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Abstract—Leading to a significant rise demand in
electricalenergyfrom thequicklyrising populationofthe
world,willcauseadearthofelectricalenergyinthefuture
world. Many smart devices will be incorporated into
residentialsinsmartcitiesthatparticipateintheelectricity
bazaarthroughtheresponseofdemandprogramswiththe
creationoftheIoT toeffectivelyrespondtodemand(DR)
programs.Manageenergytomeetthisgrowingdemandfor
energy.Withthisopportunity,anenergymanagementplanfor
IoT-enabled residentialbuildingsisthereforebuiltusing a
price-basedDRprogram.Weproposeanalgorithm forWBFA
(wind-drivenbacterialforaging),whichisacombinationof
algorithms forWDO (Wind driven optimization)and BFO
(Bacterial Foraging Optimization). With algorithms,
Continuously,webuiltaplanbasedonourproposedWBFAto
control the power consumption of smart IoT-enabled
residentialsappliancebyplanningtoreducethePAR(Peak-to
-Average Ratio),reduce energy costs and optimize user
comfort(UC).Thisincreasestheproductiveuseofelectricity,
whichinturnincreasesIoT-enabledresidentialsustainability.
InordertocombattheimportantproblemsofDRprograms,
the WBFA-based strategy responds to price-based DR
programs,which is the weakness ofthe knowledge of
customerstorespondwhilereceivingDRsignals.Substantial
simulationsarebeingcarriedouttohelptheproductivityand
efficiencyoftheproposedideaoftheWBFA-basedstrategy.
Inaddition,theproposedWBFA-basedapproachiscompared
withbenchmarkstrategies,includingthealgorithm forBPSO
(BinaryParticleSwarm Optimization),GA(GeneticAlgorithm),
thealgorithm forGWDO (GeneticWind-DrivenOptimization)
and the algorithm for genetic binary particle swarm
optimization(GBPSO)intermsofconsumption ofenergy,
electricitycost,UCandPAR.
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Management;Wireless;Peak-to-AverageRatio

I. INTRODUCTION

As population growth is rapid and economic
development,relianceonelectricityisontheriseand
energyusageisontherise.Inaddition,theauthors
pointedoutthatthedemandforelectricityintheenergy
sectorwillriseto40percentandboththeindustrialand

thesectorsofresidencewillriseto25% by2026.This
growing demand for electricity and contemporary
problems such as two-way communication,hybrid
generationandtwo-waypowerflowarenotabletocope
with the obsolete electricgrid.The new powergrid,
namelytheSG(SmartGrid),hasthereforebeenbuiltasa
smart gridthataccommodates theIoT (Internetof
Things),moderncontroltechnologies,.ICTs(Information
andCommunicationTechnologies),powerflow intwo
directions,andhybridgeneration.Inordertocopewith
thisrisingdemandforelectricity,SGcanactivelyinvolve
eitherofthe two programs:powergeneration plant
construction or energy management broadcast DR
(DemandResponse)programs.

DRprogramsaremainSG programsincentivethat
attracts customers through advanced metering
technologytoparticipateintheelectricalmarket(AMI).
TheDR program hastwoclasses:(a)DR programs
based on incentivesand (b)DR programsbased on
costs.InaDSOs(DistributionSystem Operators)areIoT
-enabled agents that,with shortnotice in advance,
remotelycontrolconsumerapplianceswhennecessary.
In(b),inreactiontoprovidedprice-basedincentives,IoT
enabled users can be encouraged to spontaneously
controltheirpowerusage[3].Sincebuildingshavean
energyconsumedover80percent,alargeportionofthe
totalenergyconsumption.

OnechallengeofDRsystemsistheuserawareness
that helps users from participating.The solutions
developedistoautomaticcontrollersinuserprogram,
knownasenergymanagementcontrollers,activelytakes
placeandcontributedinsolvinganoptimizationproblem
(EMC).WhenactivatedwithIoT,theEMCcaneffectively
minimizethecostofelectricityforconsumers.TheEMC
performanceofresidentialbuildingsmartappliancesis
theoptimum poweruseplan.Inaddition,inorderto
boost sustainability,plugin hybrid electric vehicles
(PHEVs),smartappliances RESs (Renewable Energy
Sources)and energystorage systems willpenetrate
residentialbuildings[7,8].Home PHEVs and energy
storage systems therefore promote the storage of
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energyfrom RESsbyconsumers.Goals,however,are
accomplishedatahighcostofresources.Inreferences
[9,10,11],theauthorssuggestedenergyusescheduling
techniques for energy management of residential
buildings.Inminimizingenergycostsaswellaspeak
electricitydemand,thestrategiesdevelopedarehelpful.
Inaddition,usersaredrawntoactiveinvolvementin
theseworksduetocost.MinimizationwithoutUCbeing
sacrificed.ViapoweruseschedulingusingDRprograms,
theauthorsimplementedanovelconceptofconsumer
priorityinmanagementofenergysystems.Household
appliances with priority as wellas operationaland
thermalconstraintsallow EMC,onaprioritybasis,to
switchonandoffappliances.

Sufficientresearchesrelatedtothetopicofenergy
managementinSG aregivenintheliteratureabove.
Althoughtheemphasisofstudiesisoncostminimizing,
few studiescateredtothereducedofpeakdemand,
somestudiescateredtothepeaktoaverageratioof
alleviation(PAR),andfewstudiesdealtwithUC.Tothe
bettermentofourunderstanding,nostudiescompletely
exploited AMI, DR services, SG's IoT-enabled
environmentsto accommodateallparties'usersand
DSOsatthesametime.Therefore,inthisreport,weuse
SG'sAMI,DRsystems,andIoT-enabledenvironmentsto
perform efficientenergy managementofsmartcity
residentialbuildingsinordertominimizecost,reduce
PAR,andoptimizeUC,subsequentlyforthesatisfaction
ofbothusersandDSOs.

II. ENERGYMANAGEMENTBASEDONMATHEMATICAL

MODELS

A. LinearProgrammingModel

The LP (Linear Programming) to schedule the
charge/discharge ofbatteries and the operation of
smarthome/industrialappliancesusingRTPSandDAPS
DRprogram topromotethereductionofenergycosts
andthemaximizationofUCforconsumers.Anenergy
managementsystem mechanism basedonaninteger
LP(ILP)isgenerated.BuiltinComparison[21]forcost
reduction and peak load mitigation.The modelof
building is a hybrid powergrid and PV architecture
providesloadsofresidence.But,atthecostofincreased
complexityand elevated execution time,the desired
goalsareachieved.Forefficientenergy,amixedinteger
non-LPMINLP-basedresidenceoftheloadscheduling
themechanism isbeingdeveloped.WithappropriateUC,
residential building appliance which are critical,
deferrable,andthermalnon-deferrablearedesignedto
reduce electricity costs.In Comparison [24],novel
fractional programming tools are built for house
applianceenergymanagement.Thegoalistoreduce
costs fordistributed energy resources (DERs) and
electricity utility companies by household load
scheduling. In Comparison [24], novel fraction
programming tools are built for home energy
management.Thegoalistoreducecostsfordistributed
energy resources (DERs) and electricity utility
companiesbyhouseholdloadscheduling.Theauthors

developed a prototype based on MINLP for the
scheduling of HVAC (Heating,Ventilating and Air-
Conditioning) systems using the cost and HVAC
constraints in Reference[25].Forresidentialbuilding
energy management, a predictive mixed integer
programming(PMIP)-basedschedulingmechanism[26]
has been developed.The authors strive to minimize
energycostsandtomitigatedemandpeaks.A novel
basedonSMPC (StochasticModelPredictiveControl)
andMINLPforhouseappliancesandenergyresources
scheduledwasproposedbytheauthorsinReference[27].
Acollaborationeconomicmodelforpoweruseschedule
ofsmartcitiesbased on a modelpredictive control
(MPC) algorithm is built in Comparison [28].The
integrated strategyaims to manage the increase in
demandsforelectricitywithresourcesavailableandto
minimizecosts.Forurban areaswith diverseenergy
sources,an intelligent MILP-based modelis being
developed[29].

B. EnergyManagementBasedMeta-Heuristicand
HeuristicMethods

In Comparison,suggested a scheduled strategy
focusedinheuristicbasedalgorithmssuchasaglow-
worm swarm particleoptimizedalgorithm issuccessful
forthemanagementofenergy.Intermsofperformance
metrics,the developed modelis endorsed through
evaluation ofcomparative benchmark schemes.The
new mechanism consistsofmachinelearningmodels
and household load scheduling heuristic algorithms
suchasdeferrableload,fixedload,andregulate-able
load using DR program. For DSM (Demand Side
Management) of the commercial, industrial and
residentialsectorsestablishesasystem basedonan
evolutionary algorithm (EA).In orderto cope with
increasingenergydemand,theauthorsplantominimize
costsandpeaksinelectricityusage.However,relativeto
boththemanufacturingandcommercialindustries,the
costofminimizationofenergyintheresidentialsector
islower.A stratergicallybased on theBFO(Bacterial
ForagingOptimization)algorithm wasdevelopedbythe
authorstominimizeenergycostsanduserdiscomfort.

TheauthorsusedEMCbasedonGAforscheduling
house appliances The EMC based GA uses the
combinedRTPSandIBRS(InclinedBlockRateSystem)to
schedule household appliances in order to reduce
electricityprices,alleviatepeakloaddemand,andsolve
theproblem ofenergyscarcity.

Inordertomeetincreasingelectricitydemand,the
EMCbasedonthePSO (ParticleSwarm Optimization)
and its variantare used in Comparison to schedule
residential building ,energy resources , battery
charging/dischargingschedulingand,smartappliances.
Thisstudyaimstosimultaneouslymitigatepeakload
demandandenergycosts.AnewWDOalgorithm isbuilt
inReferences[25,26]forsolvinghouseholdappliances
scheduling.Basedonthealgorithm WDOanditsvariants,
theEMCsusedareintendedtominimizingelectricityand
UC costsin waiting time.Algorithmssuch asMeta-
heuristicareusedinReferences[23,24]toprogram EMC
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forresidencebuildingpowerusagescheduled.

III. PROPOSEDENERGYMANAGEMENTFRAMEWORK

Thissectionelaboratesontheproposedframework.
TheDSOsisanIoTenabledagencythattransfersDR
programssuchasRTPS,DAPS,andToUPStoencourage
IoT enabledinuserstoactiveparticipationinenergy
managementusingreceivedDRsignalsthroughpower
usedinscheduledinresidentialssmartappliances.The
proposedstructureismadeupofIoTenabledinthe
DSOsandresidencesthatuseAMIof SG.TheIoT-
enabled residents are equipped with EMC,remote
control,indoordisplay (IDD),home gateway,smart
devices,smartmeter,andnetworkwirelesshomearea.

TheAMIisessentialattributeto theIoT enabledSG
thatplaysavitalroleintheenergymanagementofthe
centralnervoussystem viapowerusescheduling.AMI's
keyroleistoobtainanddeliverenergyconsumption
whichisrecordedtoDSOsfrom metersandtotransmit
DR signalspricingfrom DSOstoconsumersinreal-time
throughresidentialbuildinggatewaysandsmartmeters.
The buildingsgatewaycouldbeanindividualdeviceor
couldhasanintegralsmartmeterthatcreatesaHAN
andwirednetworkinterface.

Thesmartmeter'smaindutyistocalculate,register,
andprocessenergyconsumedandtransmittedbythe
DSOs. In addition, to conduct efficient energy
management,ittransmitsDRpricingsignalstotheIoT
embeded EMC.The residentialbuildings underthis
researchisequippedwithintelligentequipmentsuchas
power ,adjustable appliances,time-adjustable ,and
criticalappliances appliances.The adjustable power
devices has elastic rated power and pre-defined
scheduleofoperation.Thetimeflexibledeviceshavean
elastic running time and equipped for fixed-power
operation.They are further graded as interruptible
(washingmachine,washingmachine,andtumbledryer)
and non-interruptible (heater vacuum cleaner and
electricwater)intwoclasses[18].TheIoTenabledEMC
employedintheresidentials,withtheprogram whichis
proposedbytheWBFAtorespondinreal-timetoreceive
DRpricingsignalstocombatthelimitationofthedearth
of users'knowledge .To schedule poweruse of
buildings smart appliances in the presence of
constraintsandobjectivepurpose,theemployedEMC
basedWBFAactivatedwithIoTmakessmartappliances
powerranking,price based DR programs,accessible
powergridenergyandlengthoftimeoperationasinputs.
In a residentialbuilding,the IoT-enabled EMC can
connect with smart devices through various
communicationlinkssuchasWi-Fi,Z-Wave,HomePlug,
andZigBeetosharethegeneratedpowerconsumption
scheduled with smartequipments.The residentials
energymanagementprocessiscontrolled byIDD or
remotelyvialaptopsviapowerconsumptionscheduling
ofsmartappliances.

IV. IOTBASEDENERGYMONITORINGANDOUTAGE

REPORTINGTHE

Fig.1.BlockDiagram IoTBasedEnergyMonitoring
andOutageReporting

The proposed energymanagementmechanism is
discussedinaboveblockdiagram.Energymanagement
isdefinedinSection4byscheduledproblem definition
andformulation.Section5,proposedandbenchmark
strategies are identified.Extensive simulations are
carriedoutandtheirfindingsarediscussed.

InSG,theliteraturehasbeencarriedinthefieldof
energymanagementtocopewiththeincreasingdemand
for electricity. The subject-relevant literature is
categorizedintotypes:(a)mathematicalmodel-based
energymanagement,(b)meta-heuristic and heuristic
method-based energy management,and (c) hybrid
method-basedenergymanagement.Formeasuringand
monitoringthereal-timeelectricalpowerparametersis
requiredthefollowingsensors.

A. NODEMCU’s

TheNodeMCUistheopensourcefirmwareforwhich
boarddesignsareavailableforopensourceprototyping.
The"NodeMCU"nameblends"node"with"MCU"(micro-
controllerunit).Strictlyspeaking,theword'NodeMCU'
referstothefirmwareratherthanthedevelopmentkits
associatedwithit.

Fig.2.NodeMCU’s

B. VoltageSensor,CurrentSensorandRelay

Voltagesensorisasensorthatisusedtomeasure
and monitorthe voltage levelofan entity.The AC
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voltageorDCvoltagelevelcanbecalculatedbyvoltage
sensors.This sensor's inputis the voltage,whereas
switches,analogvoltagesignal,currentsignal,oraudible
signalaretheoutput.

Fig.3VoltageSensor,CurrentSensor

ACS712CurrentSensorModule-20Aisbasedonan
ACS712sensorthatsensesACorDCcurrentaccurately.
Themaximum ACorDCthatcanbesensedcanexceed
20A and the currentsignalcan be read through a
microcontrollerorArduinoanalogI/Oport.

V. RESULTSANDDISCUSSION

Oncetheentireproposedprojecthasbeendeployed
intofield,themonitoringprocesscouldautomatically
bootup.Theresultshasbeentookfrom thevarious
sensors and the measured data’s are sentto Thing
Speakserverforfurtheranalysis.Thevariousmeasured
dataaremadeasgraphasfollowas,

Fig.4.Voltage,CurrentandPowerintheline

Fig.5.MeasuredPower

Fig.6CostCalculation

Fig.7.DemandLoadset

VI. CONCLUSION

ByemployingDRsystems,powerefficient,optimum
usageofelectricity,andcostofminimizationcanbe
achieved.Thelackofexpertise,however,precludesthe
creationandemploymentofDRprogramsincustomer
premises.Variousapproachesareusedtoimplement
anduseDRsystemsforenergyconservation,suchas
classical,statistical,heuristic,meta-heuristic,andhybrid.
WerecommendtheWBFAalgorithm inthiswork,isa
combinationofthealgorithmsofBFO andWDO.The
programmedEMCinourproposedalgorithm responds
automaticallytoDRprogramstotakepartinresidential
buildingmanagementofenergyintheSG'sIoT-enabled
environment.Theresultsofthesimulationshowthatthe
useofToUPSDRformanagementofenergycontributes
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tothelow costofpower,PAR,andreliableenergyuse
scheduled forsmartresidentialsbuildingsappliances
comparedtoRTPSDRsystemsandDAPS.Therefore,
theuseoftheDR softwareforenergymanagement
contributestobeneficialenergymanagement.

VII. REFERENCES

[1] Park,SungWook,LeeB.Baker,andPaulD.Franzon."Appliance
identificationalgorithm foranon-intrusivehomeenergymonitor
usingcogentconfabulation."IEEETransactionsonSmartGrid10,
no.1pp.714-721,2017

[2] Barman,BibekKanti,ShivNathYadav,Shivam Kumar,andSadhan
Gope."IOT based smartenergy meterforefficientenergy
utilizationinsmartgrid."In20182ndInternationalConferenceon
Power,Energy and Environment:Towards SmartTechnology
(ICEPE),pp.1-5.IEEE,2018.

[3] Arif,Anmar,MuhannadAl-Hussain,NawafAl-Mutairi,Essam Al-
Ammar,YasinKhan,andNazarMalik."Experimentalstudyand
design ofsmartenergy meterforthe smartgrid."In 2013
InternationalRenewable and Sustainable Energy Conference
(IRSEC),pp.515-520.IEEE,2013.

[4] Sun,Qie,HailongLi,ZhanyuMa,ChaoWang,JavierCampillo,Qi
Zhang,FredrikWallin,andJunGuo."Acomprehensivereview of
smartenergymetersinintelligentenergynetworks."IEEEInternet
ofThingsJournal3,no.4,pp.464-479,2015.

[5] Preethi,V.,andG.Harish."Designandimplementationofsmart
energymeter."In 2016 InternationalConference on Inventive
ComputationTechnologies(ICICT),vol.1,pp.1-5.IEEE,2016.

[6] Sahani,Birendrakumar,TejashreeRavi,AkibjavedTamboli,and
RanjeetPisal."IoT based smartenergy meter."International
ResearchJournalofEngineeringandTechnology(IRJET)4,no.04
pp.96-102,2017.

[7] Muralidhara,Shishir,Niharika Hegde,and P.M.Rekha."An
internetofthings-basedsmartenergymeterformonitoringdevice
-levelconsumptionofenergy."Computers&ElectricalEngineering
pp.106772,2020.

[8] Lee,Chao-Hsien,andYingHsunLai."Designandimplementation
ofauniversalsmartenergymanagementgatewaybasedonthe
Internet of Things platform." In 2016 IEEE International
Conference on ConsumerElectronics (ICCE),pp.67-68.IEEE,
2016.

[9] Rashid,RozehaA.,LeonChin,MohdAdibSarijari,RubitaSudirman,
andTerujiIde."Machinelearningforsmartenergymonitoringof
home appliances using IoT."In 2019 Eleventh International
ConferenceonUbiquitousandFutureNetworks(ICUFN),pp.66-
71.IEEE,2019.

[10]Hiwale,AbhirajPrashant,DeepakSudam Gaikwad,AkshayAshok
Dongare,andPrathmeshChandrakantMhatre."IotBasedSmart
EnergyMonitoring."InternationalResearchJournalofEngineering
andTechnologyVo.5,no.03,2018.

[11]Sayed,Khairy,andHossam A.Gabbar."SCADAandsmartenergy
gridcontrolautomation."InSmartEnergyGridEngineering,pp.
481-514.AcademicPress,2017.

[12]Saikia,L.C.,HimshekharDas,NBDevChoudhury,andT.Malakar.
"GPRS enabled smartenergymeterwith in-homedisplayand
applicationoftimeofusepricing."In2016IEEEAnnualIndia
Conference(INDICON),pp.1-5.IEEE,2016.

[13]Alan,AlperT.,Enrico Costanza,SarvapaliD.Ramchurn,Joel
Fischer,Tom Rodden,andNicholasR.Jennings."Tariffagent:

interactingwithafuturesmartenergysystem athome."ACM
TransactionsonComputer-HumanInteraction(TOCHI)23,no.4
pp.1-28,2016

[14]Pawar,Prakash,and Mudige TarunKumar. "An IoT based
IntelligentSmartEnergy ManagementSystem with accurate
forecasting and load strategy for renewable generation."
Measurement152pp.107187,2020.

[15]Han,Jinsoo,Chang-SicChoi,Wan-KiPark,IlwooLee,andSang-Ha
Kim. "Smart home energy management system including
renewableenergybasedonZigBeeandPLC."IEEETransactions
onConsumerElectronics60,no.2pp.198-202,2014.

[16]Chaudhari,Sneha,Purvang Rathod,AshfaqueShaikh,Darshan
Vora,andJigneshaAhir."SmartenergymeterusingArduinoand
GSM."In2017InternationalConferenceonTrendsinElectronics
andInformatics(ICEI),pp.598-601.IEEE,2017.

[17]Jayanthi,R.,andS.T.Rama."IOTBasedSmartEnergyTracking
System."InternationalJournalofMCSquareScientificResearch
(IJMSR)9,no.1,pp.98-108,2017.

[18]Farmani,Farid,MehdiParvizimosaed,Hassan Monsef,and
Ashkan Rahimi-Kian."A conceptualmodelofa smartenergy
managementsystem fora residentialbuilding equipped with
CCHPsystem."InternationalJournalofElectricalPower&Energy
Systems95pp.523-536,2018.

[19]Mani,Vignesh,AbhilashaGunasekhar,andS.Sankaranarayanan.
"Iotbased smartenergy managementsystem."International
JournalofAppliedEngineeringResearch12,no.16pp.5455-5462,
2017.

[20]Song,Xujiang,RuihongMa,ZhengxiangMa,MinZhang,Amin
Gholamzadeh, Nadim Hossain, and Shuping Dang.
"Multifunctional smart electricity use monitor design,
programmingandtestsbasedonLabVIEW."In2014International
ConferenceonInformationTechnologySystemsandInnovation
(ICITSI),pp.299-305.IEEE,2014.

[21]Cheng,Lefeng,andTaoYu."AnewgenerationofAI:Areviewand
perspectiveonmachinelearningtechnologiesappliedtosmart
energy and electric powersystems."InternationalJournalof
EnergyResearch43,no.6pp.1928-1973,2019.

[22]Chapaloglou, Spyridon, Athanasios Nesiadis, Petros Iliadis,
Konstantinos Atsonios, Nikos Nikolopoulos, Panagiotis
Grammelis, Christos Yiakopoulos, Ioannis Antoniadis, and
EmmanuelKakaras."Smartenergymanagementalgorithm for
loadsmoothingandpeakshavingbasedonloadforecastingofan
island’spowersystem."AppliedEnergy238pp.:627-642,2019.

[23]Labib,Labib,Masum Billah,GM Sultan Mahmud Rana,Md
NazmusSadat,MdGolam Kibria,andMdRafiqulIslam."Design
andimplementationoflow-costuniversalsmartenergymeter
with demand side load management." IET Generation,
Transmission&Distribution11,no.16pp.3938-3945,2017.

[24]Iqbal,HM Zahid,M.Waseem,andTahirMahmood."Automatic
energymeterreadingusingsmartenergymeter."InProc.Int.
Conf.Engineering&EmergingTechnologies,pp.1-5.2014.

[25]Strengers,Yolande,Sarah Pink,and Larissa Nicholls."Smart
energy futures and socialpractice imaginaries:Forecasting
scenariosforpetcareinAustralianhomes."Energyresearch&
socialscience48pp.108-115,2019.

[26]Tsou,Yu-Ping,Jun-WeiHsieh,Cheng-TingLin,andChun-YuChen.
"Buildingaremotesupervisorycontrolnetworksystem forsmart
homeapplications."In2006 IEEE InternationalConferenceon
Systems,ManandCybernetics,vol.3,pp.1826-1830.IEEE,2006.


