
東洋大学「経済論集」40巻2号2015年3月

AnAnalysisonChangesinEconomicsofSmal･tH⑪Ⅲe

UsingPhotOⅦltaicCellandElectricityStorageSystem

YoshikiOgawa

TianShuang')

Abstract

Inrecentyears,theprogressofinfbnnationandcommunicationtechnologiesisremarkableandtheelectricitystorage

systemisalsorealized.Theintroductionofthesmarthousehasbeenpaidgreatattention.Thesmarthouseiscomposed

ofthephotovoltaiccell(PV),thehomeenergymanagementsystem(HEMS)andtheelectricitystoragesystem(ESS).

Judgingfi･omglobalenvironmentalproblems,theintroductionofsmarthousetotheexistinghouseswillbeacrucialissue

inthefilture.

Intheprecedingstudyll],theanalysesoneconomicsofsmarthouseintroducedtotheexistinghousesweremadeunder

presentcostconditionsandtheexpansionitsasibilityofsmarthousewasdiscussed・Inthisstudy,wewouldliketoanalyze

changesineconomicsofsmarthouseundervariousiilturecostconditionsprospectedtothephotovoltaiccell(PV),the

homeenergymanagementsystem(HEMS)andtheelectricitystoragesystem(ESS)andwewouldliketodiscussfilture

sumectsfbrintroducingandexpandingsmarthouses.

Itwasalsopointedoutthat(1)thefixedpricefbrreceivingPVelectricitybythepowercompanyshouldbeloweredtothe

averagelevelofresidentialelectricitychargeintheearlierstageand(2)thecostreductionoftheelectricitystoragesystem

wouldplayakeyroleparticularlyfi･Omtheviewpointoftechnologybecausetheelectricitystoragesystemcausedthelargest

problemsintheeconomicsofsmarthouse.

Contents

1．Introduction

2．Method

3.Analysesontheeconomicsofsmarthouseunderpresentcostconditions

4．Futureprospectsoncostreductionofappliancescomposedofsmarthouse

l)ShewasastudentintheMastercourseofthegraduateschoolofeconomicsduring廿omApril,2012

throughMarch,2014.

-241-



4.lPhotovoltaiccell(PV)system

4.2Theelectricitystoragesystem

4．3HEMS

5.Analysesontheeconomicsofsmarthouseunderprospectedcostconditions

6.ConcludingRemarks

1．Introduciion

ThoughJapanintemationallycommitted25%reductiontargetofGHGsfromthel990emissionlevelin

2020attheNewYorkUNConferencein2009,thistargetcommitmentwaswithdrawnbecauseoftheEast

JapangreatearthquakeandFukushimanuclearaccidentandtherevisedtemporaltargetundernonuclear

plantsrestartedwasannouncedrecently.However,JapanmustintensifyherGHGsreductionmeasures

basicallyinthelong-run,becauseshealreadyagreed50%(or80%)reductionofGHGsin2050inthepast

Summitsetc.

ThefirstcommitmentperiodofKyotoProtocolfinishedin2012.WemustsaythatJapancouldnot

achieve6%reductiontargetinthe6rstcommitmentperiodexceptin2009afiertheLehmanShock.Specially

speaking,thecontinuousincreasesinGHGsemissionintheresidentialsectorwerelargelyinfluencedto

thenonattainmentofKyototarget.Therefbre,thereductionmeasuresintheresidentialsectorwillbequite

crucialinthefilture.

Inrecentyears,theprogressofinfbnnationandcommunicationtechnologiesisremarkableandthestorage

systemofelectricityisalsorealized・Theintroductionofthesmarthousetonewlyconstructedhouseshas

beenpaidgreatattention.Thesmarthouseiscomposedofthephotovoltaiccell(PV),thehomeenergy

managementsystem(HEMS)andtheelectricitystoragesystem(ESS)asitsfilnctions.Basedonabove

discussions,theintroductionofsmarthousetotheexistinghouseswillbeacrucialissueinthefilture.

Intheprecedingsmdy[1],theanalysesoneconomicsofsmarthouseintroducedtotheexistinghouses

weremadeunderpresentcostconditionsandtheexpansionfeasibilityofsmarthouseunderthoseconditions

wasdiscussed.Inthisstudy,wewouldliketoanalyzechangesineconomicsofsmarthouseundervarious

filturecostconditionsprospectedtothephotovoltaiccell(PV),thehomeenergymanagementsystem(HEMS)

andtheelectricitystoragesystem(ESS)andwewouldliketodiscussfilturesuMectsfbrintroducingand

expandingsmarthouses.

2．Method

Inthisstudy,first,wemadesurveyonpresentsimationsandfiltureprospectsonPV[2-41,ESS[5-7]and

HEMS[8,9].Basedonsurveyedinfbnnation,thefilturecostdownofPV;ESSandHEMSwasassumedfbr
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thesimulationanalysesofchangesineconomicsofsmarthousemadeinthisstudy.

Next,wemadeeconomicssimulationsontheintroductionofsmartappliancessuchasphotovoltaiccell,

electricitystoragesystemandHEMSasimportantfimctionsofsmarthouse,withthesamemethodasmade

intheprecedingstudy[1].Firstofall,theaverageelectricitydemandpatterninahousewasestimatedby

monthbasedontheMETIsurveyreport[10]andCogenerationComprehensiveManual[lll.

Thecapacityofelectricitystoragesystemwaschanged廿om4kWhtol2kWheverylkWhinthe

simulation.ThechargingofelectricitystoragesystemismadehomO:00to7:00fbrcheappurchased

electricityinmidnightandfrom7:00tol8:00fbrsumlusPVelectricity,andtheelectricityfromthestorage

systemisdischargedinnecessaryhoursjudging廿omelectricityconsumptionandPVelectricitysupply.

Thecapacityofphotovoltaic(PV)cellwasassumedat4kWasstandardinstallationcapacity.Theaverage

dailypatternofsolarpowergenerationwasestimatedbymonthusingNEDOSunshineDatabase[12].The

6nalremainingofsumlusPVelectricitywasassumedtobesoldatFIT(Feedintariff)priceof38Yen/kWh

(actualvalueinfiscal2012).AsfbrtheHEMS(Homeenergymanagementsystem),15%reductionoftotal

electricityconsumptionwasestimatedbythedemonstrationprmectuptonow.

Severalcombinationsoftheelectricitychargesdifferentbetweendaytimeandnightwereassumed

undertheconditionthatthetotalelectricitychargerevenuestostandardelectricityconsumptionofaverage

householdbasedontheexistingsurveywouldbethesame(neutral)amongconsideredpluralcombinations.

Wemadetheeconomicssimulationwhichaimstoreduceelectricitypurchasedinhigherelectricitycharge

timeasmuchaspossiblebyusingsmarthouseappliancessuchasPVsystem,electricitystoragesystemand

HEMSinordertofill611necessaryelectricityconsumption.

Theeconomicsoftheintroductionofsmarthousefimctionsisjudgedfromthesimplepaybackyearswhich

iscalculatedbydividingthenetinitialcost(excludingcostcoveredbythesubsidy)ofnecessaryappliances

bytheannualprofitbroughtbythereductionofpurchasedelectricity.

Theinfbrmationoncostsandsubsidesofphotovoltaiccell(PV),electricitystoragesystem(ESS)and

HEMSinthepresentwillbedescribedinSection4,togetherwithfiltureprospectsonthecorresponding

ltems

3.Analysesontheeconomicsofsmarthouseunderpresentcostconditions

InSection3,wewouldliketosummarizetheanalyzedresultsontheeconomicsofsmarthousecomposed

ofphotovoltaiccell(PV),electricitystoragesystem(ESS)orHEMSbyassumingpresentsituationsofcosts

andsubsidies,whichweremadeintheprecedingstudy[l].Figurelshowschangesindailyelectricity

supply-demandandelectricitypurchasedbytheintroductionofPVsystem(4kW)andelectricitystorage
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system(4kWhandl2kWh)asfbrJanuary,MayandAugust.

InthecaseofPV(4kW)withoutelectricitystoragesystem,theelectricitypurchasedfromthepower

companybecomeszerointhedaytimeduetoenoughrichelectricitygeneratedbyPV:Butmorethanhalfof

PVelectricityissoldtothepowercompanyespeciallyinMayandAugust,becausetheelectricitydemandin

thehouseinthedaytimeisnotsolarge,asshownintheupperpartofFi9.1.

1fthesmallelectricitystoragesystem4kWhisinstalledadditionally,theamountofPVelectricitycharged

intotheelectricitystoragesysteminthedaytimeisnotsomuch,andthelargeamountofremainingsumlus

PVelectricityisalsosoldtothepowercompany.Inthiscase,especiallyinJanuaryjthecheapelectricity

purchasediifomthepowercompany廿omthemidnightthroughtheearlymorningisalsochargedintothe

electricitystoragesystem,asshowninthemiddlepartofFig.l.

Ontheotherhand,ifthelargeelectricitystoragesysteml2kWhisinstalledadditionally,theamountof

PVelectricitychargedintothestoragesysteminthedaytimeisquitelarge,andtheremainingsurplusPV

electricitysoldtothepowercompanyisverysmallinthecorrespondingthreemonths.ExceptJanuary,the

purchasingofcheapelectricityfi･omthepowercompany廿omthemidnightthroughtheearlymomingisnot

requiredibrtheadditionalchargingintothestoragesystem,asshowninthelowerpartofFi9.1.

Ontheotherhand,ifthelargeelectricitystoragesysteml2kWhisinstalledadditionally,theamountof

PVelectricitychargedintothestoragesysteminthedaytimeisquitelarge,andtheremainingsurplusPV

electricitysoldtothepowercompanyisverysmallinthecorrespondingthreemonths・ExceptJanuary,the

purchasingofcheapelectricity廿omthepowercompanyhomthemidnightthroughtheearlymorningisnot

requiredfbrtheadditionalchargingintothestoragesystem,asshowninthelowerpartofFi9.1.

Basedonabove-describedresults,theeconomicsofsmarthousewasanalyzedusingthecalculationof

paybackyearofinvestmentcostsrequiredfbrtheintroductionofsmartappliances.Figure2showsthe

estimatedresultsonchangesinelectricitysupply-demandpattemofhousebyintroducingsmartappliances

suchasphotovoltaiccell,HEMSandelectricitystoragesystem.Figure3showstheestimatedresultson

changesinrevenuesandcostsrelatedtoelectricitybyintroducingthesesmartappliancesandthepayback

yearsineachcase.

Judgingfromthepaybackyearobtainedundervariouscostconditionsinthepresentsimations,asshown

inFig.3,wecanconcludethattheintroductionandexpansionofsmarthousetotheexistinghouseswould

bequitedifficult.Especiallyspeaking,thepurchasedelectricitycouldbelargelyreducedifthesizeof

electricitystoragesystembecomeslarger,buttheeconomicsofsmarthousebecomeworserapidlyljudging

homthepaybackyears.Itisconsideredthattheinfiltrationofsmarthouseswouldbequitedifficultinthe

presentstage,becausethecostburdenofintroducingsmartappliances,especiallyinthecasethatthecapacity
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Fig.2ChangesineleCtricitysupply-demandpattemofhousebyintroduCingSmartapplianCes

(Note)Thefbllowingabbreviationsareusedinthisfigure,HEMS:homeenergyman3gementSystem,PV:photovoltaiccell,
ESS:electricitystoragesystemandelec.:elecfricity.ThenumberfbllUwing@.PV''or"ESTshowsrthecapacitysize
ofcorrespondingequipment.

ofelectricitystoragesystembecomeslalger

4.Futureprospectsoncostreductionofappliancescomposedofsmarthouse

4.1Photovoltaiccell(PV)system

ThepriceofPVsystem(includingthecostsofPVcellmodule,attachedappliancesandinstallationworks)

was391,000Yen/kWfbrnewlyconstructedhousesand432,000Yen/kWfbrexistinghouses(average415,000

Yen/kW),respectively,infiscal2013andthepricefbrthelatterwaslO%higherthanthatfbrthefbrmer.

ObservingchangesinthepriceofPVsystemsincel997[31,thepriceofPVsystemhasbeenlowered

remarkablysince2009whenthefeed-in-tariffsystemfbrPVsurpluselectricitystarted.

AccordingtothePhotovoltaicExpansionCenterlthesubsidysystemtothephotovoltaiccellinfiscal2013

isasfbllows:(1)thesubsidy廿omJapanesegovernmentis20,000Yen/kWifthecostofconcemedPVsystem

fbrsubsidyis410,000Yen/kWorlessandisl5,000Yen/kWifthecostofconcemedPVsystemfbrsubsidyis

500,000Yen/kWorless,and(2)asfbrthesubsidy廿omthelocalgovernment,inthecaseoftheMetropolisof

Tbkyo,subsidyofaverage50,000Yen/kWwithupperlimitofaverage200,000Yen廿omtheWard.

Basedonthesedata,intheanalysesontheeconomicsofsmarthouseunderpresentcostconditionsalready

discussedinSection3,thecostofphotovoltaiccell(PV)wasassumedtobe410,000Yen/kWandthesubsidy

bytheGovernmentmentionedabovewasalsoassumed.
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(Note)Theabbreviationsusedinthis6gurearethesameasthoseinFig.2.

Thereporton.GPVRoadMap2030+''byNEDO[2]announcedthefiltureprospectsontechnology

developmentsandthevarioustargetsofeachtechnologyincludingthecostreduction,asshowninTablel.

Accordingtothisroadmap,thegeneratingcostofPVelectricityisexpectedtobeloweredfrom30Yen/kWh

in2007to23Yen/kWhbetween2010and2020,14Yen/kWhin2020and7Yen/kWhin2030.Thesecost

downprospectsmeansthepriceofPVsystemof410,000Yen/kWwouldbepossibletobeloweredto200,000

Yen/kWin2020andtolOO,000Yen/kW.

Therefbre,intheanalysesontheeconomicsofsmarthouseundertheprospectedfiltureconditionsmade

bythissmdy,theloweringofthecostofphotovoltaiccell(PV)wasassumedtobe400,000(almostthesame

asthepresentlevel),300,000,200,000andlOO,000Yen/kW.Asfbrsubsidy,theratioofsubsidytothePV

systemcostwasassumedtobeconstantandthismeansthattheamountofsubsidybecomesmallerasthecost

ofPVsystemloweredlarger.

4.ZTheelectricitystorageSyStem

Inthepresent,thecostoflargescalelithiumionbatteryisaboutlOO,000-300,000Yen/kWhanditsaverage

is200,000Yen/kWh.Theinstallationcostofelectricitystoragesystemis23,000Yen/kWhonaverage.The

subsidysystemtotheelectricitystoragesystembySustainableOpenlnnovationlnitiative(SII)isasfbllows:

onethirdofthecorebodypriceissubsidizedwithupperlimitoflmillionYenandtheinstallationcostisout
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TablelFutureprospectsontechnologydevelopmentsandcostreductionsofPVsystem

1)TheunitconsumptionofmatrialSiwillbefixedattheealisUcvalueofamut3g/WamtIEcostdownwill
beachievedbytheeduchonofboardproductbncost.

2)Theenduranceassystemwillbeaimedat40yeaIsincludirpparbexchange(prospectingoneexchange
forpowerconditioner).

(Source)NEDO,"PVRoadMap2030+"

ofsupportsubiects.

Basedonthesedata,intheanalysesontheeconomicsofsmarthouseunderpresentcostconditionsalready

discussedinSection3,thecostofelectricitystoragesystemwasassumedtobe200,000Yen/kWhandtheone

thirdofinitialcostofelectricitystoragesystemwasalsoassumedtobesubsidizedbytheGovemment.

Thereporton"BatteryRoadMap2010,''byNEDO[6]announcedthefiltureprospectsontechnology

developmentsandvarioustargetsfbrcostreductionandexpansionoflifboftheelectricitystoragesystemin

thehouse,asshowninFig.4.Accordingtothisreport,thecostofelectricitystoragesystemisexpectedto

beloweredlOO,000-200,000Yen/kWhinthepresentto40,000Yen/kWhin2015,20,000Yen/kWhin2020

andl5,000Yen/kWhin2030.

Becausethegapbetweenthepresentcostandtheprospectedcostin2015istoolarge,intheanalyseson

theeconomicsofsmarthouseundertheprospectedfiltureconditionsmadebythisstudy,theloweringofthe

costofelectricitystoragesystemwasassumedtobe200,000(thesameasthepresentlevel),150,000,100,000
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and50,000Yen/kWhmildly.Asfbrsubsidy,onethirdofthecorebodypricewasassumedtobesubsidized

withupperlimitoflmillionsYenandtheinstallationcostwasalsoassumedtobeoutofsupportsuMects.

4.3HEMS

Inthepresentstage,thepriceofHEMScostsatl60,000-200,000Yen/system.Theiilturecostdownof

HEMSislargelyanticipated,becausetheaveragegrowthrateofHEMSmarketisprospectedtobel48%

accordingtothemarketmovementsurvey.ThesubsidyofHEMSislOO,000Yen/systembySustainable

Openlnnovationlnitiative(SII).

Basedonthesedata,intheanalysesontheeconomicsofsmarthouseunderpresentcostconditionsalready

discussedinSection3,thecostofHEMSwasassumedtobe200,000Yen/systemandthesubsidyofHEMS

wasassumedtobelOO,000Yen/system.

BecausethefiltureprospectsonthecostofHEMShasnotbeenyetpublisheddefinitely,intheanalyses

ontheeconomicsofsmarthouseundertheprospectedfiltureconditionsmadebythisstudy,theiilturecost

ofHEMSwasassumedtobeloweredtolOO,000Yen/system.Asfbrthesubsidy,theratioofsubsidyto

thesystemcostwasassumedtobeconstant.TheelectricityreductionrateofHEMSwasalsoassumedat

15%whichisthesameasthepresentvaluebutitwillbepossibletoimprovetheelectricityreductionrateof

HEMSthroughtechnologydevelopments.
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AnAnalysisonChangesinEconomicsofSmartHouseUsingPhotovoltaicCellandElectricityStorageSystem

5.Analysesontheeconomicsofsmarthouseunderprospectedcostconditions

Figure5showschangesinthepaybackyearsofinvestmentcoststoinstallsmarthousefilnctionssuchas

Photovoltaiccell(PV),electricitystoragesystem(ESS)andHEMSundervariousdifferentconditions,that

is,(l)thereductionofinvestmentcostsbytechnologydevelopments,(2)thedifferentpatternofelectricity

chargebytimezoneand(3)thedifferentsettingofFIT(Feed-intariff)receivingpriceofPVelectricity.

PVandelectricitystoragesystemhavealargeweightinnecessarytotalcostsofsmarthouse,asshownin

theupperpartofFig.5.Especiallyspeaking,theshareofelectricitystoragesystemisincreasingshamly

ifitscapacityisexpanded.TheshareofHEMStototalinvestmentcostsisquitesmall,andthus,the

introductionofHEMSdoesnothavelargeinHuencestotheeconomicsofsmarthouse.

Thedirectreductionofinvestmentcostsbytechnologydevelopmentsorbygovernmentalsubsidies

drasticallyin伽encestotheeconomicsofsmarthouse,asshowninthecomparisonbetweenthebasecaseof

investmentcostsandthe50%cutcaseofinvestmentcostinFig.5.Inthebasecaseofinvestmentcosts,the

paybackyearreachestomorethan20yearsifthecapacityofelectricitystoragesystemisincreased,butin

the50%cutcaseofinvestmentcosts,almostallvaluesofthepaybackyeararewithinlOyears.

Differentfromthedirectreductionofinvestmentcost,thechangesinelectricitychargepatternbytime

zone(thethirdpartofFig.5)orthechangesinFITreceivingpriceofPVelectricity(thelowerpartofFig.5)

doesnotiniluencetotheeconomicsofsmarthousesolargely・Wecaneasilyfindtheseresultsbycomparing

withtheBasecase(thesecondpartofFig.5).Theeconomicsofsmarthouseismadeworsebythelowering

ofFITreceivingofPVelectricity.ThisresultmeansthattheFITsystemwouldbeoneofobstaclesfbrthe

introductionandexpansionofsmarthouse.

Asitwasfbundthatthedirectreductionoftotalinvestmentcostswouldbeacrucialfactortoimprovethe

economicsofsmarthouse,detailedanalysesontheeconomicsofsmarthousewasmadeundervariouscost

conditions.Figure6showstheestimatedresultsonchangesineconomicsofsmarthouseundervariouscost

conditionsofphotovoltaiccellandelectricitystoragesystem.

Theincreaseonthecapacityofelectricitystoragesystemisquiteimportanttoreducepurchasedelectricity

byusingphotovoltaiccelleffectivelyinahouse.Basedontheseresultsinthisstudy,thepurchased

electricitycouldbelargelyreducedifthesizeofelectricitystoragesystembecomeslarger.

However,underthepresentcostconditionssuchasthephotovoltaicsystemcost400,000Yen/kWandthe

electricitystoragecost200,000Yen/kWh,theeconomicsofsmarthousebecomeworserapidly,judging廿om

thepaybackyears・Itisconsideredthatthein61trationofsmarthouseswouldbequitedifficultinthepresent

stage,becausethecostburdenofintroducingsmartappliances,especiallytheelectricitysystemistoolarge.

Ifthecostofphotovoltaicsystemdecreasedtolessthan200,000Yen/kWhandthecostofelectricity
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AnAnalysisonChangesinEconomicsofSmartHouseUsingPhotovoltaicCellandElectricityStorageSystem

storagesystemalsodecreasedtolessthanlOO,000Yen/kWh,theeconomicsofsmarthousewillbeimproved

drastically,asshowninFig.6.

6．ConcludingRemarks

Wewouldliketomakethefbllowingconcludingremarksfinallythroughtheanalyzedresultsdonebythe

precedingsmdy[1]andthissmdy.

First,theexpansionofsmarthousefilnctionstoexistinghouseswouldbequitedifficultunderpresent

conditions,becausethepaybackyearoftotalinvestmentcostismorethanlOyears.

Second,thoughtheintroductionofthephotovoltaiccell(PV)becomesmorereasonableowingtothefeed-

in-tariff(FIT)system,thecostupbytheelectricitystoragesystem(ESS)disturbstheexpansionofsmart

houseduetotheloweringeconomics.

Third,consideringthepaybackyear,thecostofthephotovoltaiccell(PV)shouldbeloweredatleastto

200,000Yen/kWandthecostoftheelectricitystoragesystem(ESS)shouldbeloweredatleasttolOO,000

Yen/kWh.

Forth,differentfiomdirectreductionofinvestmentcost,changesinthepatternofelectricitychargeandthe

receivingpriceinthefeed-in-tariff(FIT)systemdonotinfiuencesolargely.

Fifih,theroleofthephotovoltaiccell(PV)istofillfillelectricityinthehouseasmuchaspossible.The

feed-in-tariff(FIT)pricetoreceivePVelectricityshouldbeloweredtoatleasttheresidentialelectricityrate

earlier.

Sixth,theelectricitystoragesystem(ESS)hasthelargestproblemofeconomicsinsmarthousefilnctions.

Thus,thecostreductionoftheelectricitystoragesystem(ESS)wouldbeimportantparticularly廿omthe

viewpointoftechnologydevelopments.
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