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ABSTRACT

Renewableenergy-basedautonomousinstallationssometimeshaveanenergydeficiencyorexcess
causedbytheintermittenceofrenewablesourcesandthedynamicsof theload.Storagesystems
areunabletocoverloadsupplyduringlongweatherinstability.Incaseofneighboringautonomous
installations,somehavealackofenergywhileneighborshaveoverproduction.Hence,interconnecting
installationsviaamicro-grid(MG)shouldallowsupplyinstallationsexperiencinganenergylack
bysendingthemenergysurplusfromothers.ThisarticlepresentsaHybridPetriNet(HPN)strategy
foramicro-gridenergyproviderinordertomakehourlydecisionsondispatchingenergybetween
the connected installations. An HPN model combines discrete events (house energy state) and
continuousevents(energyflow)tocovertheneedofsomeinstallationsbyenergysurplusoffered
byitsneighbours.Thealgorithmhasbeenvalidatedforthreeconnectedhouseswithdifferentload
profiles.Resultsshowthatinstallationscovereachotherinenergywithouttheneedtorefertotheir
batteriesincaseofalackofenergy.
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INTRoDUCTIoN

Followingrisingurbanizationandincreasingenergyneedsforresidential,theenergydemand
hasbeengrowingrapidly(Yanga,Weia&Chengzhib,2009).Nevertheless,someareasremain
disconnectedfromthepublicelectricgridduetothehighconnectioncostsengenderedbythese
areas,placementandrelief.Hence,theseagglomerationsareusuallysuppliedbyrenewableenergy
basedautonomousinstallationwhichrepresentsanadequateeconomicalandsustainablesolution
(Menconi,dell’Anna,Scarlato&Grohmann,2016).Themostusedrenewableenergyresources
arephotovoltaic(PV)modulesandwindturbinesgiventheireasyintegrationinbuildings.But
PVmodulesarefavouredinusecomparedtowindturbinesessentiallyinsunnyregionasthePV
generationdependsonsolarradiationandtemperature(Chaabene,2008).ThedeploymentofPV
installationrequiresastorageelementinordertosavetheexcessoftheproducedenergyandto
facelackofenergyincaseofweatherperturbation.Nevertheless,insomeloadcircumstances
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ascontinuoushighorlowdemand,storagesystemscannotcoverloadenergyneedorstoreall
overproducedenergy.Tofacesuchsituations,nearbyinstallationsareelectricallyconnectedto
formaMicro-Grid.ThissolutionallowspowertransferbetweentheMicro-Gridnodeswhich
guaranteeenergystabilityandavoidsunusedenergyforsomeofthemwhileothersareinenergy
shortage.Intheaimtobeefficient,theenergyflowexchangebetweennodesshouldbecontrolled.
Manyapproacheshavebeenpresentedinliterature.Thedistributedconvexoptimizationisbased
onexchangeenergyflowbyapracticalnumberofiterationsandwithalimitedcommunication
overhead(David&Javier,2015).Fuzzylogicisconsideredtocontrolthepowerflowbetween
differentsourcesdistributed(Aarti,Dinesh&Surender,2016).Infact,thistooloffersanon-
conventionalmodelbasedonexpertinformationfornonlinearsystemsrepresentedbycomplicated
mathematicalmodels.Also,multi-Agentmethodhasbeenusedinordertomodelthenetworked
agent’sbehaviourbutwidelyusedincomplexsystem(Gudiño,Ernesto,2013).

ThispaperconsidersanautonomousMicro-Gridinwhichallconnectedhousesareequipped
withstandalonePV/batteriessystem.Itpurposesastrategytodispatchphotovoltaicenergyinsidethe
Micro-Gridsoastoofferhighuseefficiencyofthegeneratedenergyandwellavailabilityofneeded
electricpowerforallconnectedhouses(Costabeber,Erseghe,Tenti,Tomasin&Mattavelli,2011).
Theenergyexchangebetweendifferentusersisensuredviaaproviderasacommondecisionsystem
whichsupervisesenergyflowstodistributeenergyinsidetheMicro-Grid.As,thedataflowholdsthe
differenthousesenergystates(Lack,surplusandbalanced),itisconsideredasdiscreteevent.Also,
givenitscharacteristics,theenergyflowisconsideredasacontinuousevent(Alexandre,Kondo&
Honore,2014).ThisyieldstoconsidertheMicro-Gridasahybriddynamicsystemwhichcombines
discreteandcontinuousevents.Hence,thisinvestigationdescribesandanalysesthesystembehaviour
usingtheHybridPetriNet(HPN)formalismwhichisthemostusedtoolinsuchcase.

Thispaperisorganizedasfollows.Section2presentsaMicro-Gridoverview.Insection3,the
basicconceptofHPNishighlighted.Section4providesdetailsoftheenergydispatchingstrategy
andpresentstheHPNmodelfortheMicro-Gridfortwopointsofview:provider/houseandprovider/
threehouses.Lastpartofthissectionsummarizesresultsdiscussions.Finally,aconclusionofthe
studiedworkispresented.

MICRo-GRID oVERVIEw

Micro-Grid Nodes
TheMicro-GridnodesareautonomoushousesequippedwithstandalonePV/batterysystems.The
chosenelectricpowersupplyarchitecture(Figure1)isformedbyadualbus(DCandAC),connected
withaDC/ACinverter.ADC/DCconverterisusedtoconnectPVpanelstotheDCbuswithmaximum
ofpowertransfer.Thesystemissizedusingastandardtoolinawaytocovertheyearlyloadneeded
energythankstothePVgenerationandthebatterystorage.

PV Energy Production

Theestimatedphotovoltaicpower Ppv� (Equation1)iscalculatedbasedonthenonlinearcurrent
model (Equation 2) (Migoni, Rullo, Bergero & Kofman, 2016) and on the basis of the weather
parametersestimation(G� andT
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