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Abstract—this article Firefly Algorithm is used as
evolutionary technique for the best assignment of flexible AC
transmission systems (FACTS) is a unified system. Reactive
Power load taken base to 125% base loading and the system
presence with FACTS devices. The lines and buses recognized to
connect the FACTS devices using New Voltage Stability | ndex
(NVSI).FACTS devices along with reactive generation of
generators using Firefly algorithm. The test and Validation is
performed on IEEE 30 bus and 72 bus Real time systems.
Effectiveness of placement of FACTS devices is established by
comparing theresultsreported in literature.
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Evolution algorithm, line power flow, Particle Swam
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[.INTRODUCTION

Reactive power planning isanonlinear optimization problem
for alarge scale system with lot of uncertainties. There has
been a growing apprehension in the RPP problems for the
safety and economy of power systems. The rapid
development to fast acting and self-commutated power
electronics converters, well known Flexible AC Transmission
Systems (FACTYS), introduced by Hingorani.[1]-[5],are useful
in taking fast control actions to ensure the security of power
system. FACTS devices are accomplished of governing the
voltage angle and voltage magnitude at particular buses and
line impedances of transmission lines.. FA distributed
[6].Optimal power flow using GA is presented [7].GA types
of FACTS devices [8]. Intelligence based algorithm [9] to
limit location of FACTS. [10]-[16].

I1.PROBLEM FORMULATION
The objective purpose [1] mathematically as follows.
W, = hz d; Piossa (1)
Where, (Pioss), denotes duration d;:
R = 2 0K(V*+V,* =20V, cosd) )
Installation cost is:
=> (8 +CalQul) 3)

)
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Using Data base [18], cost function for FACTS are
developed.

C,eee =0.00158° —0.173s+153.75
Cq.c =0.0003s” —0.3051s+127.38

Cpre = 0.0003s” — 0.2691s+188.22
Thethird function is expressed as

MinFr =W+ Cfﬁ[‘ts (5)
Congtraints as follows
(i)Load Flow Congtraints:

0=Q, -V, >V, (G, sing; + B, cosg,) (6)

0=Q, -V, >V, (G, sing, + B, coso,) %

(i) Q"= =™ ®
iy VT =V=VT €)
(iv) —100 < Q,qs <100 (10)
V) —0.8X e £0.2< Xpue (11)

The following objective function [5]
i Fe = Fo+ 2V V") 2 (0, -0,

i e NOinm i e NVIim (12)

[11.SIMULATIION
The simulation has been been studied. Case 1.isthelight load,
case 2 is heavy loads and whose load is 125%.
IV.INDEX FORMULATION

Considering [19].
Vy0-Tzeh

I= R+ X (13)
. _ -
=2y (14)
Neglectmg reS| stance
I"= - 15
> X (15)
R.E. Power = ¥, I" (16)
in equation (13) in and solving
[-’11’2 -

Pirz_ T rsm g a7
Q; == 2sins (18)
Neglect 6 above egn

(v3) +(20,x - vi)V3 + X2 (P} + @3)=0 (19)
Solution is
(2@,x-vi)-4x2(P3+ @) =0 (20)
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X, (P71 +0%)

T2 <1 (21)
zx\rflf_Pf+ )
NVSI;,= W (22
V.FIREFLY ALGORITHM

A.OVERVIEW.
The (FA) isamet heuristic [21].
B.ATTRACTIVENESS.
B = Bo* expl—yT), withm = 1 (23)
C.DISTANCE

[ z
Ty = ”-”‘:‘—x;" = ﬂIELl"-t:'k - -'r;k" (24)
we have, ford = 2; we have

| 2
ry= (=) + (= 3,?) @)
The distance r calculated such as[12].
D.MOVEMENT .
xi=x+ o exp (—vh)* (xi—x) +as (’-“’m —E)
(26)

We use B0 = 0.1, a€ [0, 1], and the attractiveness or
absorption coefficient y = 0.2, optima vaues of firefly
parameters are No. of fire flies is 30, fg= 0.1, y= 0.2,
x=0.25, m=4, d=20 and minimum iteration is 100.

VII. Optimal Results And Comparison

Table 1 & 2 gives the bus voltage and power losses for Test
systems. Table 3&4 showsthe annual cost saving at 100% and
125 % load. Table 5& 6 shows the Real power saving for 72
bus system at 100% and 125 % load. The FA based RPP gives
more savings on the real power for the cases land2

Py Qy Ploss QLoss
Casel | DE 3.0017 1.0994 | 0.1587 0.2954
PSO 2.9895 1.3678 | 0.1614 0.2176
FA 2.9876 1.1644 | 0.1608 0.2610
Case2 | DE 3.8965 1.8159 | 0.2925 0.7629
PSO 3.8724 1.8043 | 0.2802 0.7023
FA 3.8701 1.7975 | 0.2178 0.6793

Table 3 Performance Comparison (P¢ save %) for Case-1

loading | FACT DE PSO FA
Devices
SvC 8.4826 8.63616 8.83276
100% TCSC 8.6473 8.72755 8.90755
UPFC 9.0872 9.3689%4 9.66894

Table 4 Performance Comparison (P save %) for Case 2

loadin FACT DE PSO FA
g Devices
svC 8.9458 9.03616 10.8403
125% TCSC 12.8456 13.62755 15.3410
UPFC 14.8620 15.7689%4 17.8511

Table5 Performance Comparison (Wc savein $) for Case
1

respectively. Fig 1 shows the Bus voltage profile for 72 bus |oadin EAC.:T DE P30 FA
system. Figure2 and 3 show the Convergence Rate of FA with 9 evices
incorporating UPFC for, 1.25% loading.
poraling 9 842 x |876 x .
Table 1.Voltage (Bus) svC 10° 10° 8.82 % 10
100% 125% 0
BUS 100%
DE PSO FA DE PSO FA 9.07 ¥ 1921 X
TCSC . e 9.37x 10°
10 10
1 1.052 1.077 1.089 1.049 1.082 1.091
2 1065 | 1077 | 1089 | 1069 | 1078 | 1.097 UPEC 18625 X 18.63 * | 1054% 10°
3 1.062 1.082 1.095 1.059 1.068 1.088
4 1.069 1.089 1.099 1.067 1.087 1.094
5 3 1079 1057 1070 1078 Tom Table 6 Performance Comparison (W¢ savein $) for Case 2
6 1077 | 1082 | 1095 | 1067 | 1069 | 1083 loading | FACT DE PSO FA
Devices
7 1.062 1072 1.082 1.064 1.068 1.086
svC 155% 107 | 1.58% 107 | 1.59 % 10’
8 1.053 1.085 1.093 1.056 1.062 1.092
125% 7
4 *
9 1.057 1.060 1.083 1.046 1.061 1.089 TCSC 229% 10 io?f 2.48% 10’
10 1.055 1.066 1.070 1.062 1.083 1.090 .
UPEC 3.06 %10 3.172 % | 350% 107
11 1.057 1.063 1072 1072 1.084 1.093 10
12 1.045 1.085 1.094 1.083 1.098 1.099
13 1.053 1.083 1.093 1.078 1.091 1.098
Table 2 Power losses and Generation
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Fig.1.Busvoltage profile for 100% incor porating UPFC

Performance of Power loss Vs Iteration for IEEE 30 Bus system using Firefly algorithm
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Figure 2.Convergence rate of Firefly algorithm for Test
system for 125%

Performance of Power loss Vs Iteration IEEE-72 BUS SYSTEM using Firefly algorithm
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Figure 3.Convergencerate of Firefly algorithm for Indian
utility 72 Bus system for case 2.

VI.CONCLUSION

NVSI has been built-up for solve the feeble bus VAR
Dispatch. Using Index, the place of reactive power
approaches for voltage control is firm. The separate
maximum load ability obtains from the load buses will be
arranged in increasing order with the smallest value being
ranked highest. The uppermost rank suggests the feeblest bus
in the system with low sustainable load. The purpose studies
on the IEEE 30-bus system and Real Time approach shows
that the FA based reactive power planning gives more savings
on real power, annua and the total costs for unlike loading
conditions reported in literature.
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