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Sbstract 

 

1.MCntroduction 

Uecently,M variousM environmentalM problems,M includingM globalM warming,M areM increasing.M

OountriesMareMmakingMeffortsMsuchMasMtheMKyotoMArotocolMtoMreduceMgreenhouseMgasMemissions,M

suchM asM ON2.MSboutM 60%M ofM anthropogenicM greenhouseM effectM isM causedM byM burningM fossilM

fuels(SchtnichtM2012).MHheMmainMuseMofMfossilMfuelsMinMtheMtransportMsectorMisMoneMofMtheMmajorM

sourceM ofM ON2M emissions.M CnM thisM situation,M electricM vehiclesM haveM emergedM asM oneM ofM theM

solutionsMforMenvironmentalMproblems,MandMcommercialMelectricMvehicleMtypesMareMincreasing.M

HheMnumberMofMcountriesMmakingMeffortsMtoMsupplyMelectricMvehiclesMandMexpectsManMincreaseMinM

theMshareMofMeco-friendlyMvehicles.MHheMKoreanMgovernmentMisMalsoMplanningMtoMincreaseMitsMshareM

ofMeco-friendlyMvehiclesMtoM30%MbyM2025. 

Gowadays,MenergyMuseMisMincreasingMasMtheMindustryMgrowsMdueMtoMeconomicMdevelopmentMandM

alsoMdueMtoMtheMincreasingMuseMofMvariousMelectronicMdevicesMinMeverydayMlife.MAspeciallyMinMtheM

summerMandMwinterMwhenMenergyMuseMincreases,MtheMamountMofMspareMenergyMisMsharplyMreduced.M

HoMsolveMthisMsituations,MthereMexistsMpowerMmanagementMsystemsMincludingMsmartMgridMsystem.M

CnMthisMsituation,MtheMincreaseMofMeco-friendlyMvehiclesMwillMcauseMoverloadMofMtheMpowerMsystem.M

Aarticularly,MthereMwillMbeMmanyMdifferencesMdependingMonMhowMandMwhenMtheMelectricMvehicleMisM

charged.M  

HheMnumberMofMeco-friendlyMvehicles,MsuchMasMplug-inMhybridMvehiclesM(AEAEs)M

andMelectricMvehiclesM(AEs),MisMincreasingMasMtheyMareMemergingMasMaMsolutionMtoM

environmentalMproblems.MHheseMelectricMvehiclesMneedMtoMbeMrechargedMatMhomeM

orMatMchargingMstations.MAlectricMvehiclesMrequireMlargeMamountsMofMelectricityMandM

thisM causesM anM increaseM inM electricityM usageM andM affectsM theM powerM system.M

Hherefore,MtheMchargingMstrategiesMforMelectricMvehiclesMhaveMaMsignificantMimpactM

onMtheMpeakMloadMofMelectricityMusageMonMtheMpowerMsystemMasMwellMasMelectricityM

billMforMeachMhousehold.MHhisMpaperMuseMbigMdataMofMresidentialMactivityMandMfindM

optimalMchargingMstrategiesMforMeachMuser.MHheMresultsMshowMhowMtheMuseMofMelectricM

vehiclesM changesM theM peakM loadM andM totalM electricityM usageM inM gridM system.M

AlectricityM chargeM andM peakM loadM wereM differentM dependingM onM theM chargingM

strategy,M andM theM optimalM chargingM strategyM wasM differentM forM eachM individualM

accordingMtoMtheMactivityMpattern. 

 



HhereMareMseveralMstudiesMonMtheMuseMofMelectricityMaccordingMtoMuserMactivityMpatterns.MBottom-

upMmodels,MwhichM isM introducedMonM (OapassoMetM al.M2002),M isM combineMdataM toMdetermineM theM

electricityM demandM ofM households.M  rameworkM forM stochasticM generationM ofM realisticM time-

resolvedMdataMonMoccupantMbehaviorMisMmodeledMonM(EidénMandMEäckelgårdM2010).M(UubbiahMetM

al.M2013)MproposeMaMmodelingMframeworkMtoMgenerateMhouseholdMenergyMdemandMprofilesMbasedM

onM energyM consumingM activities.M CtM focusedM onM energyM demandM forM residentialM buildings.M

CmprovedM modelM forM activity-basedM modelsM orM energyM demandM usingM socio-technicalM

assumptionsMisMproposedMonM(EcKennaMetMal.M2017).M(EuratoriMetMal.M2013)MpresentedMmodelMforM

findM electricityM demandM ofM singleM householdM consistingM ofM multipleM individualsM usingM dataM

collectedMbyMtheMR.U.MBureauMofMEaborMUtatistics.M  

UtudiesMonMtheMimpactMofMtheMincreaseMofMenergy-efficientMvehiclesMonMtheMpowerMsystemMareMasM

follows.M HheM impactM ofM chargingM electricM vehiclesM onM distributionM systemM andM coordinatedM

chargingM isM studiedM onM (Olement-Gyns,M Eaesen,M andM DriesenM 2010).M ( rahnM etM al.M 2013)M

proposedMaMnewMmodelMforMAEAEMusingMpatternsMandMchargingMpatternsMandMshowsMchangesMinM

theM loadMprofiles.M (AlyasibakhtiariM etM al.M 2015)M presentsM theM real-timeM simulationM analysisM ofM

effectMonMgirdMsystemMdueMtoMelectricMvehicleMcharging.MAffectsMofMelectricMvehiclesMonMpowerM

systemsMinMGorthernMAuropeMisMstudiedMonM(EedegaardMetMal.M2012).MHheyManalyzedMhowMelectricM

vehiclesMwouldMinfluenceMtheMpowerMsystemsMtowardM2030.M(BožičMandMAantošM2015)MresearchedM

howM electricM vehiclesM willM affectM theM powerM systemM reliability.M HheyM proposedM optimizationM

modelMforMdifferentMstrategiesMofMcharging. 

CnMtheMmicro-girdMsituation,MthreeMkindsMofMchargingMstrategiesMofMAEAEMaffectMtheMgridMsystemM

andM theM costM ofM theM userM isM studiedM onM (Kamankesh,M Sgelidis,M andM Kavousi- ardM 2016).M

(Eashemi-DezakiMetMal.M2015)MintroducedMriskMmanagementMmethodMtoMreduceMriskMofMchargingM

plug-in-hybrid-electricM vehiclesM onM gridM system.M (EetsM etM al.M 2010)M proposedM smartM energyM

controlM strategiesM basedM onM quadraticM programmingM toM reduceM peakM loadM andM compareMwithM

benchmarkMstrategies.M(ZengMetMal.M2017)MintroducedMmulti-yearMexpansionMplanningMmethodMforM

handleMtheMgrowthMofMplug-inMelectricMvehiclesMwhichMcanMaffectMdistributionMsystems.MHheMreal-

timeMcontrollerMthatMconsidersMbidirectionalMchargingMefficiencyMisMproposedMonM(EenzelMetMal.M

2018).M(EoghaddamMetMal.M2017)MproposedMmodelMforMfindingMtheMoptimalMchargingMstationMthatM

canMsatisfyMmultiobjectiveMoptimization.M(UahmanMetMal.M2016)MintroducedMchargingMofMelectricM

vehiclesMandMtrendsMinMoptimizationMtechniquesMforMchargingMeco-friendlyMvehicles. 

CtM isM obviousM thatM increaseM inM theM numberM ofM electricM vehiclesM affectsM theM gridM system,M soM

chargingMtheMelectricMvehiclesMmustMbeMcontrolled.MRnlessMthereMisMaMdifferenceMinMelectricityMrate,M

itMwillMbeMdifficultMtoMcontrolMindividualMuser’sMelectricMvehicleMcharging.MEowever,MifMthereMareM

differences,MusersMwillMsetMupMchargingMstrategiesMtoMminimizeMtheirMrates. 

HheMpurposeMofMthisMpaperMisMtoMresearchMtheMeffectMofMchargingMelectricMvehiclesMonMresidentialM

powerMsystemsMthroughMbigMdataMofMresidentialMactivityMandMfindMoptimalMchargingMstrategiesMforM

eachMmemberMonMeachMsituation.MEeMcalculateMelectricityMusageMofMhomeMapplianceMandMelectricM

vehicleMusageMfromMactivityMpatternMdata.MRsageMandMbillsMareMcomparedMbetweenMthreeMkindsMofM

chargingMstrategiesMandMoptimalMchargingMstrategiesMforMeachMhouseholdMisMfound. 

 

2.MEodel 



2.1MNverview 

StMfirst,MbehavioralMdataMwasMpre-processed.MHhereMareMsoMmanyMdifferentMkindsMofMbehaviorM

thatMthoseMareMdividedMintoMseveralMactivities.MSfterMthat,MtheMcategorizedMactivitiesMareMconvertedM

toMtheMuseMofMelectricalMapplianceMandMtheMelectricalMusageMbyMtimeMzoneMisMcalculatedMfromMtheM

useMofMtheseMelectricalMappliance.MAlectricMvehicleMusageMisMpredictedMthroughMdrivingMtimeMofM

behaviorMdataMandMelectricityMconsumptionMisMcalculatedMbyMtimeMaccordingMtoMelectricMvehicleM

chargingMstrategy.MBasedMonMtheMpowerMusageMofMelectricalMappliancesMandMelectricMvehicles,MtheM

electricityM billM isM calculatedM accordingM toM theM electricityM rateM policy.M HhisM findsM anM optimalM

chargingMstrategyMthatMminimizesMeachMindividual'sMelectricityMbill. 

2.2MRserMactivity 

SM userM canM doM activityM {1,..., }Aa A N  M,M thatM A MM isM setM ofM variousM residentialM activitiesM

includingM“Uleep”MandM“Sway”.MAachMuserM m ’sMactivityMonMtimeM t M isM t

mA a M andMitMcanMbeM

determinedMfromMbehavioralMdata. 

2.3MAlectricalMappliance 

RseM ofM electricalM applianceM {1,..., }Ee E N  MM canM beM convertedM fromM activity.M AachM

applianceMhaveMdifferentMschemeMdependingMonMtheMtypeMofMdevice.MHhereMareMappliancesMthatM

haveMconstantMdemandMindependentMfromMactivityMandMsomeMhaveMdifferentMelectricityMusageMoverM

time.M HhereM areM alsoM appliancesM thatM areM relatedM toM userM behavior.M HheM followingM threeM areM

relationshipM betweenM appliancesM andM behavior.M SppliancesM thatM useM electricityM onlyM whenM

activityMoccurs,MinMthisMpaperMitMisMcalledM“UchemeMS”.M“UchemeMB”MisMappliancesMthatMareMusedM

fromMtheMendMofMactivityMandM“UchemeMO”MisMappliancesMthatMrequireMstandbyMpowerMandMuseMmoreM

electricityMduringMactivity.M  

2.3.1MOonstantMDemandMandMDaylight-dependent. 

UomeM appliancesM areM alwaysM inM operation.MHhisMwillM notM alwaysM useM theM sameM amountM ofM

electricityM inMeveryM time.MEowever,MweMassumedM thatM thisMkindMofMapplianceMalwaysMusesM theM

sameMamountMofMelectricityMtoMsimplifyMtheMmodel.MDaylight-dependentMmeansMsomeMappliancesM

worksMdifferentlyMtime,MevenMifMtheyMareMtheMsameMone.MHheseMdoMnotMconsumeMpowerMifMtheyMareM

notMused,MbutMtheyMwillMconsumeMdifferentMelectricityMoverMtimeMwhenMtheyMareMused. 

2.3.2MUchemeMS,MB,MO 

SpplianceMisMusedMonlyMduringMtheMactivityMinM“UchemeMS”,MasMdepictedMinM igureM1.(a).MHhisM

kindMofMapplianceMareMassumedMtoMbeMuseMpowerM onP M constantlyMforMtheMdurationMofMuseMandM0M

forMrestMofMtime. 

CnM“UchemeMB”,MapplianceMworksMafterMactivityMisMdone,MasMdepictedMinM igureM1.(b).MHheMpowerM

onP M isMassumedMtoMbeMconstantlyMconsumedMfromMtheMendMofMtheMactivityMuntilMtimeM K M later. 

“UchemeMO”MisMaMgeneralizedMmodelMofM“UchemeMS”,MasMdepictedMinM igureM1.(c).MSpplianceM

isM usedM inM activityM andM consumedM powerM onP MM asM sameM asM “UchemeMS”M butM standbyM powerM

standbyP M isMneededMevenMifMitMisMnotMused.M  



 

2.4MDrivingMelectricMvehicle 

HheMbatteryMofMtheMelectricMvehicleMisMconsumedMwhenMtheMelectricMvehicleMisMusedMatMtheMstateM

“EovingMbyMcar”.MHheMelectricMvehicleMisMassumedMtoMuseMpowerM carP M whenMitMwasMoperated.M

carP M isMcalculatedMbyMtheMfollowingM (1).M ( / )v km h M isMtheMaverageMdrivingMspeedMoverManMhour.M

( / )c km kWh M meansMfuelMefficiency.MAachMuserM m ’sMelectricityMconsumptionMforMdrivingM m

carU M

isMasMfollowingM (2)M whenMdriveM mD M timeMaMday. 
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HheMfollowingMassumptionsMwereMmadeMforMchargingMelectricMvehicles.MHheMuserMusesMaMslowM

chargerMatMhomeMandMaMfastMchargerMoutside.MAlectricMvehicleMisMchargedMtheMamountMofMelectricityM

consumedMperMday,M m

carU M inMtheMhouseMasMmuchMasMpossibleMandMchargesMtheMremainingMamountM

outside.MCtMcanMbeMshownMasM (3),MwhereM ,slow fastP P M areMpowerMofMslowMchargerMandMfastMcharger,M

andM ,m m

home outsideT T M areMchargingMtimeMatMhomeMandMoutside. 

 

 m m m

car slow home fast outsideU P T P T    M  (3) 

 

2.5MOhargingMstrategy 

OhargingMstartMtimeM startt M dependsMonMchargingMstrategy.MHhisMpaperMassumedMthreeMkindsMofM

chargingMstrategiesMforMelectricMvehicle.MHheseMthreeMkindsMofMchargingMstrategyMwasMproposedMonM

(Kamankesh,MSgelidis,MandMKavousi- ardM2016).M  

HheMfirstMchargingMstrategyMisMtoMstartMchargingMasMsoonMasMuserMreturnMhomeMafterMusingMelectricM

vehicle.MHheMsecondMchargingMstrategyMisMtoMstartMchargingMatMoff-peakMtimesMbetweenM21:00MandM

24:00.MCfMtheMcarMdoesMnotMarriveMhomeMbyM21:00,MitMstartsMchargingMbetweenMtheMtimeMofMarrivalM

Figure 1 



andM 24:00.M CnM thisM caseM probabilityM densityM functionM isM (4).M HheM thirdM chargingM strategyM isM

chargingMstartMtimeM startt M followMaMnormalMdistributionMwithManMaverageMofM1:00MandMaMstandardM

deviationMofM3.MArobabilityMdensityMfunctionMfollowsM (5). 
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3.MOaseMstudyMandMinputMdata 

3.1MData 

HheM dataM usedM forM researchMwasM fromM theM 2014M KoreanM EifeMHimeM UurveyM conductedM byM

KNUHSH.MDataMisManMindividual'sMdailyMbehaviorMandMconsistsMofMaMtotalMofM53976Mdatasets.MAachM

dataMshowsMwhereMactionMorMmovementMwasMmadeMandMitsMdetailsMinM10Mminutes. 

3.2MRserMactivityMandMAlectricalMappliance 

CnMthisMpaperMeachMperson'sMbehavioralMdataMwasMclassifiedMintoMnineMactivitiesMasMshownMinM

(EidénMandMEäckelgårdM2010)Mand,MtheMuseMofMvehiclesMisMimportant,MsoM"EovingMbyMcar"MandM

"EovingMotherMway"MhasMbeenMadded.MHherefore,MnumberMofMactivitiesMisM 11AN  M andMdetailMisM

shownMinMHableM1.M  

Sctivity a  

Sway 1 

Uleeping 2 

Oooking 3 

Dishwashing 4 

Eashing 5 

HE 6 

Oomputer 7 

Sudio 8 

Sdditional 9 

EovingMbyMcar 10 

EovingMotherMway 11 

Table 1 

HheMuseMofMelectricalMappliancesMtoMobtainMelectricityMusageMisMobtainedMasMshownMinM(EidénM

andMEäckelgårdM2010).MSMbriefMdescriptionMofMtheMelectricalMapplianceMusageMisMprovidedMinMtheM

tableMandMdetailsMfollowMbelowMHableM2. 

 

Sppliance e  Hype a  



OoldMappliance 1 OonstantMdemand  

Eighting 2 Daylight-dependent 2-9 

Oooking 3 UchemeMS 3 

Dishwashing 4 UchemeMB 4 

Eashing 5 UchemeMB 5 

HE 6 UchemeMO 6 

Oomputer 7 UchemeMO 7 

Utereo 8 UchemeMO 8 

Sdditional 9 UchemeMS 9 

Table 2 

OoldMappliancesMsuchMasMrefrigeratorsMhaveMconstantMdemandMbecauseMtheyMmustMbeMonMatMallM

times.MEightingMapplianceMisMusedMforMallMactivity,MbutMtheMbrightnessMvariesMfromMtimeMtoMtime,MsoM

electricityMusageMvariesMbyMtime.MHherefore,MweMassumeMtheMfollowing.MEhenMuserMisMnotMatMhome,M

doMnotMuseMtheMlighting,MandMifMuserMisMsleeping,MuseMtheMamountMofMelectricityMasM ,lighting sleepP .MUinceM

otherMactivitiesMrequireMlessMlightingMduringMdaytime,MtheMamountMofMelectricityMisMusedMasMmuchM

asM ,lighting dayP ,MandMaMlotMofMlightingMisMneededMduringMnighttime,MsoMasMmuchMasM ,lighting nightP M isMused.M

“Oooking”M applianceM isM onlyM usedMwhenMuserM isM cookingM soM useM theM powerM asM “UchemeMS”.M

“Dishwashing”M andM “Eashing”M appliancesM isM usuallyM startM workingM afterM dishwashingM andM

washingMlikeM“UchemeMB”.MAntertainmentMapplianceMincludingM“HE”,M“Oomputer”MandM“Utereo”M

isM“UchemeMO”,MsoMitMneedsMstandbyMpower.MHheMspecificMvaluesMofMtheseMapplianceMparametersM

areMshownMinMtheMfollowingMHableM3. 

 

Aarameter Ealue 

coldP
 10M(E) 

,lighting sleepP
 

12M(E) 

,lighting dayP
 

40M(E) 

,lighting nightP
 

104M(E) 

,cooking onP
 

1500M(E) 

,dishwashing onP
 

1225M(E) 

dishwashingK
 

150M(min) 

,washing onP
 

404M(E) 

washingK
 

130M(min) 

,tv onP
 

100M(E) 

tv,stanbyP
 

20M(E) 

,computer onP
 

100M(E) 

computer,standbyP
 

40M(E) 

,stereo onP
 

30M(E) 



stereo,stanbyP
 

6M(E) 

additional,onP
 

11M(E) 

Table 3 

 

3.3MAlectricMvehicleM  

HheMelectricMvehicleMwasMassumedMtoMuseM carU M forManMhourMwhenMitMisMdrivenMasMfollow.M v M isM

fromM( rahnMetMal.M2013)MandM c M isMfromMofficialMfuelMefficiencyMofMEyundaiMConiqMwhichMisMtheM

best-sellingMelectricMvehicleMinMKorea.MAowerMofMslowMchargerMisM 7slowP kW M andMfastMchargerM

isM 50fastP kW M.MBecauseM chargingM strategyM 2M andM 3M followM theM probabilityM distribution,MweM

performedMaMlargeMnumberMofMtimesMtoMobtainMtheMaverageMchargeMamountMbyMtime. 
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3.4MAlectricityMrateMforMelectricMvehicleMcharging 

CnMthisMpaper,MweMuseMelectricityMrateMforMelectricMvehicleMchargingMfromMKoreaMAlectricMAowerM

Oorporation.MHheMHimeslotMisMdividedMasMshownMinMHableM4,MandMaccordinglyMtheMelectricMvehicleM

chargingMrateMisMasMshownMinMHableM5.MCnMtheMcaseMofMfastMcharging,MtheMpriceMisM173.8MKUEM/MkEh. 

 

Hime period Uummer 

(Jun.M~MSug.) 

UpringM/M all 

(Ear.M~MEay.M/ 

M Uep.M~Nct.) 

Einter 

(Gov.M~M eb.) 

off-peak load 23:00M~M09:00 23:00~09:00 23:00~09:00 

mid-load 09:00~10:00M

12:00~13:00M

17:00~23:00 

09:00~10:00M

12:00~13:00M

17:00~23:00 

09:00~10:00M

12:00~17:00M

20:00~22:0 

peak-load 10:00~12:00M

13:00~17:00 

10:00~12:00M

13:00~17:00 

10:00~12:00M

17:00~20:00M

22:00~23:00 

Table 4 

 

AriceM(KoreaMEonM/MkEh) 

Hime period Uummer UpringM/M all Einter 



off-peak load 57.6 58.7 80.7 

mid-load 145.3 70.5 128.2 

peak-load 232.5 75.4 190.8 

Table 5 

4.MUesult 

오류! 참조 원본을 찾을 수 없습니다.MshowsMhowMmanyMusersMdoMeachMactivityMatMeachM

time.MSM briefM summaryM ofM theM dataM isM shownM inM오류! 참조 원본을 찾을 수 없습니다..M

Nbviously,MmanyMpeopleMareMoutMofMtheMhouseMduringMtheMday,MtheMrestMofMtheMtimeMatMhome,MandM

mostMareMsleepingMatMnight. 

 

 

 Hime 

SctivityM(%) 0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 

Sway 5.20 3.95 3.75 7.68 20.38 51.69 53.82 58.70 56.15 35.37 27.96 12.91 

Uleeping 84.18 92.61 92.91 68.91 17.60 5.68 3.25 4.87 4.83 1.61 1.10 18.70 

Oooking 0.07 0.03 0.10 2.83 4.05 1.40 4.54 1.33 1.69 9.06 2.00 0.57 

Dishwashing 0.03 0.02 0.02 0.16 3.08 1.43 0.43 1.26 0.36 0.76 3.93 0.59 

Esshing 0.03 0.00 0.01 0.12 0.90 1.65 0.73 0.66 0.68 0.50 0.54 0.33 

HE 3.38 0.55 0.41 2.41 6.74 7.54 5.58 5.97 6.68 9.77 22.20 21.09 

Oomputer 1.87 0.41 0.09 0.11 0.60 1.45 1.52 1.80 2.00 1.86 2.75 4.52 

Sudio 0.10 0.01 0.01 0.07 0.08 0.14 0.12 0.15 0.15 0.11 0.13 0.18 

Sdditional 4.35 1.94 2.30 14.75 32.77 19.85 17.98 14.40 15.29 23.41 30.97 34.54 

EovingMbyMcar 0.32 0.21 0.16 1.28 5.78 3.80 4.07 4.64 4.56 7.57 3.48 2.36 

Figure 2 



EovingMother 0.47 0.26 0.23 1.68 8.01 5.37 7.98 6.22 7.61 9.98 4.95 4.22 

Table 6 

 igureM3MshowsMtheMsumMofMamountMofMhomeMchargingMbyMtimeMforMeachMstrategyMwhenMallMusersM

selectedMtheMsameMchargingMstrategy.MCnMthisMresult,MthoseMwhoMdidMnotMparkMtheirMcarsMatMhomeM

wereM excludedM fromM theM calculationM ofM electricityM usage.M BecauseM theM chargingM strategyM isM

meaninglessM forM thoseM whoM cannotM doM homeM charging.M HableM 7M showsM theM amountM ofM slowM

chargingMatMhomeMandMtheMamountMofMfastMchargingMoutsideMwhenMeveryMuserMselectsMeachMchargingM

strategy.MOhargingM strategiesM 2M andM3M haveM aM greaterM amountM ofM fastM chargingM thanM chargingM

strategyM1MbecauseMtheyMareMmoreMlikelyMtoMchargeMlateMatMnight,MwhichMincreasesMtheMlikelihoodM

thatMtheyMwillMnotMbeMableMtoMchargeMallMamounts. 

 

 

 

AlectricityMOonsumptionM(kEh)  
UlowMOharging  astMOharging 

OhargingMstrategyM1 M M M M M M M M M M M M 213,188M  M 3,184M  

OhargingMstrategyM2 M M M M M M M M M M M M 211,228M  M 1,012M  

OhargingMstrategyM3 M M M M M M M M M M M M 208,167M  M 3,656M  

Table 7 

 

 igureM4MandMHableM8MshowMtheMtotalMelectricityMbillMifMallMusersMhaveMchosenMchargingMstrategyM

1,M 2,M andM 3M togetherM andM theM totalM electricityM billM ifM eachM individualM choosesM aM strategyM thatM

Figure 3 



minimizesMtheirMcharges.MOhargeMtheMelectricMvehicleMasMsoonMasMuserMarriveMatMhome,MwhichMisManM

uncontrolledMstrategy,MisMmoreMexpensiveMthanMotherMstrategies.MSlso,MinMspringM/Msummer,MwhereM

electricityM pricesM areM notM muchM differentM byM timeM ofM day,M theM differenceM inM chargeM ratesM byM

chargingMstrategyMisMnotMbigMcomparedMtoMsummerM/MwinterMsituation.MHheMratioMofMtheMoptimalM

strategyMchosenMbyMtheMuserMforMeachMseasonMcanMbeMseenMatMHableM9.MUtrategyM3MtendsMtoMbeMtheM

mostMchosenMinMeveryMcase. 

 

 

 

AlectricityMUateM(1,000MKUE) 
 

UtrategyM1 UtrategyM2 UtrategyM3 Nptimal 

Uummer 29,220 18,669 15,695 14,989 

UpringM/M all 15,196 14,133 14,024 13,228 

Einter 30,974 23,894 20,396 19,874 

Table 8 

 

UatioMofMtheMoptimalMstrategy 
 

UtrategyM1 UtrategyM2 UtrategyM3 

Uummer 5.80% 12.89% 81.31% 

UpringM/M all 6.27% 26.98% 66.75% 

Figure 4 



Einter 6.07% 10.57% 83.36% 

Table 9 

 igureM 5M showsM theM chargingM powerM consumptionM ofM totalM electricM vehicleM accordingM toM

seasonalMoptimalMchargingMstrategy.M igureM6MshowsMtheMsumMofMchargingMpowerMandMapplianceM

consumption.MCtMcanMbeMseenMthatMtheMuseMofMtheMelectricMvehicleMhasMaMgreatMinfluenceMonMtheMtotalM

electricMconsumption. 

 
Figure 5 



 

HableM 10M showsM theM calculationM ofM peak-to-average-ratioM (ASU)MwhenM thereM isM noM electricM

vehicleMandMwhenMthereMisManMelectricMvehicleMforMeachMstrategy.MASUMisMincreasedMinMstrategyM1,M

anMuncontrolledMchargingMstrategy,MwhenMthereMisManMelectricMvehicleMratherMthanMwhenMthereMisM

noMelectricMvehicle.MCnMstrategyM2,MyouMcanMseeMthatMASUMisMtheMhighestMbecauseMitMstartedMchargingM

inM3Mhours.MCnMstrategyM3,MtheMASUMisMtheMlowest,MbecauseMitMstartedMchargingMstartMtimeMspreadM

widelyMlowMmiddleMofMtheMnightMwhenMpriceMisMlow.MCtMcanMbeMseenMthatMASUsMareMlowerMwhenM

individualsMchooseMtheMoptimalMchargingMstrategyMthanMinMtheMuncontrolledMcase,MexceptMinMspringM

andMautumn,MwhereMthereMisMnoMsignificantMdifferenceMinMpowerMratesMbyMtimeMofMday. 

 
 

ASU 

SpplianceMonly 1.63 

OhargingMstrategyM1 2.02 

OhargingMstrategyM2 3.22 

OhargingMstrategyM3 1.49 

UummerMoptimal 1.76 

Upring/ allMoptimal 2.18 

EinterMoptimal 1.70 

Table 10 

 

HheMfastMchargeMrateMofM173.8MKUEM/MkEh,MwhichMisMusedMinMtheMpaper,MisMaMdiscountedMpriceM

forMelectricMvehicleMdiffusion.MEeMdoMaMsensitivityManalysisMforMtheMcaseMofMdiscountingMtheMfastM

chargeMrate.MHheMfastMchargingMpriceMbeforeMdiscountedMisM313.1MKUEM/MkEh.M igureM7,MHableM11M

Figure 6 



andMHableM12MshowMtheMresultMwhenMtheMpriceMofMfastMchargeMchanged.MOomparingMHableM11MwithM

HableM7,MweMcanMseeM thatM theM rateMofM fastM chargingM isM reducedMaM lot.MHhisM isM aM obviousM result.M

BecauseMofMtheMhighMcostMofMfastMcharging,MyouMwillMprobablyMwantMtoMchargeMitMatMhome.MCfMweM

compareMHableM12MandMHableM9,MweMcanMseeMthatMtheMratioMofMstrategy3,MwhichMisMmoreMlikelyMtoM

failMtoMfillMallMofMtheMdesiredMamountMofMelectricity,MisMreduced. 

 

AlectricityMOonsumptionM(kEh)  
UlowMOharging  astMOharging 

OhargingMstrategyM1 M 213,653M  2,054 

OhargingMstrategyM2 M 215,824M  M 615 

OhargingMstrategyM3 M 213,181M  2,339 

Table 11 

 

UatioMofMtheMoptimalMstrategy 
 

UtrategyM1 UtrategyM2 UtrategyM3 

Uummer 5.96% 16.76% 77.28% 

UpringM/M all 6.51% 36.50% 56.99% 

Einter 6.17% 14.39% 79.45% 

Table 12 

 

 
Figure 7 



M  

5.MOonclusion 

CnMthisMpaper,MweMuseMtheMbehaviorMdataMfromMquestionnairesMinMKoreaMtoMpredictMtheMelectricM

powerMconsumptionMofMhouseholdMelectricMappliances.MSlso,MbyManalyzingMtheMbehaviorMdata,MtheM

travelMtimeMusingMtheMcarMisMcalculatedMandMtheMelectricMchargeMdemandM forMelectricMvehicleMofM

eachM userM isM predicted.M HhroughM this,M howM theM electricM vehicleM affectsM theM powerM systemM isM

researched.MHheManalysisMofMvariousMelectricMvehicleMchargingMstrategiesMisMasMfollows.MCtMcanMbeM

seenM thatM theMelectricityMbillMofM theMhouseholdM isM reducedMwhenMeveryoneMuseM sameMchargingM

strategiesMorMtheMoptimalMchargingMstrategyMisMselectedMamongMtheMvariousMchargingMstrategiesM

thanMtheMcaseMwhereMtheMuser'sMchargingMstrategyMisMuncontrolled.MCtMwasMalsoMfoundMthatMASUMwasM

loweredMinMmostMcases.MCnMorderMtoMdiffuseMelectricMvehicles,MitMwillMbeMnecessaryMtoMmanageMtheM

chargingMstrategyMthroughMtheMsmartMgridMasMwellMasMincreaseMtheMmaximumMcapacityMofMtheMpowerM

system. 

CnM theM futureM research,M modelM toM selectM moreM individualizedM strategiesM suchM asM differentM

parametersMforMeachMpersonMratherMthanMsettingMtheMparametersMofMtheMthreeMchargingMstrategiesM

asMfixedMvaluesMcanMbeMdone.MSlso,MresearchMwillMbeMconductedMtoMselectMoptimalMchargingMstrategyM

throughMinteractionMbetweenMelectricMvehicleMusers. 
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