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Sustainabledevelopmentandoperationofenergysystemsareveryimportantproblemsfromtheviewpoint
ofeffectiveenergysupplytoconsumerswithrequiredqualityandreliabilityofsupply.Theseproblems
arethemostimportantforinfrastructuralenergysystemswhichhavedevelopedtransmissionanddistri-
butionnetworkstructures.Theeffectiveoperationoftheeconomyandthelifeofpeoplestronglydepend
onsustainabledevelopmentandoperationofenergysystems.Theobjectiveofthisbookistointroduce
advancedresultsintheforegoingarea.

Thefollowingresearchtopicsarewellcoveredinthisbook:

• EnergyManagementPolicy
• EconomicLoadDispatch
• Biogeography-BasedOptimization
• HeatSupplyComplex
• MarkovRandomProcess
• Multi-LoopOptimizationMethod
• ThreeInductionmotor
• Bi-LevelModeling
• CompetitiveMarket
• ThermalPowerPlant
• HeatNetwork
• TeachingLearning-BasedOptimization
• OptimalPowerFlow
• FuzzyDecision
• HybridPowerFilter
• EvolutionaryOptimization
• ArtificialBeeColony
• GreenhouseGasEmissions
• Valve-PointLoadingEffect
• GroundSourceEnergy

Thebookisorganizedinto16chapters.Abriefdescriptionofeachofthechaptersisasfollows:
Chapter1:Thechapterpresentsmethodsforassessingeconomic,resourceandenvironmentalef-

ficiencyofenergysupplysystemsandwaysofitsimprovement,themainofwhicharethedevelopment
ofcogenerationandrenewableenergysources(RES).Theproblemofallocatingfuelandfinancialcosts
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inthecaseofthecombinedproductionissolved.Themethodsallowdeterminingspecificindicatorsof
suppliedproductswhichmakesitpossibletocomparetheefficiencyofenergysupplysystemsofdiffer-
entcompaniesandcountries,andtodefinetheirfuturetargetindicators.Thetechnologyofintroducing
RES-basedpowerplantstotheenergysupplysystemsbymeansofusingunstabilizedRES-basedpower
fordirectfuelsubstitutionatthermalpowerplantsisdiscussed.

Chapter2:Thechapteraddressestheissueofoptimalexpansionandreconstructionofheatsupply
systems,whichincludesasetofgeneralandspecificproblems.Therefore,acomprehensiveapproach
totheirsolvingisrequiredtoobtainatechnicallyadmissibleandeconomicallysoundresult.Solving
theproblemsuggestssearchforeffectivedirectionsinexpansionofasystemintermsofallocationof
newheatsources,theirtype,output;constructionofnewheatnetworks,theirschemesandparameters;
detectionof“bottlenecks”inthesystemandwaysoftheirelimination(expansion,dismantling,replace-
mentofheatpipelinesections,constructionofpumpingstations).Theauthorspresentamathematical
statementoftheproblem,itsdecompositionintoseparatesubproblemsandanintegratedtechniqueto
solveit.Considerationisgiventoarealproblemsolvedforarealheatsupplysystem.

Chapter3:Inthischapteroneofwidespreadmodelsoftheorganizationofheatsupplyofconsumers
presentedintheSinglebuyerformatisconsidered.Thescientificandmethodicalbaseforitsdescrip-
tionandresearchofferstoacceptthefundamentalprinciplesofthetheoryofhydrauliccircuits,bi-level
programming,andprinciplesofeconomicsintheenergysector.Distinctivefeatureofthedeveloped
mathematicalmodelisthatit,alongwithtraditionallysolvedtaskswithinthebilateralrelationsheat
sources–consumersofheat,considersanetworkcomponentwithphysicsandtechnologyproperties
ofaheatnetworkinherentinit,andalsotheeconomicfactorsconnectedwithcostsofproductionand
transportofheatenergy.

Chapter4:ThischapterpresentsnewmethodsandsoftwaresystemSOSNAintendedfortheparameter
optimizationofheatsupplysystems.Theymakeitpossibletocalculatelarge-scalesystemswhichhave
acomplexstructurewithanysetofnodes,sections,andcircuits.Anewmethodologicalapproachto
solvingtheproblemoftheparameteroptimizationoftheheatsupplysystemsisdeveloped.Theapproach
isbasedonthemulti-leveldecompositionofthenetworkmodel,whichallowsustoproceedfromthe
initialproblemtolesscomplexsub-problemsofasmallerdimension.Newalgorithmsaredevelopedto
numericallysolvetheparameteroptimizationproblemsofheatsupplysystems:aneffectivealgorithm
basedonthemulti-loopoptimizationmethod,whichallowsustoconsiderhierarchicalcreationofthe
networkmodelinthecourseofproblemsolving;aparallelhigh-speedalgorithmbasedonthedynamic
programmingmethod.

Chapter5:Thischapterdealswiththeproblemofcomprehensiveanalysisofheatsupplyreliability
forconsumers.Itimpliesaquantitativeassessmentoftheimpactofallstagesofheatenergyproduction
anddistributiononheatsupplyreliabilityforeachconsumeroftheheatsupplysystem.Amethodological
approachissuggested,inwhichmathematicalmodelsandmethodsfornodalevaluationofheatsupply
reliabilityforconsumersaredevelopedandthestudiesontheimpactofdifferentelementsoffueland
heatsupplysystemsonitslevelaredescribed.MathematicalmodelingisbasedontheMarkovrandom
processes,modelsofflowdistributioninaheatnetwork,deterministicdependencesofthermalprocesses
ofheatenergyconsumptionandsomeothermodels.

Chapter6:Intherecentattemptstostimulatealternativeenergysourcesforheatingandcoolingof
buildings,emphasisehasbeenputonutilisationoftheambientenergyfromgroundsourceheatpump
systems(GSHPs)andotherrenewableenergysources.Exploitationofrenewableenergysourcesand
particularlygroundheatinbuildingscansignificantlycontributetowardsreducingdependencyonfossil
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fuels.EnergyResearchInstitute(ERI),betweenJuly2011andNovember2011.Thischapterhighlights
thepotentialenergysavingthatcouldbeachievedthroughuseofgroundenergysource.

Chapter7:ThischapterpresentsaFuzzyRandomRegression-basedmodel.Theproposedmethod
demonstratestheabilitytoprovidecoefficientinformationandconsiderationofhybriduncertainties
intheevaluationprocess.Theschemesdiscussedinthisworksatisfydecision-makerintentions,which
addresssomelimitationtodeterminethecoefficientanddealswithfuzzyrandomuncertaintiesinthe
multi-objectiveproblemformulationusingsatisfaction-basedoptimization.

Chapter8:Optimalpowerflowwithtransientstabilityconstraintsbecomesaneffectivetoolofmany
problemsinpowersystemssinceitsimultaneouslyconsiderseconomyanddynamicstabilityofpower
system.TSC-OPFisanon-linearoptimizationproblemwhichisnoteasytodealdirectlybecauseofits
hugedimension.Thischapterpresentsanovelandefficientoptimisationapproachnamedtheteaching
learningbasedoptimisation(TLBO)forsolvingtheTSCO-PFproblem.Thequalityandusefulnessof
theproposedalgorithmisdemonstratedthroughitsapplicationtofourstandardtestsystemsnamely,
IEEE30-bussystem,IEEE118-bussystem,WSCC3-generator9-bussystemandNewEngland10-gen-
erator39-bussystem.Todemonstratetheapplicabilityandvalidityoftheproposedmethod,theresults
obtainedfromtheproposedalgorithmarecomparedwiththoseobtainedfromotheralgorithmsavailable
intheliterature.

Chapter9:Thischapterproposesanimprovedpseudo-gradientsearchparticleswarmoptimization
(IPG-PSO)forsolvingoptimalpowerflow(OPF)withnon-convexgeneratorfuelcostfunctions.The
objectiveofOPFproblemistominimizegeneratorfuelcostconsideringvalvepointloading,voltage
deviationandvoltagestabilityindexsubjecttopowerbalanceconstraintsandgeneratoroperatingcon-
straints,transformertapsettingconstraints,shuntVARcompensatorconstraints,loadbusvoltageand
lineflowconstraints.TheproposedIPG-PSOmethodisanimprovedPSObychaoticweightfactorand
guidedbypseudo-gradientsearchforparticle’smovementinanappropriatedirection.

Chapter10:ICTservice-providersaretodailyfacetheproblemofdeliveringICTservices(data
processing(Dp)andtelecommunication(Tlc)services)assuringthebestcompromisebetweenQuality
ofService(QoS)andEnergyOptimization.Indeed,anyoperationofsavingenergyinvolveswastein
theQoS.ThisholdsbothforDpandforTlcservices.Thischapterintroducesmodelstheprovidersmay
usetosupporttheirdecisionsinthedeliveryofICTservices.Dpsystemstotalizemillionsofservers
allovertheworldthatneedtobeelectricallypowered.Dpsystemsarealsousedinthegovernmentof
Tlcsystems,whichalsorequireTlc-specificpower,bothformobilenetworksandforwirednetworks.
ResearchisthusexpectedtoinvestigateintomethodstoreduceICTpowerconsumption.Thischapter
investigatesICTpowermanagementstrategiesthatlookatcompromisesbetweenenergysavingandQoS.

Chapter11:Thischapterpresentsthemathematicalmodelofthethermalpowerplantinreservoir
underdifferenthydrometeorologicalconditions,whichissolvedbythreedimensionalNavier-Stokesand
temperatureequationsforanincompressiblefluidinastratifiedmedium.Anumericalmethodbasedon
theprojectionmethod,whichdividestheproblemintofourstages.Thenqualitativelyandquantitatively
approximatethebasiclawsofthehydrothermalprocessesdependingondifferenthydrometeorological
conditionsaredetermined.

Chapter12:Biogeographybasedoptimization(BBO)isanefficientandpowerfulstochasticsearch
techniqueforsolvingoptimizationproblemsovercontinuousspace.Duetoexcellentexplorationand
exploitationproperty,BBOhasbecomeapopularoptimizationtechniquetosolvethecomplexmulti-
modaloptimizationproblem.However,insomecases,thebasicBBOalgorithmshowsslowconver-
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gencerateandmaysticktolocaloptimalsolution.Toovercomethis,quasi-oppositionalbiogeography
based-optimization(QOBBO)foroptimalreactivepowerdispatch(ORPD)ispresentedinthischapter.

Chapter13:BiogeographyBasedOptimization(BBO)algorithmisapopulation-basedalgorithm
basedonbiogeographyconcept,whichusestheideaofthemigrationstrategyofanimalsorotherspices
forsolvingoptimizationproblems.BiogeographyBasedOptimizationalgorithmhasasimpleprocedure
tofindtheoptimalsolutionforthenon-smoothandnon-convexproblemsthroughthestepsofmigra-
tionandmutation.ThisresearchchapterpresentsthesolutiontoEconomicLoadDispatchProblemfor
IEEE3,4,6and10-unitgeneratingmodelusingBiogeographyBasedOptimizationalgorithm.Italso
presentsthemathematicalformulationofscalarandmulti-objectiveunitcommitmentproblem,which
isafurtherextensionofeconomicloaddispatchproblem.

Chapter14:Anovelhybridseriesactivepowerfiltertoeliminateharmonicsandcompensatereactive
powerispresentedandanalyzed.Theproposedactivecompensationtechniqueisbasedonahybridseries
activefilterusingATSalgorithmintheconventionalSinusoidalFryzevoltage(SFV)controltechnique.
ThischapterdiscussesthecomparativeperformancesofconventionalSinusoidalFryzevoltagecontrol
strategyandATS-optimizedcontrollers.TheATS-optimizedcontrollerhasbeenattemptedforshunt
activepowerfiltertoo,anditsperformancehasalsobeendiscussedinbrief.

Chapter15:Inductionmotorshavegaineditspopularityasmostsuitableindustrialworkhorse,due
toitsruggednessandreliability.Withthepassageoftime,theseworkhorsesaresusceptibletofaults,
someareincipientandsomearemajor.Suchfaultcanbecatastrophic,ifunattendedandmaydevelop
seriousproblemthatmayleadtoshutdownthemachinecausingproductionandfinanciallosses.To
avoidsuchbreakdown,anearlystageprognosiscanhelpinpreparingthemaintenanceschedule,which
willleadtoimproveitslifespan.Scientistandengineersworkedwithdifferentschemetodiagnosethe
machinefaults.Inthischapter,theauthorsdiagnosetheturn-to-turnfaultsconditionofthestatorthrough
symmetricalcomponentanalysis.

Chapter16:Thischapterisdevotedtomaintendenciesofoptimizationinphotovoltaic(PV)engineer-
ingshowingthemaintrendsinmodernenergytransition-thechangesinthecomposition(structure)
ofprimaryenergysupply,thegradualshiftfromatraditional(mainlybasedonfossilfuels)energytoa
newstagebasedonrenewableenergysystemsfromhistorytocurrentstageandtofuture.Thechapter
showsthegradualshiftingoptimizationfromspecificquitenarrowareastothenewstagesofoptimiza-
tionoftheverycomplexenergysystems(actuallysmartgrids)basedonphotovoltaicsandalsoother
renewableenergysourcesandGIS.

ThebookeditorsareverygratefultotheeditorialteamandentirestaffofIGIGlobal,fortheircon-
fidence,interest,continuousguidanceandsupportatalllevelsofpreparationofthisbook’spreparation.

We editors wish all the readers a pleasant and enjoyable, insightful and inspiring lecture of the
contributionsof this IGIGlobalbook. In fact,wecordiallyhope that thisspecial issuewillpresent
andvalueIGIGlobalasapremiumpublishinghouseinscience,engineering,economics,andfinance,
whichstronglyfostersverymuchneededintellectualadvancesandtheircontributionstohumanityand
mankindinallovertheworld.

Pandian Vasant 
Universiti Teknologi PETRONAS, Malaysia
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