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ABSTRACT

This paper proposes an optimal location of FACTS devices in power system using Evolutionary algorithms.
Using the proposed method, the location of FACTS controllers, their type and rated values are optimized
simultaneously. From the FACTS family, series device Thyristor Controlled Series Compensator (TCSC),
Shunt device Static Compensator (STATCOM) and series and shunt device Unified Power Flow Controller
(UPFC) are considered. The proposed algorithms are very effective methods for the optimal choice and
placement of FACTS devices to improve the power quality of power systems. The proposed algorithm has

been applied to IEEE -30 bus system.

Keywords: Bat Algorithm, FACTS devices, Optimal location, PSO algorithm, Power Quality.

1. INTRODUCTION

Power quality is “the provision of voltages and
system design in such a way that the electric energy
is utilized from the distribution side successfully
without interference or interruption.” Power quality
is the most important concerned area of electric
power system. The insufficient quality of power
output sometimes leads to complete shut-down of
the industries which provides a major economic
loss to the industries and consumers [1]. In recent
years, with increasing in development of power
grids, the economical operation of power system is
more considered. Because of deregulation and
restructuring of the power markets use of Flexible
AC Transmission Systems (FACTS) devices are
inevitable. The maximum capability of power
systems can be exploited by means of FACTS
devices. Nowadays, development of power
electronics devices causes reduction in the cost of
FACTS and therefore application of FACTS
devices especially in distribution networks is more
economical. Because of the economic considerati-
ons, installation of FACTS controller in all of the
buses or the lines is impossible and unnecessary.
There are numerous methods for finding optimal
locations of FACTS devices in power system [2-3].

In this paper a new algorithms has been
proposed to optimally locate the FACTS devices in
power systems. Finding the best place for FACTS
devices are performed using Bat and PSO
algorithms. The IEEE-30 bus system has been used

to test the proposed algorithms. FACTS (Flexible
AC Transmission system) provide the power
quality solutions to the utility and Consumer end.
The potential benefits of FACTS devices are now
widely recognized by the power system engineering
community [4]. In recent trends Flexible
Alternating Current Transmission system (FACTS)
is the term used for complex controllability in
power system by means of power electronics
devices. FACTS devices are used for various
applications in worldwide to avoid cost intensive of
power systems.

FACTS devices are provide a better
solutions for various conditions and improve power
quality problems. The effect of FACTS devices are
activated through switches or controlled shunt
compensation, or phase shift control. Figure 1.
Shows the overview of FACTS devices. The shunt
are primary for compensation of reactive power
with effect of voltage control. The series devices
are compensating reactive power with their
influence on the effective impedance, stability and
power flow.

2. CONFIGURATION OF FACTS DEVICES

2.1 Thyristor Controlled Series Compensator
Thyristor Controlled Series Capacitors
(TCSC) address specific dynamical problems in

transmission systems. TCSC discusses about
specific dynamical problems in transmission
systems.
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FACTS CONTROLLER
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Shunt Controllers
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Shunt Controllers .
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Series Controllers

o Unified Power o Inter line
Flow Controller Power Flow
(UPFC) Controller
Series Capacitor (TCSC)| ~ ($5G) o Thyristor (IPFC)
o Thyristor Switched Series | | * Battery Encrgy Storage Controlled Phase
Capacitor (TSSC) System (BESS) Shifting
o Thyristor Controlled * Super Conducting Magnetic Transformer
Series Reactor (TCSR) Energy Storage (SMES) (TCPST)
o Thyristor Switch Series o Static VAR Compensator o Inter linc Power
Reactor (TSSR) (8VC) Flow Controller
» Thyristor Controlled Reactor (IPFC)
(TCR)
o Thyristor Switched Reactor
(TSR)
o Thyristor Switched Capacitor
(TSC)
o Static VAR Generator or
Absorber

Figure 1: Overview Of FACTS Devices

o Static Synchronous
Compensator (STATCOM)
o Static Synchronous Generator

o Static Synchronous Series
Comparator (SSSC)
o Thyristor Controlled

First it increase the damping ratio when
large systems are connected. Second it overcome
the Sub Synchronous Resonance (SSR) problems,
TCSC has the capability of high speed switching
mechanism for transmission power flow, which
allows load increment of existing transmission
systems and allows for rapid readjustment of power
flow at various circumstances. The TCSC regulate
steady state power flow within its rating limits.
Figure 2. Shows the configuration of Thyristor
Controlled Series Capacitor (TCSC) [5].
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Figure 2: Configuration Of A TCSC

2.2 Static Compensator (STATCOM)

Static Var Compensator (SVC) with
Voltage Source Converter (VSC) structured as
Static Compensator (STATCOM). STATCOM has
similar characteristics like synchronous condenser
but it has superior to the synchronous condenser in
several ways such as low cost investment, low
operating cost, low maintenance and better
dynamics. The STATCOM is built with thyristor
like GTO or IGBTs. The structure of STATCOM is
shown in Figure 3. The reactive power provision is
independent from the actual wvoltage is the
advantage of STATCOM, this means during severe
circumstances the STATCOM holds its full
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capacity. The performance analysis of STATCOM
for power quality problems can be much improved
with the combination of real and reactive power [5].
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Figure 3: Structure Of STATCOM

2.3 Unified Power Flow Controller (UPFC)

A Unified Power Flow Conditioner
(UPFC) is a combination of Static compensator
(STATCOM) and Static Series Compensator
(SSQ). It plays the role of shunt compensation and
voltage phase shifting respectively.

4=

Series
Transformer

Shunt
Transformer

Figure 4: Configuration Of An UPFC

The Unified Power Flow Conditioner
(UPFC) have a series and shunt transformer
connected through double voltage source converters
with common DC link. The DC circuit permits the
real power exchange between series and shunt
transformer to control the phase shift of series
voltage. The structure is shown in Figure 4, it
provides the full control for voltage and power
flow. The series converter requires to protect a
thyristor bridge. Due to the presence of VSC and
protection, an UPFC is getting relatively more
expensive, which limits the practical applications
where the voltage and power flow control is
preferred [5].

3. MODELING OF FACTS DEVICES

3.1 Modeling of TCSC
TCSC acts as the capacitive or inductive
compensator by modifying reactance of transmit-
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ssion line. The equivalent circuit of TCSC as shown
in Figure 5. TCSC is modelled by changing
transmission line reactance. Hence the compen-
sation values varies from -0.7 Xjjpe to 0.2 Xjie as
mentioned below,

Bus i g +-]ij Busj
|

Figure 5: Equivalent TCSC structure

Xij = Xiine + X1esc ()
Xrese = Yrese T Xiine )

Where Xj, is the reactance of transmit-
ssion line and yrcsc is the compensation factor of
TCSC [5].

3.2 Modeling of STATCOM

A STATCOM is a shunt compensating
device used to control transmission voltage and
reactive power control as shown in Figure 3. In
ideal steady state analysis, it can be assumed that
the real power exchange between the system and
the STATCOM device can be ignored, and only the
reactive power can be exchanged between system
and control device.

Figure 6. Shows the equivalent circuit of
STATCOM. In the derivation, it is assumed that (a)
harmonics generated by the STATCOM are
neglected; (b) the system as well as the STATCOM
are three phase balanced. Then the STATCOM can
be equivalently represented by a controllable
fundamental frequency positive sequence voltage
source V. In principle, the STATCOM output
voltage can be regulated such that the reactive
power of the STATCOM can be changed.

From Figure 6, suppose V4= V4,204, V,=
V;£6;, then the power flow constrains of the
STATCOM are,

&n COS (ei _esh)
P, =V’e, —VV. 3
sh = Vi &n— Vi Van +bysin (6,-6,) 3)

g, sin (ei _esh)
—by,cos (6, -6y,

Where gy, + jbg, = 1/ Zg;,

Qp=-V/by, VIV, 4)

The operating constraint of the Static
Compensator (STATCOM) is the real power
exchange through the DC-link as,

PE =Re (Vshljh) =0 )

where , Re( Vsh I:h )Vsi gsh —

[gsh Cos(ei _esh) j
sh

V.V
- bsh sin (el - esh)

1

Busi

Ish l Psh+jQsh

s
O

Vi

Figure 6: STATCOM Equivalent Circuit

In Reactive power control mode, the
STATCOM generated reactive power is controlled
by  reactive  power  injection  reference.
Mathematically, such a control constraint is
described as follows:

Q, —QF*c =0 (6)

Where Q" is the specified reactive
power injection control reference. Qg,, which is
given in equation 4, is the actual reactive power
generated by the STATCOM [5].

3.3 Modeling of UPFC

The Unified Power Flow Controller
(UPFC) [6] is a multipurpose FACTS-device,
which can properly control bus voltage and power
flows of a transmission line and also to control
circuit impedance, voltage angle and power flow
for optimal operation performance of power
systems. In recent years, there has been increasing
interest in computer modeling of the UPFC in
power flow and optimal power flow analysis [6,7],
the UPFC is mainly used to control bus voltage
,real and reactive power flows of a transmission
line.
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The basic operating principle diagram of
an UPFC is shown in Figure 4 [6]. The UPFC
consists of two switching converters based on VSC
valves. The two converters are connected by a
common DC link. The series inverter is coupled to
a transmission line via a series transformer. The
shunt inverter is coupled to a local bus i via a shunt-
connected transformer. The shunt inverter can
generate or absorb controllable reactive power, and
it can provide active power exchange to the series
inverter to satisfy operating control requirements.
Lse -~ I

| S

— U™
Ish l Psh+jQsh /

|:| St PEsh — PEse = 0
Vi Vi

Qia

IBusi

BusjI

Figure 7: UPFC Equivalent Circuit

For the equivalent circuit of the UPFC
shown in Figure 7, suppose Vg, = Vg4 Z04, Ve =
VL0, Vi = Vi£0,, V; = V;Z£0;, then the power
flow constraints of the UPFC shunt and series
branches are,

Py, = Vg, = Vi Vi (g cos®; —6y) 7)
+bg, sin@®; —0,))

Qq =—Vi'by, — ViV (g, Sin@, —64,)

)]
—by, cos@; —6y,))
P, = Vg — V;Vj(g; cosdy; + by sind;) - ©
Vi Vee(gi c0s6; —B;) + by sin®; —6.))
Q; =—Vg;—V;Vi(g;jsinb; —b; cosdy) - (10)
ViVse(gij sin, _ese)_bij cosf; —6,.))
P, = V/g; — ViVi(g; cosd;; +by;sind; (11
=V, Veelgij cos@; —(9s‘e)+b1-j sin@; —0,.))
Qi =—V}g;— V;V(gsind;; —b; cod;) (12)

_VjVse(gij sinf; —6) _bij cosf; —6;.))

Where gy, + jbs, = 1/ Zg, g + jbi = 1/ Zge, 6
= Gi - Gj, Gﬂ = Gj - 9,.

The well-known independent active and
reactive power flows control is,
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P, —PP =0 (13)
N
Q;-QF* =0 (14)

Where P;* is the specified active power
flow control reference. QJISpec is the specified active
power flow control reference.

4. PROPOSED ALGORITHMS

4.1 Particle Swarm Optimization (PSO)

A particle swarm optimization algorithm
based on the behavior of individuals of a swarm
developed by Kennedy and Eberhart [8]. Its roots
are in zoologists modeling of the movement of
individuals (i.e., fish, birds, and insects) within a
group. It has been noticed that members of the
group seem to share information among them to
lead to increased efficiency of the group. The
particle swarm optimization algorithm searches in
parallel using group of individuals similar to other
Al-based heuristic optimization techniques. Each
individual corresponds to a candidate solution to
the problem. Individuals in a swarm approach to the
optimum through its present velocity, previous
experience, and the experience of its neighbors. In a
physical n-dimensional search space, the position
and velocity of individual i are represented as the
velocity vectors. Using these information individual
i and its updated velocity can be modified under the
following equations in the particle swarm
optimization algorithm. The flowchart of the
particle swarm optimization is shown in Figure 8.

X = x4y (15)

1

v{‘” _ v{‘ +(xi(xl!best B ng))

+ Bi(xigbest _ ng))

Where,
xi(k) is the individuali at iteration k

(16)

v{¥) is the updated velocity of individuals

iatiterationk
o;;B; are uniformly random numbers
between [0,1]
x[**! i the individual best of individuals i

x 2%t s the global best of the swarm
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Figure 8: Flowchart Of The PSO Algorithm

4.2 Bat Algorithm (BAT)

The Bat Algorithm [9] is an optimization
algorithm based on the echolocation behavior of
bats. The capability of echolocation of bats is
fascinating as these bats can find their prey and
discriminate different types of insects even in
complete darkness. The advanced capability of
echolocation of bats has been used to solve
different optimization problems. Echolocation of
bats works as a type of sonar in bats, emits a loud
and short pulse of sound, waits as it hits into an
object and, after a fraction of time, the echo returns
back to their ears . Thus, bats can compute how far
they are from an object. In addition, this amazing
orientation mechanism makes bats being able to
distinguish the difference between an obstacle and a
prey, allowing them to hunt even in complete
darkness. Based on the behavior of the bats, Yang
[9] has developed a new and interesting metaheu-
ristic optimization technique called Bat Algorithm.
Such technique has been developed to behave as a
band of bats tracking prey/foods using their
capability of echolocation. The flowchart of the Bat
algorithm is shown in Figure 9.

START

|Initialize the bat population (xi)l

| Define pulse frequency (fi at xi) |

| Initialize pulse rates and loudness (ri & Ai)l

t < Max number of iteration

Generate new solutions and updating
velocities and solutions

<l
Yes

Select best solutions and generate a
local solution

4

A 4

Figure 9: Flowchart Of The Bat Algorithm

4.2.2  Bat algorithm idealized rules

1. All bats use echolocation to sense distance, and
they also know the difference between food/prey
and background barriers in some magical way.

2. Bats fly randomly with velocity v; at position x;
with a fixed frequency f,;,, varying wavelength A
and loudness A, to search for prey. They can
automatically adjust the wavelength (or frequency)
of their emitted pulses and adjust the rate of pulse
emission r € [0,1] depending on the proximity of
their target.

3. Although the loudness can vary in many ways, it
is assumed that the loudness varies from a large
(positive) Ay to a minimum constant value A,

The positions x; and velocities v; in a dimensional
search space are updated using the following

152



Journal of Theoretical and Applied Information Technology

10" June 2014. Vol. 64 No.1 N

S

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645

WWww jatit.org

E-ISSN: 1817-3195

equations. The new solutions x;' and velocities v;'
at time step t are given as,

fi = fmin + (fmax - fmin ) (1 7)
vi=vl, -i—(xit —x*)fi (18)
xit = xit_l + Vit (19)

Where, € [0, 1] is a random vector drawn from a
uniform distribution. Here x« is the current global
best location (solution) which is located after
comparing all the solutions among all the n bats. As
the product A;f; is the velocity increment, we can
use either f; (or A;) to adjust the velocity change
while fixing the other factor A; (or f;), depending on
the type of the problem of interest. Initially, each
bat is randomly assigned a frequency which is
drawn uniformly from [f.,, fn.]. For the local
search part, once a solution is selected among the
current best solutions, a new solution for each bat is
generated locally using random walk
XneW = Xold+ € At (20)
Where, € € [-1,1] is a random number, while
A'=< A/ > is the average loudness of all the bats at
this time step [10].

5. SIMULATION RESULTS

In this paper traditional newton raphson
method is applied to find load flow analysis. In
this approach MATLAB coding was required for
simulation purpose. An IEEE 30 Bus test system is
used for this paper. The test system consists of 3
generators and 3 synchronous condensers and 24
PQ bus (or load bus).The problem to be addressed
consists of finding the optimal location (bus
number) and corresponding rating / sizing of
FACTS devices (power rating (MVA) of UPFC,
STATCOM and Reactance value of TCSC). In this
case the PSO and BAT Algorithm is employed.
Excluding the Slack bus, the selection process
performed among 40 line configurations /
combinations. The purpose of optimization
technique is to identify the effective location and
determine the sizing of the corresponding FACTS
device (TCSC, STATCOM and UPFC). Reactive
power (Q) is considered as common cost function
parameter for all FACTS devices considered for our
test case along with their respective cost function
(including Installation and maintenance charges).

Base case performance of 30 bus system is
presented in table 1. The results for individual
devise (TCSC, STATCOM & UPFC) performance

e
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for test case IEEE-30 bus system tabulated in table
2-7. The optimal sizing and location of proposed all
FACTS devices performance has shown in figure
10.

Table 1: Load Flow For IEEE-30 Bus System For Base

Case.
Vv Angle P Q

(p-w) ) MW) | (MVAR)

1.06 0 260.928 -17.118
1.043 -5.3474 183 35.066
1.0217 -7.5448 24 -12
1.0129 -9.2989 -7.6 -1.6

1.01 -14.1542 -942 16.965
1.0121 -11.088 0 0
1.0035 -12.8734 -22.8 -10.9

1.01 -11.8039 -30 0.691
1.0507 -14.1363 0 0
1.0438 -15.7341 -5.8 17
1.082 -14.1363 0 16.27
1.0576 -14.9416 -11.2 -7.5
1.071 -14.9416 0 10.247
1.0429 -15.8244 -6.2 -1.6
1.0384 -15.9101 -82 2.5
1.0445 -15.5487 -3.5 -1.8
1.0387 -15.8856 -9 -5.8
1.0282 -16.5425 =32 -0.9
1.0252 -16.7273 95 -34
1.0291 -16.5363 22 -0.7
1.0293 -16.2462 -17.5 -11.2
1.0353 -16.0738 0 0
1.0291 -16.2528 =32 -1.6
1.0237 -16.4409 -8.7 2.4
1.0202 -16.0539 0 0
1.0025 -16.4712 -3.5 23
1.0265 -15.5558 0 0
1.0109 -11.7436 0 0
1.0067 -16.7777 24 -0.9
0.9953 -17.6546 -10.6 -1.9
30.9048 -418.246 17.528 20.921

Table 2: Load flow using newton raphson method with
TCSC for IEEE-30 bus system using PSO

TCSC for IEEE — 30 Bus system
PSO Algorithm
\% Angle P Q
(in p.u) d (MW ) |(MVAR)
1.06 0 261.8579 | -14.1716
1.045 -5.4278 183 55.721
1.0107 -7.3888 24 -1.2
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0.9994 91177 76 -16 1.0123 -7.6239 24 12
1.01 142869 | -94.2 20.5589 1.0014 -9.409 76 -1.6
1.0032 -11.1004 0 0 1.01 -14.5427 942 40.9258
0.9981 129394 | 2238 -109 1.0031 | -11.2901 0 0
1.01 -11.9802 -30 27.9417 09981 | -13.1563 228 -109
1.0323 -14.4511 0 0 1.01 -12.1625 -30 27.1577
1.011 -16.2482 58 2 10467 | -143606 0 0
1.082 -14.4511 0 25.8374 1.0402 | -159611 58 2
0.9763 -14.734 112 15 1.082 -14.3606 0 18.3834
0.9273 -14.734 0 324711 10529 | -15.1821 -112 75
0.9666 -15.7829 62 -16 1.071 -15.1821 0 13.87
0.9678 -16.0451 82 25 1.0379 | -16.0847 62 -1.6
0.9828 -15.7881 35 -18 1.0332 | -16.1786 -82 25
0.9971 -16.3084 9 58 1.0398 | -15.7758 35 -18
0.9701 -16.8999 32 09 1.0351 | -16.1214 -9 -5.8
0.9748 -17.187 95 34 1.0234 -16.8028 32 0.9
0.983 -17.0199 22 0.7 1.0209 | -16.9808 9.5 34
0.9969 167007 | -175 112 1.0249 | -16.7837 22 0.7
0.997 -16.678 0 0 1.0278 -16.408 -175 112
0.9691 -16.6011 32 -1.6 1.0283 | -16.3937 0 0
0.9799 -16.9388 8.7 6.7 1.0224 -16.578 32 -1.6
0.9883 -16.5586 0 0 1.0165 -16.7634 -8.7 -6.7
0.9701 -17.0037 35 23 1.0119 -16.343 0 0
1.0024 -16.0383 0 0 0.9941 -16.7673 -35 2.3
0.9995 -11.768 0 0 1.0176 | -15.8207 0 0
0.9821 -17.3211 2.4 0.9 1.0013 | -11.9436 0 0
0.9704 -18.2431 -10.6 -19 09977 | -17.0645 24 -0.9
298632 | -425.742 | 184579 | 18.9163 09861 | -17.9576 -10.6 -1.9
Location = 6 Size = -0.2329 307137 | -424.86 18.8706 13.6601
Location =2 Size =-0.1725

Table 3: Load flow using newton raphson method with

TCSC for IEEE-30 bus system using Bat algorithm Table 4: Load flow using newton raphson method with

154

TCSC for IEEE — 30 Bus system STATCOM for IEEE-30 bus system using PSO
BAT Algorithm STATCOM for IEEE — 30 Bus system
A% Angle P Q PSO Algorithm
(in p.u) 5 MW) | (MVAR) \% Angle P Q
1.06 0 2622706 53.073 (in p.u) 1) (MW) | (MVAR)
1.0071 | -4.8613 183 -75.2498 1.06 0 2610403 | 1.8709
1.0335 -5.2177 183 6.4504
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1.0185 475515 24 12 1.045 -5.3758 183 52.0155
1.009 93112 76 -16 1.0204 -7.5343 24 12
1.01 142575 | 942 23.9856 10113 -9.2873 76 -16
1.0084 -11.1175 0 0 0.9957 | -14.0098 942 3.0782
1.0012 129348 | 2238 -10.9 10092 | -11.0666 0 0
1.01 -11.8989 -30 12.4645 09958 | -12.8114 228 -10.9
1.0498 -14.1688 0 0 1.01 -11.834 -30 10.1842
1.0438 -15.7622 58 2 1.0503 | -14.1152 0 0
1.082 -14.1688 0 16.7595 1.0445 | -15.7074 538 2
1.056 -15.0001 112 75 1.082 -14.1152 0 16.472
1.071 -15.0001 0 11.4828 1.0568 -14.9545 -11.2 -7.5
1.0411 -15.895 62 16 1.071 -14.9545 0 10.8423
1.0365 -15.9874 82 25 1.0419 | -15.8472 6.2 -16
1.0432 -15.5859 35 -18 1.0373 | -15.9382 -82 25
1.0386 -15.9236 9 58 1.044 -15.5357 35 -18
1.0269 -16.6043 32 09 1.0394 -15.87 -9 -5.8
1.0244 -16.7791 95 34 1.0277 | -16.5521 32 0.9
1.0285 -16.5824 22 -0.7 1.0251 -16.7254 -9.5 3.4
1.0314 -16.206 175 -112 10292 | -16.5283 22 -0.7
1.0319 -16.1917 0 0 1.0321 -16.1508 -17.5 -11.2
1.0259 -16.3803 32 -16 1.0327 | -16.1366 0 0
1.0202 -16.5591 87 6.7 1.0267 | -16.3286 32 -1.6
1.0159 -16.1332 0 0 1.021 -16.5044 -8.7 -6.7
0.9982 -16.554 35 23 10166 | -16.0764 0 0
1.0218 -15.6093 0 0 0.9989 -16.4967 =35 23
1.0054 -11.7491 0 0 1.0225 | -155516 0 0
1.0019 -16.8429 24 09 1.006 | -11.6949 0 0
0.9904 -17.7284 | -10.6 -19 1.0026 | -16.7835 24 -0.9
30.8354 | -419.701 | 17.6403 8.5137 09911 | -17.6677 -10.6 -1.9
Location = 2 Size = 010252 30.8468 | -418.154 17.6081 8.166
Location =3 Size =01.0279

Table 5: Load flow using newton raphson method with

STATCOM for IEEE-30 bus system using Bat algorithm Table 6: Load flow using newton raphson method with
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STATCOM fOr 1EEE — 30 Bus System UPFCfOI" IEEE-30 bus system using PSO
BAT Algorithm UPFC for IEEE — 30 Bus system
v Angle p Q PSO Algorithm
(in p.u) 5 MW) | (MVAR) % Angle P Q
1.06 0 261.0081 -19.9262 (in p.u) ) MW) | (MVAR)
1.06 0 260.9569 | -20.4179
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1.045 -5.3782 183 433695 1.06 0 260.9569 20.4179
1.0212 -7.5287 2.4 -12 1.045 | -53782 183 433695
1.0123 -9.2794 -7.6 -1.6 10212 | -7.5287 2.4 -12

101 -14.1488 | 942 16.6588 10123 | -9.2794 -7.6 -16
1.0106 -11.055 0 0 101 | -14.1488 942 16.6588
1.0026 128523 | 228 -10.9 10106 | -11.055 0 0

1.01 -11.7974 30 6.1113 10026 | -12.8523 228 -10.9
1.0511 -14.098 0 0 101 | -11.7974 30 6.1113
1.0454 -15.6882 -5.8 2 10511 | -14.098 0 0
1.082 -14.098 0 16.0574 10454 | -15.6882 5.8 2
1.0573 149329 | -112 -75 1.082 | -14.098 0 16.0574
1.071 -14.9329 0 10.4507 1.0573 | -14.9329 -112 715
1.0425 -15.8245 62 16 1071 | -14.9329 0 10.4507
1.0379 -15.9164 -8.2 25 1.0425 | -15.8245 -6.2 -1.6
1.0446 -15.5154 35 -1.8 1.0379 | -15.9164 -8.2 25
1.0402 -15.8499 9 5.8 10446 | -155154 35 -1.8
1.0284 -16.5302 32 0.9 10402 | -15.8499 9 5.8
1.0259 -16.7037 95 34 1.0284 | -16.5302 3.2 -0.9

1.03 -16.5072 22 0.7 10259 | -16.7037 9.5 -3.4

1.033 -16.1307 -17.5 112 1.03 -16.5072 2.2 -0.7
1.0335 -16.1164 0 0 1.033 -16.1307 -17.5 -11.2
1.0274 -16.3066 32 -1.6 1.0335 | -l6.1164 0 0
1.0218 -16.4828 8.7 6.7 1.0274 | -16.3066 32 -1.6
1.0176 -16.0546 0 0 1.0218 -16.4828 -8.7 -6.7
0.9999 -16.474 35 23 10176 | -16.0546 0 0
1.0235 -15.5301 0 0 09999 | -16474 3.5 23
1.0071 -11.6773 0 0 10235 | -15.5301 0 0
1.0037 -16.7593 2.4 0.9 10071} -11.6773 0 0
0.9922 -17.6416 | -10.6 -1.9 1.0037 | -16.7593 2.4 -0.9

30.8877 | -417.811 | 175569 | 7.7298 09922 | -17.6416 -106 -1.9
Location = 24 Size = 02.4800 30.8877| -417.811 17.5569 7.7298
Location =19 Size =01.7229

Table 7: Load flow using newton raphson method with
UPFC for IEEE-30 bus system using Bat algorithm

UPEFC for IEEE — 30 Bus system

BAT Algorithm
A% Angle P Q
(in p.u) ) MW) (MVAR)
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Figure 10: Power quality performances with FACTS
devices

6. CONCLUSION

In this research work an evolutionary algorithm
method has been proposed to optimally locate
TCSC, STATCOM and UPFC in power systems.
The result of load flow calculation before and after
compensation process also shown. From figure 10,
it is clear that, performance of the FACTS devices
can be improved based on the location, which is
suitable for their nature of operation. Selection of
sizing of operation also improves the performance
as well as reduction in pricing of devices. In further
similar principle can be implemented for combined
optimal selection and sizing of FACTS devices
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