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Abstract—This paper presents optimal placement and sizing of
multiple FACTS devices based on computational intelligence
techniques. In this study, particle swarm optimization (PSO) and
Evolutionary Programming (EP) approach is proposed to
minimize the transmission loss in the power system with flexible
AC transmission systems (FACTS) devices. Two types of FACTS
are used: static var compensator (SVC) and thyristors controlled
series compensator (TCSC) are two FACTS devices chosen for
the optimal installation for compensation purposes due to
reported promising performances of the devices. Experiment
results on the IEEE 30 bus system with FACTS devices show that
the proposed PSO approach can obtain better solutions than EP
technique.
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L.

In recent years, the greater demand have been placed on the
transmission network, and these demands will be continued to
increase because of the increasing number of neutrality
generators and heightened competition among utilities
themselves [1]. This problem it is very demanding to acquire
new rights of way. One of the alternatives is by using flexible
alternating current transmission system (FACTS). In [2], the
FACTS device concept was introduced by the Electric Power
Research Institute (ERPI) in the late 1980. The main benefit of
FACTS devices is to increase a system transmission capacity
and power flow control flexibility and rapidity [3]. Moreover,
FACTS device technology is to get a system under control and
also to transfer a power as ordered by the control centre cost-
effectively [4-5]. It also allows increasing the usable
transmission capacity to it maximum thermal limits.

In [6-7], the latest generation of FACTS device is
convertible static compensator (CSC) was recently installed at
the Marcy 345kV substation. In [8-9], two novel operating
configurations are formed as Generalized Unified Power Flow
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Controller (GUPF) and Interline Power Flow Controller
(IPFC), which are significantly extended to control power
flow of a single line by a TCSC and UPFC.

In this paper, PSO technique is a computational intelligence
based technique proposed to optimize the location and sizing
of multiple FACTS devices in order to minimize the
transmission loss in the system. The installation of FACT
devices are performed into the busdata or linedata system
which directly affect the power flow solution in a system.
Experiments were done for IEEE 30 bus system to recognize
the effectiveness of the proposed technique, although
verification was conducted through relative studies with EP
technique.

II. COSTFUNCTION

Optimal placement and sizing of multiple FACTS device
considering the cost of installation of FACTS device has been
mathematically formulated and is given by equation (1) in [20]
and [21]:

IC =CxBx1000 (1)

Using database of [10], cost function for SVC and TCSC
are shown in Figure 1 and modeled as follows:

For SVC:
CSVC = 0.000332 —0.305IB+127.38US$/ kVar) 2)
For TCSC in [20], [21]:
CTCSC:O.OOISB2 -0.7130B+1537(US$/ KVar) 3)
B =l RA - RB | “)
where

IC is cost of installation of FACTS device in [US$]

C s cost of FACTS device in [US$/kVar].

B is operating range of the FACTS device in [MVar].

Csyc and Crese are in [US$/kVar].

R, isreactive power flow through the branch before FACTS
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device installation in [MVar].
Rp is reactive power flow through the branch after FACTS
device installation in [MVar].
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Figure 1 Graph of Cost Function SVC, TCSC and UPFC device

III. FACTS DEVICE

In this paper, steady-state models of FACTS device are
developed for power flow studies. SVC is modeled using the
power injection model. While, TCSC is modeled using the
reactance of the transmission line. The power program has
been developed in MATLAB by incorporating the
mathematical models of FACTS devices.

A. Static Var Compensator (SVC)

SVC can be used for both inductive and capacitive
compensation. In this paper, SVC is modeled as an ideal
reactive power injection at bus i in Figure 2 and 3. The SVC
consists of a thyristors controlled reactor (TCR) in parallel
with a bank of capacitors. From an operational point of view,
the SVC is like a shunt connected variable reactance, which
both to generates or absorbs reactive power with the function
of regulate the voltage magnitude at the point of connection to
the power system. It is used comprehensively to provide fast
reactive power and voltage regulation support. The TCR is
reactive impedance is X;, with a bidirectional thyristor valve.
The controllable reactance of the TCR part is Xy, which is
defined by (5);

b4
=X, ——
14 L2z—2a+sin(2a)
where « is the firing angle of the thyristor.
The SVC equivalent susceptance is equation (6) in [4],

X (5)

X
X, - (2z-a)+sin(2a))
Vi3
BSVC - ©®
XX
and the reactive power equation is

X =r X,

TCSC ‘tesc © line
where X;;,.1s the reactance of the transmission line and ;. is
the coefficient which represents the degree of compensation
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Figure 2 A Model of SVC
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Figure 3 Block diagram of SVC

B. Thyristor Controlled Series Compensator (TCSC)

A model of TCSC as shown in Figure 4. A TCSC device
consists of a capacitor bank, and also a thyristor controlled
inductive branch connected in parallel and series connected to
the transmission line. The equivalent reactance of TCR X, is
shown in eq. (8). The controllable reactance, Xrcsc, is directly
used as the control variable that can be determined by:

X X
C L (8)

Xrese ™ X
—C[2(z - ) +sin(20i] - X
a L

Rij+jXij

TCSC

Figure 4 A Model of TCSC

The rating of TCSC is dependent upon the reactance of the
transmission line where the TCSC is located. This can be
written by:-

by TCSC. To avoid overcompensation, the working range of
the TCSC is chosen between -0.8X;,,. and 0.2X;,,.[11, 12].

r =-0.8 r =02
t CSCmin 1 CSCmax
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IV.  PARTICLE SWARM OPTIMIZATION (PSO)

PSO algorithm originally is matured by Kennedy and
Eberhant based on the social behaviors of animal swarms.
From [13], PSO is created through model of bird flocking or
fish schooling in two-dimensional space. The position of each
particle is represented by its xy axis and also its velocity is
expressed by vx and vy. Variation of the particle position is
realized by the position and velocity information. Fish
schooling optimizes a certain objective function. Each particle
has known its value as P, and its x, y position. This
information is an analog of the personal experience of each
particle. In addition, each particle knows the best value so far
in the group as Gy, among P, One of the advantages the
swarm intelligence techniques is they are impressively
resistant to the local optimal problem. Furthermore, PSO is
employed mostly because it is simple of concept, and easy to
implement. In [13], PSO is effective, and also it is a flexible
mechanism to enhance global and localized exploration
abilities. From [14], the main merits of PSO are simplicity in
concept implementation, computationally efficient, and
validity to control parameters [20]. The step by step algorithm
for the proposed optimal location and sizing of multiple
FACTS device is given below:

Step 1: Set the loads condition, Q. at the weak bus before
multiple FACTS installation (base case value). Set the loss
and voltage constraints, i.e loss] < loss_0 and voltagel>
voltage_0. This is to ensure that all the generated initial
populations satisfy all the equality and inequality constraints.

Step 2: Initialize the related parameters, such as the population
size, the size of particle, the maximum number of iteration,
and the power flow data included linedata and busdata system.

Step 3: An initial population is randomly generated to
consider the variable that should be optimized (the locations,
and the sizings of multiple FACTS device). The random
numbers, x as a control variables of multiple FACTS device
(X1, X2 +or X s, Xinvo) Where X; Xz X3 X4 Xs5 oo Xiny Xinsts Xins2,
Xm+3 Xm+q are the location of multiple FACTS device and x5, x7,
X8, X0, X1 oo Xtna$r Xma6 Xm+7 Xm+& Xmio are the sizing of
multiple FACTS device.

1112 7 S
[Xj=| & v i (10)
xn] xn2 xnm

where: n is population size

Step 4: Calculate fitness I of each particle in the population is
evaluated by taken of the objective function. Determine the
Phext old and Ghext old value and it is stored. PheSrJ)lzl =
Min(Xy,...Xmv9)_old and Fitness I= LOSSyin o1

Step 5: Update the velocity and position of the particle
according the equations (11), (12) and (13). Velocity of each
particle can be modified by using (11) [3], [19], [20], [21]:

v].(+1=w><v+c Xrand X(P —s{()+
i 1 1 best; i (11)
¢ Xrand X(G - sk )
2 best; i
where
it is velocity of particle i at iterations.

w is weight function.
¢, and ¢, is weight coefficient
rand; and rand, is random number between 0 and 1

5;¢ is current position of particle i at iteration k.

P,.:;  1is best position of particle i th up to the current
iteration.

Gpesri 18 best overall position found by the particles up to

the current iteration.

Weight function is given by (12) [3], [15], [19], [20], [21]:

woo—-w
w=w - ter (12)
max iter
max
where
W 18 maximum weight equal to 0.9
Wnin is minimum weight equal to 0.4
itery,, 1S maximum iteration number, and
iter is current iteration number

The new position can be modified using (13) [15], [16], [17],
[18], [19], [20], [21].

=5+, (13)

Step 6: Calculate the fitness II and determine the Py, ,.,, and
Goest new value and it is  stored.  Puogypew =
MIR(Xyy_news - -Xin+9_new)_tew and fitness II=LoSSyin_new-

V. RESULTS AND DISCUSSION

In order to realize the effectiveness of the proposed PSO
and EP technique, the IEEE 30-Bus system was tested to
determine the placements and sizings of multiple FACTS
device where the busdata and linedata of bus system in [13].
The parameters of the optimization algorithm are listed in
Table I [20], and [21]. The FACTS device installations in the
power system networks have been conducted at 30MVar load
conditions subjected to bus 26 in IEEE 30 bus system.

TABLE I PARAMETERS OF OPTIMIZATION

TECHNIQUES
Parameters PSO
Population Size 20
Inertial Weight, w 0.4 until 0.9
Cy 3
Cy 3
Number of iteration 100
rand, Otol
rand, 1tol
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A.  Multiple SVCs Installation

Results for transmission loss reduction when bus 26 is
subjected to increase the loads variation until 30MVar are
tabulated in Table II and Table III. The location and sizing of
SVCs to achieve loss reduction at 30MVar can be referred to
the same table. The results for number and location of SVCs
to minimize transmission loss with 30MVar at bus 26 using
PSO technique are tabulated in Table II. For instance, the
transmission loss reduced to 17.4613MW was installed three
units of SVC in the system. In order to achieve this value, the
locations of SVCs are bus 29, bus 21 and bus 26. Besides that,
to achieve this value the sizings for SVCs are 3.8920MVar,
14.8372MVar, and 28.6368M Var as tabulated in Table III.

TABLE I RESULTS OF MULTIPLE SVC LOCATION WHEN Qg6 =
30MVar USING PSO TECHNIQUE.

Loss (MW) Unit SVCs Location (Bus)
26.5184 0
17.5987 1 27
17.6836 2 26 28
17.4613 3 29 21 26
17.5005 5 27 12 26 19 16

TABLE IlI RESULTS OF MULTIPLE SVC SIZING WHEN Q=
30MVar USING PSO TECHNIQUE.

Unit SVCs Sizing (MVar)

0

1 27.6946

2 29.2317 20.8601

3 3.8920 14.8372  28.6368

5 4.8967  76.3765 66.9451 13.0268 32.0506

Comparative studies for the multiple SVCs installation
were conducted with respect to the results obtained using EP
[23]. The results tabulated in Table IV for load 30MVar to bus
26. In Table IV at loading condition of 30MVar; PSO manage
to reduce the transmission loss 26.5184MW to 17.4613MW,
while EP managed to reduce the transmission loss to
17.5542MW. From these results as shown that, PSO technique
can be optimizing the transmission loss better than EP.

TABLE IV RESULTS OF MULTIPLE SVC LOCATION AND SIZING
WHEN Q26 = 30MVar USING PSO AND EP TECHNIQUE.

Item \ Technique PSO EP
Loss (MW) 17.4613 17.5542
Number of
FACTS 3 3
SVCs Location
(Bus) 29,21, 26 26, 29, 29
SVCs Sizing 3.8920, 14.8372, 8.2638, 89.4036,
(MVar) 28.6368 6.0064

B.  Multiple TCSC Installation

Results for transmission loss reduction when bus 26 is
subjected to increase the loads variation until 30MVar are
tabulated in Table V and Table VI. The location and sizing of
SVCs to achieve loss reduction at 30MVar can be referred to
the same table. The results for number and location of SVCs
to minimize transmission loss with 30MVar at bus 26 using
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PSO technique are tabulated in Table V. For instance, the
transmission loss reduced to 21.0910MW where installed two
units of TCSCs in the system. In order to achieve this value,
the location of TCSCs is line-12 and line-27. Besides that, to
achieve this value the sizing for TCSC is -0.1778p.u and -
0.3330p.u as tabulated in Table VI.

TABLE V RESULTS OF MULTIPLE TCSC LOCATION WHEN Qg =
30MVar USING PSO TECHNIQUE.

Loss MW) | Unit TCSCs Location (line)
26.5184 0
22.6478 1 34
21.0910 2 12 27
22.5026 3 26 35 34
23.5599 5 15 23 22 34 2

TABLE VIRESULTS OF MULTIPLE TCSC LOCATION WHEN Qu =
30MVar USING PSO TECHNIQUE.

Unit TCSCs Sizing (p.u.)
0
1 -0.4584
2 -0.1778  -0.3330
3 -0.0192 04249  -0.3837
5 0.00366  -0.3852  -0.2184  -0.3543  -0.028

Besides that, comparative studies for the multiple TCSCs
installation were conducted with respect to the results obtained
using EP [23]. The results tabulated in Table VII for load
30MVar to bus 26. In Table VII at loading condition of
30MVar; PSO manage to reduce the transmission loss
26.5184MW to 21.0910MW, while EP managed to reduce the
transmission loss to 23.3369MW. Similar phenomenon is
observed as those for the multiple SVCs installation.

TABLE VII RESULTS OF MULTIPLE SVC LOCATION AND SIZING
WHEN Qg6 = 30MVar USING PSO AND EP TECHNIQUE.

Item \ Technique PSO EP
Loss (MW) 21.0910 23.3369
Number of FACTS 2 3
TCSCs Location (line) 12,27 34, 29,29
TCSCs Sizing (p.u) -0.1778, -0.4100, -0.7404,
-0.3330 -0.6578

. From the Table II until Table VI; installation multiple
SVC at load bus system as the most suitable to achieve the
best performance in transmission loss reduction optimized
using PSO and EP.

C. Voltage Profile and Cost of Installation.

Figure 5 illustrates the voltage profile when the load
increases to 30MVar at bus 26. The results show that with the
multiple SVC installation at load bus system the voltage
profile improvement is better with multiple TCSC installation.
With the multiple SVC installation, the voltage profile
increases greater than 1.00p.u.
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Figure 5. Results of voltage profile improvement when Qu=30MVar

Figure 6 illustrates the cost of installation FACTS device
when the load increases to 30MVar at bus 26. From the chart
bar it is shown that with installation of TCSC at load 30MVar
the cost less than with SVC installation.

DOcost_svc_pso Bcost_svc_ep DOcost_tcsc_pso  Bcost_tcsc_ep

3,500,000 -+

3,000,000

2,500,000 -

2,000,000

1,500,000

1,000,000 -

cost of installation (US$)

500,000 -

1 2 3
Numbers of FACTS device

Figure 6. Results of cost of installation multiple FACTS device when
Qd26:30MVar

VI. CONCLUSION

An approach for transmission loss minimization by using
FACTS device installation via PSO and EP as the optimization
technique has been presented in this paper. Algorithm of PSO
and EP technique was developed to find the best location and
sizing of multiple FACTS device in order to minimize the
transmission loss in the system. Besides that, the voltage
profile and cost of installation of FACTS device resulted from
the study could taken as reference for power system operators.
Result shows that the performance of PSO have reduced the
transmission loss and increased the voltage profile of the
system on behalf of it as a practical technique to perform the
optimization process.
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