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ABSTRACT

Over theyears, theoptimization invarious areasofpower systemshas immensely attracted the
attentionofpowerengineersandresearchers.RPPproblemisonesucharea.Thisisdonebythe
placementofreactivepowersourcesintheweakbusesandthereafterminimizingtheoperatingcost
ofthesystemwhichisdirectlydependentonthesystemtransmissionloss.Theworkproposedinthis
articleutilizesFVSImethodtodetecttheweakbus.GWO-PSOisproposedinthecurrentworkfor
providingoptimalsolutiontoRPPproblem.Totesttheefficacyoftheproposedtechnique,comparative
analysisisthenperformedamongthevariantsofPSOandhybridGWO-PSO.Theoptimalsolution
renderedbytheproposedmethodiscomparedwithotherheuristicalgorithms.Theproposedmethod
ofGWO-PSOgeneratesareductionof4.25%inoperatingcostforIEEE30busand5.99%forNew
England39bussystem.ThecomparisonthusyieldsthattheGWO-PSOhybridmethodissuperior
ingeneratingoptimality,diversity,andisefficienttogeneratesolutionstrategiesforRPPevenina
practicalpowernetwork.
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1. INTROdUCTION

Reactivepowerplanning (RPP) is consideredoneof themostonerousproblemsencountered in
interconnectedpowersystemoperation.TheSecureandeconomicoperationofpowernetworksis
substantiallydependentontheeffectualplanningofreactivepowersources.Inthecurrentscenario
ofaninterconnectedpowernetwork,anincreaseintransmissionlossandcongestionofpowerlinesis
duetoenhancedpowerdemand,unscheduledpowerflowandcurtailmentinextensionoftransmission
lines.So,torestorestabilitymargintopreviouslyexistingcircuitsandretainefficientpowersystem
operation,reactivepowercontrolandplanningisextremelycrucial.ThechallengesofRPPinvolves
thedecisionofdeterminingtheexactlocationandamountofreactivepowersourcesforreducingthe
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transmissionlossandoptimizingthecostofVARsources.Thus,optimalreactivepowerplanning
encompassesvoltagequality,economicoperationandreductionofpowersystemlosses.

Optimalplacementofcapacitorisinstrumentalinprovidingreactivepowerplanningsolutionsas
depictedin(Yehia&Ghandouret.al,1992).Theworkinresearcharticle(Birchfield&Overbye2018)
focusesonpowerflowconvergenceandreactivepowerplanningapproachinamassiveinterconnected
syntheticgrid.Inrecentyears,deregulationofpowerutilitieshaselevatedtheproblemsassociated
incontrollingalargescale,complexinterconnectedpowernetworkwithnumerousuncertaintiesand
solutionbasedonthemathematicalformulationofthesereal-timeproblemsmaynotalwaysyield
accurateresultswhichoptimize itglobally.Therefore, toseekgloballyoptimalsolution,modern
heuristicalgorithmsarebeingimplementedforsolvingreactivepowerplanningproblem(Shaheen
&El-Sehiemy2019,Mazzini,Asada&Lage2018,Shwehdi,Mohamed&Devaraj2018).Various
globaloptimizationtechniqueslikeSymbioticOrganismsSearchAlgorithm,Sine-Cosinealgorithm,
Dragonfly optimization, Improved Gravitational Search algorithm have gained popularity for
implementationinpowernetworkoptimizationproblems(Das,Bhattacharya&Ray2018,Patel&
Bhattacharjee2020,Mahapatra,Jha&Panigrahi2016,Amroune,Bouktir&Musirin2018)).Thework
proposedin(Shen&Liu2018)presentsamultistagesolutionfordynamicreactivepoweroptimization.
Theauthorsin(Bhattacharyya&Raj2016)implementednumerousbio-inspiredalgorithmsonIEEE
14and30bustestsystemsfortheRPPproblem.Authorsintheresearcharticle(Parida,Singh&
Srivastava2008)presentedahybridalgorithmforprovidingsolutiontosecurity-constrainedreactive
powerplanningand(Shekarappa,Mahapatra&Raj2020)proposedvoltageconstrainedRPP.The
workpresentedin(Hong‐Zhong,Hao‐Zhong&Zheng2010)depictsanimprovedPSOalgorithmfor
RPPoptimalsolutioninthetestsystem.Theauthors(Jeyadevi,Baskar&Iruthayarajan2011)present
anewtechniqueofcovariancematrixadaptedevolutionstrategyforoptimalreactivepowersolution.

Toensurethatglobaloptimalityisattainedintheoptimizationprobleminvolvingalarge-scale
powernetwork,hybridtechniquesareintroducedwhichareacombinationoftwoormorealgorithms.
ToprovideasolutionoftransmissionlineexpansionalongwithRPPsolution,Geneticalgorithm,
Interiorpointmethodisused(Mahmoudabadi&Rashidinejad2013).Theauthorsin(Liu,Ma&
Zhang2000)combinedthemeritsofGeneticAlgorithm,TabuSearchandSimulatedAnnealingto
developahybridmethodwhichwouldaddressthereactivepoweroptimizationprobleminanimproved
manner.Theauthorsin(Raj&Bhattacharyya2018)obtainedRPPsolutionwhileretainingvoltage
profileonIEEE14,30and57bustestsystemsbyusingGreyWolfOptimization.

Thesetechniquesgenerateimprovedsolutionsbuthaveseveraldrawbackslikerelativelyslow
convergenceorbeingtrappedinlocaloptima.So,acontemporaryapproachtotacklemulti-objective,
divergentpowersystemproblemsaretocombinethebestattributeofthesealgorithmsforrealizing
moreeffectiveglobaloptimalsolutions.Thecombinationensuresselectionofthebestsothatthe
solutionconvergestowardsglobaloptimalityandswiftlyimprovethesecuredoperation.Thework
presented in this research article merges the bio-inspired techniques of PSO and meta-heuristic
algorithmofGWOtoformahybridoptimizationthatisimplementedfortheRPPproblem.The
optimalreactivepowerplanningsolutionisalsoobtainedbyusingsiximprovedPSOvariantssuch
as Linearly Decreasing Weight (LDW-PSO), Supervisor-Student Model (SSM-PSO), PSO with
time-varyingaccelerationcoefficient(PSOTVAC),FixedInertiaWeight(FIW-PSO),Constriction
Factor(CF-PSO),ImprovedSelfAdaptivePSO(ISA-PSO)andanotherbio-inspiredmethodofSalp
swarmalgorithm(SSA).

Theimportanthighlightsoftheproposedworkinclude:

1. Improved performance of PSO which inherently depends on its parameters by preventing
prematureconvergenceandstagnation.

2. Populationdiversityistreatedwithanadaptabletrade-offbetweenexploitationandexploration
toenhancetheglobalsearchabilityoftheproposedalgorithms.
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