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Abstract. In this paper Genetic Algorithm (GA)
is used as an evolutionary tecthniques for the opti-
mal placement of flexible AC transmission systems
(FACTS) devices in an interconnected power system.
Here two types of FACTS devices has been discussed
nemely, Thyristor Controlled Series Capacitor (TCSC)
and Static Var Compensator (SVC) for the economic
operation and to reduce the transmission loss. Reac-
tively loading of the system is taken from base to 200 %
of base loading and the system performance is observed
without and with FACTS devices. Optimal placement
of FACTS devices in the system is determined by calcu-
lating active and reactive power flow in lines. FACTS
devices along with reactive generation of generators and
transformer tap setting are used for the power transfer
capacity using GA. The proposed approach is applied
on IEEFE 14 and IEEFE 30-bus test systems. Finally the
effectiveness of the proposed GA based method of place-
ment of FACTS devices is established by comparing the
results with another standard method of optimization
like Particle Swarm Optimization (PSO) technique.
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1. Introduction

Due to increase in power demand, restriction on the
construction of new lines, environment, unscheduled
power flows in lines creates congestion in the transmis-
sion network and increases transmission loss. Main-
tenance of bus voltages and line loads within prede-
fined limits is one of the challenging tasks in an inter-
connected power system. Effective control of reactive
compensation on weak nodes improves voltage profile,
reduces power loss and improves both steady state &
dynamic performance of the system.

Power flow through an ac transmission line is a func-
tion of line impedance, the magnitude and the phase
angle between the sending end and the receiving end
voltages. With the development of FACTS devices
both the active and reactive power flow in the lines can
be controlled. The concept of flexible AC transmission
system (FACTS) was first introduced by Hingorani [I].
FACTS devices are solid-state converters having the
capability of control of various electrical parameters in
transmission circuits.

Sensitivity analysis and linear programming tech-
nique for the optimal location and size of Static Var
Compensator (SVC) in a power system is discussed
in [2]. Optimization techniques are widely used in
the field of technology. Optimal placement of Thyris-
tor Controlled Series Capacitor (TCSC) for increasing
loadability and minimizing transmission loss by Ge-
netic Algorithm (GA) is discussed in [3]. Optimal re-
active power dispatch along with the setting of switch-
able series & shunt FACTS devices is presented in [4].
Optimal placement of Var sources by loss sensitivity
based method is presented in [5]. A hybrid Genetic
Algorithmic approach with FACTS devices for optimal
power flow is dealt in [6].

Solution of optimal power flow using GA is presented
by Osman et al. in [7]. Authors have discussed Ge-
netic Algorithm based approach for the placement of
different types of FACTS devices in [8]. Computational
Intelligence based algorithm is presented in [9] to de-
termine the optimal placement and parameter setting
of TCSC for enhancing the security of power system
under single line contingency.

Concept of comutational intelligence technique using
FACTS controller is applied in [10] for the loadability
enhancement in a restructured power system. In [11]
GA based technique is discussed for the placement of
FACTS devices in some test systems. Das et al. in [12]
applied GA to minimize active power loss in a radial
distribution network using SVC. About the modelling
and selection of possible locations for the installation
of FACTS devices have been discussed in [13]. An op-
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timization method is used in [14] that combines the
reliability and the efficiency of radial power distribu-
tion systems to reduce the active power loss, through
a process of network reconfiguration. Effect of imple-
mentation of Genetic Algorithm for the determination
of locations and size of the FACTS controller is dis-
cussed in [I5].

Nomenclature:

e Xpine: reactance of line,

e S: operating range of FACTS devices,
e Crotal: total cost of system operation,
e C; (E): cost due to energy loss,

e Cy(F): total investment cost of the FACTS De-
vices,

e Puin pmax: |ower and upper limit of nodal active
power in the i-th bus respectively,

e P.i, Qui: nodal active and reactive power output
of the i-th bus respectively,

min max.

i Qmax: lower and upper limit of nodal reac-
tive power in the i-th bus respectively,

o Q" Qg™ lower and upper limit of existing

nodal reactive capacity in the i-th bus respectively,

o Qgi: output of existing nodal reactive capacity in
the i-th bus,

e Pqi, Qgi: active and reactive power generation in
the i-th bus respectively,

e Pp;, Qp;i: active and reactive power consumed by
load in the i-th bus respectively,

e P;, Qi (inj): real and reactive power flow change
takes place at the node i due to TCSC connected
to a particular line between the nodes i & j,

e Qi (inj): reactive power injection due to SVC,
e Vi, V;: voltage of i-th and j-th bus respectively,
e N: number of lines,

o Gjj, Byj: real and imaginary part of admittance
between buses i & j respectively,

e ¢;j: phase angle between V; & Vj,

en—1 . . .
e V7" current velocity of agent i at previous
generation,

e w: weight function for velocity of agent i,

e rand: is the random number between 0 and 1,

. S_genflz

b current position of agent i at previous
generation,

C;: weight coefficient for each term,
Dbesti: Pbest of agent i,

Ehesti: gbest of agent i.

FACTS Devices

2.1. FACTS Devices & Cost

Functions

Two types of FACTS devices namely thyristor con-
trolled series capacitors (TCSC) and static VAr com-
pensators (SVC) are used in the transmission network:

e TCSC: By modifying the line reactance TCSC

acts as either inductive or capacitive compensator.
The maximum value of the capacitance is fixed at
—0.8XLine and 0.2X1ine is the maximum value of
the inductance.

The SVC can be operated as either inductive or
capacitive compensation. It can be modeled as a
fixed capacitor and a thyristor controlled reactor.
So the function of the SVC is either to inject reac-
tive power to the bus or to absorb reactive power
from the bus where it is connected.

According to [18], cost functions for SVC and TCSC
are given below:

e TCSC:

CTCSC (US$/kVar) =
=0.0015- 82 — 0.7130 - S + 153.75, (1)

e SVC:

Csvc (US$/kVar) =
= 0.0003 - S? — 0.3051 - S +127.38.  (2)

Here, S is the operating range of the FACTS devices.

Optimal Placement of
FACTS Devices

Having made the decision to install a FACTS device in
the system, there are three main issues that are to be
considered: types of device, its capacity and location.
The decision where they are to be placed is largely de-
pendent on the desired effect and the characteristics of
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the specific system. SVC’s are mostly suitable when re-
active power flow or voltage support is necessary. Also
the costs of the devices play an important role for the
choice of a FACTS devices. There are two distinct
means of placing a FACTS device in the system for
the purpose of increasing the system’s ability to trans-
mit power, thereby allowing for the use of more eco-
nomic generating units. That is why FACTS devices
are placed in the more heavily loaded lines to limit the
power flow in that line. This causes more power to
be sent through the remaining portions of the system
while protecting the line with the device from being
overloaded. This method which sites the devices in the
heavily loaded line is the most effective. If reactive
power flow is a significant portion of the total flow of
the limiting transmission line, either a TCSC device in
the line or a SVC device located at the end of the line
that receives the reactive power, may be used to reduce
the reactive power flow, thereby increasing the active
power flow capacity.

4. The Proposed Approach

Here the main objective is to minimize the transmission
loss by incorporating FACTS devices at suitable loca-
tions of the transmission network. Inclusion of FACTS
controllers also increase the system cost. So, optimal
placement of FACTS devices is required such that the
gain obtained by reducing the transmission loss is sig-
nificant even after the placement of costly FACTS de-
vices. Installation costs of various FACTS devices and
the cost of system operation, namely, energy loss cost
are combined to form the objective function to be min-
imized. The optimal allocation of FACTS devices can
be formulated as:

Ciotal = C1 (E) + Co (F) , (3)

where C; (E) is the cost due to energy loss and Cs (F) is
the total investment cost of the FACTS devices. Sub-
ject to the nodal active and reactive power balance:

P?im S Pni S aniax’

min max
ni S Qm S Qni

and voltage magnitude constraints:
Vimin § Vi § Vimax

and the existing nodal reactive capacity constraints:

max

< Qg < QI (7)

gl

Superscripts min, max, are the minimum and maxi-

mum limits of the variables. The power flow equations

between the nodes i—j after incorporating FACTS de-
vices would appear as:

e TCSC:

Pai — Ppi +Pi —
- Zj\/:—ll ViVj (Gijcosﬁij + Bijsinﬁij) = 07 (8)

Qai — Qbi + Qiinj) —
- Z;V:zl ViVj (Gijsmeij + BijCOSQij) = 0, (9)

Qcj — Qpj +Q; —
— S VSNV (Gyysind;; + Byjeost,;) = 0,(10)

Jj=

Qaj — Qbj + Qj(inj) —
- Zj\[:_ll ViV; (ijsinﬁjj + BijOSejj) = 07(11)

e SVC:

Qci — Qbi + QiL(inj) —
— Z;V:zl ViVj (GijsinHij + BijCOSeij) = 0(12)

These changes in the power flow equations are taken
into consideration by appropriately modifying the bus
admittance matrix for execution of load flow in evalu-
ating the objective function for each individual popu-
lation of generation of both Genetic Algorithm (GA)
and Particle Swarm Optimization (PSO) based opti-
mization technique.

In this approach, first the locations of FACTS de-
vices are defined by calculating the power flow in the
transmission lines. Here we choose only four locations
in IEEE 14 bus and eight locations in IEEE 30 bus
system for the placement of FACTS devices. SVC’s
positions are selected by choosing the lines carrying
largest reactive power. In IEEE 14 bus system, 10",
13t" & 14*" buses and in IEEE 30 bus system, 21°¢,
7th 17t & 15" buses are found as buses where suit-
able reactive injection by SVC’s could improve the sys-
tem performance. Line number 7¢" in IEEE 14 bus and
lines 25", 4115t 28th & 5th in IEEE 30 bus system are
found as the lines for TCSC’s placement and simulta-
neously series reactance of these lines are controlled.

In the proposed approach combined effect of SVC
& TCSC is tested. Simultaneous use of shunt (SVC)
and series (TCSC) FACTS controller has a better effect
than if either of the FACTS controller used singly. We
only can connect SVC at buses where reactive injec-
tions are required and also there is a limit of a number
of SVC’s that can be connected to a particular sys-
tem. Similarly, modifying line reactance helps greatly
in reducing line loss & improving overall system per-
formance. Application of series & shunt combination
of FACTS controller on a standard system is analyzed
in the present work. We have taken only one number
of TCSC and three number of SVC’s in IEEE 14 bus
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Run Load Flow

Calculate Real and Reactive Power flow in
all the branches for the given Test System

!
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FACTS devices
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!
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v
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Is
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Run GA and PSO to optimize
the size of FACTS devices

Fig. 1: Flowchart for the proposed approach.

system & four numbers of TCSC’s and four numbers of
SVC’s in IEEE 30 bus systemfor the purpose of anal-
ysis in the present problem. The number of FACTS
controller depends also on the size of the system.

Maximum value of SVC is taken as 50 MVAr & maxi-
mum value of TCSC is taken as 10 MVAr in the present
problem. Fig.[I]shows a flowchart for the proposed ap-
proach.

4.1.  Genetic Algorithm in the

Proposed Method

The function of the GA is to find the optimum value of
the different FACTS devices. Here two different types
of FACTS devices are used. The locations for the place-
ment of different FACTS devices are determined on
the basis of power flow analysis. TCSC’s modifies re-
actance of the lines and SVC’s are to control reactive
injection at buses.

In addition transformer tap positions along with re-
active generations of the generators are controlled. In
IEEE 14 bus system there are three transformer tap po-
sitions and four generator buses while in IEEE 30 bus
system there are four transformer tap positions and
five generator buses. So, as a whole all the control-
ling parameters are to be optimized by Genetic Algo-

rithm [19]. These controlling parameters is represented
within a string. This is shown in Tab. [I] for IEEE 14
bus system and in Tab. [2|for IEEE 30 bus system. Ini-
tially a population of N strings is randomly created in
their limits. Then the objective function is computed
for every individual of the population.

A biased roulette wheel is created such a way so that
the parameter values are selected according to their
fitness obtained after computing the objective func-
tion for all the individuals of the current population.
Thereafter the usual Genetic operation such as Repro-
duction, Crossover & Mutation takes place. Two indi-
vidual are randomly selected from the current popula-
tion for reproduction. Then crossover takes place with
a probability close to one (here 0.8).

Finally mutation with a specific probability (very
low) completes one Genetic cycle and individuals of
the same population with improved characters are cre-
ated in the next generation. The objective function is
then again calculated for all the individuals of the new
generation and all the genetic operations are again per-
formed and the second generation of the same popula-
tion size is produced. This procedure is repeated till
the final goal is achieved. The population size is taken
as 80 & GA is run for 100 generation.

4.2. PSO Approach in Brief

Particle swarm optimization (PSO) is a population
based stochastic optimization technique developed by
Dr. Eberhart and Dr. Kennedy in 1995, inspired by
social behavior of bird flocking or fish schooling.

A population is initialized of random feasible solu-
tions and searches for optima by updating generations.
In PSO, the potential solutions, called particles have
their own positions and velocities move in the search
space of an optimization problem by following the cur-
rent optimum particles. Each particle tracks its own
best position found so far in the exploration and each
particle searches for better positions in the search space
by updating its velocity. The movement of each par-
ticle naturally evolves to an optimal or near-optimal
solution.

The position of each agent is represented by XY-axis
position and the velocity (displacement vector) is ex-
pressed by Vx (the velocity along X-axis) and Vy (the
velocity along Y-axis). Modification of the agent posi-
tion is realized by using the position and the velocity
information. The behavior of particles in PSO is shown
in Fig.

Each agent or particle knows its best value so far
(pbest) and its x, y position. Each agent knows the
best value so far in the group (ghbest) among pbests.
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Tab. 1: String representing the control variables in IEEE 14 bus system.

Transformer Reactive
TCSC SvVC Generations of
Tap
Generators
1 Nos. 3 Nos. 3 Nos. 4 Nos.
1 1 \ 2 \ 3 1 \ 2 \ 3 1 \ 2 \ 3 \ 4

Tab. 2: String representing the control variables in IEEE 30 bus system.

Tr P Reactive
TCSC SVC anstormer Generations of
Tap
Generators
4 Nos. 4 Nos. 4 Nos. 5 Nos.
1 [ 2341 2][3[4a]1]2]3]4[1]2]3[]4]5

><w

Fig. 2: Behavior of particles in PSO.

Each particle tries to modify their position using the
following information:

e the current positions (x, y),
e the current velocities (Vx, Vy),

e the distance between the current position and
pbest,

e the distance between the current position and
gbest.

The basic equation for the optimization of nonlinear
functions using particle swarm optimization technique
is:

Vgen = w

?

Vel 4 Cyrand (pbesti - Sig”kl) +

+Carand (ghesis — Y1) (13)
Sigen _ S{genfl + Vigen’ (14)

where w is updated at each iteration:
W= Wyaw — Mgen. (15)

9€Nmax

Tab. 3: Locations of different FACTS Devices in the Transmis-
sion Network.

IEEE 14 bus IEEE 30 bus
TCSC in SVC in TCSC in SVC in
line buses line line
7 10; 13; 14 | 25; 41; 28; 5 | 21; 7; 17; 15

Here wmae = 0.9; wmin = 0.4; genma, = 500 and
gen = current iteration; C; and Cy are set to 2.0.

In PSO, the ghest particle always improves its po-
sition and finds the optimum solution and the rest of
the population follows it. String representing control
variables using PSO are shown in Tab. [[]and Tab.

5. Results and Discussions

After detecting the locations of FACTS devices by
power flow analysis it becomes necessary to determine
their magnitudes. GA & PSO based optimization tech-
nique is run to serve this purpose. IEEE 14 & IEEE
30 bus system is taken as standard test system. Both
test systems are loaded (reactive loading is considered)
from it’s base value to 200 % of it’s base value. The
locations where different FACTS devices are placed is
shown in Tab. Bl

Active power loss without and with FACTS devices
using GA & PSO technique is shown in Tab. 4 & Tab.
respectively for both systems. The magnitude and
phase angle of the voltages of weak nodes without &
with FACTS devices for highest reactive loading i.e.
for 200 % is shown in Tab. [6] & Tab. [/} Phase angles
are given in radian. Here, we see that after connecting
FACTS devices, voltage profile of all buses of the IEEE
14 & TEEE 30 bus system improves, though question
may arise why we connect FACTS devices if the volt-
ages are in the acceptable range as seen from Tab. [6] &
Tab. [7} Our main objective is to reduce overall system
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loss with the aid of the FACTS controller. In doing
so, the voltage profile improves and transmission loss
reduces significantly. A comparative study of the op-
erating cost of the system without and with FACTS
devices using GA & PSO is given in Tab. [§] & Tab. [9]
for both the systems. From Tab. [§] & Tab. [9] we see
that large economic gain is achieved using GA & PSO
based placement of FACTS devices in all cases of load-
ing. Here, it is clearly observed from the result, there is
a great saving in the system cost in various system load-
ing condition. Table[I0]& Tab. [11]shows the amount of
FACTS devices in p.u and controlled reactive sources
present in the network under different cases of loading
using both the techniques and for both the systems.
Reactive power flows in different lines before and after
the placement of FACTS devices for 200 % loading are
shown in Tab. [I2 & Tab. 13 for IEEE 14 and IEEE 30
bus system respectively.

It is observed from Tab. [3] that SVC’s are connected
at the buses 10", 13t" & 14" those are at the finish-
ing ends of lines 13", 19t" & 20*" respectively in IEEE
14 bus system, while buses 21°¢, 7t 17" & 15" are
at the finishing ends of the lines 27", 26", 9t* & 18"
respectively in IEEE 30 bus system, since these are the
lines very high reactive power without FACTS devices.
After connecting SVC’s at theses buses, voltage profile
at these buses are improved, also reactive power flow
is reduced in a large amount in the lines 13", 19t &
20*" in IEEE 14 bus and in the lines 27", 26" 9th
& 18" in IEEE 30 bus for all cases of loading. The
placement of TCSC’s in lines using both GA & PSO
approaches reduces reactive power flow in lines signifi-
cantly for both the test systems. As transmission line
congestion is directly related with reactive power flows
in different lines, we may conclude that line congestion
reduces heavily with the reduction of reactive power
flow in different lines.

It is also to be noticed that no FACTS device is con-
nected in line 1 because of the fact that it is in between
bus 1 and bus 2 though it carries very large active
power. Bus 1 is the slack bus and already a FACTS
device regulates the voltage of the bus 2. Again in any
line or in a bus connected to the line, only one FACTS
device can be placed. Tab.[d]& Tab.[5]shows that trans-
mission loss is reduced in a considerable amount with
the FACTS devices connected in different loacations of
the network, as a result operating cost reduces signif-
icantly. This effect is observed with different sets of
loading values. Hence benefit in terms of saving using
both GA & PSO is observed in each cases of loading
for both systems as shown in Tab. [§] & Tab. [9] Here,
energy cost is taken as 0.06 dollar/kWh.

Figure [3] and Fig. [4] shows the variations of operat-
ing cost with generation for 200 % of reactive loading
of the system with GA based approach in IEEE 14
& TEEE 30 bus system respectively, while Fig. [5] and

10 Operating cost vs Generation for 200% Reactive loading using GA
T T T T T T

Operating cost

0 10 20 30 40 50 60 70 80 90 100
Generation

Fig. 3: Variations of operating cost with generation for 200 % of

base reactive loading with GA in IEEE 14 bus system.

«10°  Cperating cast vs Generation for 200% Reactive loading using G4
4 T T T T T T T T T

Cperating cost
[an]
=

w
w
T

w
]
T

w

10 20 a0 40 a0 B0 70 il a0 100
Generation

Fig. 4: Variations of operating cost with generation for 200 % of
base reactive loading with GA in IEEE 30 bus system.

Fig. [6] shows the variations of operating cost with gen-
eration for 200 % of reactive loading of the system with
PSO based approach in IEEE 14 & TEEE 30 bus system
respectively. Fig. [7|and Fig. [§| shows a single line dia-
gram for IEEE 14 & IEEE 30 bus test system respec-
tively. The results obtained by the GA based method is
compared with other standard optimization approach
like PSO. It is observed that though PSO yields com-
parable solution with GA in minimizing transmission
loss and transmission cost in the case of IEEE 14 bus
system, but in larger test system as in IEEE 30 bus
system PSO fails to yield a satisfactory result as GA
in all cases of loading.

6. Conclusion

Here Genetic Algorithm (GA) based approach for the
placement of FACTS devices and simultaneous con-
trol of existing reactive sources is presented. Two dif-
ferent types of FACTS devices are considered. It is
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Tab. 4: Active power loss without & with FACTS devices in IEEE 14 bus system.

. Active Power | Active Power

Active Power . .
Reactive | Loss without Loss w1t1‘r1 Loss WItl.'l

Reactive FACTS FACTS using | FACTS using
(pw) GA PSO
o (p-u.) (p-u.)
100 % 0.1339 0.0666 0.0668
150 % 0.1356 0.0734 0.0734
175 % 0.1368 0.0763 0.0763
200 % 0.1384 0.0983 0.0984

Tab. 5: Active power loss without & with FACTS devices in IEEE 30 bus system.

. Active Power | Active Power

Active Power . .
Reactive | Loss without Loss WItb Loss Wlt?

Reactive FACTS FACTS using | FACTS using
(pw) GA PSO
- (p-u.) (p-w.)
100 % 0.0711 0.0406 0.0445
150 % 0.0742 0.0433 0.0478
175 % 0.0765 0.0448 0.0497
200 % 0.0795 0.0573 0.0637

Tab. 6: Bus voltages & phase angles without and with FACTS devices for 200 % reactive loading in IEEE 14 bus system.

Bus Bus Evolutionary Bus Bus

Bus. | Voltage Angle Methods Voltage | Angle
No. | without | without | with FACTS with with
FACTS | FACTS devices FACTS | FACTS

GA 1.0454 —0.2633

10 10232 1 —0.2612 PSO 1.0444 | —0.2631
GA 1.0510 —0.2691

13 1.0386 | —0.2612 PSO 1.0513 | —0.2689
GA 1.0361 —0.2830

14 1.0066 | —0.2764 PSO 1.0334 | —0.2818

Tab. 7: Bus voltages & phase angles without and with FACTS devices for 200 % reactive loading in IEEE 30 bus system.

Bus Bus Evolutionary Bus Bus

Bus. | Voltage | Angle Methods Voltage | Angle
No. | without | without | with FACTS with with
FACTS | FACTS devices FACTS | FACTS

GA 1.0082 | —0.1413

7 1.0014 —0.1391 PSO 0.9952 | —0.1383
GA 1.0747 | —0.1746

15 1.0036 | —0.1797 PSO 1.0574 | —0.1711
GA 1.0797 | —0.1733

17 1.0050 | —0.1775 PSO 1.0662 | —0.1696
GA 1.0771 | —0.1800

21 0.9959 | —0.1816 PSO 1.0684 | —0.1773
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Tab. 8: Operating cost analysis without and with FACTS devices using GA & PSO pproach in IEEE 14 bus system.

Tab. 9: Operating cost analysis without and with FACTS devices using GA & PSO pproach in IEEE 30 bus system.

Operating Evolutionary | Operating Net
Reactive Cost due to Methods Cost (B) Saving (A-B)
Loading | Energy Loss (A) | with FACTS %106 v(dglla )
(dollar) devices (dollar) '
GA 3.5046 3533184
100 % 7037784 PSO 3.5147 3523084
GA 3.9029 3224236
150 % 7127136 PSO 3.9135 3213636
GA 4.0431 3147108
175 % 7190208 PSO 4.0527 3137508
GA 5.1896 2084704
200 % 7274304 PSO 5.1927 2081604

Operating Evolutionary | Operating Net

Reactive Cost due to Methods Cost (B) Saving (A-B)

Loading | Energy Loss (A) | with FACTS %109 (dgllar)
(dollar) devices (dollar)

GA 2.1786 1558416
100 % 3737016 PSO 2.4052 1331816
GA 2.3429 1557052
150 % 3899952 PSO 2.6080 1291952
GA 2.4745 1546340
175 % 4020840 PSO 2.7693 1251640
GA 3.1024 1076120
200 % 4178520 PSO 3.4460 732520

Tab. 10: Amount of FACTS devices and other reactive sources in the transmission network by GA & PSO in IEEE 30 bus system.
. SVC amount TCSC amount Reactive Transformer
Reactive . 1. . ers

Loadi (p-u.) in lines (p.u.) | Generation Qg (p.u.) | Tap Position (p.u.)
oadile mGA [ PSO | GA | PSO | GA PSO GA PSO
0.0003 | 0.0000 8%282 82822 0.9641 0.9527
100 % 0.0060 | 0.0000 | 0.0001 | 0.0000 0'2370 0'0023 0.9516 1.0113
0.0327 | 0.0389 0.1812 0.1655 0.9998 0.9087
0.0000 | —0.0572 8;2(2)2 SZ;?I 0.9615 0.9695
150 % 0.3245 | 0.2976 | 0.0249 | 0.0254 0'2049 0.1682 0.9750 1.0525
0.0355 | 0.0515 0.2234 0.0939 0.9977 0.8802
0.0934 | 0.1564 81%{233 ggggg 0.9799 0.9785
175 % 0.0604 | 0.0434 | 0.0025 | 0.0009 0.2189 0'1719 0.9433 0.9196
0.1105 | 0.1319 0.2133 0.0384 0.9652 1.0363
0.0351 | 0.0273 ggggg 82121(5)2 0.9896 0.9774
200 % 0.0663 | 0.0770 | 0.0011 | 0.0000 0'2212 0.2380 0.9567 1.0132
0.0643 | 0.0492 0.2141 0.1696 0.9378 0.8748
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Tab. 11: Amount of FACTS devices and other reactive sources in the transmission network by GA & PSO in IEEE 14 bus system.

. SVC amount | TCSC amount Reactive Transformer
Reactive . 1. . el
Loadi (p-u.) in lines (p.u.) | Generation Qg (p.u.) | Tap Position (p.u.)

oading —GA [ PSO | GA | PSO | GA PSO GA PSO
0.0892 | 0.0000 | 0.0001 | 0.1463 8?;1?‘2 83888 0.9099 0.9000

100 % 0.0511 | 0.0000 | 0.0419 | 0.0419 0'1911 0.00()O 0.9859 0.9000
¢ 0.0398 | 0.0000 | 0.0002 | 0.1049 0'1975 0'4000 0.9133 0.9248
0.0621 | 0.0000 | 0.0515 | 0.1388 0.1023 0.0000 0.9344 0.9000

0.1586 | 0.0869 | 0.0010 | 0.1463 8?251%8) 83888 0.9431 0.9000

150 o 0.1172 | 0.0000 | 0.0117 | 0.0419 0.3185 0’0000 1.0109 0.9000
¢ 0.0714 | 0.0000 | 0.0002 | 0.1049 0'2371 0’2474 0.9331 0.9358
0.1036 | 0.1510 | 0.0545 | 0.1388 0.0971 0.0000 0.9081 0.9000

0.3351 | 0.3202 | 0.0008 | 0.1463 828§g 88?;3 0.9601 0.9195

175 % 0.2194 | 0.0063 | 0.0419 | 0.0419 0.2158 0.4656 0.9004 0.9308
o 0.1877 | 0.2336 | 0.0008 | 0.1049 0.1606 0'2370 0.9993 0.9673
0.1350 | 0.2018 | 0.0501 | 0.1388 0.2500 0.1942 0.9482 0.9006

0.2399 | 0.1457 | 0.0011 | 0.1463 8324112 85888 0.9366 0.9000

200 % 0.1673 | 0.0000 | 0.0051 | 0.0419 0'2751 0'0000 0.9880 0.9000
¢ 0.1149 | 0.0000 | 0.0004 | 0.1049 0'2145 0.3168 0.9189 0.9483
0.1579 | 0.1089 | 0.0500 | 0.1388 0.1357 0.0000 0.9001 0.9000

Tab. 12: Comparative study of rective power flow in lines using GA & PSO based proposed approach for 200 % of base loading

in IEEE 14 bus.

For reactive loading For base reactive | For base reactive
Lines | of 200 % (before) loadln.g of 200 % loadlr.lg of 200 %
(pw) using GA using PSO

(p-u.) (p-w.)
7 0.1417 0.0139 0.0503
13 0.0414 0.0538 0.0604
19 0.0222 —0.0013 —0.0020
20 0.0638 0.0194 0.0277

Tab. 13: Comparative study of rective power flow in lines using GA & PSO based proposed approach for 200 % of base loading

in IEEE 30 bus.

For reactive loading For t-)ase reactive | For t-)ase reactive
Lines | of 200 % (before) loadln.g of 200 % loadu‘lg of 200 %
(pn) using GA using PSO
(p-u.) (p-u.)
5 0.0384 0.0388 0.0380
25 0.0664 0.0649 0.0879
28 0.0883 0.0115 0.0495
41 0.0751 0.0662 0.0388
9 0.1032 0.0100 0.0714
18 0.1365 -0.0227 -0.0034
26 0.0860 0.0173 0.1544
27 0.1925 0.0070 0.0923

(© 2014 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING




POWER ENGINEERING AND ELECTRICAL ENGINEERING

VOLUME: 12 | NUMBER: 1 | 2014 | MARCH

%10 Operating cost vs Generation for 200% Reactive loading using PSO
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Fig. 5: Variations of operating cost with generation for 200 % of
base reactive loading with PSO in IEEE 14 bus system.

«10° Operational cost %'s heration for 200% base load using PSO
4 T T T T T T T T T

52 R

18 1
46 1
441 4

42+ R

38- R
36+ R
34 L n I I I n I n

o

0
10 20 30 A0 50 G0 70 80 90 100
lteration

Operational cost

Fig. 6: Variations of operating cost with generation for 200 % of
base reactive loading with PSO in IEEE 30 bus system.
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Fig. 7: Single line diagram of IEEE 14 bus system.
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Fig. 8: Single line diagram of IEEE 30 bus system.

clearly evident from the results that effective place-
ment of FACTS devices in proper locations along with
the proper planning of existing reactive sources by us-
ing suitable optimization technique can significantly
improve system performance. Also it is significantly
noticeable from the results that the FACTS devices
can be an alternative to reduce the flows in heavily
loaded lines, resulting in an increased loadabilty, low
system loss, improved stability of the network. Par-
ticle Swarm Optimization (PSO) based algorithm is
developed for the purpose of comparison with the GA
based approach. But GA based approach is more ef-
fective in minimizing the total operating cost, trans-
mission loss than PSO based approach. Hence this GA
based approach could be a new technique for planning
of the existing reactive sources and efficient utilization
of FACTS devices for improved power transfer.
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