 26.328 44.313 22.730

0.0151pu

62

67

29.235

36.981 25.010

0.189pu

66

67

58.227 32.603 45.015 29.365

0.0151pu

69

75

55.978 35.514 22.764 19.569 0.00848pu

70

74

27.313 17.125 24.534 17.550

75

77

47.095 24.958 71.768 23.660 0.00848pu

83

85

76.298 39.634 74.391 47.252 0.00848pu

8.361

IC(US$)

MSL
(%)

67023.5

1.96

0.0151pu

Power flows in IEEE 118 bus system are shown in
Table.2. In single type, TCSC is located in lines 59-60, 6267, 66-67, 69-75, 70-74, 75-77, 83-85. The system load
ability in single type of TCSC is 1.96%. Installation cost of
TCSC is 67023.5US$. Installation cost is minimum with
TCSC at improved system load ability. The variations of
system load ability and installation cost in IEEE 118 bus
system are shown in Fig.6 and Fig.7

Fig.6. System load ability in IEEE 118 bus system with TCSC
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