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Abstract and more deregulated, the idea that some specified groups of

- . generators play the role in slack bus looks inappropriate. The
-prrhoemliJsri]:iC)Ed Fllaec;\?ﬁ; Ffév ?’?Qrgrsor!iesr(slﬁoprg%tsmon(eFAOfC'trhSe) techr_1ique o_f remoying the con_centra_ted burden of the slack
controllers towards its effectiveness incontroling voltage bus is con5|de(ed in the yaf distributing all losses to each .
magnitude at buses and power flow through the liBesause generator bus in a power system. Up to now, seve_ral_ stu_dles
of its high capital ad installation cost, needs to perform cest have _attempted t_o f_md _and devglop this kind of distribution
benefit analysis to identify proper installation Iocation.teChmque' The distribution technique based on the frequency

Finding location with the conventional methods like findin deviation is developed in3{4]. Another technique where a
9 . . . X N Y)oss term is introduced to Newtddaphson (NR) formulation
the cost savings by installing UPFCeach location increases

computational burden. Henca this paper, sensitivity based is presented ing. Several approxmat;on techniques with
screening techniquis broposed tdind the 'optimal location respect to the IQSS term are developedsifi][ However, they

. X . " are somewhat inefficient due to the fact that thecpdore of
The calculation of cost savings with UPFGransformer approximation is very complicated and it takes a long time in
Model using this method needs running only one Optimal bp y P 9

Power Flow (OPF)As this UPFC Transformer model doeé t calculation.

need formation of additional fictitious buses and can easihAiming at various objectives, different methods have been
incorporate in the given system using tpaort representations. proposed to determine optimal locations and controls of
This UPFC model with the proposed location identificationFACTS devices. Continuation power flow (CPF) method was
algorithm istested on IEEEL4, IEEE-30 bus systems with the used in [9] and [10] to derive the control schemes of FACTS
correspaoding analysis. devices to improve system security and system loadability. A
novel method was proposed in [11] to determine the locations,
size, and control modes for SVC and TCSC to achieve a
bifurcation pointbased maximum loadability.

Keywords: Interline Power Flow Controller, Power Injection
Model, Contingency Analysis, Severity Index.

Linear programming and mixed integer linear programming
INTRODUCTION based optimal power flow (OPF) methods were used in [12]
and [13] to determine FACTS controls and load shedding in
order to relieve overload and irregular voltages afteages in
ool and hybrid electricity markets. Authors of [14] studied
he impact of FACTS devices on available transfer capability
ATC). The best location for an SVC installation was
etermined based on improved voltage profile and total
transmission capdtly (TTC) of the system. Intelligent
techniques such as genetic algorithm, hybrid tabu search,

The aim of optimal power flow is to determine the optimal
combination of real power generation, voltage magnitude
compesator capacitors and transformer tap position t
minimize the specific objective function like total generation
cost in power systems. The mentioned conditions make t
OPF problem a large scale nlimear constrained optimization

problem [1]. In the pastwo decades, OPF problem has

received much attention, because of its ability to solve for thgimulated annealing [1817], and particle swarm

optimal solution that takes account of the security of the .. . ". ) 1 hni |
system. OPF is important software in Energy Managemere)gtptlmIZatlon (PSO) [189] techniques are also proposed to

Systems (EMS).OPF is a nonlinear, nonconvexgeacale, olve the system loadability problem.

static optimization problem with both continuous and discretérom the cagful review of the literature, it is identified that,
control variables [2]. Even in the absence of discrete contrdhere is an effect of constraints on optimal power flow
variables, the OPF problem is nroanvex due to the existence problem. In this chapter, the formulated optimal power flow
of the nonlinear (AC) power flow equality constraints. problem is solved while satisfying system equality constraints,

Th f vsis is th tial and fund tal t in-equality constrairst and practical constraints such as ramp
€power Tlow analysis 1S the essential and fundamental t0q ;0 jimits. The effect of these constraints on the generation

to power system engineers. However the conventional power

f vsis has least two drawbacks due to th ist el cost objective is studied. To solve OPF problem,-two
ow analysis has least two drawbacks due to the existence gage ant colony optimization is presented. The effectiveness
the slack bus and not maintaining the equal incremental fu

; e . the proposed algorithm is c@ared with that of the existin
cost characteriics. Moreover the electricity market is more prop g par 9
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particle swarm optimization algorithm. The entire CONSTRAINTS
methodology is carried out on the standard IEEbus test
system with supporting numerical and as well as graphic
results.

OPF PROBLEM FORMULATION

In general, the optimalpower flow (OPF) problem by
considering various power system objectives by controllingrhese constraints are typically power flow equations satisfied
various problem variables and while satisfying various systerin Newton Raphson load flow solution

constraints can be formulated as

Jhis problem is optimized while satisfying the following
equality, irequality, and practical constraints.

Equality Constraints

Nbus
Minimize J(x,u) (1) Pai - Poi - @ lVillV Yy |cos@ +4; - G;) =0
Subjected to g(x,u)=0; h(x,u)O0O0 =l
Wher e 0 g & theegdalityyahddineguality constraints Npus

such as slack bus active power generation (Pg,slack), load bus

voltage magnitudes ( VL) and generator reactive power

outputs (QG) and apparentpowexfv i n | i nes (SI) and 6ud is a

control vector of independent variables such as generator \Where, P, ., Qg are the active and reactive power
active power output (PG), generator voltages (VG), . I . )
transformer tap ratios (T) and reactive power output of VAGenerations at ith busi, , Qp, are the active and reactive

sources (Qsh). power demands at ith bus, Nbis number of buses and

The state and control vectors can be mathgcally ‘Yij ‘, g; are the bus admittance magnitude and its angle
expressed as

respectively and O6x06 is a st@th_eQDiv_eéF\/cl)"ijyfij|5m@'if)-|e[rjmd[‘§?)n:to var
j=1

between ith and jth buses.

T _
U] (S VISRV o SR o+ S reveereeen s |
T [N P VeV, Qe Quy T T IN€QUAlity Constraints
. . . N . A . Generator limit . N
Wher e, ONL S, ONGO, 6nl &, 0%85 ana ONTO are the total
number of load buses, generator buses, transmission lines,Generator bus voltage limits:
VAr sources and taphanging transformers respectively. V(r;nln ¢V ¢ V(r;ax, " il NG

Active Power Generation limits:

ng‘”¢PGI ¢RE™S " il NG

GENERATION FUEL CO ST OBJECTIVE

The OPF problem consists, generation fuel cost function as an
objective function. The total amount of power generation

should meet the demand at lowest fuel cost. This objective
function is solved while satisfying system equality and in min max. o {
equalty constraints. The total fuel cost function can be QGi ¢QGi ¢QGi ' NG
expressed mathematically in the following form m

Reactive Power Generation limits:

Security limits

NG o -
L . Transmission line flow limit:
Minimize FC=Qq C/(R;;) $/h 2) e
o § ¢S5 "ilnl
Wher e, OFC6 is the total g eLoae bua voltagermaghitude llimit< o s t 6Ci (PGi
the fuel cost function of t he 'm;[\h ur;n(iﬁt, GPGi 0 is t he
generatedy the ith unit. vMev ev™m® " il NL

The quadratic fuel cost of a thermal generating unit in the form other limits

of second order polynomial function can be represented using o
Transformers tap setting limits:

Where, ai, bi, and ci are the fusbst coefficients of the ith Capacitor reactive power generation limits:
unit, . .
Q'ST]:" ¢ QShi ¢ Q;‘;,a* "1l NC
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Practical Constraints ow _ in

Gi —max{ Gi ’PGoi - DRi} (7
The operating limits of the generators are restricted to operate _
always between two adjacent periods forcibly. The raate pé‘i'gh and péC;W are the new upper and lower limits of
limits canbe mathematically expressed as uniti

i (0] - (0]
max(F5", P - DR;) ¢ Pg; ¢ min(RE™, Pg; +UR;)  PROPOSED TWO STAGE ANT COLONY OPTIMIZATION

(4) Ants live together in colonies and they use chemical cues
called pheromones to provide a sophisticated communication
Where, P(g is ith unit power generation at previous hour. system. An isolated ant moves essentially at randatrai ant
' encountering a previously laid pheromone will detect it and
decide to follow it with high probability and thereby reinforce
it with a further quantity of pheromone. The repetition of the
The problem formulated in Eqri) can be gneralized using above mechanism represents the collective behaviour @il a re

DRi and URi are the respective down and up raatp limits
of ith unit.

penalty factors as follows: ant colony which is a form of autocatalytic behaviour where
N the more the ants follow a trail, the more attractive that trail
Jaug® U) = I(x u) + 8y (R, - éT't) + becomes. The above behaviour of real ants has inspired ACO

NL NG which has proved to be an effective metaheuristic technique
= limit \2 .~ limity2  for solving many complex COP2(-24].

%8 (V- V") +2,8 (Qs, - QF" g many comp #24
m=1 m=1

G
" This technique uses a colony of artificial ants that behaves as
nl cooperative agents in a mathematical space where they are
+2.4 (S - S“ax)z allowed to search and reinforce pathways (solutions) in order
- " to find the optimal ones. The features afificial ants are:
(5) having some memory, not being completely blind and the

. process time is discret2].
Where, S, &, By, andey are the penalty quotients ) o
In the proposed TACO technique an initialisation phase takes

having large positive value. The limit values are defined as place during which ants are positioned on different nodes
(sessions) and initial phermne distributed equally on paths
connecting these sessions. Ants update the level of pheromone
}Xmin- x < xmin while they are constructing their schedules by iteratively
’ adding new sessions to the current partial schedule. At each
Here 6x6 is the value of P Gu1lime spep antscpraputeygsset of feasimoves and select the
best one according to some probabilistic rules based on the
heuristic information and pheromone level. The higher value
HANDLING RAMP -RATE LIMITS of the pheromone and the heuristic information, the more
) ) ) profitable is to select this move and resume the sedifub.
In general, thermal units are equipped with steam valves trocess is repeated till the number of iterations (stopping
increase/decrease its power generation. Earlier this mcreme@v,teria) has been reached. In more details, the proposed

decrement of power is in the form of step wise. But, in reaf ACO technique constructs the cheapest observation schedule
time, due to physical limitations, the generator powerysing the following stages:

generation follows ramfunctions i.e. to increase power
generation, the generator follows up ramge and to decrease

X|im 3 \'e'xmax; X > Xmax

power generation, the generator follows down raatg. The State Transition Rule
In OPF problem, the ramate constraints can be expressed asnn  ant  dlondted atwidde inuses the pheromone trail
follows: Tij to compute the probability of choosing j as the next node.
Ps, - P ¢ UR. | if generation increases é TijD .
I——— i il N
P2, - P ¢ DR, if generation decreases Pijk :{ 'ial\.lkTij )
T IEN;
Due to the presence of ramgte constraints, in OPF problem, 1 i i1 N
the generation fuel cost is increased as the operptirg of t 0 it N

generating units are varied from its operating limits. The
ramprate constraints of a generating unit must not exceed th
following limits

Where, t(i,)) : the intensity measure of the pheromone
eposited by each ant on the path (i,j). The intensity changes
during the run of the programa : the intensity control

pgi_gh — min{ Giax, P(G)i + URi} (6) Parameter.
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Equation (8) shows that the quality of the path (ij) is \yp e p (0,1) Jis the evaporation rate adBTi-k is the
proportional to its shortness and to the highest amount of I

pheromone deposited on it (i.e., the selection probability i@mount of pheromone deposited on arc ij by the best ant k. the
proportionalto path quality). goal of pheromone update is to increase the pheromone value
associated with good or promising paths

Path Retracting Stage
RESULTS AND ANALYSIS
Before returning to the home node, he kth ant deposits

of pheromone on arcs it has visited. Ants change thdhe proposed methodology is tested on the standard-89EE
pheromone level on the paths between sessions using tRES test system. This system consist forty one transmission

following updating rule: lines, six generators, four tap changing transformers and two
shunt compensators. For this system, thereighgezn control
Tij :Tij +cp'|k 9 variables. The entire analysis is performed for the following

three cases.

Where,Dt(i)) : the pheromonéevel. Casel: OPF with equality constraints only.

Thg amount of depqsned pheromone IS th? mechanism ase2: OPF with inequality constraints along with equality
which ants communicate to share information about goo onstraints.

paths. Stagnation may occur during the pheromone updating

and this can be happened when the pheromone level ase3: OPF with ramgrate limits along with egglity and in
significantly different baveen paths connecting the observedequality constraints.

schedule. This means that some of these paths have recei

higher amount of pheromone more than other and an ant w\;]E‘('je
cpntinuously select these paths and neglect the others. In ﬂgauahty constraints are tabulated in Table.1l. Variation of
situation, ants keep constructing tb@me schedule over and Convergence chaggeristics is showin Fig.1.

over again and the exploration of the search stops. Stagnation
can be avoided by influencing the probability for choosing the
next path which depends directly on the pheromone level. To
make better use of the pheromone and exgieitsearch space

of a schedule more effectively, several ideas based on the

OPF results for the considered generation fuel cost using
existing and proposed algorithms while satisfying system

Table 1. OPF results while satisfying system equality
constraints for IEEE30 bus system

pheromone control strategy have been implemented, tested and Control Existing Proposed
?nalysed. Sor:rje offthr(]ese ir:jeas are: ad(_jlitic_)ngl Ipheromor;e trail parameters method method
imits, smoothing of the pheromone trails;indialization o
the pheromone trial and additional reinforcement of the Po1 176.9799 175.4157
pheromone' etc. ) PG2 48.28021 49.31663
Active power [ pg, 2151359 | 21.3857
generation
Pheromone Trail Evaporation (MW) Pes 2210168 | 23.21778
P P11 12.10025 11.54058
When an ant k moves to the next node, the pheromone Po1s 12 12
evaporates from all the arcs ij according to the relation
o Va1 1.05 1.05
Ti=Q-P) ;" G)IA Voo 1.034982 | 1.038566
Voltage
Where, B (0,1) is a parameter and A denotes the segments Magnitude Ves 1.008713 | 1.012363
or arcs travelled by ant k in its path from home to destination. — (p y) Ves 1.01578 1.02473
The decrease in pheromone intensity favors the exploration |of Vo 1.04188 1.036646
different paths during the search process. This favors the
elimination of poor choices made in the path selection. This Ve 1.042438 1.05
also helps in bounding the maximum value attained by the Taps9 1.013%7 1.026707
pheromone trails. Iteration| ITT8SIIMEE by et e 1.014633 ¢ Oio7vaud | v i
movement, pheromone evaporation and pheromone deposit. Tap( set)tmgs Taps 0991782 | 0.979038
p.u - i :
After all the ants returrio the home node, the pheromone Taps2r 0.977585 0.967034
information is updated according to the relation Shunt Qento 17 5326 5065115
N compensator
T.=(1-3 ); F A 'lk Settiﬁgs (p.u) Qsh,24 13.02624 12.41442
i F)ita Py :
= Total power generation, MW | 292.9756 292.8764
Generation fuel cost, $/h 801.6057 801.5628
Total power loss, MW 9.5756 9.4764
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OPTIMAL POWER FLOW Table 3. Voltagemagnituderesults while satisfying system
811p ' ' " [~o-Existing P50 equality constraints for IEEBO bus system
810 | =0-Proposed TACQ|
Bus No. Voltage magnitude (p.u.)
— 809
% s0s! Existing method Proposed method
f 1 1.05 1.05
S go7t
& 2 1.035 1.0386
° 8061
é sosl 3 1.0244 1.0278
& 804} 4 1.0181 1.0221
soa} 5 1.0087 1.0124
802 25 - ‘ = a5 To0 6 1.0153 1.0212
frerations 7 1.0048 1.0098
Figure 1. Convergenceharacteristics of generation fuel cost 8 1.0158 1.0247
while satisfying system equality constraints for IEBEDbus
system 9 1.0164 1.0192
10 1.0117 1.024
To validateobtainedOPF results, comparison of results with 11 1.0419 1.0366
the exising methods is tabulated in Talfe. 12 1.0213 1.0328
Table 2. Validation of OPF results while satisfying system 13 1.0424 1.05
equalityconstraints for IEEE30 bus system
14 1.0077 1.0195
Method Value
15 1.0045 1.0164
o MSFLA [26] | 802.287
Existing 16 1.0098 1.0217
MDE [27] 802.376
Methods 17 1.0057 1.0178
PSO 801.6057
18 0.9945 1.0066
Proposed TSACO | 801.5628
19 0.9918 1.0041
. ) o ) ] 20 0.996 1.0083
Voltage magnitude results while satisfying equality ¢@ists
are tabulated in Tahl@ Variation of voltage magnitudes in 21 1.0019 1.0143
this case is shown iRig.2. 22 1.0034 1.0157
1.06 23 1.0003 1.0124
—6-Existing PSO
1.0 | ~6—Proposed TACQ| 24 1.0034 1.0157
, 25 1.0037 1.0184
] 1.04
S 26 0.9858 1.0007
'E 1.03f
£ 27 1.0126 1.0285
aa1.02» b
E 28 1.0113 1.0177
301.01- .
£ 29 0.9925 1.0088
5 1}
f 30 0.9809 0.9974
0.99
098 =35 7 o 11 13 15 17 19 21 23 25 27 29 Power flow results while satisfying equality comdtts are
Bus number tabulded in Tabled. Variation of voltage magnitudes this

Figure 2. Variation of voltage magnitude while satisfying case is shown in Fig.

system equality constraints for IEE3D bussystem
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Table 4. Power flow results while satisfying system equality
constraintdor IEEE-30 bus system

Power flows (MVA) Line limit
Line No.| Existing Proposed (MVA)
method method
1 118.7471 118.223 130
2 58.7574 58.4557 130
3 34.0552 34.0595 65
4 54.9627 54.7611 130
5 63.3864 63.3026 130
6 45.1224 45.1434 65
7 49.1868 49.5988 90
8 13.0324 12.6507 70
9 34.2897 34.5392 130
10 11.5013 15.2908 32
11 19.8443 21.6979 65
12 13.025 14.0741 32
13 17.2648 14.2925 65
14 31.1461 30.2605 65
15 31.8229 32.2873 65
16 19.4814 17.3734 65
17 7.9115 7.9023 32
18 18.2736 18.266 32
19 7.4569 7.4932 32
20 1.434 1.435 16
21 3.5055 3.5721 16
22 6.1017 6.131 16
23 2.7171 2.7485 16
24 7.3865 7.3656 32
25 9.8771 9.851 32
26 7.613 7.6497 32
27 16.7495 16.6607 32
28 7.7545 7.692 32
29 5.7056 5.6965 32
30 4.942 4.9244 16
31 6.453 6.2537 16
32 2.6153 2.6606 16
33 1.7851 1.7999 16
34 4.2642 4.262 16
35 5.3697 5.7558 16
36 19.57277 19.9091 65
37 6.4152 6.4091 16
38 7.2894 7.282 16
39 3.7541 3.7524 16
40 2.6998 2.856 32
41 15.9945 15.9084 32

140+ 11—

-6-Existing PSO
: ——Proposed TACO|
120g i | -8~ MVA limit

Power flows, MVA
[} -] 5
8 ¢ 8

Iy
=

201

......... : L TV eeRY T 9
c1 3 5 7 911131517192123252729313335373941
Line number

Figure 3. Variation ofpowerflows while satisfying system
equality constraints for IEEBO bus system

The OPF results for the considered generation fuel cost
without and with inequality constraints while satisfying system
equality constrimts using proposednethod are tabulated in
Table5. Variation of convergence dateristics is shown in
Fig.4.

Table 5. OPF results while satisfying system equality and
inequality constraints for IEEBO bus system

Existing method| Proposed method
Control . With . With
parameters W't:‘ in- W't? in-
ou equality ou equality
Pc1 177 174.7 175 176.2
. Ps. |48.28| 48.91 | 49.3 | 48.66
Active powerlp " 12151 213 | 21.4| 21.89
generation
(MW) Pes | 221 23.09 | 232 | 20.97
P11 | 12.1| 13.03 11.5 12.56
Pci3 12 12 12 12.63
4 1.05 1.05 1.05 1.05
Vez |1.035] 0.99 1.04 1.038
Voltage ™y 17 009] 1.013 | 1.01 | 1.011
Magnitude
(p.u) Ves |1.016] 1.042 | 1.02 1.021
Va1 | 1.042] 1.046 | 1.04 1.035
Veiz | 1.042] 1.05 1.05 1.05
Tapso |1.014| 1.014 | 1.03 0.998
Transformer| 1o " 015] 0.913 | 0.98 | 0.981
Tap settings
(p.U) Tap12 | 0.992| 0.954 | 0.98 | 0.992
Taps27| 0.978| 0.947 | 0.97 | 0.946
Shunt Qsh0 | 17.53] 21.59 | 20.7 19.76
compensatof
Setungs (pu QSh,24 13.03 14.18 12.4 16.83
Total power geneMW | 293 | 293.1 | 293 292.9
Genefuel cost, $/h | 801.6) 802.5 | 802 802.2
Total power loss, MW 9.576| 9.652 | 9.48 9.534
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OPTIMAL POWER FLOW WITH IN-EQUALITY CONSTRAINTS

810,

Quadratic fuel cost ($/h)

-©-Existing PSO
-O-Proposed TACO|

20

40 60

Iterations

80 100

140
I —6—Existing PSO
—o—Proposed TACO|

1204 —8-MVA limit

100

80

solh 0 o

Power flows, MVA

40r

201 I RN R R tesd hoooaoRbed §

cl 3 5 7 911131517192123252729313335373941

Line number

Figure 6. Variation of power flows while satisfying system
equalityandinequality constraints for IEEBO bus system

Figure 4. Convergence characteristics of generation fuel cost
while satisfyingsystem equality and inequality constraints for

IEEE-30 bus system

The OPF results for the considered generation fuel cost

Further the obtained OPF resulthile satisfying equality and without and with ramgate limits while satisfying system
inequality constraints are validated with the exigtimethods equality and inequality constraints using proposedhod are

tabulated in Tablé.

tabulated in Table.7Variation of convergence chataristics
is shown in Figr.

Table 6. Validation of OPF results while satisfying system

equalityand inequality constraints for IEEBD bus system

Table 7. OPF results while satisfying system equality,

inequalityconstraints and ramgate limits

Method Value for IEEE-30 bus system
lsl)((altsr:ggs IEP[28] 802.4 Control Existing method Proposed method
SFLA [27] 802.5 parameters . .
PSO 802.5 E £ 2 5 £ 2|F
Proposed TSACO 802.2 £ |g S £ |2 | S £
(3] B}

Variation of voltage magnitudeés this case is shown in Elgy

1.06

g N o
2 & 4§

Voltage magnitude, p.u.
-
e
N

1 i L

—6-Existing PSO
—6—Proposed TACO|

Figure 5. Variation of voltage magnitude while satisfying ~ |(P-U) Tap1, [0.99180.954 [0.99930.979 |0.99231.015
system equality and inequality constraints for IEEEbus

Variation of voltage magnitudes this case is shown in F&).

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Bus number

system

Active power |Ps;  |176.98174.74173.16175.42176.23(174.77
generation [P,  |48.28 |48.91349.12949.31748.66748.997
(MW) Pes  |21.51421.29521.39921.38621.88721.199
Pes  |22.10223.08622.05523.21820.96920.732
Pon  |12.1 |13.03413 |11.54112.55713.152
Pos |12 |12 |14 |12 |12.62614

Voltage Vo1 |1.06 |1.05 |1.05 |1.05 |1.05 |1.05
Magnitude  |Vg,  |1.035 |0.99031.03691.03861.03781.0382
(p.u) Vos  |1.00871.01261.014 |1.01241.01141.0074

Ves |1.015§1.04161.02191.02471.02091.0198
Ve |1.04191.04641.05 |1.03661.035 [1.0176
Veis |1.04241.05 [1.04141.05 [1.05 [1.05
Transformer |Tapso |1.01391.01370.99271.02670.99761.0164
Tap settings |Tap;, |1.01460.91341.04170.97740.98080.9783

Taps27(0.97760.94740.96710.967 |0.94570.9814
Shunt Qsh1o |17.53321.58§13.53420.65119.75820.601
compensator |Qy,.4 {13.02614.17812.94712.41416.83210.977
Setings (p.u)
Total power generatio|292.94293.05292.74292.88292.93292.85
MW
Generation fuel c09801.61802.46802.85801.56802.15802.58
$/h
Totd power loss, MW {9.57569.65179.34099.47649.533§9.4535
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OPTIMAL POWER FLOW WITH PRACTICAL CONSTRAINTS

q ' i " |-o-Existing PSO
—©—Proposed TACO)

Quadratic fuel cost ($/h)

80

40 60
Iterations

20 100

Figure 7. Convergence characteristics of generation fuel

cost while satisfying system equality, inequality constraints

and ramgrate limits for IEEE30 bus system

Variation of voltage magnituden this case is shown in FR).

1.06
—e-Existing PSO
1.05 —9—Proposed TACQ|
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Figure 8. Variation of voltage magnitude while satisfying
system equality, inequality constraints and renetie limits for
IEEE-30 bus system

Variation of voltage magnitudes in this case is shown in Fig.9.

Figure 9. Variation of power flows while satisfying system
equality,inequalityconstraints and rarm@te limits
for IEEE-30 bus system

CONCLUSIONS

In this paper new twestage ant colony optimization algorithm
has been developed to solve OPF problem. From thgsasal

it has been identified that, the generation fuel cost objective
value has been increased when the number of constraints
increases. It has been also identified that, the total generation
and there by the total power losses have been increased when
solving OPF problem while satisfying system equality,
inequality constraints and ranmmpte limits. From the
convergence characteristics, it has been identified that, the
developed methodology starts the iterative process with good
initial value and reachesnfl best value in less number of
iterations when compared to existing PSO method. The
developed methodology has been tested and supporting
numerical and graphical results have been presented for
standard IEEE30 bus system.
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