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ABSTRACT

Aroboticexpertsystem(RES)forenergymanagement(EM)incommunity-basedmicro-gridsis
developedusinga fuzzycomputational scheme.Within themicro-gridmulti-dimensional space,
embeddedalgorithmsforresidentialhomes,sectorsandcentralcontrollerunitsareintroducedto
performEMinacollaborativemanner.Demandresponseandloadsheddingarecarriedoutwithin
thecommunitymicro-gridtoascertainthebehavioralresponsesbasedonchangesinpowerdemand
levels.Varioustestsarecarriedoutwithanobservablelowerrormargin.Itwasobservedthatthe
systemreducedthetotalpowerdemandonthemicro-gridby20%ofthetotaldistributedpower.
Micro-gridRES,neuro-fuzzycontrol(NFC),andsupportvectorregression(SVR)evaluationsare
comparedconsideringthehomeunitsat40kWofthegeneratedcapacity.Theresultsgavea35.79%,
31.58%and32.63%energydemand,respectively.Consequently,RESprovidesagridlook-ahead
prediction,annotated-selfhealing,andstabilityrestoration.
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1. INTRODUCTION

1.1. Background of Study
ThetraditionalcentralizedformofenergygenerationinAfricahasbeenfoundtobeinadequateto
meettoday’senergydemands.Inlocationsthathavesufficientenergy,itusuallyappearserraticand
thusunreliable.Again,certaincommunitiesarelocatedfarawayfromtheutilitygrid.Thismakes
theirconnectiontothegridratherexpensiveconsideringthecostoftransmissionequipment.These
factorshaveinspiredenergyconsumerswithintheregiontogeneratetheirelectricity.Theconsequence
isfoundinenormousenergywastagesasmostindividualsgeneratemoreorlessthantheirenergy
demands.Thereisnoframework/designforsharingenergyamongtheseveralconsumerssincethe
present configurationdoesnot allow for scalability.Thisnecessitates a shift towardsdistributed
generation(DG)whichinvolvesseveralmicro-gridsisolatedornon-isolatedfromtheutilitygridin
formofSmart-grid(Makdisie,Badia,&Alhelou,2018).DGcomeswithseveralissueslikepower
quality (from the several generating stations), energymanagement/controlwithin themicro-grid
(balancingenergydemandandsupply),security,smartmeteringfortariffmanagement.Forinstance,
effortsonsmartmeteringwerediscussedby(Tonyali,Akkaya,Saputro,Uluagac,&Nojoumian,
2018),focusingonprivacy-preservingprotocolsforsecureandreliabledataaggregationinInternet
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ofThings (IoT)-enabled smartmetering systems. (Manzoor, Javaid,Ullah,Abdul,Almogren,&
Alamri,2017)focusedonanintelligenthybridheuristicschemeforsmartmeteringbasedondemand
sidemanagementinsmarthomes.Non-intrusiveloadmonitoringinpowergridshasbeenproposed
by(Chui,Lytras,&Visvizi,2018)and(Tabatabaei,Dick,&Xu,2017).Mostsolutionsarefoundin
Cyber-physicalsystems(Okafor,2019)

The challenge is to develop an architectural model for managing energy resources for the
communitybasedmicro-gridsystem.Thisinvolvessharingenergyamongmembersofan‘energy
community’.Forinstance,thegrid-networksby(Alhelou,Hamedani,&Askari-Marnani,2018)offered
theuseofrobustsensorsforfaultdetectionaswellasisolationinmodernsmartpowersystems.Such
futuresmartmicro-grids(Alhelou,Golshan,&Masoud,2015;Alhelou,&Golshan,2016)could
exploremulti-agentcontrols inenergysystems.However,achievinga lowercomputationalEMS
requirestheuseofanintelligentschemeforsystemefficiency.

Inthispaper,anautomatedsystem(RES)isproposedtooptimallycoordinatetheseveralaspects
ofthecommunitybasedmicro-gridnetwork.Thisprovidesproperoperationandreliabilityforsub-
SaharanAfricancommunities.Animportantaspectoftheproblemistofindanoptimalconfiguration
forsharingenergyresourcesamongmembersof theproposedcommunity.Theproposedsystem
supportsgridannotated-selfhealingandstabilityrestorationinaproductionenvironment.

1.2. Robotic Expert System and Energy Management System
RESdescribesamodelthatsurpassesdecision-makingofahumanexpert.Thistypeofsystemis
constructedtoaddresscomplexityofreasoningincaseslike“if-then-rule”,insteadofthetraditional
proceduralmethod.Thisiswhereartificialintelligence(AI)drivesthebasiclogicenginesviz:the
inferenceengine(deductionfromrulestoestablishedfacts)andtheknowledge-base(rulesandfacts),
(Jiaying,Xiangjie,Feng,Xiaomei,Lei,Qing,&Ivan,2018).Expertsystemshaverecentlyfound
applicationsinpower(Li,Meng,&Bin,,2017),health(Zang,Zhang,Di,&Zhu,2015),enterprise
softwareapplications (Niu,&Wang,2014), (Buyya,Yeo,&Venugopal,2008), IoTs (Wei,Fan,
Xiaofei,William,Chao,Jie,&Xinyu,2018),aswellasotherdisruptivecomputingdomains.Also,it
hasbeenappliedtoareassuchasagriculture,chemistry,computerscience,engineering,medicine,etc.

Expertsystems(ES)asbranchofAImodels theknowledgeofhumansinaparticularfield,
bothintermsofcontentandstructure.Insuchsystem,reasoningismodeledbyusingprocedures
andcontrolstructureswhichprocessknowledgeinawaythatissimilartothehumanexpert.ESs
incorporatesintelligentdatabasemanagementsystems,real-timecontrol/monitoringandintelligent
statisticalanalysisinordertoprocessandpresentenergyinformationtousers.Thisisveryuseful
inenergymanagementsystems(EMS)whichrequiresintelligentcomputation.Amajortoolusedin
developingsuchexpertsystemsisthefuzzylogicinferencesystem(FLIS).Thisisfoundveryuseful
inroboticembeddeddesignforEMS.

Obviously,energymanagement(EM)hasbecomeaveryimportanttopicinthemoderntimes
andismostlytechnologydriven(Johansson,2015).Whileenergyresourcesareabundantinnature,it
hasvariousformsandhavebeen,successfullyharnessedinmostcases.Unfortunately,thegenerated
energyislimitedandthereforenotusuallyenoughtobalancethedemandforenergy.Thismakesthe
subjectofAIdrivenenergymanagementveryimportant.Hence,anefficientEMSseekstomake
optimaluseofavailableenergygeneratedatalltimes.ThereexistsseveralaspectsandlevelsofEM
whichcorrespondtothedifferentstagesofenergyproduction,frompowergenerationtodistribution.
Attheconsumerlevel,energycanbemanagedbycontrollingtheuseofappliancesusingcertain
criteria(e.g.whentheappliancesareneeded).Infact,atahigherlevel,EMinvolvesalotmorethan
energy consumption control. It also involves generation control, distribution, security, tariff and
metering,amongothers.

Accordingto(Karekezi,&Kithyoma,2002),theSub-SaharanAfricahavesignificantabundance
ofrenewableenergyresources(suchassolar,hydro,biomass,wind,amongothers),thatareyetto
be fully harnessed. However, these resources, (where they have been harnessed), have not been
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