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ABSTRACT

Thisarticlespecificallyaimstoprovethesuperiorityoftheproposedmothswarmalgorithm(MSA)
inviewofwind-thermal coordination. In thepresent article, aprobabilisticoptimalpower flow
(POPF)problemisformulatedtoreflecttheprobabilisticnatureofwind.Modellingofdoublyfed
inductiongenerator(DFIG)isincludedintheproposedPOPFtorepresentthewindenergyconversion
system(WECS).ToreduceDFIGimposeddeviationofbusvoltageancillaryreactivepowersupport
isconsidered.Moreover,threedifferentoptimizationtechniques,namely,MSA,biogeography-based
optimization (BBO), and particle swarm optimization (PSO) are independently applied for the
minimizationofactivepowergenerationcostforwind-thermalcoordination,consideringdifferent
instancesincaseofIEEE30-busandIEEE118-bussystem.Fromthesimulationresults,itisconfirmed
andvalidatedthattheproposedMSAperformsconsiderablybetterthanBBOandPSO.
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1. INTROdUCTION

Thehigh rateof fossil fueldepletionanddevastatingpollutant effects from fossil-fuelledpower
plantsattractresearchersintorenewableenergy-basedpowergenerationforsocio-economicgrowth
(Kharchenko and Vasant 2018). Wind accounts for the largest share of renewable energy in the
environmentandhasanexceptionalroleinproducingofcleanerpower(KharchenkoandVasant
2019).Inrecentyears,thewindpowerunithasbeenintegratedalongwiththeconventionalthermal
unit(CTU)toensuretheeconomicbalanceofpowerproductioncostandalsotomaintainapollution-
free,cleanenvironment(KharchenkoandVasant2019).Whenthewindenergyconversionsystem
(WECS)isintegratedwithCTU,theformulationofoptimalpowerflow(OPF)becomesmorecomplex
becausetheintermittencyofwindintroducesmoreconstraintsandadditionalcostfunctionsintothe
OPFproblem(Hetzeretal.2008).Inordertoupholdabalancebetweeneconomicandenvironmental
concernsofelectricalpowerproductions,itisnecessarytoformulateaprobabilisticOPF(POPF)
frameworkthatdealswithasignificantnumberofprobabilisticaspectsinviewofproductionand
economyconcernsofpowerimposedbytheintermittentwind.

2. BACKGROUNd

Theavailablepowerinthewinddoesnotalwaysmatchwiththeestimatedonebecauseofthewind-
intermittency.Thisoccurrence includes twoscenarios - a)underestimation scenario -when the
availablepowerofthewindismoreincomparisonwiththeestimated,b)overestimationscenario-
whentheaccessiblepowerofthewindisadeficitwithrespecttotheestimated(JabrandPal2008).
In(PandaandTripathy2014),theauthorsclearlystatedthatduringunderestimationofwindpower,
theindependentsystemoperator(ISO)compensatesforapenaltyamountfornotusingtheavailable
windpower,andintheoverestimationscenario,theISOmustconsiderareservecostalongwiththe
costoftheactivepowergeneration.Inthiscontext,Ortega-VazquezandKirschencarriedoutresearch
onhowdifferentcostfunctionsarerelatedtotheintermittencyofthewind(Ortega-Vazquezand
Kischen2010).Soitcanbeveryeasilyunderstoodthat-incorporatingWECSalongwiththeOPF
problemisnotaveryeasytaskforthepowersystemengineer.Torealizethewindintermittency,
aprobabilitydensityfunction(PDF)knownasWeibulldistributionwasimplemented(Pandaand
Tripathy2014).RoyandYadavpresentedtheoptimizationofthetotalactivepowergenerationcost
ofthewindintegratedthermalpowersystemalongwiththeemissionissues(RoyandJadav2015).
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