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ABSTRACT

Thisarticlepresentsanintegratedapproachtowardstheeconomicaloperationofahybridsystem
which consists of conventional thermal generators and renewable energy sources like windmills
usingagrasshopperoptimizationalgorithm(GOA).Thisisbasedonthesocialinteractionnatureof
thegrasshopper,consideringacarbontaxontheemissionsfromthethermalunitanduncertaintyin
windpoweravailability.TheWeibulldistributionisusedfornonlinearityofwindpoweravailability.
Astandardsystem,containingsixthermalunitsandtwowindfarms,isusedfortestingthedispatch
modelofthreedifferentloads.TheGOAresultsarecomparedwiththoseobtainedusingarecently
developedquantum-inspiredparticleswarmoptimization(QPSO)optimizationtechniqueavailable
intheliterature.ThesimulationresultsdemonstratetheefficacyandabilityofGOAovertheQPSO
algorithmintermsofconvergencerateandminimumfitnessvalue.Performanceanalysisunderwind
powerintegrationandemissionminimizationfurtherconfirmsthesupremacyoftheGOAalgorithm.
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1. INTRODUCTION

Renewableenergyisthemostimportantaspectsofenergyintoday’sworld,tomitigatethechallenges
thatariseduetoexcessiveenvironmentaldegradationfromthegreenhousegasesthatemitsfrom
conventionalpowerplantstomeettheexponentiallyrisingdemandofelectricalenergy.Thesources
of thefossil fuelsare likecoal,oilandgasesused in the thermalpowerplants.Theexhaustgas
contains several hazard gases like CO2, NO2, and SO2 and these gases are directly ejected into
theatmosphere.So,environmentaldegradation in thisway isamajorproblemof today.Several
internationalorganizationslikeUNFCCC(unitednationframeworkontheconventiononclimate
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change)areworkinginthisfieldtocontroltheseemissionsthroughseveralinternationalprotocols
likeKyotoprotocol.Recently,intheyear2015onCOP(conferenceofparties)21Paristhemembers
agreedtoreducetheircarbonoutputandtodotheirbesttokeepglobalwarmingbelow2°C.Sothis
willencourageboththedevolvedanddevelopingcountriestointegrateitsrenewablesourceslike
wind,solar,bioenergy,etc.,withconventionalthermalpowerplantstomeettheirenergydemand.

Windpowerisreadilyavailableinnature,butduetoitsuncertainandstochasticcharacteristics,
itcreateschallengesintheloaddispatchmodel.Aswindspeedvariationcontrolswindmilloutputs,
sowindpowerforecastingerrorswillbringamajorproblemwhileestimatingsystemreservemargin
to provide the guarantee of secure and reliable operation. The uncontrolled penetration of wind
powerisriskyforapowersystemasitmaybringoutdifficulties.Compositeforecastmodelisused
tostatisticallyproduceoptimalforecastingbycomputingpredictionresultfromnumbersofdifferent
methods.Iftheerrorsofforecastinggeneratedbydifferentmethodshavealowdegreeofcorrelation
amongeachother,therandomerrorfromtheindividualforecastswilltendtooffseteachotherwith
theresultthuscompositeforecastwillhaveveryfewererrorsthanindividualforecast.Windpower
generallyfollowsWeibulldistributionshowninsomanypapers(Patel,2006).Inseveralarticles
(Liu,andXu,2010;Hetzeretal.,2008),probabilisticoptimizationstrategiesareusedtodealwith
windpoweruncertainty.

Economicloaddispatch(ELD)isatechniquetoallocatethegeneratingunitsaccordingtothe
loaddemandandtominimizeoperatingcost.ELDwithconsiderationofcarbonemissiontaxand
integrationofrenewablesourceisarecenttrendandanemergingtechnology.Inthispaper,economic
loaddispatchofsixconventionalthermalgeneratorsunderdifferentloadingconditionisperformed,
withandwithouttaximposedoncarbonemission.Afterward,twowindmillsareincludedinthe
systemandELDisperformedwithandwithoutconsideringcarbonemissiontax.

Ameta-heuristicisaniterativetechniquethathelpstofindoutthenear-optimalsolutionina
moreefficientway.Theobjectiveofthismethodistoenlargetheaptitudeofheuristicsbyjoining
moreandmoreheuristicmethod.Duetothesignificantachievementsofmeta-heuristicsapproaches
insolvingdifferentkindsofnon-linearoptimizationproblems,interesthasbeengraduallyshiftedto
applicationsofpopulation-basedapproachestohandlingthecomplexityinvolvedinthenonlinear
problem.Recently,somanyresearchershaveexpressedtheirinterestinsolvingELDproblemswith
constraintusingevolutionaryalgorithmssuchasPSO(Mengetal.,2010),geneticalgorithm(GA)
(Chung,&Chan,2012),evolutionaryprogramming(EP)(Vlachogiannis,&Lee,2008),differential
evolution(DE)(Bhattacharya&Chattopadhyay,2010),patternsearch(PS)(Al-Sumaitetal.,2007),
tabusearch(TS)(Lin,2010),andsimulatedannealing(SA)(Precupetal.,2012).

GAisoneof theoldestheuristic technique, itssearchingproperty relieson theprincipleof
geneticssuchasselection,crossover,mutation,andinheritances(Goldberg,&John,1988).Some
advantagesofGAare:highprobabilityofgettingsuccessatfindingtheglobaloptimaltowidow
varietyoffunctionsdonotrequirederivatives,anditcanbeimplementedindiscreteandcontinuous
parameters.Themaindrawbackoftheaforesaidmethodisitssusceptibilityingettingtrappedon
localoptimumsolution.Katsigiannisetal.(Katsigiannisetal.,2012)usedGAtooptimizehybrid
PV/wind/battery/dieselenergysystemtosupplythreeisolatedislandsinJapan.

SAisanalgorithmused tosolve thecombinationofoptimizationproblems thatdestroy the
crystallizationprocessinaphysicalsystemwhenthesearchspaceregionisdiscreteinnature(Santoso
etal.2007).Someadvantagesofexploitationisthatitusuallyleadstoveryhighconvergencerates,
butitsdisadvantageisthatitcangetstuckinalocaloptimumaswellasitrequireslargecomputation
time.Inthepaper(Alyetal.,2010)Alyetal.implementedasimulatedannealingalgorithmformulti-
objectivedistributedgenerationplanning.

TSisameta-heuristicapproachwhichisbasedonthemethodofadaptivememoryandresponsive
explorationthatstartssearchingthesolutionspaceeconomicallyandefficientlyuntilanyimprovement
isreached.TheadvantageofTStechniqueisthat,itcanhaveexplicitmemoryaswellasitcanbe
appliedtothediscreteandcontinuoustypevariable.Disadvantagesofthismethodisthatitisdepended
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