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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.



 

 

12 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/optimal-power-distribution-system-

planning-and-analysis-using-q-gis-and-soft-

computing/240593

Related Content

The Quality Amplification Challenge: Throughput Time's Effect on Quality

Variability and Quality Loss
Zhen Li, Pamela Rogersand Wai Kwan Lau (2020). International Journal of Strategic

Decision Sciences (pp. 25-45).

www.irma-international.org/article/the-quality-amplification-challenge/261800

New Dual Parameter Quasi-Newton Methods for Unconstrained Nonlinear

Programs
Issam A.R. Moughrabiand Saeed Askary (2019). International Journal of Strategic

Decision Sciences (pp. 74-94).

www.irma-international.org/article/new-dual-parameter-quasi-newton-methods-for-

unconstrained-nonlinear-programs/236187

Maintenance in Critical Infrastructures: The Need for Public-Private

Partnerships
Patricia Maraña, Leire Labakaand Jose Mari Sarriegi (2017). Optimum Decision

Making in Asset Management (pp. 62-82).

www.irma-international.org/chapter/maintenance-in-critical-infrastructures/164046

Fuzzy Thermal Alarm System for Venus Express
P. Serra, R. A. Ribeiro, R. Marques Pereira, R. Steel, M. Niezetteand A. Donati

(2008). Encyclopedia of Decision Making and Decision Support Technologies (pp.

391-401).

www.irma-international.org/chapter/fuzzy-thermal-alarm-system-venus/11278

Fuzzy Economic Production Quantity Model for Weibull Deteriorating Items

with Ramp Type of Demand
R. Uthayakumarand M. Valliathal (2011). International Journal of Strategic Decision

Sciences (pp. 55-90).

www.irma-international.org/article/fuzzy-economic-production-quantity-model/58318

http://www.igi-global.com/article/optimal-power-distribution-system-planning-and-analysis-using-q-gis-and-soft-computing/240593
http://www.igi-global.com/article/optimal-power-distribution-system-planning-and-analysis-using-q-gis-and-soft-computing/240593
http://www.igi-global.com/article/optimal-power-distribution-system-planning-and-analysis-using-q-gis-and-soft-computing/240593
http://www.igi-global.com/article/optimal-power-distribution-system-planning-and-analysis-using-q-gis-and-soft-computing/240593
http://www.irma-international.org/article/the-quality-amplification-challenge/261800
http://www.irma-international.org/article/new-dual-parameter-quasi-newton-methods-for-unconstrained-nonlinear-programs/236187
http://www.irma-international.org/article/new-dual-parameter-quasi-newton-methods-for-unconstrained-nonlinear-programs/236187
http://www.irma-international.org/chapter/maintenance-in-critical-infrastructures/164046
http://www.irma-international.org/chapter/fuzzy-thermal-alarm-system-venus/11278
http://www.irma-international.org/article/fuzzy-economic-production-quantity-model/58318

