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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



 

 

15 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/quantum-behaved-bat-algorithm-for-

solving-the-economic-load-dispatch-problem-considering-a-

valve-point-effect/251837

Related Content

Optimum Design of Reinforced Concrete Beams: Optimization of RC Beams
 (2020). Metaheuristic Approaches for Optimum Design of Reinforced Concrete

Structures: Emerging Research and Opportunities  (pp. 71-91).

www.irma-international.org/chapter/optimum-design-of-reinforced-concrete-beams/251015

A Genetic Algorithm's Approach to the Optimization of Capacitated Vehicle

Routing Problems
Mariano Frutos, Fernando Tohméand Fabio Miguel (2016). Handbook of Research

on Modern Optimization Algorithms and Applications in Engineering and Economics

(pp. 209-235).

www.irma-international.org/chapter/a-genetic-algorithms-approach-to-the-optimization-of-

capacitated-vehicle-routing-problems/147516

Intelligent Expert System to Optimize the Quartz Crystal Microbalance

(QCM) Characterization Test: Intelligent System to Optimize the QCM

Characterization Test
Jose Luis Calvo-Rolle, José Luis Casteleiro-Roca, María del Carmen Meizoso-López,

Andrés José Piñón-Pazosand Juan Albino Mendez-Perez (2017). Handbook of

Research on Soft Computing and Nature-Inspired Algorithms (pp. 469-488).

www.irma-international.org/chapter/intelligent-expert-system-to-optimize-the-quartz-crystal-

microbalance-qcm-characterization-test/179403

A State-of-the-Art Review of Artificial Bee Colony in the Optimization of

Single and Multiple Criteria
B. S. P. Mishra, S. Dehuriand G.-N. Wang (2013). International Journal of Applied

Metaheuristic Computing (pp. 23-45).

www.irma-international.org/article/a-state-of-the-art-review-of-artificial-bee-colony-in-the-

optimization-of-single-and-multiple-criteria/101778

http://www.igi-global.com/article/quantum-behaved-bat-algorithm-for-solving-the-economic-load-dispatch-problem-considering-a-valve-point-effect/251837
http://www.igi-global.com/article/quantum-behaved-bat-algorithm-for-solving-the-economic-load-dispatch-problem-considering-a-valve-point-effect/251837
http://www.igi-global.com/article/quantum-behaved-bat-algorithm-for-solving-the-economic-load-dispatch-problem-considering-a-valve-point-effect/251837
http://www.igi-global.com/article/quantum-behaved-bat-algorithm-for-solving-the-economic-load-dispatch-problem-considering-a-valve-point-effect/251837
http://www.irma-international.org/chapter/optimum-design-of-reinforced-concrete-beams/251015
http://www.irma-international.org/chapter/a-genetic-algorithms-approach-to-the-optimization-of-capacitated-vehicle-routing-problems/147516
http://www.irma-international.org/chapter/a-genetic-algorithms-approach-to-the-optimization-of-capacitated-vehicle-routing-problems/147516
http://www.irma-international.org/chapter/intelligent-expert-system-to-optimize-the-quartz-crystal-microbalance-qcm-characterization-test/179403
http://www.irma-international.org/chapter/intelligent-expert-system-to-optimize-the-quartz-crystal-microbalance-qcm-characterization-test/179403
http://www.irma-international.org/article/a-state-of-the-art-review-of-artificial-bee-colony-in-the-optimization-of-single-and-multiple-criteria/101778
http://www.irma-international.org/article/a-state-of-the-art-review-of-artificial-bee-colony-in-the-optimization-of-single-and-multiple-criteria/101778


A Flexible Language for Exploring Clustered Search Results
Gloria Bordogna, Alessandro Campi, Stefania Ronchiand Giuseppe Psaila (2010).

Scalable Fuzzy Algorithms for Data Management and Analysis: Methods and Design

(pp. 179-213).

www.irma-international.org/chapter/flexible-language-exploring-clustered-search/38569

http://www.irma-international.org/chapter/flexible-language-exploring-clustered-search/38569

