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ABSTRACT

Energyinternet(EI)wasproposedtoimprovetheutilizationofmultipleenergyandmeetthegrowing
demandforenergy.Thispaperproposesthedistributedconsensuscontrolalgorithmcombinedwith
amulti-agentsystem(MAS)whichisappliedtodistributedgeneratorsintheenergyinternet.By
selectingtheincrementalcost(IC)ofeachgenerationunitastheconsensusvariable,thealgorithmis
abletosolvetheconventionalcentralizedeconomicdispatch(ED)probleminadistributedscheduling
manner.TheproposedalgorithmisveriðedintheMASlayerandthroughasimulationmodelofthe
EInetworkintheMATLABsoftware.Simulationresultsconcludethatincrementalcostconverges
to its optimal value whether load demand is varying or generators plug-and-play. Distributed
consensuscontrolalgorithmcanprovidebetterserviceforEI,itisimmunetotopologicalvariations
andaccommodatedesiredplug-and-playfeatures,anditenablesreal-timemodelingandsimulation
ofcomplexpowersystems.
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1. INTRoDUCTIoN

EnergyInternet(EI)isadecentralizedenergysupply-demandsidesbydevelopingarevolutionary
paradigmofsmartgridsintotheInternet.InternetofThings(IoT)istheparadigmthatcreatesan
internet-connecteddevices,wherealltheeverydaydevicescapturedatafromEIenvironmentand
adaptittoboththesupplyanddemandsideneed.EIisoneofthescenariosinwhichIoTisapplied
toachieveefficientenergyuse.AnIoT-basedenergymanagementsystemisacrucialcomponent
inbuildingEIarchitectures,asitnotonlyenablesnewenergy-relatedvalue-addedservicesbutalso
intelligentlyfacilitatestheintegrationofvariousenergysourcesandefficientoperationcontrol.Due
tothecomplexityoftheIoT-basedenergymanagementenvironment,whichincludesdistribution
networks,participants(i.e.producers,pronsumersandusers)transaction,andsoon,numeroustypes
ofinformationneedtobetransferredinrealtime.Forexample,electricitypeaksmoothingrequires
informationaboutenergyprofilesaswellasusers’acceptablelevel.Themechanismoftransactive
energy ismainly to copewith fluctuatingenergy sources andconsumptioncaneffective energy
resourcemanagementandallowadynamicbalanceofmulti-energysupplyandactivedemand.These
requirementsprompttheEItoemploynewinformationandcommunicationtechnologies,suchas
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5Gandedgecomputingtechnologyneedaneffectivewaytooffloadcomputationaltasktotheedge
sideof5Gnetworks.Asedgecomputingcanprovidethecomputingservicesatthenetwork“edge”
nearEIdevices,itallowsformoresecureandefficientdataprocessinginrealtime,achievingbetter
performanceandresults.Theedgecomputingiscollectedbysensorsandsenttotheaggregators
tobeassociatedtothepreferencessetbytheEI’sparticipantsordevices.Thesepreferencescanbe
modifiedbytheparticipantsoftheconsensusprocesswhotakecollaborativedecisionsbyfollowing
theconsensusalgorithmtakingintoaccountthegathereddataandengendereddecisions.

Moreover,withtheincreaseofcollecteddatafromEI,itbecomesakeypointtoeffectivelyimprove
thecomputingpowerofedgenodesinedgecomputingtomonitorandtransmitdata.Theeconomic
dispatchproblem(EDP)isoneofthemostfundamentaldecisionsinpowersystems,soitalsoexists
inEI.EDPisessentiallyanoptimizationdecisionthatassignstherequiredpowergenerationtoa
numberofgeneratingunitstomeettheactiveloaddemand.Theobjectiveofeconomicdispatch(ED)
istominimizethetotalpowergenerationcost,subjecttoseveralconstraints(HanandGooi,2007).
Inthelast,EDisusuallyconductedinacentralcontroller,whoisabletoaccessglobalinformation.
However,EIenvisionsanincrementalnumberofnetworknodes,flexiblearchitecture,andplug-and-
play(PnP)characters,anditisonlywithsomedecentralizededgecomputingcontrollersthatbetter
performanceisachieved.Decentralizedcontroldoesn’tmeanthesecontrollershavenorelationship
amongthem.Oppositely,theynotonlyhaveindividualgoal,butalsoholdthereliableexchangeofthe
informationwithneighbors.Therefore,everydecentralizedcontrollercanbemodeledasanintelligent
agentandaconsensusalgorithmisaniterativeinteractionrulethatspecifiestheinformationexchange
betweenanagentandallofitsneighborsintheEInetwork.

Consensusproblemshavealonghistoryincomputerscienceandformthefoundationofthe
fieldofdistributedcomputing(Pipattanasompornet.al,2009).Thedefinitionofconsensusproblem
isastrategybymeansofwhichallagentscanupdatethemselvessothattheyultimatelyagreeupon
someuniversalsharedinformation.Numbersofresearchershavebeenintothisareafordecades,
the representative researchers like Jadbabaie (2003),Olfati-Saber andMurrayet al (2007).have
establishedthebasictheoreticalframeworkforanalysisofconsensusalgorithmsbasedonmethods
frommatrixtheory,algebraicgraphtheory,andcontroltheory(CaoandRen,2010).Somerecent
papersrelatedtotheconsensus-basedenergymanagementalgorithmsarebrieflyreviewedherein.
In(ZhangandChow,2012),theincrementalcostischosenastheconsensusvariableandisused
todeterminethepowerdispatchofgenerationunits.ZiangZhanget al.proposedincrementalcost
consensus(ICC)algorithmsolvingEDPinsmartgridenvironment.Practicalimplementationsof
distributedcontrolalgorithmscouldbefoundusinglow-costsingleboardmicrocontrollers,suchas
RaspberryPi(Erikssonet.al,2015)andCubieboardA20(Pourbabaket.al,2018).

Additionally,EIwillhaveahighergenerationmixof renewableenergysourcesanda large
loadofelectricalvehicles,with thepossibilityofbi-directionalpower flow.With the increasing
penetrationofdistributedgeneration,thePnPenergyresourcesorenergystoragedeviceswillbecome
arequiredfunctionalityoffutureEIsystems.Effectivedistributedcontrolalgorithmscouldbeallowed
interoperabilitywithinaEIatMASlayeraswellasallowsforonlinere-configurationupontopology
alteration.Italsoneedtoallocateenergyamongthegeneratingsystemseconomicallydispatchwhena
PnPoperationisperformed.Inordertoovercometheaforementionedchallenges,thispaperproposes
adistributedconsensuscontrolalgorithmcombinedwiththeMAStoEDPintheEnergyInternet.
The incrementalcostofeachgenerator ischosenas theconsensusvariable inorder tomeet the
optimizationrequirement.Tosatisfythepowerbalance,themismatchbetweenthedemandandtotal
generationsisfedbacktotheconsensuscontrolalgorithmsothattheincrementalcostwillconverge
totheoptimalvalue.Theproposedalgorithmdoesnotrequireanyinitialassumptionforgeneration
demandmismatch.Only localpowermismatch information issharedwithadjacentneighbors to
ensuretheprivacyofeachparticipant.Particularly,theproposedalgorithmschemetoimplement
interoperabilitywithinaEIwithPnPfeatureattheagentlayerofdistributedconsensuscontrol.As
illustratedconceptinFigure1,EIframeworkbreakdownintothreelayers:aphysicallayerwhich
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