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ABSTRACT

Theselectionofpowersub-stationlocationanddistributionlineroutinginpowersystemsisoneof
theimportantstrategicdecisionsforbothprivateandpublicsectors.Ingeneral,contradictoryfactors
suchasavailability,andcost,affectstheappropriateselectionwhichadherestovagueandinexact
data.Theworkpresentedinthisresearchdealswiththedevelopmentofmodelsandtechniquesfor
planningandoperationofpowerdistributionsystem.Theworkcomprisesawiderframeworkfrom
thesitingofasub-stationtoloadflowanalysis.Workdonealsoshowstheapplicationofquantum-
geographicinformationsystem(Q-GIS)infindingloadpointcoordinatesandexistingsub-station
locations.Theproposedintegratedapproachprovidesrealisticandreliableresults,andfacilitates
decisionmakerstohandlemultiplecontradictorydecisionperspectives.Toaccredittheproposed
model,itisimplementedforpowerdistributionplanninginBiharwhichconsistsof9divisions.A
CubicSplineFunction-basedloadflowanalysismethodisdevelopedtovalidatetheproposal.
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1. INTRODUCTION

Method/Analysis:Statistical InformationGrid (STING)algorithmisused forclusteringof load
pointsandfindingoptimumlocationofsub-station.Quantum-GeographicalInformationSystem
(Q-GIS)isusedforfindingshortestrouteofdistributionlinefromsub-stationtoloadpoints.
WorkalsoincludesanimprovisedmethodforsolvingnonlinearequationsbasedonCubicSpline
functions,usedasloadflowanalysisinthispaperforvalidationofthedevelopedmodel.

Findings:Theproposedmodelwillhelppowerdistributionsystemplannerstoincreaseefficiency
andreliabilityofpowerdistribution.Proposedmethodcanreplacethetraditionalwayoflocation
ofsub-stationandfeederroutinginanefficientway.
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Novelty/Improvement:Useofclusteringalgorithmwillreplacethetraditionalwayoffindingoptimal
locationofsub-station.Algorithmfindslocationofsub-stationatthecentreofloadpoints,which
hasadvantageofhavingshortestrouteoffeederfromloadpointstosub-station.

GISuse in feeder routingwillhelp todetermineshortest routeconsideringall the technical
restrictionslikesagandlandelevation,alsoavoidinggeographicalrestrictionslikeriverandmountain.

Loadflowanalysismethodusingcubicsplinefunctionpresentsaneasyandefficientwayfor
validationofthepresentwork.IEEE33bussystemisusedtotestthemethodology.

Workflowofresearchinthispaperisasmentioned:Firstworkistoanalyzethepowerdistribution
systemofBiharStateconsistingareaofninedivisionsTirhut,Saran,Purnia,Patna,Munger,Magadh,
Kosi,DarbhangaandBhagalpur.AllninedivisionsofBihararestudiedforidentifyingexistingsub-
stationsandloadpoints.Locationidentificationwithanalysisofloaddemandwillhelpinfinding
probablelocationsofsub-station(probablylessinnumber).

Feederroutingshouldbewithshortestroutedonebyconsideringallpossiblerestrictionslike
mountainand rivers inBihar.Costand lossescanbeminimizedbyoptimizing the feeder route.
Further,Loadflowanalysiswillhelpinvalidationofresult.

ChakravortyandGhosh,2009;presentedanapproachtolocatesub-stationhavingminimum
distancefromloadpoints.Further,‘AnalyticalHierarchyProcess(AHP)’techniqueisusedtoconnect
variousloadpoints.

FeederroutingisdoneinthepresentworkisbyusingGeographicinformationSystem(GIS);it
wouldproviderealisticapproachinfeederrouting.

ChakravortyandGhosh,2009;developedamathematicalmodelforplanningofpowerdistribution
systems.FeederlineroutingisperformedonassumedloadpointsonX-Yaxis.Factorsconsideredfor
feederlineroutinginthispaperarelengthofconductor,peryearfeederfailures,peryearcustomer
interruption,peryearmaximuminterruptionandcost.

Geographic Information System (GIS) is used in the present work to provide the realistic
optimizedfeederroutingpath.

MovarejandRad,2014;presentedanapproachforsolvingpowersub-stationplanningproblem
usingthreeclusteringalgorithms:FuzzyC-Means(FCM),PossibilisticC-Means(PCM)andHard
C-Means(HCM).Objectivefunctionsconsideredinthepaperare:i)Costofpowerlossesinfeeder
andsubstationii)Costofinstallinganewsubstation,iii)CostofinstallinganewfeederandCostof
expandinganexistingsubstation.

ForclusteringtheloadpointsSTINGbasedclusteringcouldalsobeusedasshowninthepresent
work,whichhasfollowingadvantagesoverotherclusteringalgorithms:i)Queryindependentandii)
STINGfacilitatesparallelprocessingandincrementalupdatingofdata.

Kumar,PhunchokandSood,2012;presentedanapproachusingGAsitingofsub-stationand
optimalroutingoffeederline.Minimallengthofdistributionlinesisconsideredforfeederrouting
toreducecost.Authorshavequotedthatthiskindofapproachbecauseofuncertaintiesassociated
withfutureload,ismoreappropriateforruralareas.Also,GAservesonlyasatoolforformulating
generalguidelinesforsystemplanning,asassumptionisdoneconsideringtheareawithnopresence
ofelectricalnetwork.

Kumar,KrishanandSood,2013;presentedanapproachforoptimizingannualcostinvestment
forfeederlineaswellassub-stationwithcostofoperation.Thisfeederroutingmechanismatthe
backdropofGISwouldhaveprovidedtherealisticfeasibilityandrobustnesstothisapproach.

LuoandSemlyen,1990;proposedcompensationmethodmeshednetworkswhichareweak.It
brokeinterconnectionpointsusingcompensationmethodsothatmeshedsystemstructurecouldbe
changedtosimpletree-typeradialsystem.Adaptabilityofthismethodisnotencouragingtodecide
breakpoints,asheuristicmethodisused.Loadconditionsatbreakpointsmaycausedifficultiesin
convergenceofloadflowanalysis.
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