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OPTIMAL Placement of FACTS Devices by
Genetic Algorithm for the Increased Load
Ability of a Power System

A. B.Bhattacharyya, B. S.K.Goswami

Abstract—This paper presents Genetic Algorithm (GA) based
approach for the allocation of FACTS (Flexible AC Transmission
System) devices for the improvement of Power transfer capacity in an
interconnected Power System. The GA based approach is applied on
IEEE 30 BUS System. The system is reactively loaded starting from
base to 200% of base load. FACTS devices are installed in the
different locations of the power system and system performance is
noticed with and without FACTS devices. First, the locations, where
the FACTS devices to be placed is determined by calculating active
and reactive power flows in the lines. Genetic Algorithm is then
applied to find the amount of magnitudes of the FACTS devices. This
approach of GA based placement of FACTS devices is tremendous
beneficial both in terms of performance and economy is clearly
observed from the result obtained.
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l. INTRODUCTION

ECENTLY FACTS technology have become a very effective
Rmeans to enhance the capacity of existing power transmission

networks to their limits without the necessity of adding new
transmission lines. Better utilization of existing power system
capacities is possible by connecting FACTS devices in the
transmission network. By introduction of FACTS devices, flexible
power flow control is possible. It is known that the power flow
through an ac transmission line is function of line impedance, the
magnitude and the phase angle between the sending end and the
receiving end voltages. By proper utilization of UPFC (Unified Power
Flow Controller), TCSC (Thyristor controlled Series Capacitor), SVC
(Static Var Compensator) in the power system network, both the
active and reactive power flow in the lines can be controlled. The
additional flexibility of power flow using FACTS devices must lead
to a net economic gain despite the high cost of FACTS devices.
Tighter control of power flow and the increased use of transmission
capacity by FACTS devices are discussed in [1]. A scheme of power
flow control in lines is discussed in [2]. Use of static phase shifters
and FACTS controllers for the purpose of increasing power transfer
capacity in the transmission line is described in [3] & [4]. In [5]
author’s have discussed about the power flow control in transmission
network. About the modeling and selection of possible locations for
the installation of FACTS devices have been discussed in [6].
Assessment and impact on power networks by the use of FACTS
devices have been discussed in [7] through the concept of steady state
security regions. Allocation of variable series capacitor & static phase
shifters in transmission lines was the main objective in [8] for the
optimal power flow. A hybrid Genetic Algorithmic approach with
FACTS devices for optimal power flow is dealt in [9].
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In a congested power system, first the locations of the FACTS
devices were decided based on the sensitivity factors and then dispatch
problem was solved in [10]. How the unified power flow controllers
can be used in a congested power system is discussed in [11]. Genetic
Algorithm based separate & simultaneous use of TCSC (Thyristor
Controlled Series Capacitor), UPFC (Unified Power Flow Controller),
TCVR (Thyristor Controlled Voltage regulator), SVC (Static Var
Compensator) were studied in [12] for increased power flow. The
objective of this present work is the optimal allocation of FACTS
devices in the transmission network so the transmission loss becomes
minimized and also for the simultaneous increase of power transfer
capacity of the transmission network. Minimization of transmission
loss is a problem of reactive power optimization and can be done by
controlling reactive generations of the generators, controlling
transformer tap positions and adding Shunt capacitors in the weak
buses [13] but the active power flow pattern can not be controlled. In
the proposed work, first the locations of the FACTS devices are
identified by calculating different line flows. Voltage magnitude and
the phase angle of the sending end buses of the lines where major
active power flow takes place are controlled by UPFC. TCSC’s are
placed in lines where reactive power flows are very high and the
SVC’s are connected at the receiving end buses of the other lines
where major reactive power flows take place. A Genetic Algorithm
based approach considering the simultaneous effect of of the three
types of the FACTS devises are presented and the effectiveness of this
technique is clearly evident from the result shown.

Il. FACTS DEVICES

A. Modelling of FACTS Devices

Mathematical modeling of FACTS devices are required for the
steady state analysis. Here the FACTS devices used in the
transmission network are UPFC, TCSC and SVC.

UPFC

A series inserted voltage and phase angle can be modeled for UPFC.
The inserted voltage has the maximum magnitude of 0.1V 4, Where
Vmax 1S the maximum voltage of the transmission line. The working
range of the UPFC angle is between -180 degree to +180 degree.

TCSC

By modifying the line reactance TCSC acts as either inductive or
capacitive compensator. The maximum value of the capacitance is
fixed at -0.8 X, and 0.2X, is the maximum value of the inductance,
where X, is the line reactance.

SvC

The SVC can be operated as either inductive or capacitive
compensation. It can be modeled with two ideal switched elements in
parallel ; a capacitive and one inductive. So function of the SVC is
either to inject reactive power to bus or to absorb reactive power from
the bus where it is connected.

B. FACTS Devices Cost Functions

According to [ 14] , Cost functions for SVC, UPFC and TCSC are
given below:
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UPFC:

cuprc = 0.0003R? -0.2691R +188.22 (US $/kVar)
TCSC:

Crcsc=0.0015R2-0.7130R+127.38 (US $/kVar)
SVC:

Csve=0.0003R? -0.2691R +188.22 (US $/kVar)
Here, R is the operating range of the FACTS Devices.

I1l.  OPTIMAL SITING OF FACTS DEVICES

The decision where to place a FACTS device is largely dependent
on the desired effect and the characteristics of the specific system.
Static VAr Compensators (SVC) are mostly suitable when Reactive
Power flow or Voltage support is necessary. TCSC devices are not
suitable in lines with high Reactive Power flow. Also the costs of the
devices play an important role for the choice of a FACTS device.
Having made the decision to install a FACTS device in the system,
there are three main issues that are to be considered : type of device,
capacity and location.

There are two distinct means of placing a FACTS device in the
system for the purpose of increasing the system’s ability to transmit
power, thereby allowing for the use of more economic 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 for 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 on 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. Again it is found that UPFC is the most
powerful and versatile FACTS device due the fact that line
impedance, voltage magnitude and phase angle can be changed by the
same device.

V. THE PROPOSED APPROACH

Here the main objective is to minimize the transmission loss
by incorporating FACTS devices in suitable locations of the
transmission network. Inclusion of FACTS controller also increase
system cost So optimal placement of FACTS devices are required
such that the gain obtained by reducing the transmission loss must be
significant even after the placement of costly FACTS devices. Here
cost functions of the different FACTS devices are considered and
associated in the objective function. Without FACTS devices
transmission loss can be minimized by optimization of reactive power
which is possible by controlling reactive generations of the
Generator’s, controlling transformer tap settings, and by the addition
of shunt capacitors at weak buses. But with FACTS devices both the
active and reactive power flow pattern can be changed and significant
system performance is noticed. The optimal allocation of FACTS
Devices can be formulated as:

Crora=C1(E)+C2(F)
Subject to the nodal active and reactive power balance

min max
Pni < Pni < Pni

Qi" <Q; <Q;™
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And Voltage magnitude constraints: V,™" <V, <V,
And the existing nodal reactive capacity constraints:
Qp" <Qy < Q5"

Superscripts min, max= minimum and maximum limits of  the
variables. Here C1(E) is the cost due to energy loss and C2(F) is the
total investment cost of the FACTS Devices.

In this approach at first the locations of FACTS devices are
defined by calculating the power flow in each line. UPFC positions are
determined by identifying the lines carrying large active power. The
active power flow is very high in lines 6,7& 4. These lines are again
connected between buses (2,6), (4,6) & (3,6) respectively. Here the
voltage magnitude and the phase angle of the 2",4™ and the 3" buses
(those are at the starting end of the lines 6,7 & 4 respectively) are
controlled. Then TCSC positions are selected by choosing the lines
carrying large reactive power. Lines 41,25 &18 found as the lines for
TCSC placement and simultaneousl}/ series reactance of these lines
are controlled. Finally 177" & 21% bus is found as the buses where
suitable reactive injection by SVC could improve the system
performance.

The function of the GA is to find the optimum value of the
different FACTS devices. Here three different types of FACTS
devices are used. And for each type of FACTS devices, three positions
are assigned. Again since one UPFC element controls magnitude and
phase angle of a bus, three UPFC element controls six values, three for
bus voltage magnitude & three for phase angle. Three TCSC modifies
reactance of three lines. Similarly three SVC’s are to control reactive
injection at three buses. So, as a whole twelve values are to be
optimized by Genetic Algorithm. These twelve controlling parameters
are represented with in a string. This is shown in Fig 1. Initially a
population of N strings are randomly created in such a way so that the
parameter values should be with in their limits. Then the objective
function is computed for every individual of the population. A biased
roulette wheel is created from the values obtained after computing the
objective function for all the individuals of the current population.
Thereafter the usual Genetic operation such as Reproduction, Cross-
over & Mutation takes place. Two individual are randomly selected
from the current population for reproduction. Then Cross-over 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 same population with improved characters are created
in the next generation. The objective function is then again calculated
for all the individual of the new generation and all the genetic
operations are again performed and the second generation of same
population size is produced. This procedure is repeated till the final
goal is achieved.

V. TEST RESULTS

The GA based placement of FACTS devices is applied in IEEE 30
Bus system. The power system is loaded (reactive loading is
considered) and accordingly FACTS devices are placed in the
different positions (which are already defined). The power system is
loaded upto the limit of 200% of base reactive load and accordingly
the system performance is observed with and without FACTS
devices. Table 1 shows the active power flow pattern without FACTS
devices in different lines . Table 2 shows the reactive power flow
pattern without FACTS devices in different lines. In Table 3 & Table
4, the active and reactive power flow in different lines with FACTS
devices for are shown. The magnitude and phase angle of the bus
voltages with & without FACTS Devices for 200% of loading are
shown in Table 5. Phase angles are given in radian. The locations
where different FACTS devices are placed is shown in Table 6. A
comparative study of the operating cost of the system with and
without FACTS devices are shown in Table 7. It is observed that
from the Table 6, that SVC’s are connected at the buses 21,17&7
those are at the finishing end of the lines 27, 26 and 9 respectively
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since these are the three lines carry highest, second highest and third TABLE Il REACTIVE POWER FLOW IN LINES WITHOUT FACTS DEVICES
H H H H Lines | Between Reactive Reactive | Reactive | Reactive  Reactive Reactive
highest reactive power respectively as found from Table 2, without Evse . pownr | power | powar | power pomarflow | pamar
FACTS devices. After connecting SVC’s at theses buses, voltage flowfor | flowfor |flow flowfor  For179% | flowfor
fl t th b - d g f T bl 5 | ' tg 100% 125% forl30% 160% Reactive 200%
pro e a ese buses Improve as seen from lavles o, also reactive Eeactive Eeactive | Reactive | Reactive  loading Eeactive
power flow reduces in the lines 27, 26 & 9. There is slight increase of loading | loading | loading | londing Loading
. . R R . . 1 12 0.0150 0.0145 0.0144 0.0137 0.0133 0.0126
reactive power flow in line 9, in case of base loading with FACTS 2 13 -0.0033 0.0059 | 00078 | 00191  0.0248 0.0345
devices. TCSC’s are placed in the lines 18, 25 & 41, as these are the | |24 Pl B U B el I St B G o
next three highest reactive power carrier as seen from Table 2. UPFC 5 2.5 0039 00389 | 00388 | 00387 00386 00384
3 H R & 26 -0.0510 -0.0412 -0.0392 -0.0272 -0.0211 -0.0107
s are connected in the buses 3,2,4 those are at the starting end of the |5 1% 00241 | 0003 | 0o | oome  ooies 00096
lines 4,7 & 6 respectively as these lines carry high active powers. It is 8 57 0.0297 0.0456 | 0053 | 00777 0.0899 01105
- - - - 9 67 0.0731 0.0808 0.0823 0.0914 0.0958 0.1032
also to be noticed that no FACTS devices are connected in line 1 10 |es 00134 omel | oozes | oose oz 01572
because of the fact that it is in between bus 1 and bus 2 though it )6 01101 ) -0.0928 | 00893 | 00630 -0.0571 -0.0386
. . . 12 é-10 -0.0314 -0.0173 -0.0144 0.0031 0.0120 0.0270
carries very large active power. Bus 1 is the slack bus and already a 13 |e11 02252 | 02498 | 02547 | 02847 02998 03254
H ini H 14 a-10 0.0315 0.0744 0.0830 0.1353 0.1618 0.2064
FACTS device regulatgs the vol_tage of the bus 2. Again in any line or 5 la voms | oos | o | som1 o venae
in a bus connected with the line, only one FACTS device can be 16| 1213 03016 | 03444 | 03529 | 04047 04308 04747
H - 3 - 17 12-14 00198 0.0272 0.0287 0.037¢ 0.0421 0.0457
placed. It is clearly observed that connecting UPFC’s, active and 12 |12as 00507 oo | ooreo | o106 01146 01365
reactive power flow pattern is nicely re-distributed. Though two s ) 1216 00168 00287 | 00323 | 00478 00559 00652
5 . ey 20 14-15 0.0024 0.0056 0.0062 00102 0.0122 0.0155
UPFC’S are regulatlng the voltages of the Generator bus 2, but it’s 21 16-17 0.0020 0.0062 0.0078 0.0178 0.0228 0.0313
voltage magnitude did not change significantly, i.e the generation 2| 1518 0.0051 00163 | 00177 1 D063 0.0307 0.0350
N . . 23 18-19 -0.0005 0.0043 0.0052 0.0110 0.0138 0.0188
control at Generator buses are still in hand. The maximum voltage 24 | 1920 00386 | 00383 | 00381 | 00435 00457 -0.0493
H H : H 25 10-20 0.0441 0.0457 0.0508 0.0575 0.0608 0.0664
magnitude at bus 2 and bus with FACTS devices is 1.0404. 5% | 00608 oosr | nose4 | aoren  .o7og 00860
27 10-21 0.0939 0.1184 0.1233 0.1528 0.1677 0.1925
28 10-22 0.0419 0.0534 0.0557 0.0696 0.0766 0.0883
28 2122 -0.0205 -0.0244 -0.0252 -0.0299 -0.0323 -0.0361
TABLE | ACTIVE POWER FLOW IN LINES WITHOUT FACTS DEVICES 0] 15 0.0142 00234 | 00273 1 D040 0.0467 0.0576
31 22-24 0.0204 0.0277 0.0292 0.0381 0.0425 0.0500
32 2324 -0.0016 0.0048 0.0061 0.013% 0.0178 0.0244
Lines | Lines Active Active Active power  Active power Active Active power 33 24-25 -0.0073 00114 -0.0122 00171 0.0185 -0.0235
between | power | powsr  flow for flow for 160% | power low | flow For 200% Eal 23-26 0.0237 00285 | 00307 | 00378  0.0414 0.0474
Buses flow for | flow for 130% Reactive for 175% FReactive 33 23-27 -0.0310 -0.0410 -0.0430 -0.0551 0.0611 0.0712
1000 | 1250 Reactive loading Reactive Loading 36 28-27 00383 00207 | -0.0171 | 00046  0.0156 0.0345
Reactive | Reacive  loading loading 37 2729 0.0166 0.0203 0.0210 0.0235 0.0277 0.0315
loading | loading 33 27-30 0.0166 0.0201 0.0208 0.0251 0.0273 0.0309
1 12 0.5033 05071 03074 0.9088 0511z 0.513% 3% 2830 0.0060 00074 | 00077 0.0093 0.0101 00114
2 1.3 1.4800 0.4797 04797 0.4796 04797 0.4800 40 8-28 0.0083 0.0183 0.0215 0.0351 0.0421 0.0539
3 24 0.2912 0.2916 02917 0.2924 0.2928 02936 41 6-28 0.0421 0.0500 0.0516 0.0615 0.0665 0.0751
4 34 0.4465 0.4463 0.4462 0.4462 0.4462 0.4465
5 2-5 0.5805 05816 0.5818 0.5832 0.5840 0.5854
§ 2-6 0.3782 0.3782 0.3782 0.3782 0.3785 0.3789
5 ) 03ams | 03mes 03894 P O 3me 0 3821 TABLE Il ACTIVE POWER FLOW IN LINES WITH FACTS DEVICES
8 57 -0.1309 0.1298 -0.1256 -0.1282 01275 -0.1262
9 67 0.3632 0.3622 0.3620 0.3608 0.3602 0.3581
Lines | Between | Active Active power Active Active power Active power Active power
10 6-8 -0.0078 -0.0075 -0.0074 -0.0063 -0.0066 -0.0061 uses | power flow | flow with power flow  flow with flow with flow wi
}é 25130 g}?}é g}?gg g }‘;gz g Egz gﬁgz g iﬁg with FACTSinpu  with EACTS FACTSinpu |FACTSinpu | FACTSin
- FACTSin for 125% inpu For 160% For 175% pu
13 9-11 -0.1783 -0.1793 -0.1793 -0.1793 -0.1793 -0.1793 poufor loading For 130% loading loading For 200%
14 9-10 0.3259 0.3247 0.3245 0.3231 0.3225 0.3215 100% loading loading
15 4-12 0.2687 0.2717 0.2724 0.2763 0.2784 0.2821 Loading
16 | 1213 | -01691 | 0191 01691 0.1691 01691 0.1691 ; 1; “094075;0 gigg? gjg;z gjg;? gjéﬁ; 0 9012289
17 12-14 0.0768 0.0776 0.0778 0.0789 0.0794 0.0804 3 2:4 02912 02814 00815 00815 02933 02923
13 12-15 0.1750 0.1760 0.1763 01776 0.1784 0.1797 4 2.4 0.4456 0.4453 0.4452 0.4457 0.4507 0.4455
19 12-16 0.0672 0.0683 0.0685 0.0659 0.0706 0.0719 5 2-5 0.5795 0.5802 0.5797 0.5794 0.5781 0.5807
20 14-15 0.0141 0.0148 0.0150 0.0160 0.0165 0.0174 3 2-6 0.3793 0.3796 0.3800 0.3811 0.3865 0.3811
21 16-17 0.0318 0.0328 0.0330 0.0343 0.034% 0.0360 ; ‘5‘2 g-’{gﬁ g-’l’gﬂ g-’{ggl-?g 31032119 g‘;%‘; g-’l’%g
oimi o | oooroeemome o omm | ome DS BE O ha G| bR | 0B
y . g g 10 6-8 -0.0083 -0.0297 -0.0299 -0.0306 00112 -0.030%
24 19-20 0.0708 | 00688  -0.0657 0.0686 0.0681 0.0672 1| 6o 01543 01525 01537 01593 01841 01566
25 10-20 0.093% 0.0931 0.0829 0.0519 0.0914 0.0306 12 6-10 0.1162 0.1149 0.1156 0.1186 0.1321 0.1171
26 10-17 0.0585 0.0575 0.0573 0.0561 0.0555 0.0545 13 811 -0.1793 -0.1793 -0.1793 -0.1793 -0.1793 -0.1793
27 10-21 0.1607 0.1605 0.1605 0.1603 0.1603 0.1603 14 $-10 0.3254 0.3271 0.3284 0.3338 0.357% 0.3312
28 1022 | 0.0780 0.0781 00781 0.0782 0.0783 0.0784 15412 0.2642 0.264% 0.2631 02527 0.2417 0.2640
20 |2122 | 00154 00158 -0.0158 00163 00165 0.0168 R P o v v oo et
300 | 1523 | 0.0434 0.0451  0.0492 0.0501 0.0505 0.0513 5 | 1s Pt 017 01 01 01642 017
31 22-24 0.0621 0.0617 0.0616 0.0611 0.060% 0.0605 19 13-16 0.0656 0.0661 0.0656 0.0639 0.0578 0.065%
32 23-24 0.0162 0.0168 00162 0.0177 0.0181 0.0187 20 14-15 0.0131 0.0133 0.0130 0.0122 0.0079 0.0135
33 24-25 -0.0052 -0.00%1 -0.0050 -0.0088 -0.0088 -0.0086 21 16-17 0.0302 0.0307 0.0302 0.0286 0.0212 0.0305
34 25-26 0.03354 0.0355 0.0355 0.0357 0.0358 0.0359 22 1513 0.0553 0.0560 0.0556 0.0543 0.0482 0.0560
X X K . 7 K X 23 18-1% 0.0220 0.0237 0.0233 0.0220 0.015% 0.0236
35 25-27 0.0446 0.0446 0.0446 0.0446 0.0446 0.0447
© aw foe | owm owem o | owm | o 2ol | smm | omw o egn o eom o) oom | 4o
37 27-29 0.0619 0.0619 0.0619 0.0620 0.0620 0.0621 26 10-17 0.0601 0.0596 0.0601 00618 0.0710 0.0599
38 27-30 0.070% 0.0710 0.0710 0.0711 0.0711 0.0713 27 10-21 01626 01609 01616 01651 01793 01644
39 28-30 0.0370 0.0370 0.0370 0.0370 0.0370 0.0371 28 10-22 0.0788 0.0778 0.0782 0.0300 0.0875 0.079%
40 8-28 0.0422 0.0425 0.0426 0.0430 0.0432 0.0436 28 21-22 -0.0134 -0.0150 -0.0143 -0.0108 0.0031 00116
41 6-28 0.1359 0.1358 0.1358 0.1358 0.1358 0.1359 30 | 1523 0.0471 0.0460 0.0456 0.0442 0.0405 0.0454
31 22-24 0.0650 0.0623 0.0634 0.0638 0.0885 0.0677
32 23-24 0.014% 0.0138 0.0134 0.0121 0.0083 0.0131
33 24-25 -0.0076 -0.0116 -0.0110 -0.0076 0.0065 -0.0078
34 25-26 0.0354 0.0355 0.0355 0.0357 0.0357 0.035%
35 25-27 -0.0431 -0.0472 -0.0465 -0.0433 -0.0296 -0.0437
. . . . 36 28-27 0.1616 0.1655 0.1650 0.1620 0.1482 0.1628
From Table7, we observe that transmission loss reduced significantly O I O o0et o0st pcts poczt
with FACTS devices as compared to without FACTS Devices. A o930 | o030 | 00370 0.070 0.070 0.0370 0.0370
. age - - . - - 0 40 8-28 0.0416 0.0203 0.0200 0.0193 0.0383 0.0191
S|gn|f|cant economic gain Is achieved even at a Ioadlng of 200% of 41 | 628 0.1349 0.1605 01602 01577 01247 0.1589
base reactive loading. Energy cost is taken as 0.06$/kWh.

Fig 1. shows the different FACTS devices to be installed in the
system with in a string. Fig 2 to Fig 7 shows the variation of
operating cost with Generation for different cases of reactive loading
of the system.
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TABLE IV REACTIVE POWER FLOW IN LINES WITH FACTS DEVICES
TABLE VIl COMPARATIVE STUDY WITH AND WITHOUT FACTS DEVICES

Lines | Between | Reactive Reactive Reactive Reactive Reactive Reactive
Buses | power power power flow | power flow | power flow | power flow
flow with | flow with with with with FACTS | with FACTS Reactive  Active | Active  Cperating Operating Cost of | Net
FACTS FACTS FACTSin | FACTSin in pufor inpu for Loading  power power costwith out | cost with FACTS | savings
impufor |mpufor pufor p.ufor 175% 200% loss loss FACTS FACTS Devices | in§
100% 125% 130% 160% loading loading without | with Devices (cost | Devices (cost
loading loading loading leading FACTS | FACTS  dueto energy | dueto energy
1 12 0BT7 | 00790 01042 | -0.0801 00717 | 00763 Deviees | Devices  loss)in loset FACTS
2 13 00153 | 00074 00102 | -0.0101 0.0356 0.0055 Devices)in §
i ko Dea | o puem o) 0S| oo Do 000 01 | 00410 375160 | 21655100 | 10540 | 1371516
- - = - - - ] ]
P voees | vosee oot | ooes oess 0651 % 02 |06 IS0 |2452nA0° | 2w2E | 1352600
PR By oos0s | 0omes oo | 00301 0099 00102 % O |06 L2200 2504100 | TR | 1233712
7 |ae 00363 | 00991 002w 00137 0097 00027 6% O | 0004 2920100 | 26530100 | 57236 | 1288300
2 5.7 0.0150 0.0238 00120 20.0078 20,0808 0.0082 175% 00765 | 0.0584 4.020840= 10" | 3.134%x10 115396 835940
9 6-7 0.0838 0.0742 0.0670 0.0452 0.0170 0.0352 200% 00795 | 00665  4.178520x10% | 3.5564x10° 61200 622120
10 6-8 0.0655 0.03%6 0.0551 0.0711 0.2168 0.0053
11 6-9 -0.1268 -0.1141 -0.1176 -0.1330 -0.2310 -0.1013
12 6-10 -0.0455 -0.0351 -0.0382 -0.0500 01272 -0.0244
13 9-11 -0.19%0 -0.2175 -0.2111 -0.1%30 -0.0652 -0.2364
FEE AT R o o Vs Vo T Vs Vs T T T 50, SV [50
16 12-13 -0.2742 -0.3115 -0.3083 -0.3111 -0.1%08 -0.3847
17 12-14 0.01&67 0.0233 00234 0.0264 0.0134 0.0385 i i i i 1
LA Rt goter | obes o0z O0a Honsa oo Fig. 1 Genetic String Representing Control Variables
19 12-16 0.0001 0.0088 0.0045 -0.0173 -0.1265 0.0088
20 14-15 -0.0007 0.0018 00012 -0.0007 -0.0157 0.0048
21 16-17 -0.0187 -0.0135 -0.0187 -0.046% -0.1614 -0.0280
22 15-18 0.0020 0.0075 0.0052 0.0004 -0.0377 0.0130
23 1519 0.0076 | -0.0045  -0.0065 -0.0148 -0.0541 -0.0057 x10° Mariation of operating cost with Generation for 100% loading using GA
24 19-20 -0.0417 -0.0470 -0.0508 -0.0651 -0.1140 -0.0738 5] T T T T T T T T T
25 10-20 0.0513 0.0586 0.062% 0.0841 01323 0.0919
26 10-17 0.0570 0.0680 0.0642 0.0426 -0.0754 0.0686
27 10-21 0.0517 0.0623 0.051% 0.0131 -0.1643 0.0503
28 10-22 0.025% 0.0320 00288 0.0171 -0.0465 0.0344 14 )
29 21-22 0.0104 0.0158 0.0267 0.0753 0.2317 0.0681
30 15-23 0.0067 0.0147 00135 00111 -0.0258 0.0284
31 22-24 0.0354 0.0468 0.0543 0.0913 0.182% 0.1014 12+ B
32 23-24 -0.0098 -0.0057 -0.0077 -0.014% -0.0542 -0.0041
33 24-25 0.0001 -0.0020 0.0001 0.0090 0.0502 0.0009
34 25-26 0.0236 0.0285 0.0307 0.0378 0.0413 0.0473 k]
35 25-27 -0.0235 -0.0315 -0.0306 -0.0288 0.0082 -0.0464 3 - 7
36 28-27 -0.0463 -0.0309 -0.0306 -0.0245 -0.05%4 0.0058 =
37 27-29 0.0166 0.0203 0.0210 0.0254 0.0275 0.0313 =
38 27-30 0.0165 0.0201 0.0208 0.0250 0.0270 0.0308 s 8t 4
39 29-30 0.0060 0.0074 0.0078 0.0052 0.0100 0.0114 g
40 8-28 -0.0019 0.0053 0.0024 -0.0000 -0.028% 0.0155
41 6-28 0.0440 0.0526 0.0559 0.0651 0.0578 00822 5
‘1 L 4
TABLE V BUS VOLTAGES AND PHASE ANGLES WITH AND WITHOUT FACTS H\\ﬂ
DEVICES FOR 200% ACTIVE & REACTIVE LOADING T T T T T T T T

9 T
0 100 200 300 400 500 BOO 700 800 500 1000

Generation
BusNo | Bus Bus Bus Angle | Bus Angle
Voltage Voltage | without with
without with FACTS FACTS H ot : ; 0 :
FACTS | FACTS | devicesin | devices in Fig. 2 Variation of Total Cost Wlt_h Generation for 100% Reactive
devices devices | degree degree loadin g
inp.u inp.u
2 1.0338 1.0388 -2.7635 -2.8281
5 1.0058 1.0058 -9.0763 -8.9880 w107 Wariation of operating cost with Generation for 125% loading using GA&
3 1023 1.023 -6.5343 -6.4411 14 T T T T T T T T T
11 1.0883 1.0883 -6.1855 -6.3613
13 1.0913 1.0913 -8.2723 -8.0117
30 0.9570 0.9785 -12.6761 -12.217%
17 0.9941 1.0313 -10.1753 -10.3176 12 b
7 0.9830 1.0110 -7.9513 -8.1132
21 0.9832 1.0287 -10.3791 -10.7316
10F 1

operating cost
=]
!

TABLE VI LOCATIONS OF DIFFERENT FACTS DEVICES IN THE

TRANSMISSION NETWORK 6r b
4 4
UPFC in TCSC inLines svC
Lines & & between comnected in
Between Buses the Buses 5 ! ! . . ; ; ; ; ;
buses 0 100 200 300 400 500 600 700 800 900 1000
Line 6( 2-6), | Line 41( 6-28), |17, ezl

Line 7( 4-6), | Line 25(10-20), |7,
Line 4( 3-4). | Line 18(12-15), |21 . .. . . .
Fig. 3 Variation of Total Cost with Generation for 125% Reactive

loading
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x10°  Variation of operating cost with Generation for 130% loading using GA
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Fig. 4 Variation of Total Cost with Generation for 130%
Reactive loading

«10°  Wariation of operating cost with Geneation using GA for 160% loading
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Fig .5 Variation of Total Cost with Generation for 160 %
Reactive loading
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Fig. 6 Variation of Total Cost with Generation for 175 % Reactive
loading
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}{ mﬁ “ariation of aparating cost with Genaeration using GA for 200% loading
12 T T T T T T T T T

operating cost

3 ! L L L L L L L L
i} 100 200 300 400 4AO0 GO0 700 800 ©00 1000
Generation

Fig. 7 Variation of Total Cost with Generation for 200 % Reactive
loading

V1. CONCLUSION

In this approach, GA based optimal placement of FACTS devices
in a transmission network is done for the increased loadability of the
power system as well as to minimize the transmission loss. Three
different type of FACTS devices have considered. It is clearly
evident from the results that effective placement of FACTS devices
in proper locations can significantly improve system performance.
This approach could be a new technique for the installation of
FACTS devices in the transmission system.
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