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ABSTRACT

Quantumcomputing-inspiredmetaheuristicalgorithmshaveemergedasapowerfulcomputational
tooltosolvenonlinearoptimizationproblems.Inthispaper,aquantum-behavedbatalgorithm
(QBA)isimplementedtosolveanonlineareconomicloaddispatch(ELD)problem.Theobjective
ofELDistofindanoptimalcombinationofpowergeneratingunitsinordertominimizetotal
fuelcostofthesystem,whilesatisfyingallotherconstraints.Tomakethesystemmoreapplicable
tothereal-worldproblem,avalve-pointeffectisconsideredherewiththeELDproblem.QBA
isappliedin3-unit,10-unit,and40-unitpowergenerationsystemsfordifferentloaddemands.
Theobtainedresultisthenpresentedandcomparedwithsomewell-knownmethodsfromthe
literature such as different versions of evolutionary programming (EP) and particle swarm
optimization(PSO),geneticalgorithm(GA),differentialevolution(DE),simulatedannealing
(SA)andhybridABC_PSO.ThecomparisonofresultsshowsthatQBAperformsbetterthan
the above-mentioned methods in terms of solution quality, convergence characteristics and
computationalefficiency.Thus,QBAprovestobeaneffectiveandarobusttechniquetosolve
suchnonlinearoptimizationproblem.
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INTRoDUCTIoN

Thermalplantsmainlyutilizefossilfuelslikecoal,gasandoiltogenerateelectricity.Capacityto
deliverfossilfuelsaspertheirgrowingdemandisverymuchlimitedduetotheshortageoffossil
fuelsupplyandlackofadequateinfrastructures(Mahdi,Vasant,Kallimani,&Abdullah-Al-Wadud,
2016).Moreover,fossilfuelsarenotalwayseasilyaccessibletoallasthereservesofthefossilfuels
areconcentrating intoa smallnumberofcountries.Furthermore, the reservesof the fossil fuels
aredeclininganditwillbedistinctandtooexpensiveinnearfuture.Thus,economicloaddispatch
(ELD)playsoneofthemostcrucialpartsinelectricalpowergenerationsystem.ELDdealswiththe
minimizationoffuelcost,whilesatisfyingallotherconstraints(Wood&Wollenberg,2012).The
simplificationoftraditionalELDproblemfailstooffersatisfactoryresultsinreal-worldsystemasthey
considerthattheefficiencyofpowerplantincreaseslinearlyorquadratically.However,inreal-world
systemseparatenozzlegroupshelpthevalvestocontrolthesteamenteringtheturbine.Thesystem
triestoachieveitshighestefficiencybyactivatingthevalvesinasequentialwayandthusresulting
arippledefficiencycurve.Thisphenomenonisknownasvalve-pointeffect.Inthisresearch,valve-
pointeffectisconsideredasapracticaloperationconstraintofgenerator.Consideringvalve-point
effecthelpstomodelELDproblemmoreaccuratelyandclosertoactualpowergenerationsystemat
thecostofaddingextracomplexitiesinthesystem.

TraditionalmethodslikeNewton-Raphson(Lin,Chen,&Huang,1992),linearandnonlinear
programmingtechniques(Momoh,El-Hawary,&Adapa,1999)wereusedtosolveELDproblem,
wheretheELDproblemisrepresentedusinglinearquadraticfunction.Theyprovedtobefastand
reliableagainstlinearELDproblem.But,whenconsideringthenonlinearcharacteristicsofpower
systemlikeconsiderationofvalve-pointeffect,thetraditionalmethodswereprovedtobeineffective
andinefficient(Chen&Wang,1993).Theyarepronetotrapintothelocaloptimaandhavesensitivity
totheinitialpoint(Mahdi,Vasant,Kallimani,Watada,etal.,2017).

Differentheuristicandmetaheuristictechniqueshavelaterusedtoovercometheshortcomingsof
thetraditionalmethodstosolvenonlinearELDproblem.Geneticalgorithm(GA)(Walters&Sheble,
1993), simulatedannealing (SA) (Wong&Fung,1993), evolutionaryprogramming (EP) (Yang,
Yang,&Huang,1996),tabusearch(TS)(Lin,Cheng,&Tsay,2002),enhancedLagrangianartificial
neuralnetwork(ELANN)(S.C.Lee&Kim,2002),generalizedantcolonyoptimization(GACO)
(Hou,Wu,Lu,&Xiong,2002),improvedfastevolutionaryprogram(IFEP)(Chakrabati,Choudhury,
Chattopadhyay,Sinha,&Ravi,2003),particleswarmoptimization(PSO)(Park,Lee,Shin,&Lee,
2005),patternsearch(PS)method(Al-Sumait,Al-Othman,&Sykulski,2007),Biogeographybased
optimization(BBO)(Roy,Ghoshal,&Thakur,2009),improvedharmonysearch(IHS)(Coelho&
Mariani,2009b),chaoticartificialimmunenetwork(CAIN)(Coelho&Mariani,2009a),batalgorithm
(BA)(Sakthivel,Natarajan,&Gurusamy,2013),chaoticteaching-learning-basedoptimizationwith
Lévy flight (CTLBO) (X. He, Rao, & Huang, 2016) and swarm based mean-variance mapping
optimization(MVMOS)(Khoa,Vasant,Singh,&Dieu,2017)aresomeofthetechniquesusedfor
solvingnonlinearELDproblem.Thesemethodscanprovideglobalornearglobalsolutions(Meng,
Wang,Dong,&Wong,2010).However,theycannotalwaysguaranteefindingglobalsolutionsin
finitecomputationaltimeandmanyproblemspecificparameterstotune.

Researchersproposeanddevelophybridmethodstoavoidtheproblemsfoundintheconventional
andstand-aloneheuristic/metaheuristicmethods.TheystartwithPSO-EP(Sinha&Purkayastha,
2004),PSO-sequentialQP(SQP)(Victoire&Jeyakumar,2005),chaoticdifferentialevolution(CDE)-
quadraticprogramming(QP)(dosSantosCoelho&Mariani,2006),GA-SQP(He,Wang,&Mao,
2008),chaoticPSO-implicitfilteringlocalsearch(IFLS)method(Coelho&Mariani,2009c),variable
scalinghybriddifferentialevolution(VSHDE)(Chiou,2009),GA-PSO(Jiang,Xu,Gong,&Chen,
2009)andGA-PS-SQP(Alsumait,Sykulski,&Al-Othman,2010),andfinishedwithfuzzyadaptive
PSO-Nelder Mead (FAPSO-NM) (Niknam, 2010), cultural algorithm- self-organizing migrating
algorithm(CSOMA)(L.D.S.Coelho&Mariani,2010),interiorpointmethod(IPM)-DE(Duvvuru
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